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SECTION | - SERIES 2000 CONTROLLERS
INTRODUCTION

This manual contains detailed information on the modification, ranging, calibration
and servicing of Seriles 2000 wicroprocessor-based controllers,

The Series 2000 family of controllers possess extensive capability to contyol a
multitude of different single and two loop systems., While temperature control is the
most popular application, the Series 2000 1nstruments can control any process or
machiue that provides a current or voltage measurement input signal and can function
from a relay or analog output signal in a variety of control forms. These output
functions may be alarm, on-off, or PID. This manual is structured to allow a
modification center to change one of the standard stocked controllers to match a wide
variety of user requirements by following the detailed instructions given herein.

This REPATR & MODIFICATION MANUAL (958-31) is directed to the Modification Center
personnel who have been trained and are qualified to work on this type of instrument.
The TINSTALLATION AND WIRING INSTRUCTIONS normally supplied with the controllers
should be read first to familiarize oneself with the Series 2000 instruments before
proceeding with this manual.

This manual contains a description of the controller, parts lists, schematics, PC
board layouts and detailed modification and servicing procedures, Where practical,
charts and tahles are provided to simplify understanding.

Only special parts and assemblies are specified as '"Purchase from LFE'". Standard
items such as resistors and capacitors may be procured locally. The table in Section
1.15 contains the specifications for range resistors required for the modifications
described in this manual.

Because of their limited and special nature, Models 2016, 2019 and 2031 are not
covered by this manual. Consult the factory for information on these products. The

Model 2040 Limit Controller is covered in MOD MANUAL 958-33.

CONTROLL.ER SERVICING

This manual 1ncludes detailed troubleshooting and repair information to allow the MOD
CENTER to 1repair a malfunctioning controller. If the unit cannot be repaired,
contact the factory tu obtain authorization to return the unit to the factory for
repairs.,

-1- LFE Instruments Division
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Following proper authorization, the controller should be adequately packed with a
brief description of the observed problem and shipped prepaid to:

LFE Instruments Division
Repair Department
11655 Chillicothe Road
Chesterland, Ohio 44026-1994
(216) 729-1681

1.3 DISPLAY CHANGE - MODEL 2010

For the Model 2010 only, two different designs are in use, The differences are in
the appearance of the illuminated vacuum fluorescent display and in the corresponding
EPROM containing the controlling programming. The initial display was supplied with
an EPROM marked with the part number 1685-1. Starting about September 1983, the
display was changed and this new display has been supplied with EPROMs 1685-2, 1685-5
and higher part numbers.

The controllers with the old display and 1685-1 EPROM have a vacuum fluorescent
display in which the 1 and 2 indicators for Alarms ad Outputs are close together so
that when illuminated together, they appear to look like a 12.

The controllers with the new display and 1685-2 or higher EPROMS have a vacuumn
fluorescent display where the a and 2 indicators for Alarms and Outputs are

separated. This display also has decimal point capability in the upper line of
characters,

OLD DISPLAY & 1685-1 EPROM NEW DISPLAY & 1685-2,-5,ETC.

INFORMATION ON EARLY MODEL 2010 CONTROLLERS WITH THE OLDER DISPLAY AND 1685-1
EPROM ARE NOT CONTAINED 1IN THIS MANUAL. REFER TO MANUAL 958-27 FOR THIS
INFORMATION,

LFE Instruments Division -2-



955-31 REV B

1.4 CONTACT PLATING AND COMPENSATOR CHANGE - ALL MODELS

Beginning early 1n 1986, the cold junction compensating resistor was moved from
mounting on the rear of the case to place it on a support assembled to the 1/0 board
so that the compensating resistor is now an integral part of the I/0 board. At the
same time, a change was made to add gold plating to the edge card fingers and also to
the case terminals. Although the 1I/0 board with gold fingers and board mounted
compensator cannot be installed in an older case without gold terminals and a
clearance hole for the compensator, care must be taken to prevent gold plated CPU
boards from being mixed with 1/0 board with solder plated fingers.

%% CAUTION *%
TO PREVENT CONTACT DETERIORATION DUE TO DISSIMILAR METALS, DO NOT
INTERMIX T1/0 BOARD AND CPU BOARD GOLD AND SOLDER PLATED TERMINALS.
ALSO MAKE SURE THAT THE EDGE CARD AND CASE TERMINALS ALSO HAVE THE SAME
TYPE OF PLATING. FAILURE TO FOLLOW THIS INSTRUCTION MAY CAUSE
CONTROLLER MALFUNCTION.
1.5 CONTROLLER TDENTIFICATION

Four labels are used to identify a Series 2000 Controller,
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The CASE LABEL is located on the outside top of the Series 2000 case. This label has
space for identifying the primary and secondary output, alarm, sensor and supply
voltage specifications. Any 1nput or output hardware modification to these
controllers requires that this label be remarked or replaced with a new label and the
appropriate configuration marked.

The controller PART NUMBER LABEL is located on the mother board at the rear of the
front bezel assembly. Any modification to a Series 2000 controller requires that
this label be changed to indicate the part number shipped. The SPAN is also listed
on this label and must be changed when the span limits are changed.

The EPROM LABEL is attached to the EPROM at the time of manufacture and specifies the
EPROM part number, its revision letter and date. This label is NOT to be removed or
changed in any way, Reprogramming the EPROM is a factory procedure. If a
replacement EPROM is required,the new EPROM will have its own label,

The PRODUCTION LABEL is located on the outside top of the Series 2000 controller case
next to the front flange, This is the production control label used by the factory.
I't identifies data relevant to the manufacturing cycle and may be covered up after a
modification has been completed since the data will no longer be needed.

LFE Instruments Division —4-
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1.6 CONTROLLER PART NUMBERS

1

Fach Series 2000 controller 1is assigned a ten digit number that specifies 1ts
hardware and software configuration. The MOD CENTER can change this part ngmbgr to
suit the application and the required modifications using the following descriptlion.

. ]

PART NUMBER X X - X X X X - X X
Digit Number 1. 2 3. 4. 5 7. 8

.6.1 MODELS 2000,2001,20022003,2004,2005,2010,2011

1. & 2. - MODEL NUMBER AND COMMUNICATIONS

| MODELS ' |
120000 2001 2002; 2003 2004: 2005, 2010 2011 |  DESCRIPTION o :
St 20 EA. A * D0 * . Standard Model -No Communications

£ . 1 EB. 8, * . DL, * . Unit with Remote Set Point (ALNZ not available)
‘B2 D k020, ot D2 With Non-isolated RS232 Communications
BB D D3 | With Isolated RS232 Communications
C U B4 4 FEL Bt DA With Non-isolated RS422 Communications
LY BSOS OFF IRt L DS . With Isolated RS422 Communications
' f6 16 E6 26 * . D6  With Isolated Current Loop Communications
. o Cor 7t Tt Hode) 2005 with Start/Stop
S T L 1. " 0" Model 2005 with Auto/Manua!
ot o * L B ' * ! Model 2005 Self Tume with Start/Stop
ottt Model 2005 Self Tune with Auto/Manual

3. - PRIMARY OUTPUT 4. - SECONDARY OUTPUT
0 NO PRIMARY 0 NO SECONDARY
1 PRI. HEAT SSR ON/OFF 1~ SEC. HEAT SSR ON/OFF
2 PRI. COOL SSR ON/OFF 2 SEC. COOL SSR ON/OFF
3 PRI, HEAT SSR TPR 4 SEC. COOL SSR TPR
4 " PRI, COOL SSR TPR 6  SEC. COOL 4/20 MADC
5 PRI HEAT 4/20 MADC 7 SEC. CoOL 0/5 VbC
6 PRI. COCL 4/20 MADC 9 ANALOG RETRANSMITTING 4/20 MADC
7 PRI. HEAT 0/5 VbC ’
§ PRI, COOL 0/5 VOO

TABLE 1-1

-5- LFE Instruments Division
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5. 46,

00
01
02
03
04
05
06
07
08
09
10
11
12
20
21

40

60
b1

1.6,

ro

REV B

MODFLS 2000,2001,2002,2003,2004,2005,2010,2011 (continued)

- INPUT CODE

J THERMOCOUPLE

K THERMOCOUPLE

R THERMOCOUPLE

5 THERMOCOUPLE

T THERMOCOUPLE

N THERMOCOUPLE

E THERKOCOUPLE

8 THERMOCOUPLE

PLATINEL TI THERMOCOUPLE
Ni/Ni18Mo THERMOCOUPLE
W5%Re/W26%Re THERMOCOUPLE
W3%Re/W25%Re THERMOCOUPLE
W/W26%Re THERMOCOUPLE

1009 Pt RTD 1° RESOLUTION
1009 Pt RTD 0.1° RESOLUTION

/5 0C
4720 nADC
§/20 mADC SELE POWERED

MODELS 2012 & 2013

1. & 2,

W0

- MODEL & PROFILE SELECTION

KODELS
2012
LLE

2 86 L2

GER 87 G
84 88 oo

(o)

[ R B N e N =

[op B = =T ~ G s SN

- PRIMARY QUTPUT
(LOOP #1 ONLY)

NG OUTPUT

. HEAT 9SSR ON/OFF

{00L SSR ON/OFF

| HEAT SSROTPR f

CO0L SSR TPR
HEAT 4/20 nADC

. COOL 4/20 mADC
" HEAT 0/5 vDC

- (0oL 0/5 voC

. EVENT RELAY

. RETRANCHIT PV
- RETRANSMIT SP

LFE Instruments Division

St |
WITH COMM, W/ COMM. | WITH COMN.
g1 85 (1 ’ ’

7. OR 8. - ALARM CODE

O s O OB RO O

7. %

- 00

- LOW DEVIATION

NO ALARK 1 '

~ HIGH PROCESS
~ LOW PROCESS

HIGH DEVIATION

ON TIMER *
OFF TIMER *

- DEVIATION BAND

REMOTE PAUSE #

10, - SPECIAL CODE

= STANDARD UNIT

ALL OTHERS - ASSIGNED BY FACTORY

NOTE:

TABLE

5

6
o
8

4.

EARLY CONTROLLERS HAY NOT
HAVE  THERMOCOUPLE  TYPES
05, 09, 10, 11 OR 12.

1-1 (CONTINUED)

DESCRIPTION

2 PROFILES
4 PROFILES
8 PROFILES
16 PROFILES

- SECONDARY QUTPUT

(LOOP #1 ONLY)

~ N0 QUTPUT

~ HEAT SSR ON/OFF
© COOL SSR ON/OFF
© COOL SSR TPR

- C00L 4/20 nADC
. C00L 0/5 voC

* TVENT RELAY

© RETRANSHIT py

_ RETRANSHIT SP

D OO I OO O I PO D

TABLE 1-2

—6-
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!

MODELS 2012 & 1012 (continued)

DO
g

THERMOCOUPLE
THERMOCOUPLE
THERMOCOUPLE
THERMOCOUPLE
THERKOCOUPLE
THERMOCOUPLE
THERMOCOUPLE
THERMOCOUPLE

LATINEL 11 THERMOCOUPLE

| Ni/Ni18%Mo THERMOCOUPLE

- W5%Re/W26%Re THERMOCOUPLE

. W3%Re/W25%Re THERMOCOUPLE

- W/WZ6%Re THERMOCOUPLE

o e M = WL O PR Lo

R > D OO~ O U B D PO O

- ALARM 1 CODE

(LOOP 1 - NON LATCHING)
0 7 NO ALARM

1 HIGH PROCESS

7 i LOW PROCESS

30 HIGH DEVIATION

4 LOW DEVIATION

5  EVENT RELAY

6 . DEVIATION BAND

{
q
A
B
¢
f

C(L00P 1 - LATCHING)

. POWER FAITL
HIGH PROCESS
LOW PROCESS

I HIGH DEVIATION
LOW DEVIATION

B DEVIATION BAND

4, - SECONDARY OUTPUT (cont>)

| (LOOP 42 ONLY)

COOL SSR ON/OFF
HEAT SSR TPR
CO0L SSR TPR
HEAT 4/20 mADC
CO0L 4/20 wADC
. HEAT 0/5 VDC

| 000L 0/5 V0C

- EVENT RELAY

. RETRANSHIT PV

| RETRANSHIT 5P

xu:cm‘ﬂrﬂc

O O =2 T

. - INPUT CODE (LOOP1 & LOOPZ RESPECTIVELY)

K | 1009 Pt KTD - 1° RESOLUTION
| 100Q Pt RTD- 0.1° RESOLUTION

R 0/5 Ve
W 4/20 nADC

7 ND INPUT (MODEL 2012 - LOOP 2)

NOTE: EARLY CONTROLLERS MAY NOT HAVE
THERMOCOUPLE TYPES 5, 9, A, B

0rR C.

LOOP 2 - NON LATCHING)

(

| G, HIGH PROCESS
CH T LOW PROCESS

J . HIGH DEVIATION
K ' LOW DEVIATION
N DEVIATION BAND
P AUXILIARY HEAT
0 AUXILIARY COOL

(L OOP 2 - LATCHING)
R . HIGH PROCESS
.S . LOW PROCESS
T HIGH DEVIATION

U

~OW DEVIATION
V. DEVIATION BAND

TABLE 1-2

HEAT SSR ON/OFF

{ CONTINUED)

LFE

958-31 REV B

Instruments Division



455-31 REV B

1.6.2 MODELS 2012 & 2013 (continued)

. - ALARM 7 CODE

LOOP 1 - NON LATCHING)
NO ALARM
- HIGH PROCESS
- LOW PROCESS

( LOOP 1 - LATCHING)
0:

1

2

3| HIGH DEVIATION

4

5

7

ERROR ALARN
HIGH PROCESS
LOW PROCESS
HIGH DEVIATION
LOW DEVIATION
DEVIATION BAND

. LOW DEVIATION
. EVENT RELAY
- DEVIATION BAND

M ™D O P O~

o

& 10, - SPECTAL COUE

00 = STANDARD UNIT
ALL OTHERS - ASSIGNED BY FACTORY

TABLE 1-2 (CONTINUED)

1.6.3 MODELS 2014 & 2015
L. & 2. - NODEL & COMNUNICATIONS

HODELS
20142015 DESCRIPTION
WORES W/ ReS
. J1 . A . Standard Model No Communications
12 ; J8  With Non-isolated R$232 Communications
J3JU . With Isolated RS232 Communications
3 ) With Non-isolated RS422 Communications
O JE With Isolated RS422 Communications
)6 JF . With Isolated Current Loop Communications
3, - PRIMARY OUTPUT - - | 4, - UNUSED
W/SLIDEWIRE W/ SLIDEWIR ; ' ! _
1 , A - INCREASE/DECREASE SSR - HEATING 0 FOR ALL UNITS
? f B 2 INCREASE /DECREASE - COOLING - ' -

5. & 6, - INPUT CODE

© 00 1) THERMOCOUPLE |09 | Ni/Ni18%Mo THERKOCOUPLE
D1 K THERKOCOUPLE 10 W5%Re/H26%Re THERMOCOUPLE
02 | R THERKOCOUPLE 11| W3iRe/W25%Re THERHOCOUPLE
03 S THERMOCOUPLE 12 W/W263Re THERMOCOUPLE
04 . T THERMOCOUPLE
05 | H THERWOCOUPLE 20 1009 Pt RTD - 1° RESOLUTION
06 £ THERHOCOUPLE 21 1009 Pt RTD - 0.1° RESOLUTION
07 B THERWOCOUPLF
08 | PLATINEL I1 THERMOCOUPLE 10 1 0/5 o
60 4/20 nADC

TABLE 1-3

LFE Instyuments Division -8-
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L.bo3 MODELS 2014 & 2015 (continued)

7. - ALARM/TINER 1 8. - ALARM/TINER 2
0 N0 ALARN © SAME AS ALARM/TINER 1 FOR CONTROLLERS
1 HIGH PROCESS © WITHOUT SLIDEWIRE FEEDBACK ONLY. THIS
2 LOW PROCESS © DIGIT MUST BE "0 FOR SLIDEWIRE UNITS.
3' HIGH DEVIATION T ——
4" LOW DEVIATION 9. & 10, - SPECIAL CODE
5 ON TIHER .
6 OFF TIMER ' 00 = STANDARD UNIT

7

DEVIATION BAND ALL OTHERS - ASSIGNED BY FACTORY

TABLE 1-3 (CONTINUED)

1. & 2. - MODEL & PROFILE CODE 3, - COMMUNICATIONS OPTION

NO COMMUNICATIONS

A5 1 PROFILE WITH 255 SEGMENTS 0
" Ab’ 2 PROFILES - 127 SEGMENTS EACH 1 © RS232C NON-ISOLATED (N-I)
A7" 4 PROFILES - 63 SEGMENTS EACH 2 - RS232C ISOLATED
A8 8 PROFILES - 31 SEGMENTS EACH 3 RS422 NON-ISOLATED (N-1)
" A9" 16 PROFILES - 15 SEGMENTS EACH 4 " RS422 ISOLATED
: - 5 20 mA CURRENT LOOP (ISOLATED)
A - REMOTE PAUSE, NO COMMUNICATIONS
4, - ANALOG PROFILE OUTPUT B © REMOTE PAUSE & RS232C NON-ISOLATED
e ' C  REMOTE PAUSE & RS232C ISOLATED
0 4-20 nh D - REMOTE PAUSE & RS422 NON-ISOLATED
E REMOTE PAUSE & RS422 ISOLATED
“A 0 0-5 Ve F REMOTE PAUSE & 20 mA CURRENT LOOP (1)
B8 0-10 vd( SR : - ‘
¢ 0-20 nA
5., 6., 7. & 8. - RELAY OUTPUTS OUTPUT RELAY CODING
5. - RELAY 1 = ALM1 (EMR) 0 NO RELAY
" 6. - RELAY 2 = ALM2 (EMR) 1 ° OFF EVENT
7. - RELAY 3 = QUTI (SSR1) 2 ON EVENT
8., - RELAY 4 = QUT2 (SSR2) 3 ° POWER FAIL LATCH
4~ STOP ALARM
5 © PAUSE ALARM
6

PAUSE/STOP ALARM
9, & 10, - SPECIAL CODE

00 = STANDARD UNIT
ALL OTHERS - ASSIGNED BY FACTORY

TABLE 1-4

-9- LFE Instruments Division
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1.7 SERIES 2000 CONTROLLER SPECIFICATIONS

1.7.1 MODEL DESCRIPTION

MODEL 2000

MODEL 2001

MODEL 2002

MODEL 2003

MODEL 2004

MODEL 2005

MODEL 2010

MODEL 2011

MODEL 2012

Standard single loop microprocessor based PID process controller
utilizing a 6 switch front panel keypad including START/STOP key.

Same as Model 2000 except supplied with digital communications
capability,

Standard single 1loop microprocessor based PID process controllerx
utilizing a 6 switch front panel keypad including AUTO/MANUAL key.
This model with digital communications is also identified as Model
2002,

Self tuning single loop microprocessor based PID process controller
utilizing a 6 switch front panel keypad including START/STOP key.
This model with digital communications is also identified as Model
2003.

Self tuning single loop microprocessor based PID process controller
utilizing a 6 switch front panel keypad including AUTO/MANUAL key,
This model with digital communications is also identified as Model
2004,

Single loop zone controller with isolated remote setpoint input for
use with Model 2017 setpoint programmer. There are four versions of
this model which are - START/STOP, AUTO/MANUAL, self tune with
START/STOP and self tune with AUTO/MANUAL.

Standard single loop microprocessor based PID process controller
utilizing an 8 switch front panel keypad including both START/STOP and
AUTO/MANUAL keys, This controller can be user programmed for up to 9
preselected multisetpoints or a single ramp and soak profile having up
to 8 ramp and soak segments for up to 100 hours per interval. The
ramp and soak control includes assured soak and repeat cycle
capability,

Same as Model 2010 except supplied with digital communications
capability.

Standard single loop microprocessor based PID profile controller
utilizing an 8 switch front panel keyboard including PAUSE/RESUME and
START/RESET keys. This controller can be set up for 2 profiles of 99
segments each, 4 profiles of 64 segments each, 8 profiles of 32
segments each or 16 profiles of 16 segments each. Ramp and soak
segments may be up to 100 hours per interval. Assured soak and repeat
cycle capability is included. The controller may also be configured
to lock out the UP/DOWN arrow Kkeys to prevent an unauthorized user
from changing the set point value, Communications options are
available on this model.

LFE Instruments Division -10-
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1.7.1 MODEL DESCRIPTION (CONTINUED)

MODEL

MODEL 2014

MODEL

MODEL

2013

2015

2017

Standard 2-loop microprocessor based PID profile controller utilizing
an 8 switch front panel keypad including PAUSE/RESUME and START/RESET
keys. This controller is identical to Model 2012 except that 1t can
control two independent process loops and 1is supplied with one
alarm/event relay, Communications options are available on this
model.,

Standard single loop microprocessor based PID position controller
utilizing an 8 switch front panel keypad including START/STOP and
AUTO/MANUAL keys. This controller is specifically designed for use
with an external AC reversible electric motor operator having a
feedback potentiometer. A separate version of the Model 2014 1is
available for wuse in applications without a feedback potentiometer,
The outputs are 1A solid state relays to drive the motor operator.
One alarm/timey relay 1s supplied. This model with digital
communications 1s also identified as Model 2014.

This model is identical to Model 2014 except that it also has the
multisetpoint and ramp and soak capabilities as described for Model
2010. This model with digital communications is also identified as
Model 2015,

Setpoint programmer to provide a common remote setpoint for Model 2005
zone controllers. This programmer may he set up for a single profile
with 255 segments or up to 16 profiles with 15 segments each. Four
event/alarm outputs are provided,. There is no 1input to these
controllers, This model is available with digital communications.

-11- LFFE Instruments Division
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»=  GENERAL SPECIFICATIONS

S NOTE

BECAUSE THE SERIES 2000 CONTROLLERS HAVE COMMON HARDWARE, THESE GENERAL
SPECIFICATIONS HAVE ALL BEEN COLLECTED TOGETHER FOR EASE OF
PRESENTATION, A PARTICULAR CONTROLLER MAY NOT HAVE ALL OF THE FEATURES

DESCRIBED BELOW BUT IF A FEATURE IS SUPPLIED, IT WILL OPERATE AS
DETAILED BELOW.

All specifications are under reference conditions of +23 #2 degrees C; 117 VAC +1
VAC; 50 or 60 Hz *1Hz,.

DISPLAY: Blue wvacuum fluorescent display with two rows of eight alphanumeric

characters. Multicolored alarm, output and status indicators.

DECIMAL. POINTS: selectable in software programming for current and voltage input

types; fixed by program on all temperature input controllers.

LEGEND UNITS: Two character alphanumeric legend selectable 1in software programming
for curvent or voltage inputs. Also used to select F or C for temperature units,

POLARITY: Positive assumed, negative sign displayed.

OVERRANGE : Displays "INPUT = OPEN" error message for either negative or positive
overrange on temperature input controllers.

RESPONSE TIME: The standard controller is supplied as described below. Special
shorter or longer responses are available for some models, contact the factory, The
response 1s affected by three items:

Analog 1nput filter - approx. 0.3 sec. for 10-90%

tonversion rate - 0.6 seconds per sample

Digital filter - "Box Car" integration - ten samples. (For some models, the
digital filter is software selectable.

e PO

OPERATING TEMPERATURE RANGE: +5 to +55 degrees (.

STORAGE TEMPERTAURF. RANGE: =20 to +85 degrees C.

HUMIDITY: 0-90% non-condensing,

SHOCK 10 shocks in each of three mutually perpendicular planes. Shock amplitude
shall be 50g's half sine, 7 milliseconds.,

VIBRATION: ,020 inch double amplitude from 10 to 50 to 10 hertz in one minute, 20
minutes in each of three mutually perpendicular planes,

WARM-U'P TIME: less than 5 minutes.

POWER: 117 VAC +10%; 50-60 Hz; (220 V or 240 VAC optiomnal)

POWER CONSUMPTION: 10 Watts typical; 13.5 Watts maximum.

LFE Instruments Division -12-
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HOUSING: Plug-in molded ABS to fit 1/4 DIN. Connections through 16 - #6 screw
terminals on rear barrier.

NOISE REJECTION:

Common Mode: 140 dB typical - 120 dB minimum @ 60 Hz.
Normal Mode: 65 dB typical - 60 dB minimum @ 60 Hz.

TEMPERATURE STABILITY: #2 uV/°C typical - +6 uV/°C maximum. RTD ranges - 40 PPM/°C
typical, 115 PPM/°C maximum.

RESOLUTION: A/D converter - 1 part in 32,000,

MEMORY PROTECTION: RAM with Lithium battery backup.

CURRENT OR _VOLTAGE INPUTS: May be supplied with current inputs from 0/100 uA to
0/100 mADC. Voltage inputs may be from 0/10 mV to 0/300 vDC.

Maximum error is #2 counts., Maximum display span is -3200 to +3200 counts.

THERMOCOUPLE TEMPERATURE INPUTS:

THERMOCOUPLE BREAK: Displays "INPUT OPEN" message for open thermocouple, Alarm
outputs are turned on; control outputs are turned off.

THERMOCOUPLE RESISTANCE: Maximum thermocouple loop resistance must not exceed

1008,
TC TYPE SPAN TYPICAL ERROR MAX. ERROR
J -299/-250 °F + 2 °F + 4 °F
-250/+1402 °F + 1 °F + 3 °F
-184/-152 °C + 1 °C + 2 °C
-152/+761 °C + 1 °C + 2 °C
K -341/-100 °F + 11 °F + 13 °F
-100/+2482 °F + 1 °F + 3 °F
-207/-73 °C + 6 °C + 7 °C
-73/+1361 °C + 1 °C + 2 °C
R +32/200 °F ~-8,+1 °F -10,+3 °F
+200/+490 °F -3,+1 °F -5,+3 °F
+490/+3199 °F + 1 °F + 3 °F
0/+93 °C -5,+1 °C -6,+2 °C
+93/+254 °C -2,+1 °C -3,+2 °C
+254/+1759 °C + 1 °C + 2 °C
o [

-13- LFE Instruments Division
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THERMOCOUPLE TEMPERATURE RANGES - (continued)

TC TYPE SPAN TYPICAL ERROR MAX. ERROR
S +32/+185 °F -6,+1 °F -8,+3 °F
+185,+450 °F -3,+1 °F -5,+3 F
+450/+3181 °F + 1 °F + 3 F
0/+85 °C -4,+1 °C -5,+3 °C
+85/+232 °C -2,+1 °C -3,+2 °C
+232/+1750 °C + 1 °C + 2 °C
T -380/-300 °F -6,+3 °F -8,+5 °F
-300/+741 °F + 1 °F + 3 °F
. T
-230/-184 °¢C ~4,+2 °C -5,+3 °C
-184/+394 °C + 1 °C + 2 °C
N ~200/~-50 °F + 6 °F + 8 °F
-50/+2300 °F + 1 °F + 3 °F
-130/-46 °C t 4 °C + 5 °C
~46/+1260 °C + 1 °C + 2 °C
E -179/+1610 °F + 1 °F + 3 °F
-117/+870 °C + 1 °C + 2 °C
B +32/+212 °F 0,+170 °F -0,+180 °F
+121/+4590 °F -47,+7 °F -52,+9 °F
+590/+950 °F + h °F + 8 °F
F950/+3259 °F —1,+2 °F “3,44 °F
0/+100 °C -0,+94 °C -0,+100 °cC i
+100/+310 °C -25,+5 °C 27,46 °C !
+310/+510 °C + 4 °C + 5 °
t510/+1793 °C + 1 °C + 2 °C
PLATINEL 1T -115/+85 °F 6 °F + 8 °F
+85/+42500 °F + 1 °F + 3 °F
— . — ]
~82/+29 °( 4 °C + 5 °C
+29/+1375 °C + 1 °C + 2 °C
Ni/Nil187%Mo 0/+110 °F + 2 °F + 4 °F
+225/+2390 °F + 1 °F + 3 °F
-15/+1310 °C + 1 °C + 2 °C
W5%Re/W267%Re +32/+3260 °F + 2 °F + 4 °F
0/+2315 °C + 1 °C + 2 °C

LFE Instruments Division
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THERMOCOUPLE TEMPERATURE RANGES - (continued)

S T < Conmor |
TC TYPE SPAN TYPICAL ERROR MAX. ERROR
W3%Re/W25%Re|  +32/+225 °F -8,+2 °F -10,+4 °F
| £225/3260 °F + 2 °F + 4 °F
+32/+107 °C -5,+1 °C -6,+2 °C
+107/+2240 °C + 1 °¢ + 2 °¢C
+2240/+2371 °C + 5 °C 6 °C
W/W26%Re £32/+220 °F -0,+100 °F -0,+110 °F
+220/+480 °F + 12 °F + 15 °F
+480/3260 °F + 3 °F + 5 °F
| 0/+104 °C ~0,+55 °C -0,+60 °C
, +104/+249 °C + 7 °C + 8 °C
F249/+2315 °C + 2 °(C £y 0y
R 1 , e

RTD TEMPERATURE TNPUTS :

SENSOR BREAK: Displays "INPUT OPEN" message for open RTD sensor element. Alarm
outputs are turned on; control outputs are turned off.

SENSOR: 1002 Platinum, 3850 PPM/°C for 3-wire connection.

RTD TYPE SPAN TYPICAL ERROR MAX. ERROR

1 DEGREE ~300/-240 °F + 2 °F £ 4 °F

RESOLUTTON ~240/+1500 °F £ 1 °F £ 3 °F
| ~180/+800 °C £ 1 °C £2°C |

! . — —_ e —— e e e e e e e e A — — - ——— .

0.1 proREE ~148.0/999.,9 °F £ .2 °F + 1.3 °F ﬁ
RESOLUTTON - e ]
+.,2 °C E
j

~100.0/+540.0 °C + .1 °C

OUTPUT OPTIONS: Up to two control (primary and secondary) outputs and up to two
alarm/timer outpuls may be supplied. Contol outputs may be on/off heat or cool
acting, time proportioning heat or cool acting or analog heat or cool acting. Alarm
outputs may be high or 1low deviation, process or deviation band (on =ome wodels
only).

SOLID STATE RELAY: Optically coupled isolated, zero crossing triac (SPNO) rated
0.1 to 50 mA @ 260 VRMS max. or 0.03 to 1 A @ 260 VRMS.

ANALOG OUTPUT: 4 to 20 mA into a 1KQ maximum load resistance or 0 to 5 VDC
(1009 source resistance) into a 1k minimum load resistance, Resolution is 1
part in 256, (Optional 0 to 10 VDC output 1is also available,) Model 2017
analog output has a resolution of 1 part in 2048,

-15- LFE Instruments Division
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OUTPUTS (continued)

ALARM/TIMER RELAY: SPDT rated 1 A @ 120 VRMS, non- inductive. Timer may be set
up for time in minutes/seconds or hours/minutes.

TUNING PARAMETERS: These parameters are accessible through the keypad 1n the tune
loop using a security coded sequence.

Proportioning band: Adjustable in 1% steps from 1 to 200% of span. Primary and
secondary outputs have separately specified PR bands. (Models 2003, 2004 and
self tune 2005 have this range 1in manual tuning but are limited to 0-50% for
self tuning primary output only.)

Reset: Adjustable in .01 steps from 0.01 to 20 resets per minute. Primary and
secondary channels have separate settings. A value of zero turns the reset

action off.

Rate: Adjustable in .01 steps from 0,01 to 5 minutes. Primary and secondary
channels have separate settings. A value of zero turns the rate action off.

Cycle Time: Adjustable in 1 second steps from 1 to 60 seconds per cycle,

On/oft Dead Band: Adjustable in steps of 0.25, 0.5 and 1% of span.
AUTO/MANUAL : Bumpless transfer algorithm used to move from manual to automatic
control,
ALARM DEAD BAND: 0.47 of span.

SETPOINT RESOLUTION AND COINCIDENCE: +1 count.

ANTI-RESET WINDUP: Reset is inhibited when the process variable 1is outside of the
plus and minus one proportioning band, centered at set point. Magnitude of the reset
action 1s limited to keep the process variable within the proportioning band.

RAMP AND SOAK OPERATION: Number of ramp segments and time intervals are as described
by the model description (see Section 1.6.1). Ramp and soak intervals may be set up
to either 99 hours/ 59 minutes or 99 minutes/59 seconds. Assured soak is selectable

by the user. Cycle repeat may be either set for continuous or from 1 to 255 complete
cycles,

SELF TUNING OPERATION: Characterizes the load by measuring the response during start
up. Self tuning operates only on primary heating outputs and with PID constants
limited as follows:

Proportioning Band - 1 to 50 percent of span
Reset - 0 to 10 resets per minute
Rate - 0 to 3 minutes

If the calculated values fall outside of the above limits, the constants are clamped

to the appropriate linit, Values outside of these values may be entered manually.
Secondary PID constants are entered manually,

LFE Instruments Division -16-
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RQSLIEQN%QQ;IEQLMWEAB§M§I§B§: Increase and decrease solid state relays are provided
to operate the external motor operator, A standard controller wmay be used with a
1000Q slidewire (or modified for use with a 100Q or 135Q slidewire). Drive unit
deadband is selectable from 0.0 to 25.5 percent of span. Controller will detect open
slidewire connections, Slidewire calibration can be either manual or a unique
automatic slidewire calibration routine,

COMMUNICATION OPTIONS: All Series 2000 controllers except model 2005 may be
supplied with digital communications option., Baud rate, parity, handshake parameters
and unlt number are settable with internal DIP switch. Host computer may read and
write most operating parameters. Connections for communications are through rear 25
pin "D" connector. (Refer to the installation manual for more details on com-
munications operation.) The following communication interfaces are available:

R5232 1solated or non-isolated
RS422 isolated or non-isolated
Isolated 20 mA current loop

ASSEMBLY DIAGRAM

Figure 1-1 1s a mechanical assembly diagram of the Series 2000 controllers. This
exploded view of the Series 2000 controller shows the five major subassemblies: the
case, the front bezel assembly, the input-output (I1/0) board, the central Processor
unit (CPU) board and the center communications or options board. The 2000 Series
contyollers have been designed so that the entire electronic asembly can he easily
renoved from the case by pressing the tabs on the sides of the bezel and pulling the
assembly forward. (Refer to Section 1.10.)

The 1/0 and CPU board assemblies are easily removed from the bezel assembly by
releasing the spring loaded clips from the notches and pulling the boards out of
their connectors, The communications or accessory board may be removed by fiist
disconnecting any leads and cable connectors, removing the screws and spacers that
hold the boards together near the rear of the board and pulling the board out of its
edgecard connector. The bezel assembly can be disassembled by removing the two
screws at  the bottom of the bezel assembly., Most modifications described in this
mianual do not require any changes to the bezel assembly, However, 1t may be
necessary to disassemble this part for servicing.

BOARD CONF1GURATION
The two circuit boards of the electronic assembly that may require modification are
the input-output (I/0) and the central processing (CPU) boards. Some moditications
require actual component changes and changes to the c¢ircuit boards. Other
modifications require only a reprogramming or software configuration change. All
software changes may be accomplished through the keypad. FEach board has Provisions
for designated output functions as shown in Figure 1-2, There can he onlv one
primary output: either a solid-state relay (SSR1) or an analog output (ANA1), There
can only be one secondary output: either a solid-state relay (SSR2) or an analog
output (ANA2),

The MOD CENTER can add SSR2, but cannot add ANAl or ANA? to the Series 2000 stocked
units, The analog ouputs can only be provided by the factory or from stocked units
that were ordered with analog output(s). Alarms, 1dindicated as ALM1 and ALM2 are
provided as standard on models 2010,2011 and 2012, ALM! is standard on models 2013,
2014 and 2015. On all other models, alarms are optional and may be added by the MOD
CENTER.,

-17- [LFE Instruments Division
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BOARD CONFIGURATION

A~
ALM 1
CPU BOARD
:] SSR 1 |—
Gy .
PLUG-IN 1 PLUéjT;
FRONT
ASSEMBLY
FRONT CASE REAR
DIsPLAY
AND
KEYPAD ALM 2
170 BOARD
SSR 2
—— » .
PLuG-IN L ana g b PLUG-iN
ANA 2
BOARD REMOVAL Figure 1-2
-WARNTNG~

THESE SERVICING INSTRUCTIONS ARE FOR USE BY QUALIFIED PERSONNEL ONLY.,
TO AVOID HAZARDOUS POTENTIALS, DO NOT PERFORM ANY SERVICING OTHER THAN
THAT REFERENCED 1IN THE OPERATING INSTRUCTIONS UNLESS QUALIFIED TO DO
S0.

To remove the two circuit boards, the I/0 and the CPU boards,proceed as follows:

CAUTION: MOS static discharge handling procedure must be followed when handling
these boards. See Section 1.13 for details.

1. With all power off, remove the entire electronic assembly from the case by
pressing the tabs on each side of the bezel inward and carefully pulling the
electronic assembly out of the case. If the communications option is supplied,
the communications edge card connector must be disconnected from the center
board prior to removing the electronic assembly,

ro
.

Disassemble the spacer rod separating the I/0 and CPU boards (and center hoard,
if supplied) by removing the screw and washer on the 1/0 board side,

3. Disconnect any flexible push-on cables from the connector on the I/0 (or center)
boards.

4, Gently 1ift the two retaining springs from the notches of the I1/0 board and pull
the I/0 board out of its connector.

5. Gently lift the two retaining springs from the notches of the CPU board and pull
the CPU board out of its connector.

-19- LFE Instruments Division
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1.11  WIRING PRECAUTIONS
Because of the high resolution and 1low level signals, and to minimize noise pickup
that can be encountered during the calibration or installation of these instruments,
the use of short twisted pair or shielded signal input leads is recommended,
Care must be taken on all wunits to ensure that a good earth ground connection 1is

made.

1.12 SOLDER BRIDGING TECHNIQUE

The following method is recommended for bridging solder pads.

a) Locate pad to be bridged and, with a clean hot soldering iron, wmelt a drop of
solder on the tip of the iron.

b) Quickly place the tip of the iron down to one side of the gap and swing it over
to the other side bridging the gap as illustrated in the sketch below:

SOLDER IRON
TP

SOLOER

SOLDER FoIL

PC BOARD

If the i1ron is held to the foils too long, they will heat up enough to cause the
solder to flow on the foil and will not allow the bridging to occur,.

A solder bridge should only be opened up by heating the area and removing the
solder with "Solder-Wick" or equivalent.

PCB foil bridges may be opened using a sharp knife or small portable grinding tool
such as a '"Dremel Tool'".

LFE Instruments Division -20-
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MOS STATIC DISCHARGE HANDLING PRECAUTIONS

% CAUTION *#

IN HANDLING MOS INTEGRATED CIRCUITS AND THE UNITS INTO WHICH
THEY HAVE BEEN INSTALLED, SPECIAL PRECAUTIONS MUST BE

OBSERVED 1IN THE WORK AREA TO PREVENT STATIC CHARGES FROM
CAUSING DEVICE FAILURES,

The precautions listed below are recommended to minimize these failures:

All benches used for assembly or test of MOS circuits are to be covered with
conductive antistatic material.

Conductive wrist straps properly grounded should be worn by all operators so
that body charges are grounded.

WARNING: NEVER EXPOSE AN OPERATOR DIRECTLY TO A HARD
ELECTRICAL GROUND, FOR SAFETY REASONS, THE OPERATOR MUST
HAVE A RESTISTANCE OF AT LEAST 100K OHMS BETWEEN HIMSELF AND
HARD ELECTRICAL GROUND,

Anti-static neutralized smocks are worn to eliminate static charges generated by
friction of clothing layers during normal wear.

Cotton gloves are worn when handling MOS devices. Nylon gloves or finger cots
can NOT be used.

All MOS parts must be left in conductive trays., The use of plastic containers
1s not allowed. The wuse of a conductive foam such as Velofoam #7611 is
suggested,

Soldering drons wmust have grounded tips. Attention should be given to any
equipment that may be inductively coupled that can generate stray voltages.

MOS parts should be handled on grounded conductive surfaces and the operator
must touch the conductive surface before touching the parts.

MOS devices should not be handled by their leads but by their packages instead.

In general, materials prone to static charge accumulation should not come into
contact with MOS devices,

-21- LFE Instruments Division
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1.14  CALIBRATION/TROUBLESHOOTING CONNECTORS

The only internal potentiometer adjustments in a Series 2000 controller are for the
4/20 mADC and 0-5 VDC analog outputs. In these cases, the output board must be
accessible for pot adjustment which cannot be done through the case., A special
connector assembly (P/N 345-826) consisting of the rear portion of the case with
terminals installed is available for calibration and troubleshooting. Order this
part from the factory if needed.

For calibration and service of older thermocouple input controllers, a cold junction
compensator resistor assembly (P/N 344-1199) can be ordered from the factory to mount
onto the rear terminals. Each particular resistor must stay with the controller as a
set after calibration in order to retain the original calibration accuracy. All
older MOD controllers are factory supplied with this assembly., When modifying a MOD
controller for non-thermocouple input, this assembly must be removed. Newer
controllers have the cold junction compensating resistor mounted on the I/0 board and
this paragraph does not apply.

LFE Instruments Division -22-
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L.15  SPECIFICATIONS FOR RANGE RESTSTORS

The range components indicated 1in the parts lists are specified according to the
component accuracy and stability required 1in the circuit, In many cases,
gubstltuting components of lesser quality may severely limit the performance of the
Instrument. A summary of component specifications is given below.

RESISTORS
(—EFE PART F-_*_‘*_‘h
SERIES SPECIFICATION ALTERNATE SOURCES
1822-XXX 0.5W @ 70C,+/-5% 1) ROHM Type R50(J)
tolerance, Carbon 2) KOA SPEER TypeCF 1/2
Film or Composition 3) MEPCO/ELECTRA 5053(CX-J
4) STACKPOLE RC-1/2
5) DALE Type SBD
6) PANASONIC Type ERD-50T.]
1837~-XXX 0.25W @ 70C,+/-1% 1) CORNING Type NA55S
tolerance, 100PPM 2) IRC Type TO-55 (TRW)
Coated Metal Film 3) MEPCO/ELECTRA Type 5033R
4) KOA SPEER Type MF55
1846-XXX 0.25W @ 70C,+/-5% 1) ROHM Type R25.]
tolerance, Carbon 2) IRC Type RG 1/4 (TRW)
Film or Composition 3) KOA SPEER Type CF 1/4
4) RCD Type CF25
1847-XXX 1.0W @ 25C,+/-1% 1) RCD Type 125
tolerance, 10 PPM 2) TEL-LABS Type Q126A
Wirewound
1849-XXX 0.25W @ 70C,+/-1% 1) DALE Type RN55C or CMF55
tolerance,50 PPM 2) CORNING Type NC&4
Coated Metal Film 3) ROHM Type CRBIL4FY
4) IRC Type T2-25 (TRW)
5) MEPCO/ELECTRA 5033R
6) PRP Type GP 1/4 TC50
L _
1855-XXX 0.1W @ 70C,+/-0.1% 1) MEPCO/ELECTRA
tolerance, 10 PPM Type UPR50237B
Coated Metal Film 2) IRC Type MAR5-T13 (TRW)
3) DALE Type PTF56-T13
4) PRP Type PR 1/10 TC10
1856-XXX 0.125W @ 70C,+/-1% 1) TTI Type MC55F
tolerance, 25PPM 2) CORNING Type RN55E or RN6OF
Coated Metal Film 3) DALE Type MMF-1/8-TS
4) TRW Type 55-T9 or 60-T9
Lﬁ 5) MEPCO Type MF4-C-CHAR "E"

-23- LFE Instruments Division



958-31 REV B

(THIS IS A BLANK PAGE)

LFE Instruments Division -24-



[ 3]
.

958-31 REV., B
SECTION 2 - MODIFICATION UNITS AND KITS

All MODIFICATION CONTROLLERS are supplied with a type J thermocouple input. Section
3 details modification of the input to provide for other input types, MODIFICATION
CONTROLLERS are provided with either one SSR (Models 2014 and 2015 have two SSR
outputs), one 4/20 mA process or two 4/20 mA process outputs, Sections 4 and 5
detail modification of these outputs to other output types. Section 6 details the
software configuration and calibration programming. Section 7 details final
adjustments and testing. Standard resistors and capacitors needed for modification

gre not included in kits as the Modification Center 1is expected to maintain an
1nventory of these parts.

MOD CONTROLLERS

The basic MODIFICATION CONTROLLERS are used to produce many variations and options.
Most applications can be satisfied by modifying one of these controllers.

MODELS 2000 AND 2001 (WITH START/STOP)

E0-3000-0000 PRIMARY SSR OUTPUT
E0-5000-0000 PRIMARY ANALOG OUTPUT
E0-5600-0000 PRIMARY AND SECONDARY ANALOG OUTPUT

MODEL 2002 (WITH AUTO/MANUAL)

Z0-3000-0000 PRIMARY SSR OUTPUT
20-5000-0000 PRIMARY ANALOG OUTPUT
20-5600-0000 PRIMARY AND SECONDARY ANALOG OUTPUT

MODEL 2003 (SELF TUNE WITH START/STOP)

EA-3000-0000 PRIMARY SSR OUTPUT
EA-5000-0000 PRIMARY ANALOG OUTPUT
EA-5600-0000 PRIMARY AND SECONDARY ANALOG OUTPUT

MODEI, 2004 (SFLF TUNE WITH AUTO/MANUAL)

ZA~3000-0000 PRIMARY SSR OUTPUT
ZA~-5000-0000 PRIMARY ANALOG OUTPUT
ZA-5600-0000 PRIMARY AND SECONDARY ANAI.OG OUTPUT

MODEL_2005 (ZONE CONTROLLFR)

NO MODIFICATION UNIT - ORDER ALL UNITS FROM FACTORY

MODELS 2010 AND 2011 (WITH RAMP AND S0OAK)

D0-3000-1200 PRIMARY SSR QUTPUT
b0-5000-1200 PRIMARY ANALOG OUTPUT
DO-5600-1200 PRIMARY AND SECONDARY ANALOG OUTPUT

MODEL 2012 (SINGLE LOOP PROFILE)

B4-300Z2-1200 PRIMARY SSR OUTPUT
B4-5002-1200 PRIMARY ANALOG OUTPUT
B4-5602-1200 PRIMARY AND SECONDARY ANALOG OUTPUT

-25- LFE Instruments Division



958-31 REV, B
MODEL 20]3 (TWO L.OOP PROFILE)
NO MODIFICATION UNIT - ORDER ALL UNITS FROM FACTORY
MODEL 2014 (POSITION CONTROL)
J1-1000-1000  INCRFASE/DECREASE SSR OUTPUTS

MODEL 2015 (POSITION CONTROL WITH RAMP AND SOAK)

MODIFY FROM MODEL 2014 CONTROLI.ER

MODEL 2017 (SETPOINT PROGRAMMER)

NO MODIFTICATION UNIT - ORDER ALI. UNITS FROM FACTORY
2.2 INPUT MODIFICATION KITS
The input may be modified for special measuring inputs by adding the following kits,
1821-118 To add self-powered 4/20 mA input
1821-119 To add bridge transducer supply - 5V
1821-120 To add bridge transducer supply - 10V
1821-121 For 0.1 degree RTD

2.3 OUTPUT MODIFICATION KITS

The output of the various controllers may be modified by adding components contained
in the following kits:

1821-79 To add SSR2

1821-86 To add ALMI

1821-87 To add AIM?2

1821-122 To add isolated 4/20 maA output
1821-123 For DC trigger output

1521-124  For open collector output

2.4 COMMUNICATION KITS

All Series 2000 controllers (except Models 2005, 2012, 2013 and 2017) may have
digital communications added using the following kits:
_COMM T COMM 11

1821-88 1821-142 Non-isolated RS232 NOTE: Models 2012,
1821-895 1821-143 Isolated RS232 2013, 2016 &
1821-90 1821~144 Non-isolated RS422 2017 require
1821-91 1821-145 Isolated RS422 COMM TII1I com~
1821-92 1821-146 Isolated 20 mA current loop munications

not listed.
2.5 OTHER KITS

One option kit and three kits used to suppress external noise are listed below:
1821-98 Kit with 130 V MOV
1821-99 Kit with 250 v MOV
1821-100 Kit with R-C snubber components
1821-125 To add remote Start/Stop, Remote Auto/Manual (Models 2002 & 2004)
or Remote Pause (Model 2012) option

LFE Instruments Division -26-
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SECTION 3 - INPUT MODIFICATION

BEFORE STARTING ANY INPUT MODIFICATIONS, first select the proper MODIFICATION
CONTROLLER according to the output type required for the application as detailed in
Section 4, Because the hardware for all Series 2000 controllers is similar, these
input modifications apply to all controllers in the series except Model 2013 which is
a factory special. After dinput modification, all units must be configured and
calibrated per Section 6 and adjusted and tested per Section 7.

MODIFICATION OF THERMOCOUPLE INPUT TYPE

All MODIFICATION CONTROLLERS are supplied calibrated for type J (Iron/Constantan)
thermocouple., The change to another thermocouple type is a configuration or software
change (see Section 6). No component or board changes are required, The controlley
does not need to be recalibrated when changing thermocouple type,

MODIFICATION FROM THERMOCOUPLE INPUT TO 1002 PLATINUM RTD INPUT WITH 1 DEGREE
RESOLUTION

Remove the TInput/Output (I1/0) board from the electronic assembly per instructions in
Section 1.10 and make the following changes. (LFE P/N's in brackets.)

REMOVE R3, R15

REPLACE resistor R16 with a jumper (1835-106).

REPLACE resistor R5 with 2K-1% (1849-23).

REPLACE resistor R7 with 12,7K-1% (1849-1272),

REPLACE resistor R18 with 11K-1% (1849-113) for Models 2014 and 2015 only.
. REPLACE resistor R3 on the small adder board with 10.5K-1% for Models 2014
and 2015 only,

e

-

(o S
.

7. OPEN J26 foil bridge (on component side).
8. SHORT J27 solder bridge (on component side).
9. REPLACE choke L3 in input circuit on 1650-437A (437A is screened on

component side under VR3) with jumper (1835-106), This does not apply to
boards 1650-415 (any revision) or 1650-437B or later revision except to
some 1650-415E boards (415FE in foil on solder side under VR3) which have
been reworked to add L3.

10, REMOVE the Cold Junction Compensator Resistor assembly from the reax
terminals of the controller case (terminals F & G) for older controllers or
remove the compensating resistor (CJC1) and its support from the T/0 bhoard
of newer controllers,

-27- LFE Instruments Division
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3.3 MODIFICATION FROM THERMOCOUPLE INPUT TO 10092 PLATINUM RTD INPUT WITH 0.1 DEGREE

RESOLUTION

Remove the Input/Output (I/0) board from the electronic assembly per idinstruction in

Section 1.10 and, using kit 1821-121, make the following changes. (LFE P/N's 1in
brackets,)

REMOVE R3,R5

REPLACE resistor R6 with 23.2k-0.1% (1855-2322).

REPLACE R7 with 1k-0.1% (1855-13)

REPLACE resistor R16 with 10k-1% (1849-14).

. REPLACE capacitors €3,C27 & C28 with 4.7uF-50V (305-340),

REPLACE resistor RI18 with 5.,23k-1% (1849-5231) for Models 2014 and 2015

only,

7. REPLACE resistor R3 on the small slidewire adder PCB with 5.23k-1%
(1849-5231) for Models 2014 and 2015 only,

8, OPEN J26 foil bridge (on component side).

9, ADD small constant current PCB (1651-1971) per Figure 3-1 below.

10, REPLACE choke L3 1in input circuit on 1650-437A (437A 1is screened on
component side wunder VR3) with jumper (1835-106), This does not apply to
boards 1650-415 (any revision) except to some 1650-415F boards (415FE in
foil on solder side under VR3) which have been reworked to add L3.

11, REMOVE the Cold Junction Compensator Resistor assembly from the rear

terminals of the controller case (terminals F & G) for older controllers or

remove the compensating resistor (CJC1) and its support from the T/0 hoard
of newer controllers,

- - .

(o RN R O
.

-

BUSS WIRE UNDERSIDE
TO I/0,R1,R3 JUNCTION

TO 1I/0 A21

MOUNT ITEM 2 WITH COMPONENT
SIDE UP AS INDICATED.

L
SIS P
AILIS / P
wrress

v, g,
LA W
s, oA RE

Figure 3-1 MOUNTING OF CONSTANT CURRENT ADDER PCB
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3.4 MODIFICATION FROM THERMOCOUPLE INPUT TO DC VOLTAGE INPUT

Remove the Input/Output (I1/0)

board from the electronic

Section 1.10 and make the following changes.

Refer to
for standard ranges.

full range dc input of 50 mV at the junction of R1 & R2.

REMOVE resistors R3,

1.
2, OPEN J15 if noted

R5.

in Table 3-1, (NOTE:

assembly per

958-31 REV. B

instruction 1n

the DC VOLTAGE INPUT RANGE RESISTORS chart (Table 3-1) for values selected
The values for the attenuator resistor Rl & R2 are

based on a

Make sure that the entire length

of the foil bridge between pads is removed to achieve proper spacing.

ADD resistors Rl and R2 (see Table 3-1).

. REPLACE capacitors C4 and C5 as listed in Table 3-1.
SHORT J35 solder bridge (on component side),
ALTERNATIVE: On older PCB's,

ADD a wire jumper

terminal G to the feed through at terminal F (GND).

REMOVE the

Cold Junction Compensating Resistor

from the

feed through at

assembly from the rear

terminals of the controller case (terminals F & G) for older controllers or

remove the

of newer controllers.

DC VOLTAGE

INPUT R1 (LFE P/N)
"~ RANGE

0to 50 mV NONE

0 to 100 mv = 499K-1% (1849-4993)
0 to 500 my = 750K-1% (1849-754)
0tol.0V ~ 750K-1% (1849-754)
0to 5.0V  750K-1% (1849-754)
0tol0V 750K-1% (1849-754)
0 to50 ¥ 750K-1% (1849-754)
0 to 100 v - 750K-1% (1849-754)

Table 3-1

R2 (LFE P/N) 315 REPLACE (4
- SOLDER BRIDGE ~ (LFE P/N)
NONE SHORTED NO
499K-1% (1849-4993) OPEN - luF (305-324)
© 84.5K-1% (1849-8452) OPEN - 2. 2uF (305-188)
39.2K-1% (1849-3922) OPEN ¢ 2.2uF (305-188)
7.5-1% (1849-752) OPEN : NO
- 3.74K-1% (1849-3741) OPEN NO
7500-1% (1849-751) OPEN NO
- 365Q-1% (1849-3650) OPEN NO

DC VOLTAGE INPUT RANGE RESISTORS

-29-

compensating resistor (CJC1) and its support from the I/0 board

REPLACE (5

2.2uF
2. 2uF

(LFE P/N)

NO
(305-188)
(305-188)
N0
NO
N0
NO
NO

LFE Instruments Division
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3.

5

MODIFICATION FROM THERMOCOUPLE INPUT TO DC CURRENT INPUT

Remove the Input/Output (I/0) board from the electronic assembly per instruction in
Section 1.10 and make the following changes.

Refer

to

the DC CURRENT INPUT RANGE RESISTOR chart (Table 3- 2) for the values

selected for standard ranges. The value for resistor R2 1is calculated to supplv an
1nput signal of 50 mV using the following formula:

to
-

(o)
.

50mV
Input Milliamperes

R2(shunt) =

%% CAUTION #%

THE MAXIMUM INPUT CURRENT SHALL BE LIMITED TO 500 mADC.

REMOVE resistors R3, R5

SHORT J35 solder bridge (on component side),

ALTERNATIVE: On older PCB's, ADD a wire jumper from the feed through at
terminal G to the feed through at terminal F (GND) .

ADD resistor R2 (see Tabhle 3-2).

REMOVE the Cold Junction Compensating Resistor assembly from the rear
terminals of the controller case (terminals F & G) for older controllers or
remove the compensating resistor (CJC1) and its support from the 1/0 board
of newer controllers,

DC CURRENT
FULL RANGE R2 (LFE P/N)
INPUT
5 mA 102-1% (1849-11)
20 mA 2.5Q-1% (1847-259)
L 100 mA 0.5Q-1% (1847-59)

Table 3-2 DC CURRENT INPUT RANGE RESISTORS

NOTE: Use the 20 mA range resistor for 4/20 mA input.

LFE Instruments Division -30-
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3.6 MODIFICATIONS TO ADD REMOTE SETPOINT INPUT

3.

7

The remote setpoint input option can be added to all Series 2000 controllers except
an early Model 2010 with 1685-1 EPROM or Models 2005, 2012, 2013, 2014, 2015 and
2017. Early Model 2010's with 1685-2 EPROM and using raw I/0 board 1650-415 Rev. C
and earlier require special procedures, Contact the factory for special
instructions,

Remove the Input/Output (I/0) board from the electronic assembly per instruction in
Section 1,10 and make the following changes. (LFE P/N's in brackets.)

1. ADD capacitor Cl, C2 ,47uF-50V (305-250).

2, ADD capacitor €29 4.7uF (305-340).

3. REMOVE jumper J36.

4, REMOVE relay K1 (if ALM2 is present).

5. ADD jumpers J29, J30 (1835-106).

6. ADD resistor R45 1k-1% (1849-13).

7. ADD resistor R61 40,2k-1% (1849-4022),

8. ADD resistors R17,R18 for voltage or current input ranges per Tabhle 3-3.
9. ADD jumper wire from A26 to ground end of R21.

NOTE: Modification for remote setpoint input requires removing an alarm relay
(ALM2) to provide input terminals for the remote input,
FULL RANGE R18 (LFE P/N)
R17 (LFE P/N) - B

SETPOINT INPUT 0.1° RESOLUTION RTD 1° RESOLUTION RTD ALL OTHERS

1Vt 200k-1% (1849-25) b
5 VDC 100k-1% (1849-15) 5,
10 VoC 200k-1% (1849-25) %

% (1845-6652) 200k-1% (1849-25) 10 ok-1% (1849-1052)
% (1845-5231) 11k-1% (1849-113) k-1% (1849-13)
-1% (1849-5111) ~ 10.5k-1% (1843-1052)  1k-1% (1849-13)

5 nADC JUMPER (1835-106) 49.99-1% (1845-4999) 100Q-1% (1849-12) 10
20 mADC~ JUMPER (1835-106) ~ 12.40-1% (1849-1249) ° 24.99-1% (1849-2499) 2,
100 mADC JUMPER (1835-106) 2.53-1% (1847-259) 50-1% {1847-50) 0

Q-1% (1847-11)

50-1% (1847-259)
50-1% (1847-59)
Table 3-3 DC REMOTE SETPOINT INPUT RESISTORS

NOTE: Use 5V range values for 1/5 VDC input ranges.

MODIFICATIONS FROM THERMOCOUPLE INPUT TO SELF-POWERED 4/20 mA INPUT

This modification provides a separate non-regulated isolated power supply to produce
the excitation for an external 2- wire transmitter., The power supply PCB and other
parts needed to make this modification are contained in kit 1821-118. This
modification may not be added to controllers with digital communications, input or
analog output isolation or remote start/stop option.
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3.7 gg[)igMjg@yg‘@g@fﬂ{gRMOCOLIP_L_E‘;@@_IQ SELF-POWERED 4/20 mA INPUT (CONTINUED)

Remove the Input/Output (I/0) board from the electronic assembly and the Mother board
from the bezel assembly per instruction in Sections 1.8 and 1.10 and make the
following changes. (LFE P/N's in brackets.)

1. ADD center board connector P3 (345-764) to Mother board (not needed if unit
already has center board connector installed).

[\

SOLDER the stripped end of the black lead assembly (2379-197) in CPU bhoard
hole Al5,

3. SOLDER the stripped end of the black/white lead assembly (2379-216) in CPU
board hole Al6,

4, SOLDER the stripped end of the green lead assembly (2379-201) in CPU board
hole A17,

5. ADD resistor R2 2Q-1% (1826-20) on I/0 board.

6. REMOVE resistors R3 and R5 on T/0 board.

7. OPEN J24 foil bridge (on component side) of 1/0 board.

8. SOLDER bridge T/0 board J35. On newer 1/0 boards, solder the yellow lead
(2378-247) from I/0 board hole R5 (top end) to I/0 board hole A24. For
earlier hoards where A24 does not appear, use the feed through hole at
terminal F (GND).

9, SOLDER the red lead (2378-75) from I/0 board connector pin P7-5 (or AlS8) to
the 1/0 hole A23. For earlier boards where A23 does not appear, use the
feed through hole at terminal G.

10.  INSERT the power supply board (1651-1940) in the center board connector.

11.  CONNECT the black lead from the CPU board to center board pin Al., CONNECT

the black/white 1lead from the GPU board to center board pin A2. CONNECT
the green lead from the CPU board to center board pin A3,

12. ASSEMBLE rear ends of PCB's together using new shorter spacers and hardware
supplied 1n the kit, (see Figure 1-1)

13, REMOVE the Cold Junction Compensating Resistor assembly from the rear
terminals of the controller case (terminals F & G) for older controllevrs or
remove the compensating resistor (CJC1) and its support from the I/0 board
of newer controllers.

14, CALIBRATE as a standard 4-20 mA input per instructions in Section 6.12.3.

15, SHIP copy of supplementary instruction 956-646 along with standard manual,
(A copy of this instruction may be found in Section 13.2.)
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MODIFICATION FROM THERMOCOUPLE INPUT TO BRIDGF. TRANSDUCER INPUT

This modification provides a separate regulated and isolated power supply to produce
excitation for an external 4-wire bridge transducer. The power supply PCB and other
parts needed to make this modification are contained in either of two kits: 1821-119
for 5 VDC at 50 mA max or 1821-120 for 10 VDC at 100 mA max (some other voltages are
available - check the factory for information). If intermediate or higher power
supply voltages are specified by the transducer manufacturer, use the 5V supply for
ratings between 5 and 10 V or use the 10V supply for ratings over 10V. When using
transducers at lower supply voltages than recommended, scale the bridge output back
in the same ratio as the actual vs rated supply voltages. Make sure that the current
drawn by the transducer does not exceed the power supply maximum vrating, This
modification may not be added to controllers with digital communications, input or
analog output isolation or remote start/stop option.

Because extra terminals are required to connect the power supply output to the
external transducer, it is necessary to restrict the number of optional outputs,
This 1instruction assumes that the secondary output 1is not supplied. Othe
arangements such as using the ALARM2 ‘teyminals for the power supply output arye
possible but not covered by this instruction.

Remove the Input/Output (I/0) board from the electronic assembly and the Mother hoard
from the bezel assembly per idnstruction in Sections 1.8 and 1.10 and make the
following changes. (LFE P/N's in brackets.)

1. ADD centexr board connector P3 (345-764) to Mother board (not needed if unit
already has center board connector installed).

2, SOLDER the stripped end of the black lead assembly in CPU board hole Al5
(2379-197),

3. SOLDER the stripped end of the black/white lead assembly in CPU board hole
Alb (2379-216),

4, SOLDER the stripped end of the green lead assembly in CPU board hole Al7
(2379-201).

5. DETERMINE the approximate transducer output at the applied power supply
voltage., Range the input circuit according to Section 3.4 or 3.5,

6. INSERT power supply board (supplied in kit 1821- 119 ov kit 1821-120iin the
center board comnmector,

7. CONNECT the black lead from the CPU bouard to center board pin Al. CONNECT
the black/white lead from the CPU bhoard to center board pin A2. CONNFCT
the green lead from the CPU board to center board pin A3,

5. CONNECT the red lead from the center board to T/0 board pin A7 and the
black lead from the center board to I/0 board pin AY.

9. ASSEMBLE rear ends of PCB's together using new shorter spacers and hardware
supplied in the kit., (see Figure 1-1)
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3.8 MODIFICATION FROM THERMOCOUPLE INPUT TO BRIDGE TRANSDUCER INPUT (continued)

10, REMOVE the Cold Junction Compensating Resistor assembly from the rear
terminals of the controller case (terminals F & G) for older controllers or
remove the compensating resistor (CJC1) and its support from the 1I/0 board
of newer controllers,

11. Connect the flex cable from the CPU board to the accessory board and
connect the flex cable from the accessory board to the I/0 board.

12, SHIP a copy of supplementary instruction 956-667 along with the standard
manual. (A copy of this instruction may be found in Section 13.2.)

3.9 MODIFICATION FROM THERMOCOUPLE INPUT TO ADD INPUT ISOLATION

In most applications, input isolation is not needed. Where ground loops in multiple
controller systems appear to be a problem, first try to isolate the output as that is
usually easier to do. (Note that wunits with SSR, DC trigger or open collector
outputs have internal optical 1isolation as standard. Instructions for 4/20 mA
isolated output are given 1in Section 4.3.6.) For those applications where input
isolation is required (where remote setpoint input and/or non-isolated analog outputs
are also provided), a modification for 1input 1isolation 1is available as a
built-to-order special. ORDER THESE UNITS FROM THE FACTORY,

3.10 MODIFICATIONS FOR 135§ SLIDEWIRE (MODELS 2014 & 2015 ONLY)

A modification is required when the feedback slidewire resistance is other than the
standard 1000Q. This modification is for use with a 1359 slidewire only,

Remove the 1I/0 board from the electronic assembly per instructions in Section 1,10
and make the following changes:

1. Replace resistor R1 on the small adder board with 825Q-17% (1849-8250)

2. Recheck the controller operation at the low supply voltage condition with a
135Q dummy resistor across terminals A and C.

3.11 MODIFICATIONS FOR 1008 SLIDEWIRE (MODFLS 2014 & 2015 ONLY)

This modification converts a Model 2014 or 2015 fitted for a standard 10009 slidewire
for use with a non-standard 100Q slidewire,

Remove the I1/0 board from the electronic assembly per instructions 1in Section 1.10
and make the following changes:

1. Replace resistor R17 on the I/0 board with 24,9k-17% (1849-2492)

2. Recheck the controller operation at low supply voltage conditions with a
1002 dummy resistor across terminals A and C.
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SECTION 4 - CONTROLLER SELECTION AND OUTPUT MODIFICATION

The Series 2000 controllers have three distinct types of output: solid-state relay
(SSR) output(s), analog output(s) and electromechanical relay alarm/timer output(s),
Except for certain models where the circuit board or output terminals are reserved
for special functions, a wide variety of combinations of these outputs are available
either from the factory or by modifying one of the stocked controllers following
instructions in this section. All models use the same hardware and these
modifications apply to all models unless specifically exempted.

CONTROLLER SELECTION

When selecting a MODIFICATION CONTROLLER for an application, it is first necessary to
identify the correct model to fulfill the required functions, Refer to the
controller specifications 1in Section 1.7 1in order to match the customer's
requirements against the appropriate LFE model numbers. For each model except models
2005,2013, 2014, 2015 and 2017, controllers are stocked with three basic
configurations of output, These stocked output configurations are as follows:
primary SSR, primary analog, and primary analog and secondary analog outputs, While
these standard combinations will fill many orders without modification, the
instructions in this Section detail MODIFICATION CENTER changes to add or change the
outputs to match the customer requirements., Refer to Section 2 for stocked unit part
numbers., After ranging per Section 3, modifying the outputs per Sections 4 and 5,
all controllers must be configured and calibrated per Section 6 and adjusted and
tested per Section 7.

There are no stocked MODIFICATION CONTROLLERS for Models 2005, 2013, 2015 ox 2017.
Refer to Section 4.5.3 for instruction for the modification of a Model 2015 from a
Model 2014, Models 2005, 2013 and 2017 must be ordered from the factory,

SOLID-STATE RELAY AND RELATED OUTPUTS

.1 PRIMARY 1 AMP SSR_OUTPUT

Select a controller from the list 1in Section 2 having a part number of the type
XX-3000-XX00, The 1 ampere primary SSR relay 1is factory installed and no
modification is required.

.2 MODIFICATION FROM 1 AMP SSR TO 50 mA SSR

When the internal SSR is used to operate an external solid- state relay or sensitive
coil AC relay, two potential problems may affect the operation of the relay,

1. The leakage current through the internal SSR when it is turned OFF may be
high enough that the external relay is turned ON continuously.

2. The low power consumption of the external SSR may cause the internal SSR to
turn OFF due to insufficient holding current.

When either of these problems occurs, the following modification is suggested. This
modification may be performed on either the primary or secondary SSR.
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Remove the Imput /Output (1/0) board and/or the CPU b

oard from the electronic assembly

per 1nstruction 1in Section 1,10 and make the following changes. (LFE P/N's 1in
brackets.)
CPU BOARD 1/0 BOARD
FOR SSR1 FOR SSR2
1. REMOVE triac assembly U11 12
2. REMOVE resistor 3909 R15 R51
3. REMOVE resistor 2.2k R16 R52
4. REMOVE capacitor .04 uF 7 17
5. ADD jumpers (1835-106) J7 & J8 J17 & )28
6. REPLACE capacitor with .002uF (305-439) 17 €25
7. REPLACE resistor with 390Q (1822-391) R18 R31

3 MODIFICATION TO ADD A SECONDARY SOLID-STATE RELAY

(SSR2)

Kit 1821-79 is available from the factory containing
solid-state relay (SSR2 with

1 Amp output) to the I/0 board.

all the parts necessary to add a
This kit may be added

to a basic controller with a part number of XX-3000-XX00 or XX-5000- XX00.

Remove the Input/Output (I/0) board from the electronic
(LFE P/N's in brackets.)

Section 1.10 and make the following changes.

1. ADD optical isolator Ull

2. ADD resistor R31 - 479 1/2W 5%
3. ADD capacitor €25- .04 wF 600V
4, ADD triac U12

5. ADD triac heatsink

6. ADD resistor R51 - 390Q 1/4W
7. ADD capacitor C17-,04 uF 600V
8. ADD resistor R52-2,2K 1/4W

9. CHANGE resistor R49 to 180Q 1/4W
10. OPEN solder bridge J33

11. ADD resistor R50 - 7.5k 1/4W
12, ADD transistor Q6 - 2N3904

.4 MODIFICATION OF SSR TO DC TRIGGER OUTPUT

assembly per instruction in

(2036-320)
(1822-470)
(305-97)
(2036-458)
(1951-125)
(1846-391)
(305-97)
(1846-222)
(1846-181)
(1846-752)
(2036-76)

Many applications require a 3 to 32 VDC output for driving an external higher current

solid-state relay module.
solid- state relays (SSRI1
The part number or configuration number must also be
relay codes for this option to work.

Kit 1821-123 may be added

to either of the internal 1 amp

or SSR2) to provide an approximate 18 VDC trigger output,

set for any of the solid state

Note that this modification does not provide 1solation since the external solid state

relay is expected to provide the isolation.
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Remove the Input/Output (I/0) board or CPU board(as appropriate) from the electronic
assembly per 1instruction in Section 1.10 and make the following changes. (LFE P/N's
in brackets.)

CPU BOARD 1/0 BOARD
FOR SSR1 FOR SSR2
1. REPLACE optical isolator with MOCB050 (2036-328) U8 y11
2, REMOVE resistor R15 R31
3. REMOVE capacitor 7 (17
4,  REMOVE capacitor €17 €25
5. REMOVEtriac U1l 12
6. ADD resistor 1k 5% (1846-13) CR? on solder side from
UL1-5 to VRI-IN ---
(use tubing)
7. ADD jumper (1835-106) R22 none
8. ADD wire jumper - Green (2378-127) A5 to A7 Al to A2
9. ADD wire jumper - Yellow (2378-191) A8 to GND hone
10, ADD jumper (1835-106) none J32
11, ADD solder bridge none J14
12, SHIP a copy of supplementary instructions 956-670 yes yes

with the standard manual. (& copy of this manual
may be found in Section 13.2.)

.5 MODIFICATION OF SSR TO OPEN COLLECTOR OUTPUT

For some applications it is necessary to provide a switching output that can be
integrated with an external circuit. For this modification, the emitter and
collector of an internal photo-coupled NPN output transistor are brought out for
customer use, An external supply of up to 24VDC may be switched. Kit 1821-124 may
be added to either of the internal 1 amp solid-state relays (SSR1 or SSR2) to provide
for an open collector output, The part number or configuration number must also be
set for any of the solid state relay codes for this option to work,

Remove the Input/Output (I/0) board or CPU board as appropriate from the electronic
assembly per instruction in Section 1.10 and make the following changes. (LFE P/N's
in brackets,)

CPU BOARD 1/0 BOARD
FOR SSR1 FOR SSR2
1. REPLACE optical isolator with MOC8050 (2036-328) U8 u1l
2. REMOVE resistor R15 R51
3. REMOVE capacitor 7 cL7
4,  REMOVE capacitor 17 €25
5. REMOVEtriac U1l 12
6. ADD wire jumper - White (2378-151) UB-5 to 47 U11-5 to A4
7. ADD jumper (1835-106) J8 7
8. SHIP a copy of supplementary instructions 956-673 yes yes

with the standard manual. (A copy of this manual
may be found in Section 13.2.)
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4.3 ANALOG OUTPUTS

4.3.1 PRIMARY 4/20 mA ANALOG OUTPUT

Select a controller from the list din Section 2 having a part number of the type
XX-5000-XX00 (primary 4/20 mA) or XX- 5600-XX00 (primary and secondary 4/20 mA). The
4/20 mA output is factory installed and no modification is required.

4.3.2 SECONDARY 4/20 mA ANALOG OUTPUT

Select a controller from the list 1in Section 2 having a part number of the type
XX-5600-XX00. These units have both primary and secondary 4/20 mA analog output
factory installed and no modification is required. If a secondary analog output is
required with a primary SSR output, this is a factory combination and the unit must
be ordered from the factory as a built-to-order special.

4.3.3 MODIFICATION OF 4/20 mA ANALOG OUTPUT TO 0/5 VDC OQUTPUT

The standard analog output controllers are supplied with 4/20 mA output. The changes
needed to modify a standard analog output controller to 0/5 VDC are listed below,
This modification may be made to controllers with part numbers of XX-5000-XX00 or
XX-5600-XX00,

Remove the Input/Output (I/0) board from the electronic assembly per instruction in
Section 1,10 and make the following changes. (LFE P/N's in brackets.)

170 BOARD /0 BOARD
FOR ANAL FOR ANA2

1. ADD resistor 1000 (1846-12) R39 R33
2. ADD capacitor ,002uF (305-439) 7 24
3. REMOVE resistor R38 R58
4, REMOVE resistor RA1 R29
5. REMOVE resistor R42 R30
6. OPEN foil bridge J7 J11
7. OPEN foil bridge J9 J13
8. SHORT solder bridge J8 J12
9. SHORT solder bridge J10 J14

4.3.4 MODIFICATION OF 4/20 mA ANALOG OUTPUT TO 0/10 vDC OUTPUT

The standard analog output controllers are supplied with 4/20 mA output. The changes
needed to modify a standard analog output controller to 0/10 VDC are listed below.
This modification may be made to controllers with part numbers of XX-5000-XX00 or

XX-5600-XX00,
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Remove the Input/Output (I/0) board from the electronic assembly per instruction in
Section 1.10 and make the following changes. (LFE P/N's in brackets.)

1/0 BOARD 1/0 BOARD
FOR ANAL FOR ANAZ

1. REMOVE potentiometer R101 R100
2, REMOVE resistor R38 R58
3. REMOVE resistor R41 R29
4. REMOVE resistor R42 R30
5. OPEN foil bridge J5 J2
6. OPEN foil bridge J7 J1
7. OPEN foil bridge J9 J13
8. SHORT solder bridge J4 J1
9. SHORT solder bridge J6 J3
10, SHORT solder bridge J8 J12
11, SHORT solder bridge J10 J14
12, ADD resistor 100¢ 1/4 5% (1846-12) R3S R33
13, ADD capacitor .002 uf (305-439) 7 24
NOTE: Early versions of the I/0 board require that a jumper be installed from the

wiper of RI101 to the J4 side (Analog Output 1) when making this
modification.

4.3.5 MODIFICATION TO PROVIDE RETRANSMITTING ANALOG OUTPUT

Some applications require an analog output that is proportional to the input signal.
(Temperature ranges have an output that is proportional to the linearized value of
the input.) This modification is available in all of the Series 2000 models except
models 2014 and 2015, When retransmitting output is provided, the output is in place
of a secondary output. The wunit must have analog secondary output components
installed. The only stocked standard controller to which this modification may be
made is XX- 5600-XX00. All other requirements must be ordered from the factory as a
built-to-order special.

The above stocked unit 1is supplied with standard secondary 4/20 mA analog ouput.
This output may also be changed to 0/5 VDC or 0/10 VDC. See Sections 4.3.3 or 4.3.4
for modification details. Configuration programming is also required per Section 6,
A zero adjustment pot 1is recommended to be added for 4/20 mA retransmitting analog
outputs (See Section 4.3.7).

Supplementary manual 956-671 should be shipped along with the standard manual for all

units with retransmitting analog output. (A copy of this manual may be found in
Section 13,2.)
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4.3.6 MODIFICATION TO PROVIDE ISOLATED 4/20 maA ANALOG OUTPUT

This.modification Provides an isolation circuit and separate isolated power supply.

The 1solation PCB and other parts needed to make this modification are contained in
klt‘ 1821— 122, Only one 4/20 maA analog output may be isolated with this
modification, This modification may not be added to controllers with digital

communications, input isolation, self-powered 4/20 mA input, bridge transducer input
Or remote start/stop option.

Remove the Input/Output (I/0) and CPU boards from the electronic assembly and the
Mother board from the bezel assembly per instruction in Sections 1.8 and 1.10 and
make the following changes. (LFE P/N's in brackets.)
1. ADD center board connector P3 (345-764) to Mother board (not needed if unit
already has center board connector installed). Reassemble the Mother board
into the bezel assembly,

2. SOLDER the stripped end of the black lead assembly in CPU board hole Al5.
(2379-197),

3. SOLDER the stripped end of the black/white lead assembly in CPU board hole
Al6 (2379-216).

4, SOLDER the stripped end of the green lead assembly in CPU board hole Al7
(2379-201).

5. REMOVE potentiometer R101 (ANA1l) or R100 (ANA2) on 1/0 board.
6. REMOVE R38,R41,R42 (ANA1) or R29,R30,R58 (ANA2) on I/0 board.
7. OPEN foil bridges J5, J7, J9 (ANAl) or J2, J11, J13 (ANA2) on 1/0 board.

8. SHORT solder bridge J4, J6, J8, J10 (ANAl) or Jl, J3, J12, J14 (ANA2) on
I1/0 board.

9, ADD resistor 100Q 1/4 W 5% (1846-12) R39 (ANA1) or R33 (ANA2) on I/0 board.
10. ADD capacitor .002uF (305-439) C7 (ANAl) or C24 (ANA2) on 1/0 board.

11. SOLDER green wire lead from I/0 board A6 (ANA1) or A8 (ANA2) to Al8 of
center isolation board.

12, CUT off blue lead from I/0 board A5 (ANA1) only.

13, SOLDER red wire lead from center isolation board A25 to CPU board A7 (ANA1)
or I/0 board A7 (ANA2).

14, SOLDER white wire lead from center isolation board A24 to CPU board A8
(ANA1) or I/0 board A9 (ANA2).

15, CONNECT the black lead from the CPU board to center board pin Al. CONNECT
the black/white 1lead from the CPU board to center board pin A2, CONNECT
the green lead from the CPU board to center board pin A3.

16. ASSEMBLE rear ends of PCB's together using new shorter spacers and hardware
supplied in the kit. (see Figure 1-1).
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7 MODIFICATION TO ADD ZERO ADJUSTMENT POT TO 4/20 mA ANALOG OUTPUT

Because of parts tolerences, zero output does not always correspond to 4 mA. In most
application, the slight offset difference is not important., However, there are
applications where zero output must be exactly at 4 mA. For these cases, a zero pot
may be added to either OUT1 or OUT2 4/20 mA analog outputs to provide this feature.

There are several 1/0 board configurations in the field. Early I/0 boards were not
provided with mounting for the pot(s). A pot location (R103) was then added for
analog OUT1 (1650-415E). Lastly, a second pot location for analog OUT2 was added
(R104). One must first determine if the controller to be modified has provisions for
installing a pot before proceeding with this modification. NOTE: 1650- 415E does not
show the pot (R103) 1location on the stencil. Use the 3 holes at the forward end of
R37 (Q4 end).

Remove the Input/Output (I/0) board from the electronic assembly per instruction in
Section 1,10 and make the following changes. (LFE P/N's in brackets.)

[/0 BOARD 1/0 BOARD
FOR ANAL FOR ANA2

1. REMOVE resistor- 23.7K R37 R36
2. ADD pot - 25K (1675-28%) R103 R104

ALARM/TIMER RELAY OPTIONS

Models 2010, 2011 and 2012 have two alarm/timer relays installed at the factory.
Models 2013, 2014 and 2015 have ALM1 only factory installed (ALM2 has been removed to
allow the terminals to be used for input wiring.) (ALM2 may also be installed in
non-slidewire versions of models 2014 and 2015.) All other Series 2000 controllers
(except those with remote setpoint input) may have either one (ALM1) or two (ALMl &
ALM2) alarm/timer relay(s) added by the MOD CENTER. Units with remote setpoint input
may have only ALM] added. The relay functions such as alarm or timer, high or low
and process or deviation are set in configuration software programming pex Section 6,

Remove the Input/Output (I/0) and/or CPU boards from the electronic assembly per
instruction in Section 1,10 and make the following changes. (LFE P/N's in brackets,)

CPU BOARD 170 BOARD
FOR ALK1 FOR ALN2
KIT 1821-86  KIT 1821-87

1. REMOVE resistor 3909 R21 NONE
2. ADD relay (1819-146) K1 K1
3. ADD transistor 2N3904 (2036-76) NONE 07
4, ADD opto-isolator MOC050 (2036-328) U9 U8
5. ADD diode 1N4148 (2036-276) CR6 (R4
6. ADD resistor 430Q 1/4W 5% (1846-431) R9 R46
7. ADD resistor 7509 1/4W 5% (1846-751) NONE R47
8. ADD resistor 7.5k 1/4W 5% (1846-752) NONE R48
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OTHER OPTIONS

4.5.1 MODIFICATION FOR 220VAC OR 240 VAC SUPPLY

Remove the CPU board from the electronic assembly per instructions in Section 1.10
and make the following changes.

1. CHANGE the power transformer on the CPU board from the 117 VAC unit
normally supplied to one listed below:

SUPPLY VOLTAGE PART NUMBER
220 VAC 2060-275
240 vaAC 2060-276

2. MARK the case label with the new supply voltage rating.

4.5.2 MODIFICATION TO ADD REMOTE START/STOP, REMOTE AUTO/MANUAL (MODELS 2002 & 2004) OR

REMOTE PAUSE/RESUME (MODEL 2012) OPTION

This option provides for start/stop control of the instrument from a remote location.
The start/stop key on the Series 2000 controller remains active., This option is most
commonly used for Ramp & Soak Profile control where several controllers must start
simultaneously. This modification may be added to Models 2000, 2003, 2005 with
STOP/START, 2005 with self tune and STOP/START, 2010, 2012 and 2013.

The parts to add this option are contained in kit 1821-125. This modification may
not be added to controllers with digital comminications, input or output isolation,
self- powered 4/20 mA input or bridge transducer input options,

Remove the Input/Output (I/0) board from the electronic assembly and the Mother board
from the bezel assembly per instruction 1in Sections 1.8 and 1.10 and make the
following changes. (LFE P/N's in brackets.)

1. ADD center board connector P3 (345-764) to Mother board (not needed if unit
already has center board connector installed).

2. SOLDER white wire lead (2378-151) on the solder side of the Mother board
from center board connector pin P3-9 to keyboard connector pin P4-6,

3. SOLDER green wire lead (2378-127) on the solder side of the Mother board
from center board connector pin P3-12 to keyboard connector pin P4- 3,
(For Remote Pause/Resume on Model 2012, P3-12 is connected to P4-2.)

4, REASSEMBLE the Mother board into the bezel assembly.

5. SOLDER bridge TP5, TP8 and TP10 on Start/Stop board.

6, DECIDE if this option is to be provided in place of OUT2 or ALM2. The next
several steps have alternative procedures depending on which option is

selected,

Steps 7 and 8 have alternative parts, Steps 7A and 8A are used if wiring 1s to
the ALM2 terminals. If wiring to OUT2 terminals, use only step 8.
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REMOVE relay K1 from I/0 board. (This step is to be followed only if the
Start/Stop wiring is to use terminals normally used for ALM2 and if ALM2
has been supplied on the board.)

SOLDER the stripped ends of the vyellow wire assemblies (2379-146) 1in 1/0
board holes A4 and A7. (This step is to be followed only if there is no
secondary output - OUT2.)

SOLDER the stripped ends of the yellow wire assemblies (2379-146) in I/0
board holes All and Al3. (This step 1is to be followed only 1if ALM?2
terminals are to be used for the START/STOP wiring.)

INSTALL Start/Stop board into center Mother board slot and connect flat
ribbon cables between CPU and center board and center board and I/0 board.

CONNECT the vyellow wires from the I/0 board to Start/Stop board pins Al0Q
and All.

ASSEMBLE rear ends of PCB's together using new shorter spacers and hardware
supplied in the kit. (see Figure 1-1).

SHIP a copy of supplementary instruction 956-655 if the wiring is brought
out the secondary output terminals (OUT2) or 956-684 if the wiring is
brought out the ALM2 terminals.

4.5.3 MODIFICATIONS TO MAKE A MODEL 2014 INTO A MODEL 2015

The Model

2015 is not stocked. To make a Model 2015 from part number J1-1000-1000,

proceed as follows:

1.

2.

REPLACE EPROM U2 on the CPU board with part number 1685-27,

Be sure to proceed to CONFIGURATION programming 1in Section 7 to change the
part number to correspond to Model 2015.

REMARK the case label to indicate the change in model.
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SECTION 5 - MODIFICATIONS TO_ADD COMMUNICATIONS OPTION

The standard communications option may be added to any Series 2000 controller except
models 2012 2013 or 2017 (Models 2012, 2013, 2016 and 2017 are supplied with a
modified version of the COMM II communications not covered by this manual). Two
versions of communication kits are available, The older standard COMM I kits are
being updated to COMM IT kits but either kit will work in all controllers except
those listed above, The communications option also cannot be used with input or
output isolation, self-powered 4/20 maA input, bridge transducer input or remote
start/stop options as they all occupy the same center board location. An early model
2010 with a 1685- 1 or 1685-2 EPROM may not be upgraded to add communications.
Communications kits are listed in Section 2.3,

Remove the Input/Output (1/0) and CPU boards from the electronic assembly and the
Mother board from the bezel assembly per instruction in Sections 1.8 and 1.10 and
make the following changes. (LFE P/N's in brackets.)

1. ADD center board connector P3 (345-764) to Mother board (not needed if unit
already has center board connector installed). Reassemble the Mother board
into the bezel assembly,

2, INSTALL the communications cable assembly in the «case with the "D"
conmector positioned so that the side with the fewer number of pins is
toward case terminals 1-8. The "D" connector flange shall be on the

outside of the case. Use the connector mounting hardware provided with the
spacer screw on the outside of the connector,

3. ADD a wire jumper J9 (from All to Al12) on the CPU board as shown in either
Figures 5-1 or 5-2 except on boards labeled 1650445, Do not add this
unnecessary jumper to these new (-445) boards to reduce the potential for
shorting at All.

oo e— N
¢ P o ——— [
Shorted =
ins —
’ = e

p—— .%L\l:!—_'-_! 1 '_' 1 ‘] !
A _ ey — - =0
jumper 7/ A\~ = S S
to pin 1ee L
° —
a

- ! = —— 3. XU
P1-11 ] oo T _1‘\\\:
or— - = —_ . - 4 — e
ot — . °
T F =
g*—— _T/;-w/’, i A

— A T e
Q. HUL o —
152&;:’—4"1541» b %

Figure 5-1 (Original CPU board layout - 1650-416)
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Figure 5-2 (Revised CPU board layout - 1650-431)
(Do not add jumper to boards numbered -445 or higher.)

Check the CPU board to ensure that edge card pins P1-3, P1-5 and pl-7
(mother board end) have been shorted to pl-1 on the component side,
REINSTALL the CPU board.

MOUNT the short spacer with tapped ends to the CPU board using the hardware
removed initially,

INSTALL the communications PCB in the center position and assemble the long
screw with the short through hole spacer to fasten the T1/0 board and the
communications board to the short spacer installed in step 6.

CONNECT the flat ribbon cables between the CPU and communications boards
and the communications and I1/0 board.

POSITION the communications cable for non-interference and insert the
controller into the housing leaving it out about 1-1/2 inches.

INSTALL the communications edge card connector to the bhottom edge of the

center communications PC board and complete the insertion of the controller
into the housing.
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SECTION 6 - SOFTWARE PROGRAMMING IN THE CONFIGURATION/CALIBRATION LOOP

This section 1is based on using the standard EPROMs listed below. 1If any other EPROM
1s used for special characteristics, these instructions may vary and the factory
should be contacted for special instructions

MODEL EPROM PART NUMBER

2000 1685-9

2001 1685-9

2002 1685-19

2003 1685-28

2004 1685-29

2005 1685-9 (START/STOP)

2005 1685-19 (AUTO/MANUAL)

2005 1685-28 (SELF TUNE WITH START/STOP

2005 1685-29 (SELF TUNE WITH AUTO/MANUAL)

2010 1685-5

2011 1685-5

2012 1685-22

2013 1685-22

2014 1685-17

2015 1685-27

2017 1685-63
The CONFIGURATION/CALIBRATION LOOP is CAL
entered by using a three key security code.
While in the OPERATOR LOOP, press PARAM
CHECK TUNE/RETURN and LAST keys

’ — -
simultaneously. (NOTE: Controllers having [..'CZD ]
only six keys require pressing an unmarked (-(:Jc:)-]
key. See Figure 6-1 for key locations.)
Figure 6-1

A yvellow indicator light "CAL" will illuminate indicating that the
CONFIGURATION/CALIBRATION LOOP 1is active. If the indicator light does not

illuminate, press the return key and press the three key code again.

While 1in the CONFIGURATION/CALIBRATION LOOP, all control outputs are off but all
alarm outputs function normally,

PN XX XX The first display that should appear is shown at the left., (Models
XX XX XX 2012 and 2013 have a different system. See Section 6.3.) If it does
not appear, press the LAST key until it does appear.

This display 1is the ten digit part number and the first display in the CONFIGURATI-
ON/CALIBRATION LOOP, The PARAM CHECK key advances the steps within the loop and the
LAST key returns to the previous step.
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All controllers have been manufactured with specific hardware that determines its
input and output capability. The PART NUMBER defines that capability. Since the
software cannot tell if the correct hardware has been installed, it is up to the MOD

CENTER to make sure that the hardware modifications match the software configuration
code,

Since new data is not stored until the end of the CONFIGURATION/CALIBRATION LOOP, it
is necessary to advance to the display ''CAL COMPLETE" and RETURN to the OPERATOR LOOP
to save any values or software changes that are made while in this loop.

%% CAUTION **

DO NOT ALLOW THE AC SUPPLY POWER TO BE DISCONNECTED WHILE A CONTROLLER
IS IN THE CONFIGURATION/CALIBRATION LOOP. IF THIS DOES HAPPEN, IT WILL
BE NECESSARY TO RESTART AT THE BEGINNING OF THE
CONFIGURATION/CALIBRATION LOOP AND PROCEED THROUGH ALL OF THE ENSUING
STEPS INCLUDING THE CALIBRATION SUB-LOOP.

6.1 CHANGING THE PART NUMBER

For all models except Models 2012 and 2013, the part number 1is the configuration code
providing the software instructions to match the controller to the application, If
the original part number supplied by the factory does not need changing, press the
PARAM (CHECK) key to advance to the next display.

An additional security code protects the
part number, To access the portion of the
program to change the part number, press
the two keys indicated in Figure 6-2

simultaneously.

Figure 6-2

A flashing digit will appear at the first digit that may be changed. The digit that
is flashing can be changed by using the UP or DOWN ARROW keys. The PARAM (CHECK) key
advances the flashing digit(s) and the LAST key backs up to the previous digit(s).
Be careful not to enter illegal part numbers. After the part number is correct, move
to the last character of the part number and press the PARAM (CHECK) key to advance
to the next display.

6.2 PART NUMBER RULES

All valid part numbers for models 2000, 2001, 2002, 2003, 2004, 2005, 2010 and 2011
are listed in Section 1.6.1., Part numbers for Models 2014 and 2015 are listed in
Section 1.6.3. Part numbers for model 2017 are in Section 1.6.4, The following
general rules are to be used to apply these numbers to cover the standard and
optional features of Series 2000 controllers.

1. Any change 1in the second digit from the standard part number for Mod
Controllers always requires a hardware change.

2. Primary or secondary solid state relays and related outputs may all be
configured for heat or cool and on/off or time proportioning functions by
part number changes only. The proper hardware must be installed on the I1/0
or CPU boards. (Secondary outputs are not available on Models 2014 and
2015.,)
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3.

10.

11.

12,

13,

Primary or secondary analog ocutputs may be configured for either heating or
cooling action using the part number only. The analog output hardware must

be installed on the I/0 board. (Analog outputs are not available on Models
2014 and 2015.)

Analog retransmitting output must be installed as ANA? and no secondary

output can be provided. (Exception: Models 2012, 2013, 2014, 2015 and
2017.,)

Changes 1in thermocouple type requires only a part number change.
Conversion to RTD or process inputs also require hardware changes.,

Analog voltage outputs other than the standard 0-5 V are part numbered the
same as for the 0-5V,.

Analog current outputs other than the standard 4/20 mA are part numbered
the same as for 4/20 mA.

Outputs with 50 mA SSR are coded the same as for a standard 1A SSR,

DC trigger outputs are coded the same as for 1A SSR outputs,

Open collector outputs are coded the same as for 1A SSR outputs,

Isolated 4/20 mA output is coded the same as for a standard 4/20 mA output,

All alarm/timer configurations (if installed) are through part number
changes only,

Changes in Model 2017 Relay 1 (ALM1) and Relay 3 (OUT1) between OFF EVENT
and ON EVENT or ALARM to ON or OFF EVENT usually also requires a hardware
change., (Consult the factory.)

Please note that any changes in part number made in the CONFIGURATION/CALIBRATION
LOOP must also be transfered to the label on the Mother board. Changes in input and
output type must also be indicated on the case label.

LFE Instruments Division -48-



958-31 REV., B

6.3 CONFIGURATION NUMBER - MODELS 2012 AND 2013

Entry into the CONFIGURATION/CALIBRATION LOOP is as described at the beginning of
Section 6. For Models 2012 and 2013, the part number is not the same as the
configuration number used in the CONFIGURATION/CALIBRATION LOOP, The part number
coding is specified in Section 1.6.2.

1 23 455 The first display that should appear for Models 2012 and 2013 is shown at
66 77 89 the left, If it does not appear, press the LAST key until it does
appear.

This display is the configuration number and the first display in the
CONFIGURATION/CALIBRATION LOOP. The PARAM CHECK key advances the steps within the
loop and the LAST key returns to the previous step. The same security code for
access to the configuration change procedure is used as described in Section 6.1 for
part number changing. All of the part number rules described in Section 6.2 apply to
the CONFIGURATION number.

1 - WODEL NUMBER AND PROFILES

MODEL =~ MODEL : © 123455

2012 - 2013 ~ DESCRIPTION 66 77 89
0 4 2 PROFILES - 99 SEGMENTS EACH
1 5 4 PROFILES - 64 SEGMENTS EACH
2 b 8 PROFILES - 32 SEGMENTS EACH
3 ]

16 PROFILES - 16 SEGMENTS EACH

2 - INPUT 1 CODE

J THERMOCOUPLE - K 1009 PT RTD - 1 DEGREE RESOLUTION

W5%Re/W26%Re THERMOCOUPLE
W3%Re/W25%Re THERMOCOUPLE
W/W26%Re THERMOCOUPLE

0

1 K THERMOCOUPLE L 1009 PT RTD - 0.1 DEGREE RESOLUTION
2 R THERMOCOUPLE ‘

3 S THERMOCOUPLE - R PROCESS INPUT

4 T THERMOCOUPLE :

5 N THERMOCOUPLE

6 £ THERMOCOUPLE

! B THERMOCOUPLE

8 PLATINEL II THERMOCOUPLE NOTE: EARLIER CONTROLLERS MAY NOT HAVE
9 Ni/Ni18%Ko THERMOCOUPLE : THERMOCOUPLE TYPES 9, A, B OR C.
; .

B

8

3 - INPUT 2 CODE

Same code as for INPUT 1 except that this character is always "1" for Hodel 2012.
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6.3 CONFIGURATION NUMBER - MODELS 2012 AND 2013 (CONTINUED)
4. FIRST QuTeuT (o 1B
667789
(LOOP 1) e
0w
1 HEAT SSR ON/OFF
2 COOL SSR ON/OFF
3 HEAT SSR TRR
4 CO0L SSR TPR
5 HEAT ANALOG
6 COOL ANALOG

55 - SECOND OUTPUT (0UT2)

(LOOP 1) ' (LUOP 2)

00 NO OUTPUT 2 21 : PRIMARY HEAT SSR ON/OFF

11~ SECONDARY HEAT SSR ON/OFF 22~ PRIMARY COOL SSR ON/OFF

12~ SECONDARY COOL SSR ON/OFF 23~ PRIMARY HEAT SSR TPR

14~ SECONDARY COOL SSR TPR 24 " PRIMARY COOL SSR TPR

16 SECONDARY COOL ANALOG 25  PRIMARY HEAT ANALOG

17 EVENT RELAY 26 PRIMARY COOL ANALOG

18~ RETRANSMITTING PROCESS VARIABLE 27 " EVENT RELAY

19 . RETRANSMITTING SET POINT - 28 RETRANSMITTING PROCESS VARIABLE

29 RETRANSMITTING SET POINT
66 - ALARM RELAY 1

UO NO ALARM/EVENT RELAY
01 - LATCHING POWER FAILURE

(LUOP l- NUN LATCHING) (LOOP 2 NON LATCHING)
11 HIGH PROCESS 21 . HICH PROCESS

12 LOW PROCESS 22 LOW PROCESS

13 HIGH DEVIATION 23 HIGH DEVIATION
14 LOW DEVIATION 24 LOW DEVIATION

15 DEVIATION BAND 25 -~ DEVIATION BAND
17~ EVENT RELAY 27 . EVENT RELAY

18 HEAT AUX. OUTPUT 28 HEAT AUX. OuTPUT
19~ COOL AUX. OUTPUT 29 § COOL AUX. ouTPUT
(LUOP 1 - LATCH NG) : (LOUP 2 LATCHING)

31 HIGH PROCESS ’ 41 : HIGH PRUCESS

32~ LOW PROCESS 42 LOW PROCESS

33 HIGH DEVIATION - 43 HIGH DEVIATION
34 LOW DEVIATION - 44 " LOW DEVIATION

35  DEVIATION BAND 45 : DEVIATION BAND
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7. - ALARM/EVENT RELAY 2

00

01

NO ALARM/EVENT RELAY
- ERROR ALARM-NON LATCHING

(LOOP 1 - NON LATCHING)

1

12
13

14

15

17
18
19

8 4 9 - REVISION AND SPECIAL OPTIONS CODE

HIGH PROCESS

LOW PROCESS
HIGH DEVIATION
LOW DEVIATTON
DEVIATION BAND
EVENT RELAY

HEAT AUX. OUTPUT

- C00L AUX. ouTPUT

ASSIGNED BY THE FACTORY - DO NOT CHANGE

-51-

31

C 12345
- 667789

(LOOP 1 - LATCHING) ‘

- HIGH PROCESS
32 .
33

34
3B

LOW PROCESS

HIGH DEVIATION
LOW DEVIATION
DEVIATION BAND
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6.4 SETTING THE LEGEND AND TIME BASE (ALL MODELS EXCEPT MODELS 2012 AND 2013)

For all models except 2012 and 2013, the legend UNITS and the TIME base
UNITS UU are combined in one display which is shown at the left, Refer to
TIME X:X Sections 6.6 and 6.5 for a detailed discussion of the setting parameters.
Press the PARAM key to advance to the next display.

6.5 SETTING THE TIME BASE - MODELS 2012 & 2013 ONLY

The Fime base in 2012 and 2013 controllers is used for the timing of ramp and soak
profiles. For all other Models in the 2000 series, the time base is also used to set
the clock for (timed) event relays, (See Section 6.6,)

TIME One can select the time base in HOURS :MINUTES (H:M) or MINUTES:SECONDS
X:X (M:S), Press the NO key to change the selection. When the time base is
correct, press the PARAM (CHECK) key to advance to the next display.

6.6 SETTING THE DISPLAY LEGEND - MODELS 2012 & 2013 ONLY

The controller will accept any combination of two alphanumeric characters (Model 2017
accepts up to three characters) for the display legend. The only limitation on these
characters is that for temperature input ranges (thermocouple or RTD) the legend F or
C must be the character on the right,

The best way to see how the legend units are set is to press the arrow
key while watching the display. All numbers and letters are available in
both positions. UNITS legend setting starts with the left hand digit.
Press the PARAM (CHECK) key to move to the right hand digit. The LAST
key will back up right to left if needed. The DOWN key will scroll the
digit in reverse to the UP key, A blank is available in the sequence for
single character legends or blank legends., After the legend UNITS are correct, press the
PARAM (CHECK) key to advance to the next display.

NOTE: Changing wunits between F and C does not convert the numerical value of any set
points, alarms or span limits. Fach setpoint, alarm or span limit must be individually
changed to correspond to the new units of measurement., When no units are specified, the
controller uses the degrees C linearization table for thermocouple or RTD inputs. To
display temperature 1in Fahrenheit degrees, the legend must contain an "F'" in the right
character,

6.7 SETTING THE PV FILTER (MODELS 2014 & 2015 ONLY)

A digital filter is included in the controller software to reduce the affects of

external noise, This will average between one and ten readings of the Process

~ Variable input. It is factory set at ten readings for maximum filtering

PV but the slowest response. For the models 2014 and 2015 only, this

FILTERXX filtering may be vreduced by changing the number of readings with the
E— arrow keys,

If PV FILTER is set to 1, no digital filtering 1is done and the response is the
quickest, The response speed of this controller with maximum filtering (10) will
usually be much faster than the system response. A setting of 10 is recommended
unless extraordinary circumstances exist., Press the PARAM (CHECK) key to advance to
the next display.
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6.8 SETTING THE SLIDEWIRE FILTER (MODELS 2014 & 2015 ONLY)

A slidewire filter is included in the controller to reduce electrical noise influence
or 1instability in the slidewire feedback circuit., This filter will average ten
readings for maximum filtering but the slowest response to changes in the
SLIDEWIR slide wire position. For the models 2014 and 2015 only, this filtering
FILTERXX may be reduced by changing the number of readings with the ARROW keys.,

If SLIDEWIRE FILTER is set to 1, no filtering is done and the slidewire response 1is
the quickest. The response speed of this controller with maximum filtering (10) will
usually be much faster than the drive unit (motor operator) speed. A setting of 10
is recommended unless extraordinary circumstances exist. Press the PARAM (CHECK) key
to advance to the next display.

6.9 SETTING THE SPAN

The next two displays are the LO SPAN and the HI SPAN. These values set
L.LO SPAN the effective range of the controller and are used internally for
XXXX UU calculations of parameters such as PR Band. The controller automatically
limits all set points and alarms so that they must be contained within
the SPAN.,
HI SPAN The controller stores in permanent memory the maximum values for the LO
XXXX UU and HI SPAN limits for thermocouple and RTD ranges. These default values

(refer to Section 1.7 Specifications for a listing of the default values)
will appear and may be changed per the customer application requlirements. Any values
within the default limits may be selected by using the UP or DOWN ARROW keys,

For controllers with thermocouple or RTD ranges, this step completes the
CONFIGURATION programming. If recalibration is not required, press the PARAM (CHECK)
key to advance to the display shown at the left., The new values will
then be stored when the RETURN key is pressed which also exits the

CAL CONFIGURATION/CALIBRATION LOOP and returns the display to the OPERATOR
COMPLETE LOOP. Mark the selected SPAN limits on the part number label 1located on
the Mother Dboard. If recalibration is required, do not press the PARAM
(CHECK) key and proceed to Section 6.12,

Controllers with process type inputs may have the LO and HI SPAN limits set to any
value between -3200 and +3200 counts. Press the PARAM (CHECK) key to advance to the
next display.

%% SPECIAL NOTES **

Controllers with therxrmocouple and RTD input ranges that have had the RAM (U3 on the
CPU board) or EPROM (U2 on the CPU board) replaced may not recognize the PARAM
(CHECK) key press because they must first be recalibrated. If this occurs, proceed
to Section 6,12,

Several tuning parameters are affected by span changes. Both the proportional and
on/off dead bands as well as the alarm relay dead bands are computed as a percentage
of span. Special attention should be made to these values when selecting the span,

Changing the LO and HI SPAN limits do not automatically change the numerical values
of any setpoint or alarms that were previously already set outside of the new SPAN
limits. Each setpoint or alarm must be individually reset to be within the new SPAN
limits. Once they are set within the new SPAN limits, they cannot be reset outside
of the limits.
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SETTING THE DECIMAL POINT (PROCESS RANGES AND MODEL 2017 ONLY)

This display allows the selection of the decimal point position from O

DECIMAL (no decimal point) to 3 (the third place from the right, ie, 1.732),
PLACES X Use the UP or DOWN ARROW keys to select the decimal point position,

When the decimal position is correct, press the PARAM (CHECK) key to
advance to the next display.

6.11 SETTING THE DISPLAY RANGE (PROCESS RANGES AND MODEL 2017 ONLY)
The next two displays are the LO VAL and the HI VAL. These values
LO VAL establish the points for which calibration data will be entered in later
XXXX UU steps.,
S Controllers with process type inputs may have the LO and HI VAL limits
HI VAL set to any value between - 3200 and +3200 counts, The maximum difference
XXXX UU between the HI and LOW VAL cannot exceed a total of 3200 counts. The

controller will interpolate the display of intermediate values between
the HI and LO VAL on a linear basis. Both direct and reverse (positive and negative
slopes) spans are allowable for process ranges,

The LO VAL equates to the electrical input value used for LO CAL in the CALIBRATION
SUB-LOOP. The HI VAL equates to the electrical input value used for HI CAL in the
CALIBRATION SUB~LOOP. The HI and LO VAL values may be changed for display ranging
without entering the CALIBRATION SUB-LOOP provided the original calibration values do
not have to be changed. For example, a controller previously ranged with a 4/20 mA
input calibration and a display range of 0-1000, may be reranged for a new display of
0-2500 for the same 4/20 mA input range without recalibration.

Use the UP and DOWN ARROW keys to change range values. Advance from the LO to HI VAL
display wusing the PARAM (CHECK) key., The LAST key will back up from HI to LO VAL.

C

For controllers with process input ranges, this step completes the
CAL CONFIGURATION programming. If recalibration is not required, press the
OMPLETE PARAM (CHECK) key to advance to the display shown at the left. The new

6.12

LFE

values will then be stored when pressing the RETURN key which exits the
CONFIGURATION/CALIBRATION LOOP and returns the display to the OPERATOR LOOP, If
recalibration is required, do not press the PARAM (CHECK) key and proceed to Section
6.12,

*% SPECIAL NOTE **
Controllers with process input ranges that have had the RAM (U3 on the CPU board) or
EPROM (U2 on the CPU board) replaced may not recognize the PARAM (CHECK) key press

because they must first be recalibrated. If this occurs, proceed to Section 6.12,

INPUT CALIBRATION SUB-LOOP

%% CAUTION #=

ENTRY INTO THE INPUT CALIBRATION SUB-LOOP WITHOUT PROPER CALIBRATION
EQUIPMENT AVAILABLE WILL DESTROY THE FACTORY CALIBRATION AND WILL
RENDER THE INSTRUMENT UNUSABLE. DO NOT ENTER THE INPUT CALIBRATION
SUB-LOOP IF RECALIBRATION IS NOT REQUIRED. IF RECALIBRATION IS NOT
NEEDED, PRESS THE RETURN KEY IMMEDIATELY. ONCE THIS SUB-LOOP HAS BEEN
ENTERED, IT IS NOT POSSIBLE TO EXIT WITHOUT COMPLETING THE ENTIRE
SUB-LOOP,
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Input calibration is required if----

1. Any hardware changes have been made to convert from the standard factory
supplied thermocouple input.

2. Any components such as the battery, EPROM or RAM have been replaced while
repairing the controller.

3. When the display flashes DATA LOST/PLEASE CAL.,

The CALIBRATION SUB-LOOP refers to the procedure for calibrating the controller using
an external precision calibration source. Before starting this calibration, one
should see one of these two displays:

HI SPAN or HI VAL
XXXX UU XXXX UU

A security access code protects the

CALIBRATION SUB-LOOP procedures. To enter
the CALIBRATION SUB-LOOP, press the two
keys indicated in Figure 6-3
simultaneously. E=I=I=)
Err =)
NOTE:
ALLOW AT LEAST A 20 MINUTE WARMUP PERIOD Figure 6-3

BEFORE ATTEMPTING CALIBRATION,

There are three separate stored calibration routines that depend on the controller
input type. The controller will automatically call the appropriate instruction

routine as selected by the input CONFIGURATION programming. The three routines are
as follows:

6.12.1 Thermocouple input calibration
6.12.2 RTD input calibration
6.12.3 Process input calibration

6.12.5 Output Calibration - Model 2017 Only

6.12.1 THERMOCOUPLE INPUT CALIBRATION

%% NOTES **

All thermocouple input controllers must be calibrated with a type J thermocouple even
though the part number or configuration number selected in Section 6.1 or 6,3 may
specify a different thermocouple type.

For older controllers, a cold junction compensator resistor assembly is provided at
the rear terminals of each thermocouple input controller. (Two compensator resistors
are supplied on Model 2013 with dual thermocouple input.) These calibration steps
must be performed with the specific compensator resistor(s) to be used in the final
installation., This resistor(s) must be transfered with the electronic assembly if
the controller is installed in another case. For newer controllers, the compensator
resistor(s) is mounted internally on the I/0 board and will automatically be
transfered with the electronic assembly,
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All thermocouple input controllers are calibrated in the same manner.

A precision

50.000 mVDC calibration source and a type J thermocouple in an ice bath or a type J

ice bath simulator are required,

The display at the left is the first to appear in the calibration

INPUT sub-loop. It indicates that a precision, distortion-free

50,000 mvDC

50.000MV calibration source must be connected to rear case terminals F(-) and
H(+)., Allow a 2 minute interval for the controller to stabilize after
applying the 50.000 nv signal and then press the PARAM (CHECK) key to

advance to the next display,

This display appears next in the calibration sub-loop. Without removing the AC
supply power, remove the connections to the calibrator in the previous

step and connect the input to a type J thermocouple in an ice
J T/C IN equivalent. Allow a 2 minute interval for the controller

ICE BATH

key to advance to the next display. Proced to Section 6.12.4.

6.12,2 RTD INPUT CALIBRATION

after connecting the type J thermocouple and then press the P

bath or its

to stabilize
ARAM (CHECK)

All RTD input controllers are calibrated using a -y F“;«
precision decade resistance box. Connect as R G
shown in Figure 6-4, Be sure to use short low BOX
resistance leads and good tight connections. H
Three wire connections are required to minimize E—
lead resistance errors. All three wires must
be the same gauge and length. Figure 6-4
The display at the left 1is the first to appear in the calibration
INPUT sub-loop. Connect the precision resistance box and set it for 100.00
100 OHMS +0.059. Allow a 2 minute interval for the controller to stabilize and
— then press the PARAM (CHECK) key to advance to the next display.
— This display appears next in the calibration sub-loop. Reset the
INPUT precision resistance box for 300.00 +0.,05%Q. (Some earlier controllers
300 OHMS with 0.1 degree resolution, require 2009 instead of 300Q2. Use this value

if the display requires it.) Allow 2 minutes for the controller to

stabilize and then press the PARAM (CHECK) key to advance to the next display.

Proceed to Section 6.12.4.

LFE Instruments Division -56-



958-31 REV, B

6.12.3 PROCESS INPUT CALIBRATION

An appropriate precision current or voltage calibration source is required for
pProcess input calibration,

The display at the 1left 1is the first to appear 1n the calibration
sub-loop. Connect a precision calibrator to rear case terminals H(+) and
INPUT F(-). Set the calibrator to the LO calibration value corresponding
LO CAL tothe LO VAL display selected in Section 6.11. Allow a 2 minute interval
for the controller to stabilize and then press the PARAM (CHECK) key to
advance to the next display.

This display appears next 1in the calibration sub-loop. Reset the
INPUT precision calibrator to the HI calibration value corresponding to the HI
HI CAL VAL display selected in Section 6.11. Allow a 2 minute interval for the
controller to stabilize and then press the PARAM (CHECK) key to advance

to the next display. Proceed to Section 6.12.4,

6.12.4 REMOTE SETPOINT INPUT CALIBRATION

The remote setpoint input option may be installed on any controller except Models
2012,2013,2014,2015 and 2017. Remote setpoint input 1is standard on Model 2005, 1If
this option is not installed, proceed directly to Section 6.12.6

An appropriate precision current or voltage calibration source is required for remote
setpoint input calibration unless the internal supply is used to power the remote
setpoint pot, Connect the remote setpoint circuit as shown in Figure 6-5, 6-6 or 6-7
as appropriate,

1 A T
< o m 10 K<, : 2 2 1
Qlc < —HEaljc = Fal |c 3 o
a @l o D VOLTAGE (@] ]o 4
VOLTAGE |{[@[ e REMOTE |T@[ e OR E 5
OR F SETPOINT F CURRENT T'1F 6
CURRENT |[L@ )G POT G SOURCE G 7
SOURCE H H H 8
Figure 6-5 Figure 6-6 Figure 6-7
External Source Remote Pot Model 2005
The display at the left dis the first to appear for remote setpoint
INPUT calibration. Set the precision calibrator to the low value that will
LLO REMSP equate to the low end of the SPAN or adjust the remote setpoint pot to
the position that equates to the low end of the SPAN, Allow a 2

minuteinterval for the controller to stabilize and then press the PARAM
(CHECK) key to advance to the next display.
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This display appears next for INPUTremote setpoint calibration. Reset

INPUT the precision calibrator to the high value that equates to the high end
HI REMSPp of the SPAN or adjust the remote setpoint pot to the position that
equates to the high end of the SPAN. Allow a 2 minute intexval for the

cqntroller to stabilize and then press the PARAM (CHECK) key to advance to the next
display. Proceed to Section 6.12.6,

6.12.,5 OUTPUT CALIBRATION (MODEL 2017 ONLY)

For programmers with an analog current output, connect a suitable precision current
meter in series in the output current loop. Make sure that the current loop
resistance including the meter is less than 7504. For instruments with analog
voltage output, connect a suitable precision voltmeter across the output terminals,

Use the arrow keys to adjust the output to the desired reading on the
SET oUT voltage or current meter. This wvalue will correspond to the LO SPAN
LO XXXX value of the display range. (The numbers on the lower right side of the
display are for reference only; they do not relate to any absolute output
level,) When the desired output level is obtained, press the PARAM CHECK
key to proceed to the next step.

— The HI OUTPUT calibration is performed in the same manner as the
SET oUT previous step. Use the arrow keys. This output value will correspond to
HI XXXX the HI SPAN of the display range. When the desired output level is

— obtained, press the PARAM CHECK key to proceed to the next step,

6.12.6 CALIBRATION COMPLETF

— This is the final display in the CALIBRATION SUB-LOOP. In order to enter

CAL and store the calibration data, one MUST press the the RETURN key. All
COMPLETE the CONFIGURATION changes and CALIBRATION are not valid until this step
—_— is completed., After pressing the RETURN key, the CAL indicator goes out
and the controller is returned to the OPERATOR LOOP.

If the controller has had hardware modifications, it 1is vrecommended that the
completed controller be tested per Section 7 to confirm that the controller performs
to specification,
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SECTION 7 -~ ADJUSTMENT AND TEST

INPUT TEST

7.1.1 THERMOCOUPLE INPUT

7.1

.1.1 TEST EQUIPMENT

DC MILLIVOLT CALTBRATOR - A stable distortion free calibrator with a minimum of 10
microvolt resolution accurate to $0.01%, and with an output impedance of less than
100Q.

Verification calibration must be performed using a suitable thermocouple simulator
whose output is referenced to 0°C (32°F). An ice-bath reference may be established
using special copper vs thermocouple wire assemblies and a thermos containing
distilled water and crushed ice as indicated in the sketch below. The ice/water
solution must be circulated continuously.

/COPPER WIRE ﬂ-THERMOCOUPLE WIRE

DC F
CALIBRATOR | ¢ / H
I N V '}
b ICE-BATH SERIES 2000
'L REFERENCE _: CONTROLLER

7.1.1.2 INPUT CALIBRATION CHECK

1. Connect a calibrator and an ice-bath reference to the controller as shown in
Section 7.1.1.1.

2, Using a standard thermocouple table such as NBS Monograph 125, apply the
millivolt equivalent for a particular temperature within the controller's span

using the calibrator.

3. The controller display should indicate the selected temperature within its rated
tolerance after 2 minutes.

4, Repeat for other temperatures within the controller span,

-59- LFE Instruments Division



958-31 REV. B

7.1.2

7.1,2.1

RTD INPUT

TEST EQUIPMENT

Pregision decade resistance box with a resolution and accuracy suitable for the
resistance range required (0.01Q).

High impedance digital voltmeter for voltage measurements. Connect the decade
r¢51stance box using short low resistance leads and good tight connections. Three
wWire connections to decade resistance box are required to minimize lead resistance
errors., All wires must be the same gauge and length. Do not use clip leads.

4.

7.1.3

7.1.3.1

3 wires
| F
G
H
DECADE SERIES 2000
RESISTANCE CONTROLLER

BOX

INPUT CALIBRATION CHECK

Connect a decade resistance box as shown in Section 7.1.2.1.

Using a table of resistance vs temperature for a 100Q platinum 3850 ppm RTD
element, set the decade resistance box for a value corresponding to a
temperature within the controller span.

The controller display should indicate the selected temperature within its rated
tolerance after 2 minutes.

Repeat for other temperatures within the controller span,

PROCESS INPUTS

TEST EQUIPMENT

DC VOLTAGE/CURRENT SOURCE - A suitable distortion free calibrator with a minimum of
10 microvolt voltage resolution accurate to *0.01% and a suitable output impedance.

7.1.3.2

1.

INPUT CALIBRATION CHECK

Connect a calibrator as described in Section 7.1.3.1 to terminals F(+) and H(-).
Set the calibrator for an input value within the controller's input span.,

The controller display should indicate the required value within the
controller's rated tolerance after 2 minutes. NOTE: The display may vary from

the input value for process ranges.

Repeat for other values of input within the controller span.
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7.1.4 SELF-POWERED 4/20 mA INPUT

7.1.4.1 TEST EQUIPMENT

Connect a decade resistance box and a current measuring instrument as shown below:

SERIES 2000
OO0
® +
® .
® CURRENT H
METER REAR
DECADE RESISTANCE VIEW
BOX
7.1,4,2 INPUT CALIBRATION CHECK
1. Connect the controller as shown in Section 7.1.4.1.

7.1

7.1,

2, With the decade resistance box set as approximately 11k, the current meter
should indicate 4 mA and the controller display should indicate the LO VAL,

3. With the decade resistance box set at approximately 16508, the current meter
should indicate 20 mA and the controller should display the HI VAL,

4. Using decade resistance box setting between steps 2 and 3, other intermediate
values may be checked.

.5 BRIDGE TRANSDUGER INPUT

There is no special test for this input as it 1is covered by Section 7.1.3. The
bridge supply is brought out to terminals D(+) and E(-) and may be checked to assure
correct modification.

6 REMOTE SETPOINT INPUT

1. Connect a current/voltage calibrator (as required) to terminals B(+) and B(-).
2. Set the calibrator for the low setpoint input value,

3. The controller setpoint display should be the LOW VAL.

4, Set the calibrator for the high setpoint input value.

5. The controller setpoint display should be the HI VAL,

6, Set the calibrator for other intermediate setpoint input value and the

controller setpoint display should indicated proportional values between the HI
and LO VAL,
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7.2 OUTPUT ADJUSTMENT AND TEST

%k NOTFE =%

FOR MODELS 2012 AND 2013, MANUAL CONTROL USED 1IN THE PROCEDURES BELOW
FOR CONTROLLERS WITH AUTO/MANUAL CONTROL IS ACCESSIBLE BY ANSWERING YES

TO THE "MANUAL 1 CONTROL ?" OR "MANUAL 2 CONTROL ?" DISPLAYS FROM THE
TUNE LOOP,

7.2.1 4-20 mA ANALOG OUTPUT 1 AND ANALOG OUTPUT 2 ADJUSTMENT

7.2.1.1 CONTROLLFRS WITH AUTO/MANUAL FEATURE

1. Install the electyonics assembly into a CALIBRATION CONNECTOR (LFE P/N 345-826),
This connector provides access to the analog circuit potentiometers R100 and
R101 located on the top edge of the I/0 board while the controller is energized.

2, Connect a 10002 1/2W 1% resistor across output terminals 4 and 5 for ANALODG
OUTPUT 1 and/or another 1000 resistor across terminals D and E for ANALOG
OUTPUT 2. Then connect a digital voltmeter across OQUTPUT 1 or OUTPUT 2 rear
terminals., Allow a 5 minute warmup before proceding with the next step.

3. Advance the display in the OPERATOR LOOP until OUT 1 X% or OUT 2 X% is
displayed. If MAN idindicator is flashing, press START/STOP key and then press
AUTO/MANUAL key until the MAN indicator is illuminated continuously,

4, Reduce the OUTPUT to 0% with the DOWN ARROW key. The digital voltage indication
should be approximately +1 to +4 VDC. (If the zero adjustment pot option has
been installed per Section 4.3.7, adjust pot R103 or R104 as appropriate for 4
vDC,

5. Press the UP ARROW key until the OUTPUT 1 or 2 indicates 100%.

6. Adjust potentiometer R101 for ANALOG OUTPUT 1 or R100 for ANALOG OUTPUT 2 for a
digital voltage indication of +21 +0.2 VDC.

7. Repeat the above adjustment procedure for the second 4-20 mA DC Analog Output as
required,

8. Check the performance by varying the percent (%) OUTPUT POWER and noting that
ANALOG OUT digital voltage indication varies accordingly.

9. Following calibration remove the controller from the calibration connector and
reinstall dinto 1its controller case. (NOTE: Make sure that the electronic
assembly is mated with the same compensation resistor that was used for
calibration. Otherwise, the controller must be recalibrated per Section 6.12.)

7.2.1.2 MODELS WITHOUT AUTO/MANUAL FEATURE

i. Install the electronics assembly into a CALIBRATION CONNECTOR (LFE P/N 345-826),
This connector provides access to the analog circuit potentiometers R100 and
R101 located on the top edge of the I/0 board while the controller 1is
energized.
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2. Connect a 1000Q 1/4W 17 resistor across output terminals 4 and 5 for ANALOG
OUTPUT 1 and/or another 1000Q resistor across terminals D and E for ANALOG
OUTPUT 2. Then connect a digital voltmeter across OUTPUT 1 or OUTPUT 2 rear
terminals. Allow a 5 minute warmup before proceding with the next step,

3, Connect a suitable calibration source to the input terminals and adjust the
input so that the display reads about half span, 1.e,, halfway between [0 SPAN
and HI SPAN.

4, Enter the TUNE LOOP and push the PARAM DISPLAY button several times until the
display reads TUNE? OUTPUTS. Answer YES to the question.

5. Following the TUNE LOOP flow chart, set the PR BAND 1 to 25%, RESET 1 to 0.00
R/M (off) and RATE 1 to 0.00 (off).

6. I'f OUTPUT 2 is also being adjusted, set AUXSP to O and repeat Step 5 for OUTPUT
2.

7. Press RETURN to return to the OPERATOR LOOP.

8. Advance the DISPLAY to show the setpoint on the bottom line. Using the UP and
DOWN ARROWS, adjust the setpoint to the same value as the process variable shown
on the top line, Press the PARAM/DISPLAY key until the bottom line shows OUTI
XXX,

9, If the MAN indicator is blinking, press the START/STOP button to turn the
indicator off,

10, Adjust the calibration source until the display shows OUTI 0% or OUT2 0%, The
digital voltage 1indication should be approximately +1 to +4 VDC. (If the zern
adjustment pot option has been installed per Section 4,3.7, adjust pot R103 or
R104 as appropriate for 4 VDC.

11, Adjust the calibration source until the display shows OUT1 1007 OR OUT2 100%.

12, Adjust potentiometer R101 for ANALOG OUTPUT 1 or R100 for ANALOG OUTPUT 2 for a
digital voltage indication of +21 *0.2 VDC.

13, Repeat steps 10 through 12 for the second 4/20 mA DC Analog Output as required,

l4. Check the performance by varying the input to change the percent (%) QUTPUT
POWER and noting that ANALOG OUT digital voltage indication varies accordingly.

15. Following calibration remove the controller from the calibration connector and
reinstall into its controller case, (NOTE: Make sure that the electronic
assembly 1s mated with the same compensation resistor that was used for
calibration., Otherwise, the controller must be recalibrated per Section 6,12.)

.2.2 0/5 VDC ANALOG OUTPUTI AND ANALOG OUTPUT 2 ADJUSTMENT

.2.2.1 CONTROLLERS WITH AUTO/MANUAL FEATURE

1. Install the electronics assembly into a CALIBRATION CONNECTOR (LFE P/N
345-826). This connector provides access to the analog civcuit potentiometers
R100 and R101 located on the top edge of the 1/0 board while the controller is
energized.
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Most analog loads are high impedance. It is therefore normal to calibrate the
oautput without a load. When it is known that the load will be lower, that
specifiec  1pad resistance (minimum 10009) should connected across output
termiu. s 4 and 5 for ANALOG OUTPUT 1 and/or across terminals D and E for ANALOG
OUTPUT 2. Then connect a digital voltmeter across OUTPUT 1 or OUTPUT 2 rear
terminals., Allow a 5 minute warmup before proceding with the next step.,

Advance the display in the OPERATOR LOOP wuntil OUT 1 X% or OUT 2 X7 is
displayed. If MAN indicator is flashing, press START/STOP key and thir press
AUTO/MANUAL key until the MAN indicator lamp is 1lluminated.

Press the UP ARROW key until the OUTPUT 1 or 2 indicates 100%.

Adjust poteutiometer R101 for ANALOG OUTPUT 1 or R100 for ANALOG OUTPUT 2 for a
digital voltage indication of +5 #0,1 VDC,

Theu reduce the OUTPUT to 0% with the DOWN ARROW key. The digital voltage
indication should change correspondingly,

Repeat steps 4 through 6 for the second 0-5 VDC Analog Output as required,

Following calibration remove the controller from the calibration connector and
reinstall into its controller case, (NOTE: For older controllers, make sure
that the electronic assembly is mated with the same compensation resistor that
was used for input calibration. Otherwise, the controller must be recalibrated
per Section 6.12.)

MODELS WITHOUT AUTO/MANUAL FEATURE

Install the electronics assembly into a CALIBRATION CONNECTOR (LFE P/N 345-826),
This connector provides access to the analog circuit potentiometers R100 and
R101 located on the top edge of the I/0 board.while the controller is energized.

Most analog loads are high impedance. It is therefore normal to calibrate the
output without a load. When it is Kknown that the load will be loweyry, that
specific load resistance (minimum 10009) should connected across output
terminals 4 and 5 for ANALOG OUTPUT 1 and/or across terminals D and E for ANALOG
OUTPUT 2. Then connect a digital voltmeter across OUTPUT 1 or OUTPUT 2 rear
terminals. Allow a 5 minute warmup before proceding with the next step.

Connect a suitable calibration source to the input terminals and adjust the
input so that the display reads about half span, 1.e., halfway between the L0
SPAN and HI SPAN,

Enter the TUNE LOOP and press the DISPLAY key several times until the display
reads TUNE? QUTPUTS. Answer YES to this question.

Following the TUNE L.OCP flow chart, set the PR BAND 1 to 25%, RESET 1 to 0.00
R/M (off) and RATE 1 to 0.00 {(uff),

If OUTPUT 2 is also being adjusted, set AUXSP to 0 and repeat step 5 for OUTPUT
2,

Press RETURN to return to the OPERATOR LOOP.
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Advance the display to show the setpoint on the bottom line. Using the UP and
DOWN arrows, adjust the setpoint to the same value as the process variable shown

on the top line. Press the DISPLAY key until the bottom line shows OUT1 XXX%Z or
OUT2 XXX%.

If the MAN indicator is blinking press the START/STOP key to turn the indicator
off.

Adjust the calibration source until the Display shows OUT1 100%.

Adjust potentiometer R101 for analog OUTPUT 1 or RI0O0 for analog OUTPUT 2 for a
digital voltage indication of 5V #0.] VDC.

Adjust the calibration source until the display shows OUT1 0% or OUT2 0%. The
digital voltmeter reading should be approximately 0,

Repeat steps 10 through 12 for the second 0/5 VDC Analog Output as required.

Check the performance hy varying the percent (%) OUTPUT POWER and noting that
ANALOG OUT digital voltage indication varies accordingly.

Following calibration remove the controller from the calibration connector and
reinstall into its controller case. (NOTE: For older controllers, make sure
that the electronic assembly 1is mated with the same compensator resistor that
was used for input calibration. Otherwise, the controller must be recalibrated
per Section 6,12,

0/10 VDC ANALOG OUTPUT 1 AND ANALOG OUTPUT 2 TEST

CONTROLLERS WITH AUTO/MANUAL FEATURE

The 0/10 VDC analog output circuit has no calibration adjustments. Therefore,
installation into the calibration case is not required.

Most analog loads are high impedance. It is therefore normal to calibrate the
output without a load. When it is known that the load will be lower, that
specific 1oad resistance (minimum 20009Q) should connected across output
terminals 4 and 5 for ANALOG OUTPUT 1 and/or across terminals D and E for ANALOG
OUTPUT 2., Then connect a digital voltmeter across QUTPUT 1 or OUTPUT 2 rear
terminals., Allow a 5 minute warmup before proceding with the next step.

Advance the display 1in the OPERATOR LOOP wuntil OUT 1 X% or OUT 2 X% is
displayed. If the MAN indicator 1is flashing, press START/STOP key and then
press AUTO/MANUAL key until the MAN indicator lamp is illuminated.

Press the UP ARROW key until the OUT 1 or OUT 2 display indicates 1007,

The digital voltmeter should now read 10 *1 VDC.

Reduce the 7 OUTPUT with the DOWN ARROW key and note that the digital voltmeter
reading changes accordingly.

Repeat steps 4 through 6 for the second 0/10 VDC analog output as required.
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7.2.3.2

1.

10.
11.

12,

13.

14,

15.

MODELS WITHOUT AUTO/MANUAL FEATURE

The 0/10 YDC gnalog output circuit has no calibration ad justments. Therefore,
installation into the calibration case is not required,

Most analog 1loads are high impedance, It is therefore normal to calibrate the
output without a load. When it is known that the load will be lower, that
specific 1load resistance (minimum 20002) should be connected across output
terminals 4 and 5 for ANALOG OUTPUT 1 and/or across terminals D and E for ANALOG
OUTPUT 2. Then connect a digital voltmeter across OUTPUT 1 or OUTPUT 2 rear
terminals. Allow a 5 minute warmup before proceding with the next step.

Connect a suitable calibration source to the input terminals and adjust the

input so that the display reads about half span, i.e,, halfway between the L0
SPAN and HI SPAN.

Enter the TUNE LOOP and press the PARAM DISPLAY key several times until the
display reads TUNE? OUTPUTS. Answer YES to this question.

Following the TUNE LOOP flow chart, set the PR BAND 1 to 25%, RESET 1 to 0.00
R/M (off) and RATE 1 to 0.00 (off).

I'f OUTPUT 2 is also being adjusted, set AUXSP to 0 and repeat step 5 for OUTPUT
2.

Press RETURN to return to the OPFRATOR LOOP.

Advance the display to show the setpoint on the bottom line., Using the UP and
DOWN arrows, adjust the setpoint to the same value as the process variable shown
on the top line, Press the PARAM/DISPLAY key until the bottom line shows OUT1
XXX% or OUT2 XXX%.

If the MAN indicator is blinking press the START/STOP key to turn the indicator
off.

Adjust the calibration source until the Display shows OUT1 1007%.
The digital voltmeter should now indicate 10V +0.1 VDC.

Adjust the calibration source until the display shows OUT! 0% or OUT 2 0%. The
digital voltmeter reading should be approximately O,

Repeat steps 10 through 12 for the second 0/10 VDC Analog Output as required.

Check the performance by varying the percent (%) OUTPUT POWFR and noting that
ANALOG OUT digital voltage indication varies accordingly.,

Following calibration vremove the controller from the calibration connector and
reinstall into its controller case. (NOTE: For older controllers, make sure
that the electronic assembly 1is mated with the same compensator resistor that
was used for input calibration., Otherwise, the controller must be recalibrated
per Section 6,12,
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7.2.4 SOLID STATE RELAY OUTPUT 1 AND OUTPUT 2 TEST ON/OFF AND PROPORTIONING OUTPUTS

Connect the solid state OUTPUT 1 and/or OUTPUT 2 to a load as indicated below:

120 VAC

Léj 120 VAC
(o> u1

C
% ]
]II[ ToK
@ AC LO AC LO E o AC LO
F [o
PRIMARY (SSR1) %E: (O
)

120V NEON (0) ] 120v NEON

AC HI‘_——-—l_

ACLO<*———-iIE§———‘

SECONDARY (SSR2)

AC HI

HI @—

Ly O 6D .6 &) G
2SO0 O™

FOR 1A SS RELAY FOR 50 mA SS RELAY

7.2.4.1 ON/OFF SOLID STATE RELAY OUTPUTS

7.2.4,1.1 CONTROLLERS WITH AUTO/MANUAL FEATURE

1. PRESS the DISPLAY key until OUT1 X% for SSR! or OUT2 X% for SSR? 1s 1ndicated on
the display., If the MAN indicator is flashing, press START/STOP key. Press
AUTO/MANUAL key until the MAN indicator is illuminated.

2, Press the UP arrow key and note that the external lamp, and the display OUT1 or
OUT2 indicator both illuminate.

3. Press the DOWN keypad and note that the external lamp and display OUT! or OUT2
indicators both extinguish.

4, If the second SSR output is ON/OFF action, repeat the procedure above,

7.2.4,1,2 CONTROLLERS WITHOUT AUTO/MANUAL FEATURE

1. Commect a suitable calibration source to the input terminals and adjust the
input so that the display reads about half span, ie, halfway between the LO SPAN
and HI SPAN.

2, Enter the TUNE LOOP and press the PARAM DISPLAY key several times until the
display reads TUNE? OUTPUTS. Answer YES to this question.

3. Following the TUNE LOOP flow chart, set the PR BAND 1 to 25%, RESET 1 to 0.00
R/M (off) and RATE 1 to 0.00 (off).

4, If OUTPUT 2 is also being adjusted, set AUXSP to 0 and repeat step 3 for OQUTPUT
2.

5. Press RETURN to return to the OPERATOR LOOP.
6. Advance the display to show the setpoint on the bottom line. Using the UP and

DOWN arrows, adjust the setpoint to the same value as the process variable shown
on the top line, Press the DISPLAY key until the bottom line shows OUT1 XXXZ%.

-67- LFE Instruments Division



958-31 REV. B

7.

10,

7.2.4,2

7.2.4,2.1

7.2.4.2.2

If the MAN indicator is blinking press the START/STOP key to turn the indicator
off,

Adjust the calibration source until the Display shows OUT1 100%. Note that the
external lamp and the display OUT1 or OUT2 indicators both illuminate.

Adjust the calibration source until the display shows OUT1 0% or OUT 2 0%, The
external lamp and the display OUT! or OUT2 indicators both eXtinguish,

If the second SSR output is ON/OFF action, repeat the procedure above,

PROPORTIONING SOLID STATE RELAY OUTPUTS

CONTROLLERS WITH AUTO/MANUAL FEATURE

PRESS the DISPLAY key until OUT1 X% for SSRT or OUT2 X% for SSR2 is indicated on
the display., If the MAN 1indicator is flashing, press START/STOP key, Press
AUTO/MANUAL key until the MAN indicator lamp is illuminated.

Press the UP arrow key until OUTPUT 1 or OUTPUT 2 has cycled up from 0% to 100%
output,

After an approximate 15 second time delay (will vary depending on the cycle time
setting), the external lamp load and display OUT 1 or OUT 2 will illuminate.

Reduce the OUTPUT from 100% to 0% with the DOWN key and note that the load lamp
and display indicator both extinguish at some point during this transition.
Repeat this procedure a few times.

Set the OUTPUT to 50% and note that it cycles on and off with approximately a
50% duty cycle and a time base equal to the cycle time.

If the second SSR OUTPUT is proportioning action, repeat the above procedure.

This verifies the SSR circuit outputs. Turn off the AC power and remove the
load lamp circuitry,

CONTROLLERS WITHOUT AUTO/MANUAL FEATURE

Connect a suitable calibration source to the input terminals and adjust the
input so that the display reads about half span, lie, halfway between the LO SPAN
and HI SPAN,

Enter the TUNE LOOP and press the PARAM DISPLAY key several times until the
display reads TUNE? OUTPUTS. Answer YES to this question.

Following the TUNE LOOP flow chart, set the PR BAND 1 to 25%, RESET 1 to 0.00
R/M (off) and RATE 1 to 0.00 (off).

If OUTPUT 2 is also being adjusted, set AUXSP to 0 and repeat step 3 for OQUTPUT
"

Lo

Press RETURN to return to the OPERATOR LOOP.
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Advance the display to show the setpoint on the bottom line. Using the UP and
DOWN arrows, adjust the setpoint to the same value as the process variable shown
on the top line. Press the DISPLAY key until the bottom line shows OUT1 XXX% or
0UT2 XXX7%.,

If the MAN indicator is blinking press the START/STOP key to turn the indicator
off,

Adjust the calibration source until the Display shows OUT1 100%. After an
approximate 15 second time delay (will vary depending on the cycle time setting)
the external lamp and the display OUTI or OUT2 indicators should illuminate,

Adjust the calibration source until the display shows OUTI 50% or OUT2 50%.
Note that the output indicators and the external load lamps cycle with an
approximate 50% duty cycle and tha the time base is equal to the cycle time.

If the second SSR output is proportioning action, repeat the procedure above.

This verifies the SSR circuit outputs. Turn off the AC power and remove the
load lamp circuitry,

DC TRIGGER OUTPUT TEST

Connect the DC trigger OUTPUT 1 and/or OUTPUT 2 as shown in the circuit below:

[TA 1
[@l]B 2D 1
+ (L @] ]C 3 +
VM 20 : 1VM
QLIF 61D 1
] G 7 ]
[Q]1H 812

Press the DISPLAY key wuntil OUT1 X% or OUT2 X% is indicated on the display. If the
MAN indicator is flashing, press START/STOP key. Press AUTO/MANUAL key until the MAN
indicator is illuminated.

Using the criteria in either 7.2.4.1 (ON/OFF) or 7.2.4.2 (TPR), test the trigger
output which will provide a DC output voltage of approximately 18V,
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7.2.6 OPEN COLLECTOR OUTPUT TEST

Connect the open collector OUTPUT 1 and/or OUTPUT 2 as shown in the circuit below:

+5v +5V
47K A i 4.7K
|
C 3
+ D 4 &——O +
E 5
F 8
—— [l

Press the DISPLAY key until OUT1 X% or OUT?2 X% is indicated on the display. If the
MAN indicator is flashing, press the START/STOP key. Press the AUTO/MANUAL key
until the MAN indicator is illuminated.

Using the criteria of 7.2.4,1 (ON/OFF) or 7.2,4.2 (TPR) test the open collector
output which will switch the external circuit.

7.2.7 RETRANSMITTING OUTPUT TEST (SETPOINT OR PV)

1. Connect a suitable calibration source to the controller input terminals.

2, Connect a 10002 1/2W 1% resistor across output terminals D and E for a 4/20 mA
output. Most voltage output loads are high impedance, It is therefore normal
to calibrate the voltage output without a load. When it is known that the load
is not a high impedance, that specific load resistance (minimum of 1000Q for O-
5V or a minimum of 2000Q for 0-10V) should be connected across terminals D and
E. Connect a digital voltmeter across terminals D(+) and E(-).

3. Vary the input calibration source and observe the digital voltmeter, The
digital voltmeter should change reading corresponding to the input change;
linearly reaching the minimum and maximum output values at the corresponding
limits of the span. For 4-20 mA and 0-5 V outputs, pot R100 may be used to
calibrate the full scale output. The 0-10 V output 1is not adjustable, (Note
that for both thermocouple and RTD ranges, the output should be linearized
within the accuracy limits listed in the specifications (see Section 1.7.2) and
the converter output resolution of 1 part in 256.)

7.2.8 ALARM/TIMER RELAY OUTPUT TESTS

1. Connect a continuity tester across the alarm/timer relay terminals to be tested.

]

Enter the TUNE LOOP and determine the setting of the alarm/timer relay to be
tested.

3. For an alarm relay, connect a suitable calibration source to the input terminals
and vary the input around the setpoint value determined in step 2. The alarm
relay should actuate and deactuate accordingly. The difference between
actuation and deactuation is the relay beadband.
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For a timer relay, use the START/STOP or START/RESET key to initiate the timer
test. The measured value should agree with the value determined in step 2.

The event relay(s) in models 2012 and 2013 trigger at the end of the
segment at which they have been set in the TUNE LOOP. After setting the
event relay(s) to operate at a specific segment, yrun through a sample
profile in order to check the event relay operation.

7.2.9 COMMUNICATIONS TESTING

Units which have had a communications board added by the MOD CENTER should be tested
to make sure that the communications circuitry is functional. In order to make these
tests, it 1s necessary for the MOD CENTER to have some sort of terminal such as a
personal computer with a RS23?2 port and a ''converter/power supply'" box between the
terminal and the controller. (Only the non-isolated RS232 option can be tested
without the converter/power supply box.)

Providing the terminal or personal computer 1s the responsibility of the MOD CENTER,
However, LFE has a Basic program on a 5 1/4" diskette that will provide menu driven
commands to the PC RS232 port for an IBM-PC or equivalent machine using the MS-DOS
operating system, A listing of the program is also available for use on non-D0S
machines with Basic language capability provided that the operating system supports

both read and write functions through the RS232 port, The program has been well
commented to provide aid to the user in constructing a program that will work on his
machine,

The 'converter/power supply" box is needed to convert the RS232 output from the

terminal into the RS422 or Current Loop inputs needed by those communications
options. It must also contain the external power supplies needed for isolated
communications. If help is needed, contact the factory for information.

1.

Connect the controller to a terminal through a converter/power supply box. Make
sure that the controller DIP switches have been set properly to match the
equipment used for the test, (See the installation manual.)

Using the installation manual for information on the communications format or,
using the special program diskette, send several commands to the controller and
observe the controller response to ensure that the cummunications loop is
performing correctly,
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SECTION 8 - FLOW CHARTS

THIS SECTION CONTAINS SOFTWARE FLOW
DIAGRAMS FOR EACH OF THE CONTROLLERS TO
ASSIST IN REVIEWING THE VARIOUS STEPS AND
DISPLAYS THAT OCCUR DURING THE OPERATOR,
TUNE AND CAL LOOPS.
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XXXX  UU E
SP  XXXX TIMERS 7 SNYES TIMER 7 }*

OVERRIDE
0 NO‘ YES

TIMER 1 NIES TIMER 1 |=*
ON/OFF

NO ‘ PD

XXX uu
OUT1 XX%

PD

SECONDARY NO

OUTPUT
* A YES or NO response is Tequired
YES at each of these displays. Push
. REMOTE NO PARAM DISPLAY key to advance. Push
XXX UU ETPOINT LAST key to recall last display.
OUT2 XX7 '
YES X =NUMERICAL VALUE
, U =DISPLAY UNITS
REMOTE ? |* PD=PARAM DISPLAY
SETPOINT ACTUAL
DISPLAY

ENABLE ?
COM LINK

AUX Sp ’
XXX DU

DECISION

OPERATOR LOOP - MODELS 2000, 2001, 2002, 2003 AND 2004
FIGURE 8-1
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XXXX UU
SP XXX

PRIMARY
OUTPUT

XXXX Uu
OUT1 XXZ%

PD

SECONDARY ™NNO
OUTPUT

YES
XXXX  UU
OUT2 XX7

AUX Sp

XXX DU

TIMERS ? WMES o) TIMER 7 [+
OVERRIDE
0 NO $ YES
YES TIMER 1 [*
ON/OFF
NO ‘PD
TIMER 2 |*
ON/OFF
* A YES or NO response is required
at each of these displays. Push
REMOTE NO PARAM DISPLAY key to advance. Push
ETPOINT LAST key to recall last display.
YES X =NUMERICAL VALUE
U =DISPLAY UNITS
REMOTE ? (* PD=PARAM DISPLAY
SETPOINT ACTUAL
PD DISPLAY

LFE Instruments Division
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XOX XX
SPX XXX
PUSH DISPLAY keY TO
ADVANCE THE PROGRAM
| TMX LEFT .
XX: XX
NO | DP
CYC LEFT TIMR1 | YES
X0 ON/OFF
OUTPUT OuTDOCZ ON/OFF
! 0P J 0P NO
/ XXX XX REMOTE ? | YES REMOTE
OUT2XX0% SETPOINT ETPOINT.
kO J DP {_DP NO
ONOFF N_YES | AUX SP ENABLE ?
CONTROL XXX DX | DP COM LINK
NO DP

*A YES OR NO RESPONSE IS REQUIRED AT EACH OF THESE DISPLAYS;
PUSH DISPLAY KEY TO ADVANCE TO THE NEXT DISPLAY,
PUSH LAST KEY TO RECALL THE PREVIOUS DISPLAY.

OPERATOR LOOP - MODELS 2010 AND 2011
FIGURE 8-3
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PAUSE

INDICATION

1:2722277
7722222727

PAUSE

1272727722

712272777

RESUME

LEGEND

- PV
- Units

N - < >0 C >

Setpoint
Profile
Segment
Time

Any Value

SINGLE Loop TWO LOOP

1 XXX UU NO 2 XXX Uu

2 XXX Uu 1 XXX UU

{ oP

P

XXX UU 1 XXX UU 2 XXX UU
PPP  AYY PPP AYY PPP  AYY
] or I ) Jop

XXX UU 1 XXX UU 2 XXX UuU
T:T AYY T:T AYY T:T AYY
DP | DP 4 DP
CYC LEFT CYC LEFT CYC LEFT
77 AYY 77 AEZJ Z7Z7 AYY
DP DP DP

XXX UU XXX Uu XXX UU
OUT1 XX% OUT1 XX% OUT1 XX%
DP m DP

XXX UU XXX UuU XXX UU
OUT2 XX% OUT2 XX% OUT2 XX%
DP DP DP

PUSH DISPLAY KEY TO ADVANCE TO THE NEXT DISPLAY,
PUSH LAST KEY TO RECALL THE PREVIOUS DISPLAY,

OPERATOR LOOP - MODELS 2012 AND 2013
FIGURE 8-4
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OPERATOR LOOP - MODELS 2014 AND 2015

FIGURE 8-5
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UNIT
STARTED

NO

PROFILE
A

DP

SEGMENT
YYY

TIME

F

PPPPPUUU
A YYY

TT:TTH:M
A YYY

{DP

DP

RAMP?

RATE

RRRRR/HR
A YYY

lDP

v

PPPPPUUU
END AYYY

lDP

CYCL cccC
A YYY

11)?

LFE Instruments Division

LEGEND

Hx O <>

PROFILE
SEGMENT
SETPOINT
CYCLES
RATE
TIME

OPERATOR LOOP - MODEL 2017
FIGURE 8-6
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! veg | peap Bo1 |24
N/OFF XXX %
NO
BuTy NJES | cycriMEl
TPR XX SEC
0 PD
PR BAND1
XXX %
lPD
TIMER 1 TIMER 1 ALARM 1 ALARM 1 RESET 1
XXX : XX XXX : XX XXXX DU XXXX UU XX .XXR/M
lrm
RATE 1
X.XX M
PD
out2 \NO Y
YES
AUX SP
ALARM 2 ALARM 2 TIMER 2 TIMER 2 XXX DU
XXXX UU XXXX DU XXX : XX XXX : XX
‘ PD & PD IPD ‘PD
TUNE ? LYES »
OUTPUTS
NO
DISPLAY RETURN
‘ END OF | E L ) PR BAND2
TUNE -~ OPERATOR LOOP % 7
PD
PD = PARAM DISPLAY KEY l
X = NUMERICAL VALUE
RESET
'&PD
RATE 2
ACTUAL X.XX M
DISPLAY 4 PD
" 4

%  Timers not available in Models 2002 and 2005 with AUTO/MANUAL

TUNE LOOP - MODELS 2000,2001,2002 AND 2005 WITH START/STOP AND AUTO/MANUAL
FIGURE 8-7
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v

ALARM 1
XXX UU

TIMER 1
XX : XX

“LPD

J}PD

'

?

ALARM 2
XXX UU

TIMER 2
XX XX

lPD

J'PD

|

NO

TUNE ?
OUTPUTS

| No

FAST

JL?NO
RESPONS;]‘""{

SLOW  ?

RESPONSE

EES

j;'YES

START
TUNE?

NO

!bY

SELF
TUNING

PD

LEGEND

Numerical Value
Displayed Units
PARAM Display Key

Internal decision
based on part number

PR BAND1|
XXX %

RESET 1
XX.XXR/M

J'PD

RATE 1
XXX M

| =

%

AUX DB
XXX %

PD

CYCTIME2
XX SEC

PD

PR BAND?2
XXX %

I
RESET 2
XX.XXR/M

RATE 2
X.XX M

.

1 PD

K
+ XXX REM
SP BIAS

4!;Lfo

\ 4

Timers not available in Models 2004 and 2005 AUTO/MANUAL with self tune
+ Models 2003 and 2004 do not have remote SP bias.

TUNE LOOP - MODELS 2003,

LFE Instruments Division

FIGURE 8-8
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NO
SET PT @
YOO XX
o AUX SP
ALARM o DX
1 P
YES
N NO {!!i?

YES YES
DEADEDL |p AUX DR2 | p
TIMR 1 ALARM 1 ALARM 1 X0 xoa [ ]
XK : XX YO0 DX YOOX XX

NO ouT 1 NO
TPR

YES YES
CYCTIME 1 OYCTIME 2
XX SEC XX SEC
P P
PR EAND 1 PR BAD 2
X0 X0
I r
RESET 1 RESET 2
XX ORM XX 0R/M
4 iy
?
(" OPERATOR LOOP ) TUE RATE 1 RATE 2
OUTPUTS YES XXX M XXX M
RETURN : :
r | p
2 [ oo
TUNE P SOAK -
‘ YES YES LEGEND
ACTUAL
Cruriserrort ) C e & soa ) DISPLAY .
1 P g P

TUNE LOOP - MODELS 2010 AND 2011
FIGURE 8-9
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END OF
™ TUNE
MANUAL 1 TUNE ? PROFILE to next profile
CONTROL? OUTPUTS A ?
XXX Uu DEAD BD1 DELAY & EVENT SW1 ON
OUT1z2227 .27 % TT:TT table 1
ALARM
MANUAL 2 CYCTIME1 SP  AOO ALARM 1 SW1 OFF
CONTROL? TT SEC PPPP UU PPPP UU table 1
M
Y Y
XXX uu PR BAND1 TIME AO1 EVENT SW2 ON
0UT2222% 277 % TT:TT table 1
ALARM
1 9 1 4 l
ARROW RESET 1 SP  AO1 ALARM 2 SW2 OFF
KEYS ON ZZ2.7ZZR/M PPPP UU PPPP UU table 1
l 3
) 4
ARROW RATE 1 MORE OUT2 AS JSW3 ON
KEYS OFF 2.22 M TIMES SWITCH table 1
‘ﬂ) YNO _QUT?2
DEAD BD?2 CYCTIME?2 MORE A CYCLES | SW3 OFF
72.22 % TT SEC SETPOINT 727 table 1
PR BAND2 RESET 2 TIME AYY [ASSURED SOAK TOL
227 % 2Z.ZZR/M TT:TT SOAK ? 22Z DU
RATE 2 AUX SP SP AYY L) MORE ? NEXT PRCFILE
.72 M XXX PpPPP 1JU PROFILES e
AUX DB
2.22 %
A
FROM OTHER PROFIQE‘
[LEGEND TABLE 1
X PV Not used
U Units Start
Z Any Value ' SP 0
T Time SP 1
A Profile SP 2
Y Segment ‘ "
P Setpoint SP Z
TUNE LOOP - MODELS 2012 AND 2013
FIGURE 8-10
Division -82-
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[ MODEL 2015 ONLY —————

NO1 NO MULTI 7| NO
SOAK 2 SETPOINT —-T
YES YES
SET PTO SET P10
XXX UU XXX UU
ALARM 1 TIMER 1 LPe LPe
XXX UU XXX UU TIME 1 SET P11
PC PC XX: XX XXX uu
PC PC
" X SET PT 1 SET P12
M20TZ] OUTPUTS [W20TS XXX XXx
PC PC
PC TIME AND
PR BANDT SETPOINT SET PT3
XX % 2 THRU 7 XXX UU
. AS qFEDED
TIME 8 SET P14
5555; R}M XX: XX XXX UU
PC PC PC
SET PT 8 SET P15
b RATE 1
201% Y M 'ﬁ%%fg’ XXX LU XXX UU
PC lgfc
CYCLES SET PT
e xx; XXX UU
C PC
RETORN| e
ASSURED | NO SET PT7
! g%xg4 SOAK 2 XXX U0
(:?fFRATOR LooE*:) Diivi Dg YES PC
= SOAK TOL SET P18
e XXX UU XXX UU
AUTO
NO__JSWR CAL? Fe Fe
YES LEGEND
POSITION HIGH INTERNAL
DWNSCALE POS  XX%
= - <(::::::;> DECISION
POSITION LOW
ACTUAL
UPSCALE POS  XX% DISPLAY
PC 4 PC X = NUMERICAL VALUE
U = DISPLAY UNITS
TUNE LOOP - MODELS 2014 AND 2015
FIGURE 8-11
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I

TO ENTER TUNE LOOP PUSH

"RETURN~LAST-YES" IN SEQUENCE

LFE Instruments Division

TUNE LOOP - MODEL 2017
FIGURE 8-12
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ARROW NO .| ARROW LEGEND
KEYS ON KEYS OFF P = SETPOINT
YES Z = RELAY "0" (OFF) OR "1" (ON)
U = UNITS
REMOTE REMOTE T=TDME
PAUS ON PAUS OFF R = RATE
C = CYCLES
|YES
PROFILE | NO > PROFILE TO NEXT
A 2 B ? PROFILE
lYES
A TIME A TIME SAME FLOW
BASE H:M BASE M:S CHART AS FOR
YES w YES PROFILE "A"
AO  SP |pC JJRLY 1234
PPPPPUUU A0 2222
w PC
Al TIME| PC A1 RATE| PC Al sp |rc RLY 1234
——— L L~ >
TT:TTH:M RRRR/HR PPPPPUUU Al 7222
w PC
s THESE FOUR
AX TIME | pC AX RATE| PC AX SP RLY 1234 DISPLAY REPEAT
TT:TTH:M ’ RRRR/HR ’ PPPPPUUU AX 27222 FOR EVERY
SEGMENT
3
A CYCLES
cce
PC
.
MORE ? | YES — TO NEXT PROFILE
PROFILES
jNO <@ FROM LAST PROFILE
END OF | RETURN
TUNE *—h@PERATOR LOOP)
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mmow CONFIGURATION CALIBRATION
L UNITS SELECTION TIME SELECTION
PN XX XX _zc_, UNITS Uu _PL’ UNITS uU | UNITS uu p UNITS uu [
XX XX XX TIME h:m TIME h:m TIME H:M TIME M:S
* W YES ¥ YES
LO AND HI SPAN SELECTION
PN ROUTINE
SEE SECTION
6.1 LO SPAN BC HI SPAN PC OR
XXXX UU XXXX UU CODE
DECIMAL POINT AND DISPLAY VALUE SELECTION
ANALOG ESl bEciMaL Lo vaL }_BC HI VAL PC OR
INPUT PLACES X XXXX UU XXXX UU CODE
NO
REFERENCE CALIBRATION
ANALOG INPUT CALIBRATION
REFERENCED TO LO AND HI VAL LEGEND
INPUT INPUT Q X = NUMBER
LO CAL HI CAL U = UNITS
PC = PARAM KEY
THERMOCOUPLE CALIBRATION
wveur  LEC g8 0 T/C 1IN [EGY
50.000MV ICE BATH INTERNAL
RTD CALIBRATION DECISION
INPUT pC INPUT pC ACTUAL
100 OHMS 300 OHMS | DISPLAY

REMOTE N
SETPOINT
NO

ANALOG REMOTE SETPOINT CALIBRATION

REFERENCED TO LO SPAN AND HI SPAN

INPUT
LO REMSP

LC—'I

INPUT
HI REMSP

L—»

CAL
COMPLETE

d—

PC_Y  WRETURN {OPERATOR LOOP)

CAUTION: DO NOT TURN OFF POWER WHILE IN CAL LOOP.

CAL LOOP - MODELS 2000,

2001, 2002, 2003, 2004,
FIGURE 8-13
—85-

2005,
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1 23 455
66 77 89 CONFIGURATION
CODE MUMBER
- Config.
ME 2 - Input 1
:T 3 - Input 2
4 - Output 1
5 - Qutput. 2
LOOP LOOP 6 - Relay 1
1 ? 2 ° 7 - Relay 2
8 - Revision
3 9 - Special
UNITS UNITS
uu UuU
LEGEND
U - Units
LO SPAN LO SPAN H - Hours
XXXX UU XXXX UU M - Minutes
S - Seconds
A X - Any Value
HI SPAN HI SPAN
XXXX UU XXXX UU
! R ) r 4 2
INPUT INPUT DECIMAL INPUT INPUT DECIMAL
100 OHMS 50.000MV PLACES X 100 OHMS 50.000MV PLACES X
3 } | | 18
INPUT J T/C IN LO VAL INPUT J T/C IN LO VAL
300 OHMS ICE BRATH XXXX Uy 300 OHMS ICE BATH XXXX LU
HI VAL HI VAL
XXXX UU XXXX UU
INPUT INPUT
LO CAL LO CAL
4
INPUT INPUT
HI CAL HI CAL
X ! J
CAL
COMPLETE

CAL LOOP - MODELS 2012 AND 2013

LFE Instruments Division

FIGURE 8-14
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ENTER CAL
LOOP HERE CONFIGURATION CALIBRATION
PN Ji XX |_Pc* [T UNITS xx |_PC T ONITS xX] PC [UNITS = O UNITS xx |p
" XX XX Xx TIME h:m TIME him TIME H:M [P TiMeM:s
YES _-1 YES
PN ROUTINE INPUT FILTER SELECTION
SEE SECTION PV PC SLIDEWIR |PC
6.1 FILTER X FILTER X
LO AND HI SPAN SELECTION
Lo SPAN | PC | HI span ]PC OR CODE
XXXX  UU XXXX  UU
DECIMAL AND DISPLAY VALUE SELECTION PC OR
ANALOG DECIMAL | PC Lo vAL | PC HI VAL | CODE
INPUT PLACES X XXXX  UU XXXX  UU
NO
REFERENCE CALIBRATION
ANALOG INPUT CALIBRATION
REFERENCED TO LO AND HI VAL
ANALOG INPUT PC.] INPUT [PC, LEGEND
INPUT LO CAL HI CAL
THERMOCOUPLE CALIBRATION
INPUT PC [J T/C IN |rC
| 50.000mV ICE BATH
INTERNAL
RTD CALIBRATION DECISION
[ INPUT PC INPUT | PC ACTUAL
100 OHMS 300 OHMS DISPLAY

Lt-gf PC CAL RETURN
COMPLETE R{OPERATOR Looa

* PC = PARAM CHECK KEY
X = NUMERICAL VALUE
U = DISPLAY UNITS

CAL LOOP - MODELS 2014 AND 2015
FIGURE 8-15
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TO ENTER CAL LOOP
PUSH "PARAM-RETURN-LAST"
ALL AT ONCE

(TO CHANGE PART NUMBER
SEE CALIBRATION SECTION)

DECIMAL
PLACES X

lPC

LO SPAN
PPPPPUUU

lfc

HI SPAN
PPPPPUUU

SET OUT
L0 XXXX

‘ch
SET OUT

HI XXXX
PC

¥

_lPC

CAL LOOP - MODEL 2017
FIGURE 8-16
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SECTION 9 - SERVICE & REPAIR

CHANGING/ADDING COMPONENTS

The modification of the printed circuit boards in the series 2000 controllers
requires that certain precautions be taken in the removal/addition of components.
The use of a low wattage iron with an appropriate tip taking care not to eXpose the
circuit board to unnecessary heat is highly recommended. The use of desoldering aids
such as vacuum type tools and "Solder-Wick'" for the removing and cleaning of circuit
board holes should be performed prior to the installation of new components.

EPROM REPLACEMENT (U-2 CPU BOARD) (See Note 1)

The EPROM is a digital memory device that permanently stores instructions apd
information programmed into it at the factory. This device (U-2 on the CPU board) 1s
socket mounted and can be removed with the proper IC extraction tool.

The EPROM can be replaced if a failure should occur, or if a special application
requires a new program. A new EPROM can be ordered by the MOD CENTER from the
factory.

Because of the hazard of static discharge when handling MOS integrated circuits,
special precautions must be taken in the work area to prevent static charge from
causing device failures. Refer to MOS STATIC DISCHARGE HANDLING PRECAUTIONS (section
1.13).

Each EPROM ordered from the factory will have mounted to its top surface a label that
will indicate the following:

PART NUMBER 1685-(X) REVISION (Letter) DATE

This label is a means of identifying the program configurations of the EPROM.
Contact the factory for details on part numbers not shown in this manual.

When replacing the EPROM in the socket be sure that it is correctly oriented and then
firmly pressed into its socket, The controller must now be completely recalibrated
and tuned following the procedure in the applicable sections.

After veplacement of an EPROM, the remote possibility exists that the controller will
not function correctly, This will be evident by the irregular indication on the
display and where normal operation cannot be performed by the keypad controls.
Contact the factory for help in these instances,

%% NOTE 1 EES
Different numbered EPROMS ARE NOT INTERCHANGEABLE. EPROMS with the
same part number but different vrevision letter and date are

interchangeable.

The standard EPROMs used for the models covered by this manual are listed in the
table at the beginning of Section 6.
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9.3

9.4

LFE

MEMORY CLEAR PROCEDURE

=% NOTE **

This process should only be performed as a last ditch effort to correct
the controller display operation. In normal operation the replacement
of the EPROM will not cause any problems.

The following procedure must be followed 1in order to correct the temporary problem
caused by replacing the EPROM when the earlier program does not use the same memory
locations as the new EPROM.

A) Turn on the controller and follow the procedure to indicate the part or
configuration number on the display in the CONFIGURATION/CALIBRATION LOOP. (See
Section 6.)

B) Enter the Part Number change code so that the cursor is blinking on and off on
the first changeable digit of the part or configuration number,

C) Change the blinking digit using the UP/YES or DOWN/NO keys to zero (Model 2015
to "@"; Models 2003 and 2004 to "A"). Continue through each digit of the part or
configuration number to set each of the remaining digits to zero.

D) At this point, while in the CAL LOOP, turn off the AC power to the unit and then
reapply power, The controller will now indicate DATA LOST, PLEASE CAL on the
display. The controller memory is now cleared.

E) The controller must be RECONFIGURED and RECALIBRATED per Section 6. (Parameters
entered by the user in the TUNE LOOP must also be reentered.)

F) If the above procedure does not correct the problem, contact the factory.

MICROPROCESSOR REPLACEMENT (Ul - CPU BOARD)

The microprocessor chip (Ul) is an 8 bit computer chip that utilizes program
instructions from the EPROM (U2) and data stored in the RAM integrated circuit (U3)
to perform all control and display decisions. The microprocessor device (8031) can
be replaced if a failure should occur and can be ordered from the factory by part
number 2036-330.

Static discharge precautions should be taken when handling any MOS device., Refer to
the MOS STATIC DISCHARGE HANDLING PRECAUTIONS (see Section 1.13.

This device is socket mounted and can be removed with IC extraction tools. When
replacing the "uP'" be sure that it is correctly oriented and then firmly pressed into
its socket.

The contyoller after reinstallation into its case may have to be recalibrated 1if the
display "DATA LOST - PLEASE CAL'" appears, but normally recalibration is not necessary
if no other devices other than U-1 were removed.

Instruments Division -90-
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BATTERY REPLACEMENT (BT-1 - CPU BOARD)

The CPU board includes as part of the digital microprocessor circuiltry, a RAM
integrated circuit that is volatile. Unlike the "UP" and the EPROM, the RAM mus; hgve
a power source at all times to retain 1its data. An on board 10ngllife lithium
battery (BT-1) 1is provided to ensure RAM data retention when the power is turned fo
or when the external power source has been interrupted. This means that the Series
2000 controller can lose AC supply power without losing its memory.

The nominal 3.0 volt DC battery is soldered onto the CPU board and 1s capable of many
years of reliable service. If a battery should require replacement, the electronigs
assembly must be removed from the controller case so that the CPU board surface 1is
accessible,

Carefully unsolder the 3 terminals of the battery using a low wattage 1iron and solder
wicking braid to clear the mounting holes.

A new battery can be ordered from the factory (P/N 525-29) and reinstalled onto the
printed circuit board. DO NOT SHORT OUT THE TERMINALS OF THE NEW BATTERY DURING
REPLACEMENT,

Because of the loss of power to the RAM IC during battery replacement, the display
will, in most instances, indicate "DATA LOST-PLEASE CAL", The
CONFIGURATION/CALIBRATION and TUNE 1loops must be repeated in their entirety to
reprogram the data into the controller RAM. Follow the instructions in Section 6 and
the appropriate INSTALLATION MANUAL (for user data in the TUNE LOOP) .

R o o R R e
RANHARATARNARAS

% CAUTION

KX

=

B O A
WRARTNARNARTRS

THE DISPOSAL OF LITHIUM CELL BATTERIES REQUIRES SPECIAL PRECAUTIONS,
THESE BATTERIES SHOULD NOT BE INCINFRATED, CRUSHED OR PUNCTURED SO AS
TO RELEASE THE ELECTROLYTE AND EXPOSE POTENTIALLY FLAMMABLE MATERIALS.

KEYPAD REPLACEMENT

The keyboard panel assembly can be disassembled from the bezel assembly and replaced
by the MOD center if found to be faulty.

Remove the electronics assembly from the case and remove the 1/0 and CPU boards from
the MOTHER board assembly., (See Section 1.10.)

Unscrew the two screws on the mother board and carefully unplug the mother and
display board as well as the keyboard connector.

Unscrew the two spacer studs from the bezel and carefully remove the keyboard panel,
Reassemble the instrument by reversing the above procedure,

VACUUM DISPLAY REPLACEMENT

The multicolored vacuum display 1is soldered into the display board and cannot be
replaced in the field. The unit must be returned to the factory for repair, or the
entire display board replaced. Order part number 1651-1890 for the current version
of the display board. Refer to Section 1.3 to determine correct controller version.
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SECTION 10 - TROUBLESHOOTING GUIDE

GENERAL

This section along with the calibration information in the previous sectiqns 18
intended to provide information to aid 1in diagnosing the cause of failure 1in the
controller as well as a checkout guide after repairs have been performed.,

Many faillures may result from misoperation rather than actual equipment failure, All
connections and settings should be carefully evaluated prior to any troubleshooting
on the controller itself.

* WARNING *

PO T O S S S s 3
WARWARRRNR

INADVERTENT EXPOSURE TO LINE POTENTIAL IS POSSIBLE. TO INSURE SAFETY
IN TROUBLESHOOTING, REMOVE ALL POWER PRIOR TO MAKING CONNECTIONS OF
TEST EQUIPMENT OR BEFORE TRACING WIRING ITSELF.

* CAUTION =~

MOS STATIC DISCHARGE HANDLING PRECAUTIONS MUST BE TAKEN 1IN THE WORK
AREA TO PREVENT STATIC DISCHARGES FROM CAUSING DEVICE FAILURES. NO
MODIFICATION OR REPAIR SHOULD BE PERFORMED UNTIL PROPER PRECAUTIONS
HAVE BEEN TAKEN. (See Section 1.13 - MOS handling precautions)

It is recommended that the electronics package be removed from the controller case
for troubleshooting. The use of a calibration connector (LFE P/N 345-826) available
from the factory is recommended for easy access to printed circuit board surfaces and
components, Further disassembly may be required for removal/replacement of some
components.

The test equipment required for troubleshooting should include an oscilloscope to
monitor wave forms up to 20 MHz, a high impedance digital voltmeter, and a variable
AC power source (variac) of 120+15 VAC. This is 1in addition to the test equipment
prescribed for unit calibration,

The Series 2000 controller includes a digital computer containing high speed memory
devices. If a controller begins acting abnormally, the cause may be an erroneous
data pattern set into a memory device by a static discharge, electro-magnetic field,
or other factor. Such an occurance may damage the data in a controller without
actually damaging the controller hardware., The memory clear procedure described in
Section 9.3 will erase all data and start the controller in a precalibration mode.
This procedure should be attempted on units that act abnormally before trouble-
shooting begins.
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The last part of this section includes typical waveforms as observed on an
oscilloscope. These waveforms are intended to provide an aid to the repalr personnel
with a good comprehension of modern analog/digital circuits and components.
Troubleshooting and repair at the circuit level should not be attempted hy
unqualified personnel.

10.2 TYPES OF FAILURE

while the unit is still assembled, determine/and or verify the failure mode. Connect
the proper type of input sensor and apply power to the unit.,

Observe the display:

1. If the display is stable and shows a failure message such as INPUT OPEN, POWER
FAILURE, RTC FAILURE, or RAM FAILURE or if the display 1s flashing the DATA
LOST/PLFASE CAL message, refer to the Section 10.3, ERROR MESSAGES.

2. If the display looks normal (Shows a normal OPERATOR LOOP or TUNE LOOP message),
determine whether or not the display will respond to the Kkeypad. If keypad
response appears normal, proceed to step 3 below. If the display will not
respond to the keypad, troubleshoot the keypad circuit.

NOTE: Some features such as Remote Setpoints do disable portions of the keypad.
Some models also have an arrow key ON/OFF feature. Check the TUNE LOOP to
verify that arrow keys are not turned off.

3. Advance the display so that the process variable 1is displayed 1in the OPERATOR
LOOP. If the reading appears to be accurate and reacts to input changes, the
A/D conversion circuitry is working, proceed to step 4. If the reading does not
respond to 1input changes, or if the reading is changing and inaccurate, verify
that the input circuitry and jumpers, the input sensor, and the 1nput part
number digits displayable from the CAL [LOOP are consistent., If no discrepancies
are found, a problem exists in the A/D conversion circuitry on the 1/0 board,
1f the reading is changing and 1inaccurate, the unit may have been stepped
through the input calibration sub-loop without applying the calibration voltage.
Recalibration with proper equipment should be attempted before assuming a
hardware failure,

4. Check the outputs and alarms present in the unit (refer to part number in CAL
.LOOP) for proper operation. Outputs can be checked by varying the process oy

alarm setpoints with respect to the process variable, Observe display
indicators, check continuity through relay contact, check voltage and current
values of analog outputs, check solid state outputs using an AC load. (See

Section 7.)
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3 ERROR MESSAGES

Series

2000 controllers have built 1in self diagnostic programming that will halt

operation in the event of a problem. A list of these is provided below along with
the possible causes,.

DATA
LOST

INPUT
OPEN

POWER
FAILURE

RTC
FAILURE

DATA LOST/PLEASE CAL

This display signals that information has been lost from the RAM circuit
on the CPU board. The most common causes of DATA LOST are improper wiring
practices {(causing noise pickup) and inadequate noise suppression. In
rare cases, the fault may be due to a weak battery. To check the battery
voltage, remove power from the unit and remove the unit from its case,
Measure the battery voltage present on the CPU board at U3 pin 24 to
digital ground (A2) wusing a digital voltmeter across a 1000Q load
resistor. Do not leave the load connected for more than 5 seconds and do
not measure more than two times to prevent excessive battery drain. A
minimum level of 2.8 VDC is required. If the voltage 1s low, replace the
battery. Recalibration is required whenever DATA LOST appears.

INPUT OPEN

This display indicates that a signal being supplied to the A/D conversion
circuitry is out of range. This is probably caused by the 1nput sensor
(Thermocouple, RTD, etc,) not being properly connected to the case
terminals or by an open circuit in the input sensor wiring.

Try connecting a shorting wire across the input sensor terminals on the
rear of the Series 2000 case. If the input open display goes away, the
input sensor is defective or not properly connected. If the INPUT OPEN
display does not go away, remove the shorting wire and instead, connect it
across the cold junction compensator (CJC1 or CJC2), also on the rear of
the case. If the INPUT OPEN display goes away (wait at least 30 seconds),
replace the CJC assembly (P/N 344-1199) for older controllers or CJC1 on
the 1/0 board for newer controllers.

Check A/D conversion circuitry starting on CPU board at Ul-12.

POWER FAILURE

This display signals that the half wave rectified AC voltage produced from
the secondary transformer winding supplying the 5 volt power supply on the
CPU board 1is low. This is probably caused by the amplitude of the AC
power source voltage being too low. Power source voltage must be 117 VAC
+10% for proper operation,

Check for signal on CPU board at Ul-13 (Refer to waveform section).
RTC FAILURE
This display should appear on power up if the AC power source voltage 1s

too low or if the real time clock interrupt circuit is defective. Check
signals on CPU board at Ul-4 and Ul-13 (Refer to waveform Section 10.6).
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RAM FAILURE
RAM This display should appear on power up if the unit is unable to write to
FAILURE and/or read from the CPU RAM (memory) chip (U3). This is probably caused

by a defective RAM circuit. Check signals on the CPU board.

10.4 POWER SUPPLY VOLTAGES

CPU BOARD

AC INPUT=117VAC (220V or 240V if alternate transformer 1is installed)

DESIGNATION HEASURING POINT VOLTAGE RANGE
+9 ¥0C P7-1 +1.5 to +10.5 V0C
DIGITAL (+5¥DC) P7-5 +4.75 to +5.25 WL
ANALOG  (+18 VDC) P7-3 +14,5 to +20.0 VDC
ANALOG  (-18 VOC) P7-2 -21.0 to -14,5 VDC
ANODE SUPPLY (-35 VDC) P1-43 -35 ¥0C
FILAMENT SUPPLY(3.05 VAC) T1-5 to T1-8 2.6 to 3.4 VRMS
J/0 BOARD HEASURING POINT VOLTAGE RANGE
+5 40C VR3/C21 JCTN +4,75 to 5,25 VIC
+12 ¥0C VR1/C13 JCTN +11.4 to +12.6 ¥OC
-12 ¥DC VR2/C19 JCTN -12.6 to -11.4 VoC

If the voltages are out of tolerance, further investigation and repair 1s requived,

NOTE: All voltages are referenced to power supply ground (T1-11) unless otherwise

indicated.

10.5 WAVEFORM REFERENCE

The oscilloscope waveforms illustrated are dependent upon the input signal type

amplitude as well as keyboard functions such as START/STOP, In addition, a DATA

LOST/PLFASE CAL display will affect the typical waveform shown,

CPU BOARD WAVEFORMS AND TEST POINTS

10.5.1 RAM FAILURE DISPLAY

U3 Pin 24 (Vcc)

With AC power applied, the DC level should be +5 VDC., With no AC
powey, battery voltage should be a minimum of 2,8VDC. Tt below
this level the battery must be replaced. Check Q! and CR4 for

short or open if U3-Pin 24 is not correct,

Verify that U3 ground (Pin 12) is at O VDC potential,
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10.5.2 POWER FAILURE OR RTC FAILURE DISPLAY (Real Time Clock)

Ul Pin 4 U e
l ovDC

17ms

Ul Pin 13 ‘/ 1
5v P/P
l ovDC

b 1rms
U7 Pin 1 45V P/P
OV~ b 17ms ——o
T1-3 [// \\ (/l \\ nv p/P
F— (7ms —

10.5.3 DATA LOST - PLEASE CAL DISPLAY

If the controller display does mnot hold calibration following a power
interruption, then check the following voltage levels and waveforms 1in the
designated section of the manual.

A) BT1 - Battery Circuit - RAM FAILURE Section.
B) Q2 - Emitter Circuit - RAM FAILURE Section,

10.5.4 DISPLAY IS ERRATIC

If the display is changing continuously and or shows an unreadable message, then
the following points must be monitored with the oscilloscope to observe that a
good logic signal appears on each line, Also check VCC and GND for each IC,
The waveform will vary depending upon the input type and the key pressed. If a
logic waveform 1s not present investigate and locate the source of the problem.
Check ribbon cable between the I/0 and the CPU boards.

Ul - Pin 9 (RST) Reset Pulse/U7 - Pin 4
Pulse starts as DC level at OVDC with no AC power applied, as the AC power is
applied increases to an approximate +2.8 VDC level then will drop back to a 0OVDC
level as the AC power input level goes above a safe level for normal controller
operation,

U7 - Pin 3

Pulse starts at OVDC level with no AC power then steadily increases to a +4.0VDC
level at 120 VAC power input,
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10.5.5 DISPLAY STABLE, BUT WRONG

Check ribbon cable between the I/0 and the CPU boards. Monitor the followling
points and note that the waveform 1indicated appears. If not, investigate and
correct,

CAUTION: DO NOT PROBE Ul - Pin 18. This is a very high impedance point. The
added capacitance of the scope prove MAY temporarily 1load down the 8 MHZ
oscillator and cause display "DATA LOST/PLEASE CAL" to appear.

Ul - Pin 29 (PSENL) R f
46V P/P
ov }
ok
75 Sec—

Ul-Pin 30 (ALE) 210
ns

46V P/P

e ronse

Verify that logic signals are present at each address and data line on ICl to

I1C4.
ADO to AD7
A0 to Al3
DO to D7

U5 1C (Address Decoder) - Chip Select Outputs
Verify that logic signals are present at U5 Pins 12 to 15. These pulses can
vary from line to line depending wupon the PART NUMBER as well as keypad
functions. (CS4L to CS6HL are nonfunctioning).

ALARM 1 INDICATOR (ALMIL) P1 - Pin 44 Connector

If the display ALM 1 lamp does not illuminate when the ALARM 1 display 1is
exercized with the arrow keys, check the following:

U7 Pin 5 - LAMP ON WHEN HI (+4.2 VDC)
U7 Pin 5 - LAMP OFF WHEN LO (0OVDC)

U7 Pin 6 - LAMP OFF WHEN HI

U7 Pin 6 - LAMP ON WHEN LO

U10 Pin 9 - LAMP ON WHEN HI (+4.2 VDC)
Ul0 Pin 9 - LAMP OFF WHEN LO (0OVDC)

If lamp circuit is operational but relay (K1) 1s not switching, check U9
opto-isolator circuit.
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ALARM 2 INDICATOR (ALM2L) P2 - Pin 43 Connector

If ALM2 lamp does not illuminate when ALARM 2 display is exercised with the
arrow keys, check the following:

Ul - Pin 10 - LAMP is OUT when HI (+4.2 VDC)(Q7 Collector is LO)
Ul - Pin 10 - LAMP is ON when LO (O VDC)(Q7 Collector is HI)

If lamp circuit is operational, but relay is not switching check Q7 and U8
circuit as well as relay circuit (K1)

DISPLAY RESET Ul - Pin 14 (DRSTL)

DRSTL is initially LO (OVDC) when AC power is first applied, then pulse up to HI
(+5 VDC) and remains there until AC power is removed.

Ul - Pin 10 (DISPLAY DATA) T
42V AP

Ul - Pin 11 (DSCKH) Display Serial Clock to Display Board
Same essential waveform as Ul - Pin 10 above,

OUT1L (SSR1 OUTPUT INDICATOR LAMP)

Display OUT 1 XX% and in MANUAL (MAN lamp on) vary the percentage output with
the arrow keys above and below setpoint.

U10 Pin 2 is LO LAMP IS ON (0VDC)

UI0 Pin 2 is HI - LAMP IS OFF (+4.,2 VDC)

Ul10 Pin 3 is LO - LAMP IS ON (0OVDC)

U10 Pin 3 is HI LAMP IS OFF (+4.2 VDC)
If logic 1levels are correct and indicator lamp does not operate, refer to
Display and Mother Board Sections.

P8 Pins 4 and 5 Connector - SSR1 OUTPUT

Connect the AC load appropriate to the triac (terminals P8 - 4+5). Use standard
troubleshooting procedures to check out the solid state relay circuit.

WAVEFORM ACROSS 7‘\_ _/\'— - T F

OUTPUT TERMINALS 339v PP

WHEN SSR1 IS OFF. LN\ e
CONDUCTING
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10.6

I1/0 BOARD WAVEFORMS AND TEST POINTS

START CONVERSION PULSE (STCONL) Ul - Pin 2

42V P/P
U U 4+

B,k L
110ms (Apprax)

OUT2L (SSR2 OUTPUT INDICATOR LAMP) (Ul1-Pin 2)

At Ull - Pin 2 monitor. Press DISPLAY key until OUT2 % appears and in MANUAL
(MAN lamp on). Vary the percentage output with the arrow keys above and below
setpoint.

Ull - Pin 2 is LO - OUT2 Lamp 1s ON
Ull - PIN 2 is HI - 0OUT2 Lamp is OFF

If logic levels are correct and indicator lamp does not operate refer to Mother
and Display Board Troubleshooting Sections.

R27/R28 Junction - Integrator Ramp

1oV NOTE:The amplitude and width of this
Ramp depends wupon the signal input
1// type and the voltage or temperature
ov input level.
7 7 M P

L'h 200ms (&wvu)-q

CR5/CR6 Junction INTOL Comparator Output

—| +5v
‘_-ov Pulse rep. rate APPROX. 250 ms.

2 N
PW OS5 10 1.5ms

U2 - Pin 1 & Pin 11 (ASW1B) Analog Switch

+ Sv
(No signals on Pins 2 & 10)

ov

1 F+ 2530C

pe—— 1LOsec—N

INDICATOR LAMP DISPLAYS

Ul14 - Pin 2 ~ REML (Remote Indicator)
Ul4 - Pin 10 - TUNL (Tune Indicator)

Ul4 - Pin 11 - CALL (Calibrate Indicator)
Ul4 - Pin 1 - MANL (Manual Indicator)

The display lamp indicators may be checked for each of the above functions by
setting in the appropriate part number for pressing the appropriate key(s). If
the signal (logic level) is correct and the indicator still does not work refer .
to the Mother Board and Display Board troubleshooting sections.

For the above (Ul4 - Pin 1 - MAN, Pin 2 - REM, Pin 10 - TUN, when LAMP is ON -
Logic level is LO (OVDC) Pin 11 - CAL. When LAMP is OFF - Logic level is HI (+5
VDC)
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U6 - Pin 6 (IN1) Analog Switch

SIV P/P l__
_L l ovDC

Pulse Amplitude increases as signal input level increase.

+ 0.65V0C

U9 - Pin 3 (OUT/IN) Analog Switch

¥ o6V
06V PP
] o Pulse amplitude increases as signal
: v

input level increases.
ANALOG SWITCH INPUT - U9

U9 - Pin 13 - (IN1) - Varies with SIGNAL INPUT
U9 - Pin 14 - Approx. +15 mV level
U9 - Pin 14 - Approx. +49 mV level (REFERENCE)

+2.45 VDC at R5/R6 Junction
-2.45 VDC at Z2/R19 Junction

10.6.1 ANALOG OUTPUT 1/ANALOG OUTPUT 2 WITH 4/20 mA OUTPUT CIRCUITRY

U3 or U4 - Pin 16 (Vout)

0 to +3 VDC (Approx.) output level as output current is changed from 4 mA to 20
mA DC.

CONNECT DIGITAL VOLTMETER ACROSS R30 RESISTOR.

DC voltage level can vary from 0.8 V to +4 VDC as input current is changed 4 to
20 mA DC.

Connect 1000 1/4W resistor across rear terminals P9-E and P9-D (OUT 2) (I/0
Board Analog Output) and a 10008 resistor across P8 - Pin 4 and P5, (CPU Board
Output). (OUT1)

With either OUT] or OUT2 on the display, vary the percentage OUTPUT with the
arrow keys and note that the OUTPUT changes from +4V to +20 VDC (Approx.)

10.6.2 SOLID STATE RELAY OUTPUT 2 CIRCUIT

With the display in OUT2 XX% and MAN indicator ON vary the percentage OUTPUT
with the arrow keys.

Q6 Base switching from OVDC to +0.75 VDC
Qb Collector switches from +4,2 VDC with 0%
OUT TO 2.0 VDC as % OUT is increased
Then the OUT 2 lamp will illuminate
P3 Pins D and E (SSR2) REAR TERMINAL CONNECTORS

Connect appropriate AC load to the output terminals (1AMP or 50 mA) and check
out the circuit.
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10

7

MOTHER BOARD TEST POINTS

The Mother Board is the interconnect junction for each of the 4 electronic
assemblies. The 8 transistors driving the indicator for each of the following
functions are located on this board:

CAL - Ql OUT2 - Q5
TUN - Q2 ALM2 - Qb
MAN - Q3 OUT1 - Q7
REM - Q4 ALM1 - Q8

If the logic signal level is normal on Pl or P2 comnector and the indicator lamp
does not operate trace the signal through RN1 resistor network to the hase and
then collector Q1 - Q8 transistor to the display board connector - Ph,

Ql - Q8 TRANSISTOR COLLECTOR

LAMP ON = +5 VDC
LAMP OFF . -38 VDC

10.58 KEYPAD CIRCUIT (P4 Connector)

P4 - Pins 5 and Pin 6 (KRO, KR1) Connector
Pulses will ALWAYS be present on KRO and KR1 and Pins 5 and 6 of P4 connector.

No pulses should appear at P4 Pins 1 to 4 until a key is pressed, KRO and KR
timing interval is different.

P4 Connector - Keypad Input

PRESS PULSES APPEAR AT P4
DISPLAY OR LAST - Pin 4 (KC3)
NO or START/STOP/RESET/AUTO - Pin 3 (KC2)
YES or AUTO/MANUAL/PAUSE/PARAM - Pin 2 (KCI1)
PARAM CHK OR RETURN - Pin 1 (KCO)

If pulses do not appear as indicated then perform a continuity check with P4
removed and the AC power off. Replace keypad if defect is verified,

10.9 COMMUNICATION TROUBLESHOOTING

The repair of a communications board 1is a factory procedure. However,
schematics and parts 1lists have been provided. Most problems with the
communications option result from the installation. To aid in troubleshooting
the application, the following most common installation faults are listed:

1. Make sure that the format switches on the COMM board have been set with the
baud rate, parity, handshake and unit address to match the host. Refey to
the installation manual for setting information.

2. Make sure that the 1line drop in the leads from the external power supply
for isolated communications to the Series 2000 controller 1is not excessive
and that the pulse levels at the recievers are sufficient to be recognized,
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3. Communication leads can pick up noise which may be interpeted as data bits.
Refer to Section 10.10 for suggestions on noise suppression, lead cabling
and shielding.

4, A confusion exists between Data Communication Equipment (DCE) and Data
Terminal Equipment (DTE). Recheck the communications connections. If the
controller still does not communicate, it is suggested that the Series 2000
controller have the handshake turned off, the DATA SET READY and DATA
TERMINAL, READY leads tied high at the host and the SEND DATA and RECEIVE
DATA leads interchanged to see if the controller will recognize signals.
If it does, the handshaking can be turned back on (if needed) and then try
interchanging the following sets of leads to determine the correct con-
nections.

REQUEST TO SEND and CLEAR TO SEND
DATA SET READY and DATA TERMINAL READY

5. The controller does not reject data in an incorrect format. Recheck the
data format to ensure that the data is being sent correctly.

10,10 NOISE SUPPRESSION

The primary sources of electrical 1nterference (EMI) that can 1mpact any
microprocessor controller are inductors most commonly found as coils and windings 1in
relays, transformers and solenoids or arcs resulting from welding equipment 0Or across
opening contacts. It is important to suppress any potential for electrical noise at
its source to ensure reliable operation of controllers and other electronic
equipment., If a particular application causes the controller to act strangely, the
entire system must be evaluated for noise producers and suitable suppression devices

installed.
_.i
{,TN.LI_ r{‘i/c "]
[ ' 1+

B @ T Bedl ma = 0}

NOISE SUPPRESSION NOISE SUPPRESSION
AC CIRCUITS DC CIRCUITS

In most cases, RC supressors should be wused across inductive loads and for arc
supression. MOV's may be used across supply lines and power transformers. If the
necessary components are not readily available, they may be purchased in kit form
from the factory.

KIT ITEM MAX AC RATING
1821-100 RC KIT 240 VAC 0.1uF/220Q/47%
1821-98 MOV KIT 130 VAC 35 Joules
1821-99 MOV KIT 250 VAC 70 Joules
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Low level signal leads and high

voltage power cables MUST not be run in
conduit or cable tray,

the =same
Care when wiring means better system reliability.

When wiring to the controller, twisted pair with insulated shield 1is recommended for
all signal leads. Make sure that the shield is grounded ONLY AT THE CONTROLLER. Be
sure to protect against ground loops in signal leads, shields and all other iuput and
output wiring.
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SECTION 11 - CHECKLIST

Before shiping any controller that has been modified or recalibrated, make sure that:
1) APPLICATION CONFIGURATION agrees with customer specifications.

2) CASE and PART NUMBER 1labels include all modifications made including SPAN (and
CAL values for voltage or current Inputs).

3) EPROM and uP are firmly in their sockets,

4) I1/0 and CPU boards are firmly in their bezel assembly connectors.

5) Spacer rod(s) between I/0 and CPU boards is firmly in place,

6) All other plug-in connections are tight,

7) Electronic assembly is properly mounted in the case, right side up and snug.

8) Rear terminal screws (see note) are in place. Cold Junction resistor 1n place
on thermocouple input units or removed from RTD and DC input units.

9) Older units with the cold junction thermocouple compensator mounted on the rear
case terminals, have the same cold junction resistor installed on the rear that
was used for input calibration,

10) All control functions and outputs have been properly tested, (See section 7).

%% NOTE **

MOST REAR TERMINAL SCREWS ARE IN A SEPARATE KIT AND NOT INSTALLED AT
THE FACTORY.

-105~ LFE Instruments Division



958-31 REV, B

THIS IS A BLANK PAGE,
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SECTION 12

SCHEMATICS
LAYOUTS

ELECTRONIC PARTS LISTS

958-31 REV, B

(SEE FIGURE 1-1 FOR MECHANICAL PARTS LISTS)
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FIGURE 12-2 1653-247 REV B
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CPU BOARD COMPONENT L[AYOUT - EARLY VERSION
FIGURE 12-4 1977-416 REV E

CPU BOARD COMPONENT LAYOUT - LATER VERSION
FIGURE 12-5 1977-440 Rev A
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!

[COLUWN ! A ' B i C 1D E F & H
”EM PART NUMBER DESCRIPTION QY Q7Y | QIv . Quy i Qiy QY Qv ary
2 345-771 1 SOCKET - 28 PIN 1 1 1 1 1 .11 1
3 385-774 | SOCKET - 40 PIN /S W T A N N D S S O
4 1951-125 | HEATSINK SO T T VA O O B
871 525-29 BATTERY SN R S T S R O S
c1 305-165 | CAP-2000 pF A W T S S D A N S
02,021 1307-108 ! CAP-20 pF 2 02 b2y bt
c4 305-438 | CAP-3300 pF-16V 1 1 11 11 1 S I
(5 305-250 | CAP-0.47 F /R A S S A S A S N S B
6 305-441 | CAP-100 wF-50V 1R W S U S U S O D U
7 305-97 CAP-.04 yF-600V 1 0 06 010 0 0
(8,C11 305-97 CAP-.04 yF 200202 0202 b2t
(9,C10 | 305-437 | CAP-470 uF-25 2 0202 02 b2
c13 305-93 CAP-10 wF-10V T T T U O O O O O
014,015,016,C19; 305-153 i CAP-0.1 pf-10v T S N N S N Y N Y - B
(17 1305-97 CAP-.08 W60V 1 10 P00l o000
€17 305-439 0 CAP-0.002 4F-125%C 0 0 1 0 L0 -0 1 0
c18 305-439 | CAP-0.002 wF-125vaC 1 1 i1 L 11 !
2 305-300 | CAP-4.7 uF SO D U T U A R 1 !
CR1,CR4  1811-276  DIODE-INA4148 2 02 2 2
(R6 1811-276 i DIODE-1N4148 (R VI B O S |
CRBERY 1811282 | DIODE-INAODY 20122t
37,08 1835-106 - JUMPER 0 0200 002D
K1 1819-146 | RELAY 0 ;00011
K2 1819-153 | RELAY 0 ¢f0 ;01 0 0.0 !
L1,L2,L3  2060-229  CHOKE I3 03 b3y 3y 3
p7 300-220 | CABLE-6 CONDUCTOR /1 T A R S A D D I
01 | 2036-334 | TRANSISTOR-2N5961 S U S U O O )
02 2036-76 | TRANSISTOR-2N3904 111 1o 11
R1 1846-14 | RES-10K 1/4W 5% /1 T T A N A N O D IS B
R2 1846-11 | RES-100 5% /I S A S A T A O
R3,R6 1846-13 RES-1K 1/4W 5% y208 N 2 2 A R B B T A
RY 1849-12 | RES-1009 1/84 1% I A S S T B N | }
RS 1846-472 © RES-4.7K 5% /1 S N R S B ] |
R7 | 1846-223 © RES-22K 5% 11 1 1 el
RS 1846-222 1 RES-2.2K 5% 1 i1 1 01l
RY 1846-431 | RES-4309 5% 0 0 P00 1t
R10 1846-621 | RES-620Q 53 £ A N W |
R11,R12 1846-22 | RES-200Q 5% 20202 02 i
R13 1 1846-222 | RES-2.2K 5% {1 T T S A N R S A D I
R14 1846-562 | RES-5.6K 5% S T T T S T O O D B
R15 1846-391 | RES-3909 5% 170003101010
CRI6 1846222 ! RES-2.K 5% S O T O 1 O O I I
R17 1849-2210 | RES-221Q 1% D T R A T S A A ]
R18 1822-470 | RES-479 5% 1000 01000
RIS 1822-391  RES-390Q 5% 00 Lo 000
R19 1846-820 © RES-820 5% ;01 i1l
R19 1846-14  © RES-10K 5% 0 01000 100
R20 1849-3929 © RES-39.29 1% 11 1 1 ol
R21 1846-391 ¢ RES-390Q 5% i1 1 1 . 0:0 090
RTLLRT2 1811-279 | RECTIFIER-WLOOS y 20 2 S R N S S S T A B
11 2060-283 . POWER TRANSFORMEFE i YO 0 T S U S T R O
continued on next page) »
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JTEM

Ul
U3
4
Us
U7
U8
18
Us
010
U1l
VAR]
VR1
Y1
21
22
23
2

ITEX PART NO.  DESCRIPTI
- 1951-130  HEAT SINK
1850-59  RIVET
2036-138  1C-7805
1241-167  THERMAL C

Il N

[PART NUMBER

2036-330
2036-326
2036-311

%

2036-325
2036-320
2036-328
2036-328
2036-314
1811-458
1811-461
344-1194
388-2

| 1811-274
1811-260

1811-460
1811-184

COLUMN

A

o0C oy Tt O Yy O

ON

OMPOUND

LFE Instruments Division

DESCRIPTION

uP-8031
RAM-PD446
[C-741.5373
IC-74{5138
1C-741.514
1C-K0C3040
1C-H0CB050
1C-H0C8050
[C-74L509
TRIAC-T25000
VARISTOR
REGULATOR ASSY
CRYSTAL-8mHz
ZENER-1N52298
ZENER-1N52326

-~ ZENER-1N52358
| JENER-1N4739A

DESCRIPTION

W/1A SSR1-W/0 ALMI
W/0 SSR1-W/0 ALKL
W/50mA SSR1-W/0 ALKL |
W/SA RY2-W/0 ALML
W/1A SSR1-W/ALML
W/0 SSR1-W/ALMI
W/50mA RRSL-W/ALML
W/5A RY2-W/ALNI

L COLUMN | A
a

—

e b b b e b e e D O b e b e

Vo

—

S S e i = I e N e N el

e}
— T
< )

o o b o b e e D = €D D b b b e b

b £ F
Qry . QTY . QY
1 1 1

1 1 1

1 1 1
1 1 1
1 1 1

0 1 0

1 0 0

0 1 1

1 1 1

0 1 0

1 1 1

1 1 1

1 1 1

1 1 i

1 1 1

1 ] 1
fl 1 1

PCH PART NUMBER

1651-1909
1651-1910
1651-1911
1651-1972
1651-1904
1651-1905
1651-1906
1651-1973

. W/SOLDER CONTAC

15

W/GOLD_CONTACTS
© 1651-2076
1651-2077
1651-2078
1651-2080
1651-2072
1651-2073
1651-2074
1651-2081

BILL OF MATERIAL - CPU BOARD

FIGURE 12

-10

o

P/N 344-1194
VR1 VOLTAGE REGULATOR ASSEMBLY

FIGURE 12
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(XX

-"-_E_f/ﬁ/i ALy g Aa
_-_—-1,_03 () HEAT S INK

U

)

I

LEAD ASSY
Vio

HeAT

SIN HeATSsIMK

1/0 BOARD OUTLINE
FIGURE 12-13 1653-278 REV B

J37
138
S
=
~
n
»
~

R100 RI0Y

1/0 BOARD COMPONENT LAYOUT
FIGURE 12-14 1977-437 REV E
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)

COMPONENT SIDE

I1/0 BOARD -

SOLDER BRIDGING

1649-437 REV D

FIGURE 12-15

I/0 BOARD - SOLDER SIDE

SOLDER BRIDGING

1649-437 REV D

FIGURE 12-16
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-117-



958-31 REV, B

[ COLUNN & ;B 0 C D, E i F 6
S PRTNBR pesceeriov g ory @iy L@y Qi Qo
2 1951-123 | HEATSINK 010 1010
5 1951-123 | HEATSINK 0 001001
6 11951-123 | HEATSINK 11 io0lo0otototo
8 1990-92  SUPPORT [ R A T T A I
9 1903-43 | SCREW 7R S A T S A S A R R A |
GO 1305340 | CAP-.7 uF 3131303131313
(13,18,19,20,21 305-250 | CAP-0.47 uf-25V 9 ¢ 9 91999
022,027,028,C14
(8 1 307-125 | CAP-100 pf S e I U A U
09 305-185 | CAP-0,22 uF-100V N s T O T T
(10 305-151 | CAP-150 pF-1kV 11101 1
C11,012 305439 G CAP-.002 puF-125VAC P 0 10 0 f 2 00 P02
15,016 305439 CAP-,002 yF-15va&c 0 2 0 i 2 0 2 0
(17 305-97 CAP-.04 pF-600 V 171 :0;0 {01010
(23,026 | 305-153 | CAP-0.1 pF-10V 2022
€25 305-97 CAP-.04 pF-600 V 17145000 0 0
(25 305-439 | CAP-,002 yF 0 ;0001140
(34,035,636 : 305-156 | CAP-0.1 pF-20v 31313 +63 1031033
cJcl 1835-317 © RES-Ni 15.029 S T S e A A T T
CR1,CR5,CR6 i 1811-276 | DIODE-IN4148 TR T T T S T BT B B
(R 11811076 | DIODE-INGLE olobo oot
CR3 1811-276 | DIODE-1N4148 0 10 1 010
(R7 1811-276 | DIODE-1N4148 R T T S U S A T A S S A O
017,328 1835-106  JUMPER 00 002 20
131,032 2060-229  CHOKE 00 0 2 002
34 1835-106 JUKPER | 101 1 1 1
36 1835-106  JUMPER TR U I U S U U I U D
Li,L2 2060-229  CHOKE 02 0 20 20
L3 2060-229 : CHOKE S T T U A O A O O
CP7 L 35-766 CONNECTOR-6 PIN S N T T O S A R
01 2036-104  TRANSISTOR-2N2222 1 1 1 .1 .1 1 1
02 2036-321 | TRANSISTOR-2N2904 0,00 104+ 0 i1
03 2036-76 | TRANSISTOR-2N3904 000101 0101
Q4 - 2036-76 © TRANSISTOR-2N3904 0 f1 0 1 0 1o
05 2036-321 | TRANSISTOR-2N2904 0101010
06 2036-76 | TRANSISTOR-2M3%04 ¢ 1 i1 P 1 i1 11 i1 i1
R3 1846-107 | RES-100M 52 17171 11111
R4 1846-391 | RES-390Q 5% S D W T T N O S A
RS 1 1849-249) | RES-2.49K 1% 101 11 it
R6 1849-4997 © RES-49,9K 1% 1111 1 1 1
R7 1849-13 | RES-1K 1% D A U T T A A R A A |
RBLRS6,RST | 1849-4022 | RES-40.2K 13 313333y
R9,R10 1849-24 © RES-20K 1% 2 02 2 2 212
R11 1846-24 | RES-20K 5% £ T T S O N A |
RIZ | 1849-2432 | RES-24.3 13 L I O O O N
R13 1849-2432  RES-24.3K 1% 0 1T 0 1 010
R15 1849-14 | RES-10K 13 1110
RI6 | 1849-9092 | RES-90.9K 1% Lttt ir e
RI9 | 1846-152  RES-1.5K 5% 11+ 1 11
R22 1849-214 | RES-210K 1% 171101011
(continued on next page)
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e oL
ITEN PART NUMBER4> DESCRIPTION f»::":?TL;

R23 1846-23 1 RES-2K 5%

R24 1849-1272 | RES-12.7K 13
RIS 0 1855-4992 | RES-49.9K 0.1%
R26,R28 | 1846-13  RES-1K 5%

R27 1849-2551 | RES-2.55¢

RO 1 1846-157 | RES-1.5K

R30 1846-22° | RES-2000

R31 1822-470 | RES-479 §
O R31 1 1822-391 ! RES-3909

R32 1849-13 | RES-1K 53
R34,R35 | 1846-11 | RES-109 5%

R36 1849-2372 | RES-23.7K

RI7 | 1849-2372  RES-23.7K 1

R38 1849-3321 | RES-3.3%

R40 1849-13 | RES-1K 1%

RAL  1846-152  RES-1.5K 5%

R42 1849-22 | RES-2009 12

C R3,R44 1 1846-11 ! RES-100 52

R49 1846-181  RES-180Q 5%

R49 1846-431 | RES-430Q 5%

RAY 1 1846-222 | RES-2.2K S

RS0 1846-752 | RES-7.5K §

R51 1846-391 | RES-3909 5
K 52

—
<

- Ty
— G
— T

=% '
—-—
e
[La=]
= -
—_
—
—~<

=¥

! ¥
»—*o—a'—w—-»—-»—-c—ar»a<:>»—~r—~>——»ow»—-xc:><:>.—~v\.>.—->—»»—~c:>c>o—~w»—-»—~»—-»-»—~<:><:>oc:a»—~oc>o—-r\)>—a>—~r——-:cn
i : Ham ;

i1

=)

b = e b2 DO 2 OO b D e s CD R e e ) D D R e O OO O D DD D R N R DD b —n b RO B e

WD

PR e 2 b2 O D e e 2 D o B2 D D RO OO O O O DD R R b s T OO O OO DD e M) b e

NS 0\0 oNO

ONS

=X

RS2 1 1846-222 | RES-2.2
R53,R54 | 1846-14  RES-10K S
RS5 1846-16 | RES-1M 5%
RS8 | 1849-3321 | RES-3.32K 13
R100 1675-429 © POT-5¢ :
R101 1675-429 1 POT-5K ;
UL,U2,u14 7 2036-324 1 IC-CD40428 i

FON0 o\ o\e. o\

13 2036-323 | 1C-AD558) :

U4 2036-323 | 1C-ADS58) i | i
U6 2036-322 ¢ IC-LF441 ‘
U7 2036-309 © IC-LF442

Us 2036-328 | 1C-MOC8050 !

U9 2036-318 | 1C-14051

Ui 203%-320  1C-HOC3040

U12 1811-458 | TRIAC-12500D
WR1 2036-337 | REGULATOR-78L12
vR2 2036-269 | REGULATOR-79L12
VR3 2036-239 | REGULATOR-78L0S
3! 2036-296 | 1C-INA588

2 2036-3%6 | 10-2N458

' | Py
HHHHF—‘QD'—'CDP—‘F*—*CJC)L\)DO(DO—*Y\)DOHOHD_DDDDDQDDC}C}DDDP—‘Y\))—‘HH:h

o e e b2 CD D e D R e e e L0 b b e b RO OO D b O R CD R R b b e b b DD e OO O A b e RO e e
PR b b D e 2 D e b O O ) O O O RN D O e O O R D D D DO OO OO O OO S O b
L e i e e = R B R e B e T T = TR = B e e R e e R S S e T i e T e Y e T S S e JL NS L S U WG

{continued on next page) i ;
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COLUMN | DESCRIPTION PCB PART NUMBER
o W/SOLDER CONTACTS | W/GOLD CONTACTS
A W/LA SSR2-H/D ANAL-W/O ANA2 1651-1898 1651-2055
B 1 W/1A SSR2-W/ANAL-H/0 ANA2 1651-1899 1651-2056
C | W/0 SSR2-H/D ANAL-W/0 ANA2 1651-1900 16512057
D W0 SSR2-WARALW/ANAZ T 1651-1901 16512058
E | W/S0nA SSR2-H/0 ANAL-H/0 ANA2 1651-1902 1651-2059
P W/50nh SSR2-H/ANAL-W/O ANAZ - 1651-1903 1651-2060
6 W0 SSR2-WO ANAT-W/ANAZ 1 1651-1915 | 1651-2068
_H L H/0 SSR2-H/ANAL-W/0 ANAZ o Aestor 16512070

PARTS LIST - I/0 BOARD - W/0 ALARM 2
FIGURE 12-17
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| COLUKN

}TEM PART NUMBER DESCRIPTION
2 1951-123 | HEATSING
5 1951-123 | HEATSINK
6 | 195-123 | HEATSINK
8 1990-92 | SUPPORT
9 1903-43 | SCREW
OS5 1305300 OAP-d.TuF
€13,18,19,20,21 305-250 . CAP-0.47 pF-25V
€22,027,028,C14
B8 3015 oe-o0pF
9 305-185 | CAP-0.22 yF-100V
€10 305-151 | CAP-150 pF-1kV
(11,012 i 305-439  § CAP-.002 uF-125 VAC
(15,016 : 305-439 © CAP-,002 uF-125 VAC
(17 305-97 CAP-,04 uF-600 V
023,026 ¢ 305-153 | CAP-0.1 pF-10V
€25 305-97 CAP-,04 uF-600 V
€25 305-439 | CAP-.002 yF
034,035,036 ¢ 305-156 | CAP-0.1 pF-20
cJcl 1835-317 | RES-Ni 15.020
CR1,CRS,CR6 | 1811-276 | DIODE-1N4148
CR2 | 1811-276 | DIODE-IN4148
CR3 1811-276 ' DIODE-1N4148
CR7 1811-276 | DIODE-1N4148
07,028 11835106 | JUNPER
J31,332  2060-229  CHOKE
NEL 1835-106 | JUMPER
)36 ! 1835-106  JUMPER
11,02 2060-229 | CHOKE
L3 2060-229 | CHOKE
P71 345-766 | CONNECTOR-6 PIN
01 2036-104 © TRANSISTOR-2N2222
02 2036-321 | TRANSISTOR-2N2904
03 1 2036-76 | TRANSISTOR-2N3904
04 2036-76 | TRANSISTOR-2N3904
05 2036-321 | TRANSISTOR-2§2904
06 1 2036-76 | TRANSISTOR-2N3904
R3 1846-107 © RES-100M 5%
R4 1846-391 | RES-3909 5%
RS 1849-2491 © RES-2.49K 13
R6 1849-4997 © RES-49,9K 1%
R7 1849-13 | RES-1K 1%
RB,R56,RS7  1849-4027 | RES-40.2K 1%
R9,R10 . 1849-25 RES-200K 1%
R11 1846-24 | RES-20K 5%
R12 1849-2432 | RES-24.3K 1%
R13 1849-2432 | RES-24.3K 1%
R15 1849-14 | RES-10K 13
R16 1849-9092 | RES-90.9K 1%
R19 1846-152 1 RES-1.5K 5%
R22 1849-214 | RES-210K 1%
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(COLUMN © A B C D EJF 6
”E”PARTNU"BER _DESCRIPTION QIY QY bQIy iy QiyiQry QYo Q
R23 1846-23 | RES-2K 5% i 11 1114101
R24 1849-1272 © RES-12.7K 13 SO T S N I O B R A |
. R25 11855-4997 | RES-49.9K 0.1% IS R N N N T A N
R26,R28 1846-13 | RES-1K 5% 202 2
R27 1849-2551 | RES-2.55K 1% SR T W T U O O S U B R A |
R2911846-152 | RES-1.5K 5% oioilotlt1riolol 1
R30 1846-22 | RES-2000 5% VA N | O 1 I A A
R31 1822-470 | RES-470 5% 171 .0 :04:i0 3010
R3L 1 1822-391 | RES-3900 5% 1 T O VS T O U O T (O
SR 1849-13 | RES-1K 5% 0 0 0 1100 i1
R34,R35  1846-11 | RES-109 5% 0 L0020 %02
. R%® 1849-2372 | RES-23.7K 1% N O T O 1 O A O A O
R37 1849-2372 | RES-23.7K 1% 0101t
R38 1849-3321 | RES-3.32% 1% 01 P01 010
R40 1809-13 | RES-IK 1% 0l1 0t i0 10
RA1 1846-152 | RES-1.5K 5% 6o 1 0 1t 01 .0
R4? 1849-22 | RES-200Q 1% 0170110110
CRA3,R44©1886-11 | RES-100 5% 0020 210120
R49 1846-181 | RES-180Q 5% 11 0 0 1110
R49 1846-431 | RES-430Q 5% | T T O (O O (O
RIS 18622 | RES-DOK % 00 0000
RS0 1846-752 + RES-7.5K 5% t 1111
R51 1846-391 | RES-390Q 5% 11 00000
RS2 1846222 ! RES-2.2K 5% L1 ioiotoioio
RG3,R54 . 1846-14 | RES-10K 5% y 200 NN 2 v R R A
RS5 1846-16 | RES-1 5% N T S A S T S O
RS8 1 1849-3321 | RES-3.32K 13 O I 2 A O (O
R100 1675-429  POT-5K 00 0 10
R101 1675-429 | POT-5K N R T T S S O O S O A
U1,U2,U14  2036-324 | 1C-CDA0428 303 03 3 333
U3 2036-323 | 1C-AD558) 00 0 1 001
U4 2036-323 | 1C-AD558) 010101110
U6 2036-322  IC-LF441 /R T U A S S U B O A O
v7 2036-309 . IC-LF442 171111 1 1 1
It 2036-328 | 1C-HOC8050 0 f 0000 i0 0
U9 1 2036-318 | IC-14051 AU AU A U A U IO I
u11 2036-320 © 1C-HOC3040 11000110
U12 1811-458 | TRIAC-125000 1 170000 i0:0
VRl 12036-337 | REGULATOR-78L12 SIS T S TS LT N T T T S O
VR? 2036-269  REGULATOR-79L12 1171 1 1
VR3 2036-239 | REGULATOR-78L05 1 S U T T A A S A A R
I 203609 | IC-ISs IR IR IS IO IO D
12 2036-336 ¢ IC-7N458 1 1 1 | | 1 1
(continued on next page) ; 1

[

: ¢ i ; i ‘
! . : . i i
et s b s b D D s bt b e bt D ) e D D O D D DD D IR b e R b O O OO D O M R e




i<

o e e s D b O e b O O o T

CF G
QY | QTY ¢ Q1Y
303
0 1
1 00
11
11
0 0
11
10
0 {0
1 1
1 i1
11
1
1 i1

PCB PART NUMBER

(COLUMN . A © B . C 0D
TR PARTNER pescpmerion iy L vl Qi
UL,U2,U14  2036-324 | 1C-CDA0428 33 33
U3 2036-323 | 1C-AD558) 00 01
Ub 2036323 | IC-A0sSel 0.1 0 1
I 2036-322 | I1C-LF441 1111
U7 2036-309 | IC-LF442 S U
B 2036-328 | 1C-MOCBOS0 010 100
U9 2036-318 | 1C-14051 B S U O
ult 2036-320 | 1C-¥OC3040 L1400
U121 1811-458 ! TRIAC-T2500D SO I U I B
VR1 2036-337 REGULATOR-78L12 DU N A U
VR2 2036-269 | REGULATOR-79L12 111141
W3 2036-239  REGULATOR-78L05 U N U
I 2036-296 | IC-IN458B L1 11
n 2036-336 | 1C-IN458 111
COLUSN | DESCRIPTION
R R W/SOLDER CONTACTS
A W/Th SSR2-W/0 ANAL-H/0 ANA2 1651-1892
B W/LA SSR2-W/ANAL-W/0 ANA2 1651-1893
C L W/0 SSR2-W/O ANAL-W/O ANA2 1651-1894
D1 W/ SSR2-W/ANAL-W/ANAZ 1651-1895
E - W/SOmA SSR2-W/0 ANAL-W/0 ANAZ 1651-1896
CF L W/50mA SSR2-W/ANAL-W/Q ANA2 1651-1897
G 1 W/0 SSR2-W/0 ANAL-W/ANA2 1651-1914
H | W/O SSR2-W/ANAL-W/0 ANA2 - 1651-1916

PARTS LIST - I/0 BOARD - W/ALARM
FIGURE 12-18

9

“

W/GOLD CONTACTS |
- 1651-2061
1651-2062
1651-2063
1651-2064
1651-2065
1651-2066
1651-2067
1651-2069

THERMOCOUPLE COLD JUNCTION COMPENSATING RESISTOR ASSY
(USED WITH CONTROLLERS HAVING SOLDER PLATED CONTACTS ONLY)
FIGURE 12-19
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P2 MOTHER BOARD, (4} q
aEm W N . - -
o |} Py ‘ (- -
P- -=? 1
- e )
- sy P - e
- - - o
ase e - e
on usf - e
- - =
- =] Fp .
= = = ~ 1
M -t ? ﬂ
- '“——/./“‘"‘“"Z oy P s
© lo o RN gamdceasse o i
418C | 1
MOTHFR BOARD PCB OUTL.INE
FTGURE 12-21 1653-244
B ITEM | PART NO. |DESCRIPTION
2.3 345-765 CONNECTOR-44 PIN (P1,pP2) )
4 345-764  |CONNECTOR-24 PIN (P3)
S 345-770  |CONNECTOR-6 TERMINAL, (P41}
6,7 345769 CONNECTOR-6 PIN (P5,P6)
10 330-101 CLTP, PCR RETAINER
I S _1550-h4 RIVET -
12 1960-329 [SPACER o
C1 305-153 CAP-0.1 WF-10V
G2 | 305-250 CAP-.47 yF-50v ]
Q1,Q2,03,Q4 | one e enr
05.06.Q7.QS ' 2036-335 |TRANSISTOR-MPSAS55
| BNI [843-54 |RESISTOR NETWORK-h.Sk ]

MOTHER BOARD PARTS LIST
FIGURF 12-22

16
)
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DISPLAY ROARD PCR OUTIINE
FIGURE 12-24

ITEM
2

|

!

()

. S
c

1
CR1,CR2,CR3,CR4
Q1
T
R2
R3
“RNT,RN2
RN3,RN4
RN5
Ul
Z1

e

T305-93

[ _part No. |

470-2
300-258
300-259
1811-276
2036-77
1846-334
1846-333
1846-272

1843-53

2030-333 |
1811189

DESCRIPTION
et L
CABLE-5 CONDUCTOR-3.5"
CABLE=8 CONDUCTOR-4"
CAP=10 wF-25v
DIODE-1N4148
TRANSTSTOR=-2N3906
RES-330k 5%
RES-33k 57

RES-2.7k 57

RESTISTOR NETWORK-100k

IC-DISPLAY CONTROLLER

ZENER-1N4744A

DISPLLAY BOARD PARTS LIST
FIGURFE 12-25
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C01,02,03
. R1

R?

R3
; R4
i RS
? VR1

- PART NC.
305-250
1849-1651

+ 1849-2433

1649-13
1649-4072
1849-17

2036-237

rC29(V3-2 To ¢29)

CuT FOIL (UG-2 TO CZ9) wS
s (c23 To R45B)

oy £
7

b J
29, 7 '1'56;; 53 .
3\ perhety,

4 M.B%£}
T 14y |1
oo
o o
st

L+

=
o

oo

o c-gul
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° A

A A2 g
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2

R
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7 130

2 K
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7m 9 o RS) RS20
) A100) 3? o M

Q
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o
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o

797
Al

1129
12
04

3o
0\ A0
Pesi

]

[ DESCRIPTION

 CAP-,47 yF

| RES-1.65K 1%

RES-243K 1%

- RES-1K 1%
RES-40.2¢ 1%
£5-1009 1% i

. REGULATOR-78L17

NOTE :
ALt TEM (2)

MODEI

| FROM Al
T0 ALt

:sz___®"° | FROM P3
» TO P9-A,

ﬁﬁ__.,—q“"\
A
10

T™ AlZ

~~FROM PS5

N

BLU, «\

‘a‘SARlN&<
TUBING OVER

O

INDUCTDR /LEAD

JUNCTION

2014 T1/0 BOARD OUTL
FIGURE 12-27

BUSS WIRE. TO

EXTEND FROM COMPONENT S(DE

OF PCB.

PCB ASSEMBLY - MODEL

FIGURE 12-28
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INF.

T0o R46

Al —
Al —

FRrom A2

\

958-31 REV. B

FOSITION)
CONTROCLER
ADDER BOAERD
(sopER. SIDE)

(=

T0 PI-A
O
pO
e}
o}

o TO R4l

(!

1n53-270 REV A

2014 SLIDEWIRE ADDER

LFE Ins

1651-2035 REV C
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+\V ¢—m> 412V

20%0.1%
RV} > +2.45V
118K 01 % I
{Ra}-
.00\
e |
20K 0\%o |
20K01% RS ]
+——fr2 1 |
+l2v |
2 20K0,1% § 22k |
e R }— »__I!!I_q,__7>tlour
-\2v

[Tci-LPaa2en | APDER. BOSRD T/o BOARD
SCHEMATIC - 0.1 DEGREE ADDER
Figure 12-29 2757-159
| ITEN | PART NO. | DESCRIPTION
. (1 305-155 CAP-,001 pf u
l IC1 2036-358 | IC-LF442 !
| RL,RZ,R3,RS 1855-24 1 RES-20k 10ppn
R4 1855-1782 © RES-17.8k .12
R6 1855-2211 | RES-2.21k .1%
. ‘ - BUSS unﬂ!ﬁo
(V] &
RR i JorCron

PCB ASSEMBLY -0.1 DEGREE CURRENT SOURCE ADDER
FIGURE 12-30 1651-1971 REV B
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MODEL 2017 I/0 BOARD - COMPONENT SIDE
SOLDER BRIDGING
FIGURE 12-34 1649-444
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MODEL 2017 I/0 BOARD - SOLDER SIDE

SOLDER BRIDGING
FIGURE 12-35 1649-444

-133- LFE Instruments Division



958-31 REV. B

. COLUMN A B

ITEM PART NUMBER DESCRIPTION QTY | QTY

2 1951-123 HEATSINK 1 1

6 1951-125 HEATSINK 1 0

11 1835-106 JUMPER 0 1
C1,C2,C4,C21,C38] 305-153 CAP - 0.1uF - 10V 5 5
C3 305-156 CAP - 0.1 wF, 20V 1 1

€30,C31,C32

C33.C34.C35 } 305-250 CAP - .01 uF, 25V 6 6
€25,C26 305-97 CAP - .04 wF 2 0
€26 305-439 CAP - .002 uF 0 1
Cal 305-213 CAP - .01 wF 1 1
C42 305-93 CAP - 10 wF 1 1

D3 2036-296 REFERENCE-ZN458B 1 1
D6,D7,D8 1811-276 DIODE-1N4148 3 3
IC1,IC2 2036-377 IC - 74HC174 2 2
1C3 2036-379 IC - AD7548 1 1
1C4 2036-309 IC - LF442 1 1
1C7 2036-378 1C - 74HC373 1 1
IC10 2036-328 IC - MOC8050 1 1
IC11 2036-320 IC - MOC3040 1 1
L5,L6 2060-229 INDUCTOR - 22 uH 2 2
P7 345-766 CONNECTOR - 6 PIN 1 1

Q3 2036-5 TRANSISTOR - 2N3053 1 1
Q4,Q5 2036-76 TRANSISTOR - 2N3904 2 2
Q6 1811-458 TRIAC - T2500 1 0
R1,R29 1846-14 RES-10k, 5% 2 2
R5,R12,R13,R14 1855-14 RES-10k, 10 ppm 4 4
R8 1835-106 JUMPER 1 1
R26 1849-1651 | RES-1.65k, 1% 1 1
R41 1846-471 RES-470Q, 5% 1 1
R42 1855-1130 | RES-113k, 10 ppm 1 1
R55,R56 1846-752 RES-7.5k, 5% 2 2
R57 ] 1846-181 RES-180%, 5% 1 1
R58 1846-751 RES-750Q, 5% 1 1
R59 1846-391 RES-390Q, 5% 1 0
R60 1846-222 RES-2.2k, 5% 1 0
R64 1822-470 RES-47Q, 5% 1 0
R64 1822-391 RES-390Q, 5% 0 1
R66 1846-13 RES-1k, 5% 1 1
R67 1846-431 RES-4308, 5% 1 1
R68 1822-122 RES-1.2k, 5%, 1/2w 1 1
RY1 1819-146 RELAY 1 1
VR2 2036-337 VOLT. REG. - 78L12 1 1
VR3 2036-269 VOLT. REG. - 79L12 1 1
VR4 2036-239 VOLT. REG. - 78L05 1 1

MODEL 2017 T1/0 BOARD PARTS LIST
FIGURE 12-36

COLUMN DESCRIPTION PCB PART NUMBER
A W/1A SSR2-W/ALM2-W/ALA2 1651-2115
B W/50mA SSR-W/ALM2-W/ALA2 1651-2116

LFE Instruments Division -134-
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PCB OUTLINE - COMM 1 COMMUNICATIONS BOARD

FIGURE 12-38 1653-266 REV B
p G%
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eyt 2
Foio
ON_SOLDER SIDE
CUT moIL. FROM U2-7 TO U2-2
\Tpou.mon U3-8 To us-I2
\ e
JB

PCB OUTLINE - COMM I COMMUNICATIONS BOARD

REWORK FOR FARLY RS422 UNITS
FIGURE 12-39 1653-266 REV -
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-

_Couwy & . B : C D
1TER PART NUMBER |  DESCRIPTION [ QIY I Qv | QIY I QIY
2 300-220 CABLE-6 CONDUCTOR S A
3 345-766 CONNECTOR-6 PIN S S I
4 345-774 | SOCKET-40 PIN /S T U S O
5 1835-106 JUWPER o003 3
(1,05 307-119 CAP-56 pF-35y 202 02 2
D0 300108 oap-20 pF 220102
€3,c4 305-153 CAP-1pF-T0V - 2 2 22
c7 305-153 CAP-.1 pF-10v 10101 11
08 1305213 CAP-.01 wF-25 0010 0
€6,€9,C12 305-250 CAP-47 wF-25 0 0 3 13
€6,09,010,C12 | 305-250 CAP-.47 yuF-25V 404 0010
ol 1835-106 = JUMPER ¢ 0 .00
C12 305-250 CAP-.47 uF-25V 010100
CR1,CR2,CR3,CR4! 1811-282  DIODE-1N4004 0100 0
~CRS  11811-282 ! DIODE-1N4004 L1t
F1 690-49 FUSE-3/84 0 111
F2 690-49 FUSE-3/84 01000
01,02,J3,00 1 1835-106 | JUMPER 400 040
J5,16,)7 1835-106  JUMPER I 003 0
J8 1835-106 | JUMPER 0 P00 0
(10 1835-106 JUMPER Lot 0
01 2036-346  © TRANSISTOR-MPSA63 0 0 00!
02 2036-76 TRANSISTOR-2N3904 0000
Rl 1846-106  RES-10M 5% L1
R2 1846-222  © RES-2.2K 5% 11011
R4 1846-511 | RES-5100 52 0 0 00
R4,R5,R6 0 _
_.Rv7_,»_R8,,_R9_,}_ Wlsas 511 RES-5100 5% 0 6 0 6
R7 1835-106 | JUMPER 0,0 010
R10 1846-271 | RES-2700 5% | | O T | O
RIO,RIL,R12 © 1846-271  RES-2700 5% N O O T | O
CRI3,R14,R15 | 1846-474 | RES-470K 5% 303003 03
R18 1822-12 RES-1009 5% 1 1 11
R19 1846-333 | RES-33K 5% 0000
R21 - 1846-221 ¢ RES-2009 5% 0.0 00
R22 1835-106 | JUMPER 0 L0 00
R23,R24,R25 © 1846-473  RES-47K 52 303 0303
©UR26 1 1846-14 i RES-10K 5% 001010
R27,R28,R29 | 1846-273 | RES-27K 5% 303 033
RN1 1843-55 RES. NETWORK-4.7K 11 i1
RN2 1843-58 RES. NETWORK-4.7K 111 71 1
RN3 1843-59 RES. NETWORK-47K 01 0 1
RN3 1843-57  © RES. NETWORK-1K L0 10
RN4 1843-57 | RES, NETWORK-1K 11011
§1,52 1995-360 SWITCH-8 POS. DIP 2002 0212
Ul 1685-6 . 1C-8742 (PROGRAMMED) 1 1 . 1 i 1
v2 2036-315 ¢ 1C-DS1488 1714700
3 2036-319 1 1C-26L831 g0 1
o 1835-106  JUMPER (PIN2TOPIN3): 0 0 - 0 0
U4 2036-339 . 1C-26L532 S R U |
Us 2036-341 | 1C-4702 SR T U R R

— O OO R b OO = L) e O S e e OO OO o F—“o—‘v—')—‘b—‘C)P—'C)C)(Doe.hr—*HDC}D—‘C)!\)‘Y\)V\)O'—“P—‘P—*:‘—(FTV
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PCB OUTLINE

LFE Instruments Division
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CCOLUNN S A B C D E
}Efr f:%RTMM%Rfﬁ[E%RPTUN Yoy oy Ty
u7 2036-347 . IC-ULN2004A r 171,11
U9, 12 2036-165 . 1C-FCD820 0.0 0 . 0, 2
09,010,011
ST AT NTT el ot B T Bt S B
VR1 2036-239 . REGULATOR-78L05 01 0,00
VR 2036-337 | REGULATOR-78L12 10,000
VR 2036269 | REGULATOR-79L12 1 . 0 0 0 0
Vi 388-5 CRYSTAL-12.000 Mhz SO O S U
Y2 388 CRYSTAL-2.4576 NHz 11,111
. COLUKN | DESCRIPTION - P/N PCB ASSEMBLY |
LA RS23Z - NON SOLATED T 1651-1930
. B R$232 - ISOLATED 1651-1931
LC RS422 - NON ISOLATED ; 1651-1934
LD RS422 - ISOLATED ; 1651-1935 |
. 20 nh ISOLATED CURRENT LOOP ~ 1651-1889 |
PARTS LIST - COMM I COMMUNICATIONS BOARD
FIGURE 12-40
III. Tz-' ol
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A R0 9fi%s o of
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- COMM II & COMM III COMMUNICATIONS

1653-288



958-31 REV, B

D AQY 0t1-L6LC
(1IT % I1 WWOD)

arte) LK)

SNCUMT T gy W34S @ 29y

ch—cl AdnDId
QYvV0od SNOTLVOINIWWOD MAN

28154 STHUVE AT N BT v T LIOVAYD
THINHO L DURISWHD (11N SUMS N SN vA WOLSISY

TR ANV @ | <D
REATW DDAV NTN

P

JILVWAHOS

LFE Instruments Division

-139-

Qe <

>
:
oe

i

K

Ll

AC0N INIAAND YW Q2 AILVITSE © ....Q NAGL
224$9QIV IS G, 24 SC3IA2i- X
WY VAR G h @
ot MO __
s s 08 w2reiy &w : L9 T/ 2 I
o LLo
®
6 N1d ST AR+ (G - CI— Ssinae | 2
TUNCUD ANY MIMS 4 TIINTCS - K D M ,/«> M
— - (o] '
<1 = =] -] 2 ieazars e Ly ®
o e R e G D I N
=15 ] o] <[ o veeoo Narin 2 e
'TEYIE] . - *-vid
A R & E« : e
slaf-[al ssee |on RNV . LD Y
| . ALG LD UL O LS Bl QrQ t0Ly vty Pawd 00 nuﬂ.vOJFﬂm.(E
Ll -8 v]e $80s0 T A+
i VY VYOIV @y Ly P sty
W || — 9_ 2+ |0 ™ oLy av
-1 3+ 2eae 3ARL " o
S . 2 DTS- Do) $T @i Nura Ol al WK ASH
KOS O
ety >~_M_ z.r.o@‘@u 1LY S W WO L RUON P
ag
® < SZal P
NI Ny 4 <D ‘ £29 S o ©° 29
2 .L\v
D g 5y N
am—osz T
NOSIAS + ¥
<
S2Nid N1Y 3 B 28 S sav ? Tao °
P
WD gy, 22Y k3 &as
NI omB
NOSIAS+
\INDNCSI) L Nid 9% © Lt
"
SINIdNLY I GE—— <1 HIA_OI'
GGl | &
+2O0+wN ®2
e | e
< NGIAS 4
Mawnr @) 22
S1NId Nay D <=F JOnWM{M\MG 9idi 7,
5

9 Ng Ny g <E—

pNd Ny v <D

S NI
+NId
anig
T2N.4
grid

2Nid

m_uAUIAfQYLL Ylo.,_o E
z
-t

23 oyi AV

DT
Sy S3 g4y SVY < 2]
veg <b———o—{—o———

LA IYTER L 4

il

"
| of)]

n

Ol -

sorsj = e

i

dLa jrcol?

* Z 4
LY Ore—o 4 N\

G AR

| et

TN 4 SOCeN
Oxy CH——— -0 2y
29 41 2V
< oD 2
avs Q ) AT : ‘

[EV o € M1LS S T aE®
Ny DR 4 alh 3G
0 TR uﬂZx O

TG A




958~31 REV, B

LFE Instruments Division

(continued on next page)

CCOLUMN A B . C D E
B __?TF” PARTHNU"BER DESCRIPTION QTY L Q7Y L QTY Q1Y | qry
2 300-220 CABLE-6 CONDUCTOR 1711 11
3 345-766 CONNECTOR-6 PIN /R T T R A A
kN 345-774 1 SOCKET-40 PIN 11111
5 1835-106 | JUMPER 070 3130
(1,02 307-108 CAP-20 pF 20210212402
3 305-153 1 CAP-.1 yF-10V 1ttt
W 305-153 CAP-.1 yF-10V 171 1 170
8 305-213 CAP-.01 pF-25V 0104001
06,091 305-250 CAP-.47 pF-25V 22121210
(10 305-250 CAP-.47 uF-25V T 00
c12 305-250 CAP-.47 uF-25V T T O A A A
CR1,CR2,CR3 | 1811-282 | DIODE-1N4004 otoloilols3
T FL U 690-49 FUSE-3/8a 0 ;170 1.0
F2 §90-49 FUSE-3/84 0 i 10010
J1,32,33,14 1835-106 | JUMPER ) $ 10140l
©)5,06,7 1 1835-106 | JUMPER 3003 70 0
18 1835-106 | JUMPER 010707011
J10 1835-106 | JUMPER 1ioi11a¢to
Q1 i 2036-346 | TRANSISTOR-MPSA63 070 001
Q 2036-76 TRANSISTOR-2N3904 010001
R1 1846-106 | Res-IoWS: 1 11 110111
R 1886-511 RES-5100 5% 070 00
RORS.RO 3 joae 51t | pes-5100 5% 06060
R7 1835-106 | JUMPER 00 001
R10 1846-271 | RES-270Q 5% 01010101
RI0,RI1,R1Z | 1846-271 | RES-270Q 5% S T O I T O
RI3,R14,R1S | 1846-474 | RES-470K 5% I3 03 300
R18 1822-12 RES-100Q 5% O A T O S
RIS Tea-33RESIKSE 0 0 010 1
R21 1846-221  RES-2009 52 00 0 0 1
R22 1835-106 | JUMPER 0 i 0001
 RI3R24,R25 | 1846-473 | RES-47K % 31313103400
R26 1846-14 | RES-10K 5% 00001
R27,R28,R29 | 1846-273 | RES-27K 5% 3030303413
R30,31,32 | 1846-472 | RES-4.7k 5% 303030303
R33 1846-473  RES-47k 5% 171111
RN1,RN2,RNS | 1843-63 RES, NETWORK-1K 303030313
R 1843-59 RES, NETWORK-4.7¢ 0 1 1 1+ 0 ¢ 1 1 1
RN3 1843-57 RES. NETWORK-1K 17011 010
RNA 1843-57 RES. NETWORK-1K 11111111
$1,52 11995360 I switew-8pos.orp 12 12 121 212
U2 2036-315  1C-DS1488 1 1 .0 :0:0
U3 2036-319  § 1C-26LS31 000 i1 :1:0
U4 2036-339 ¢ 1C-26L532 19101180

-140-




A

B
C
D
E

RS2
L RS232
| RS422
L RS422
j 20 nA

_COLUMN | DESCRIPTION =
- NON ISOLATED

- ISOLATED

- NON ISOLATED

- ISOLATED

ISOLATED CURRENT LOOP

¢ COLUMN A B C D

TEWPARTMOMBER | pescemerion ary @iy | G @
TR 5 B oy 1777 SN S L e B
U9,u12 2036-165 [C-FCD820 0 i 0 0
u9,u10,u1l 2036-165 IC-FCD820 0 3 0 3

) 7012,U13,U14 2036-165 | IC-FCO820 or N26 0 - 3 T 0 3
VR1 2036-239 REGULATOR-78L05 0 1 0 0

VR2 2036-337 REGULATQR-78L12 1 0 0 0
CVR3 - 2036-269 . REGULATOR-79L12 1 0 0 0

1 -6 | CRVSTAL-O.216 M 1 0 1 L1 1

P/N PCB ASSENBLY
1651-2144
1651-2145
1651-2147
1651-2148
1651-2146

-

958-31 REV. B

|

DO O D O NI i T

PARTS LIST - COMM II & COMM III COMMUNICATIONS BOARD
FIGURE 12-43
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"

PCR OUTLINE - ACCESSORY BOARD
FIGURF 12-45%

1653-260 REV A

[Ty

VY '
T

S5OLTER. S\DE

PFCB OUGTLINE - ACUCESSORY BOARD
4-WIRE TRANSDUCER POWER SUPPLY

FIGURE 12-46 1653-273 REV -
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LFE Instruments Division

CCOLUMN - & @B C D E
B 1:£Ifﬁwrt,_, PART NUMBER DESCRIPTION ooy oy laqiy DQry
4 300-220 CABLE-6 CONDUCTOR (J7) + 1 1 1 ! 1 + 1 i1
5 345-766 CONNECTOR-6 PIN (P7) 111111111
6 1951-123 | HEATSINK 0 loioio i1
BR1 1811-279 " RECTIFIER-WLOOS 011 011
€1,02,03 305-439 CAP-,002 uF-1400V 0 i3 131313
7 305-114 CAP-.047 F-50v Lol oo lo0 1
£9,c10 T305-250 T CAP-.47 pF-SOV 0T 0 02
C11,C12 305-250 CAP-.47 yuF-50V 200 0002
C13,C14 1 305-250 | CAP-.47 yF-50V 00220
€15 305-70 CAP-100 uF-50V 0 F 1 1 1
017 305-93 CAP-10 uF-25V 0010011
(RL | 1811464 | ZENER-INS2448 1 0 L0 10 1 0 i1
CR2,CR3 1811-276 . DIODE-1N4148 0 0 002
11,12 2060-271 | INDUCTOR 021212412
R L1861 | RES-2208 5% L0 0o 0
R3 1846-14 RES-10k 5% 1700000
RS 1849-14 RES-10k 1% 01010101
(RS 11849562 I RES-S6.2 12 ol to o1,
R7 1849-4752  RES-47.5k 1% 0 0 00 1
R11 1849-3922 | RES-39.2k 1% 001001
CRI2 L 1849-4870 | RES-d870 13 00 00
R14 1846-222 | RES-2.2k 5% 0 0 00 1
R15 1849-1621 | RES-1.62k 1% 00001
_Relesn1 Res-22%klr 00 00 10 1
R17 1849-13 RES-1k 1% 00 001
R18 1849-24 RES-20k 1% 0F 000 it
RIS 18451621 RES-L.62k 13 P00 00
R20 1849-8451 | RES-8.45k 1% 0000 1
R21 1849-4020 | RES-4029 1% 00 00 i1
R 1809010 RES-DR.IK I3 000 0L
R23 1846-152 | RES-1.5k 53 0 010 0 1
R24 1675-54 ¢ POT-10k 000011
R25 1849-23 ¢ RES-2k 13 0P o0 0ol
R26,R27 1846-11 RES-100°5% 00 00
R28 1835-106 | JUMPER 0,01 1110
RS 1 1674-53 ¢ POT-5k U L O O
R34 1846-123 | RES-12k 5% 0 1 0 00
01 2036-89 TRANSISTOR-U1899 110000470
02 12036-345 I TRANSISTOR-2N2219 0 P 0 1 0 [0 i1
11 2060-272 | TRANSFORMER 01 1 01
1 2060-286 i TRANSFORMER 00010
U 1 2036-165 G IC-AN6or FCDB20 P 1 P 0 i 0 P 0 ¢ 0
U2 2036-247  1C-741 0000 1
U3 2036-343 | 1C-6N136 0000 1
U ke e o L0 L0100 L
U5 2036-337 . REGULATOR-78L12 0 0100 1
U6 2036-269 | REGULATOR-79L12 110100001
7 2036-138 | REGULATOR-7805 0 0 110 0
) ~ (continued on next page)

~144-



955-31 REV., B

LIENPART NUKGER | (COLUMN-: A f B € Do B

o b D DESCRIPTION QY T QTy L QY L QTY 1 Q7Y !
u7 . 2036-365 | REGULATOR-7810 0 - 0 0 1 0 ¢
W3, W4 . 1835-106 | JUMPER P02 0000
| OWLWB.M9 1 1835-106 | JUMPER U O T R O
COLUMN DESCRIPTION P/N PCB ASSEMBLY
A REMOTE START/STOP 1651-1942
B 2-WIRE 4/20 mA POWER SUPPLY 1651-1940
C 4-WIRE TRANSDUCER SUPPLY-5V 1651-2009
D 4-WIRE TRANSDUCER SUPPLY-10V 1651-2010 "
E ISOLATED 4/20 mA OUTPUT 1651-1943

PARTS LIST - ACCESSORY BOARD
FIGCURE 12-47
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SECTION 13 -~ INSTRUCTION MANUALS

13.1 INSTALLATION & OPERATION MANUALS

All controllers have an appropriate installation and operation manual shipped with
each controller inside of the individual carton, Extra manuals are available from
the factory as listed below:

MODEL NO PART NUMBER
2000 955241
2001 955-241
2002 955-241
2003 955-251
2004 955-251
2005 955-265
2010 955-239
2011 955-239
2012 955-249
2013 955-249
2014 955-252
2015 955-252
2017 955-256

13.2 SUPPLEMENTARY INSTRUCTION MANUALS

Some options require a supplementary manual to aid in installation or operation of
the modified controller. The following manuals are included in this section, They
may be photocopied for shipment with modified controllers,

INSTRUCTION NO. DESCRIPTION

956-h46 SELF-POWERED CURRENT LOOP FOR
2-WIRE TRANSDUCERS

956-655 REMOTE START/STOP ON SECONDARY
OUTPUT PINS

956-667 BRIDGE TRANSDUCER POWER SUPPLY

356-670 NON-ISOLATED DC TRIGGER OUTPUT

956-671 RETRANSMITTING ANALOG OUTPUT

956-673 OPEN COLLECTOR OUTPUT

956-684 REMOTE START/STOP ON ALARM 2 PINS

-147- LFE Instruments Division
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MANUAL
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A Mark IV Company

956-646 Rev. A
4884

SUPPLEMENTARY INSTRUCTIONS FOR SERIES 2000
WITH SELF-POWERED CURRENT LOOP INPUT FOR 2-WIRE TRANSDUCERS

Series 2000 controllers with this modification are equipped to
receive signals from remote 2-wire 4/20 mA transmitters. The
internal power supply in the Series 2000 controller will supply
approximately 36 VDC (or other voltage per special order) to
the remote transmitter. The wiring to terminals F, G & H shall
be as shown below. All other wiring shall be as described in
the standard installation manual shipped with the unit.

NOTE: Shield, if useq, must be Model 2010
connected to pin F. Do
not connect shield to
any other ground.
REMOTE + O—rl
TRANSMITTER
] @1F
O—J / @ |G
- @ |

REAR VIEW
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Gold-standard solutions We buy equipment Learn more!

Extend the life of your critical industrial, Planning to,upgrade your/current Visit us at artisantg.com for more info
commercial, and military systems with our equipment? Have/surplus equipment taking on price quotes, drivers, technical

superior service and support. up’shelf'space? Well give'it a new home. specifications, manuals, and documentation.

Artisan Scientific Corporation dba Artisan Technology Group is not an affiliate, represéntative, or authorized distributor for any manufacturer listed herein.

(217) 352-9330 | sales@artisantg.com | artisantg.com TECHNOLOGY GROUP

We’re here to make your life easier. How can we help you today? Vl ARTISAN




