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SECTION | - DESCRIPTION

1.1 GENERAL DESCRIPTION

The ROBERTSHAW Pulse Frequency Modulated
{PFIM) Transmitters are capacitance ievel
transmitters designed for use with the Level-
Lance™  Series of  microprocessor  based
instruments. They employ ROBERTSHAW's
patented data transmission scheme far improved
accuracy, repeatability and longevity over analog
transmission systems. The PFM transmitter
converts the input capacitance, level, to a pulse
width modulated current signal that can be
transmitted, over a pair of common wires, to the
receiving instrument, up to one (1) miie away. The
PFM transmitter requires no caiibration and is
equipped with an LED indicator to provide visual
indication that the transmitter is functioning.

The PFM transmitter is offered in a number of
enclosure options to fit the application requirements
of the user. The standard enclosure is weather-
proof and an optional, epoxy painted, enclosure is
offered for corrosive applications.

The PFM transmitter is typically mounted directly
onto the sensing probe, but, with the remote
mounting eption, it may be remotely mounted up to
fifteen (15) feet from the probe. Optional conduit
outlet box, conduit and cable assemblies are
available to facilitate remote mounted installations.
ROBERTSHAW also offers a wide variety of sensing
probes to suit the application needs.

The PFM transmitter is designed for intrinsicaliy
safe operation when connected through the
appropriate barrier to the receiving instrument. The
barrier parameters are specified on ROBERTSHAW
drawing 907GA811 (See Figure 3.6}

1.2 PART NUMBER IDENTIFICATION

PART NUMBER

Part Number Description

PFM Transmitter, Probe
Mounted, NEMA 4

S00GA336-05

: PFM Transmitter, Remote
Mounted, NEMA 4

S00GA336-06

PFM Transmitter, Probe
Mounted, Corrosion Resistant,
NEMA 4X

900GA336-07

PFM Transmitter, Remote
Mounted, Corrosion Resistant,
t NEMA 4X

900GA336-08

ACCESSORIES

Part Number Description

032KC190-XX | %" Liquid Tight, Flexible,
Conduit Assembly. General
Purpose. *

032KCB00-XX | Coaxiat Cable, Teflon
Dielectric, Assembly With
Spade Lugs On One End
Only. General Purpose.

*

032KC850-XX | Combination Of Above Two
ltems. General Purpose. *

032KC700-XX | Same As 032KCB00-XX,
Except Also Includes Conduit
Qutlet Box. NEMA-4. *

032KC710-XX | Same As 032KC650-XX,
Except Also Includes Conduit
Outlet Box. NEMA-4.~

032KC720-02 Coaxial Cable, Teflon
Dielectric, Assembiy In 2
Foot Long, 2" Explosion-
Proct, Flexible, Conduit With
Conduit Outiet Box.
Explosion-Proof/NEMA-4,

032KC720-05 | Same As Above Except b
Feet Long.

032KC720-08 | Same As Above Except 8
Feet Long.

032KC720-10 | Same As Above Except 10
Feet Long.
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ACCESSORIES - Cont'd

Part Number | Description
032KCBO0-XX | Same As 032KC700-XX
Above, Except Conduit
Outlet Box is Epoxy Painted.
) NEMA-4X. *

G32KCBT10-XX | Same As 032KC710-XX
Above, Except Conduit
Qutlet Box is Epoxy Painted.
NEMA-4X. *
032KCB20-02 | Same As 032KC72C-02
Above, Except Conduit
Outiet Box Is Epoxy Painted.
Explosion-Proof/NEMA-4,
032KCB20-05 | Same As Above Except 5

Feet Long.
032KC820-08 | Same As Above Except 8
feet Long.
032KC820-10 | Same As Above Except 10
B Feet Lang.

032KCO00-X{ | Same As 032KC700-XX,
Except Conduit QOutiet Box {s
) Stainless-Steel. NEMA-4X,
032KC910-XX | Same As 032KC710-XX,
Except Conduit Outlet Box Is
Stainless-Steel. NEMA-43. *#
032KC920-02 | Same As 032KC720-02,
Except Conduit Qutlet Box Is
Stainless-Steel. NEMA-4X,
032KCS20-05 | Same As Above Except 5

Feet Long.

032KC820-08 | Same As Above Except 8
Feet Long.

032KC920-10 | Same As Above Except 10
Feet Long.

9GasDb023 Conduit Qutlet Box.

1 Explosion-Proof/NEMA-4.
9085D029-50 | Conduit Qutlet Box, Epoxy
Painted. Explosion-
Proof/NEMA-4X,
9093D028-51 | Conduit Outiet Box,
Stainless-Steel, Explosion-

i Proof/NEMA-4X.

* Substitute The Desired Cable Length, In Feet, For
"XX" In Part Number (Maximum Allowable Cable
Length is 15 Feet.)

2
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2.1 ENVIRONMENTAL:

Operating Temperature:........

Ratings:
Raintight ......................

Raintight ......................
Caorrosion Resistant

{When Connected
As Shown On
ROBERTSHAW
Drawing 907GA811,
Figure 3.8)

Input Range:.......................

SECTION il - SPECIFICATIONS

-30° to +140°F
{-34° to +60°C)
-40° to + 158°F
(-40° to + 70°C)
01w 95%

{non condensing)
+ 2G

10 to 200 Hz
78G's for 11 ms,
Without permanent
damage

Cast Aluminum
Polyurethane
Enamel, Blue
(Standard)

Epoxy, Enamel,
Gray (Optional)

NEMA-4

{Standard}
NEMA-4X
({Optional)

Class [, Division 1,
Group A, B, C & D;
Class i, Zane O,
Group lIC; Class i,
Division 1, Group E,
F&aG.

2.5 Ibs. (1.14 Kg)

8 to 30 VDC
{Supplied By
Level-Lance™
Receiver)

25 maDC {(Max.!
0 to 335 pF

Ambient Temperature Fffect:

Supply Variation Effect:
Linearity:

Repeatability:

Maximum Distance Between
Transmitter and Receiver:....

Type of interconnecting

Maximum Distance Between

+0.005 pF/°F
(x0.01 pF/°Ch
or
+0.01%/°F
{(£0.01%/°C)
Which-Ever is
Greater

None

+0.5%
+£0.01pF

. One (1) Mile. For
Intrinsically Safe
Installations afso
refer to
ROBERTSHAW
Drawing
907GA811,
Figure 3.6)

Two (2) wires
{twisted pair
recommended,
Beldon #8205} in
Grounded Metal
Conduit or Twisted,
Shielded, Pair
(Beidon #8762} In
Non-Metallic
Conduit.

. Fifteen (15) Feet

Coaxial, RG 62/U

2.3 AGENCY CERTIFICATIONS:

UL Listed File E164999
c-UL Listed Fite E164999
PFM Transmitter 900G A336

With

€

FOR HOME OR OFFICE USE

Tested To Compiy

FCC Standards
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SECTION I - INSTALLATION

3.1 GEMNERAL

Examine the instrument for possibie shipping
damages.

Choose the location in accordance with good
instrument  practice,  aveiding  extremes  of
temperature, humidity and vibration. (See
SPECIFICATIONS, Section ).

3.2 PROBE

ROBERTSHAW probes are purchased separately
from the instruments and are available in a variety
of sizes and types with numerous options for the
materials and construction. Each probe should be
selected for the specific application in order to
ensure the best and most reliable operation of the
system.

Probes are available with or without insulation.
Insulated probes may be used for liquid, solid or
interface detection and can also be used on
conductive material. Bare probes are normally used
with non-conductive materiais only.

Standard type probes are instalied so that the face
of the packing gland is flush (or nearly so) with the
vegsel wall. When instailing the orobe in a nozzle,
recese or open end well, & sheathed probe should
be used, with the sheath length equal to the
nozzle, recess or well length. This insures that the
"active" portion of the probe is extended into the
precess area and eliminates potential problems due
to build-up in the nozzle, recess or well.

3.2.1 HORIZONTAL MOUNTING

Horizontally mounted rod-type probes must e
installed in the vessel at the dasired point of ievel
detection. Horizontally mounted probes provide the
clesest control {smallest deadband) in that a small

ievel change at, or near, the probe will proeduce &
large capacitance change.

3.2.2 VERTICAL MOUNTING

Vertically mouniad rod-type probes should be
installed in sither the top or bottom of the vessel
Vartically installed probes allow z wvariation in the
level detection point up and down the length of the
probe by means of the instrument zero adjustment,

Continuous level maasurements tvpically require a
vertically mounted probe.

3.3 TRANSMITTER MOURTING

The PFM Transmitter is designed to be mounted
remotely from the receiver unit of the system. The
separation distance between the receiver and the
probe can be up te one (1) mile. See Figure 3.1 for
transmitter mechanical mounting details.

The following steps outline the procedure for
instailing a probe mounted PFM transmitter:

1. Remove the cover from the transmitter
assembly and unpack the "Probe Termination
Kit".

Remove the "Electronics Assembly” from

the enclosure base.

Install the probe pin in the center rod of the
probe. Do Not Over-Tighten.

4. Instail the enclosure base on to the probe.
Align the conduit hubs as required. Do not
use Teflon thread sealing tape on the probe
threads.

Re-install the "Electronics Assembly” into the
enclosure base. Verify that the probe pin
makes a good electrical connection with the
mating jack.

8. Make the proper electrical connecticns as
detailed in the following sections.

Install the enclosure cover.

Ny

(a2

[$3]
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The PFM Transmitter can also be remotely mounted
irom probe by up to fifteen (15) feet. You can
siect to either purchase the accessory conduit
outiet box, conduit and cable assembly from
ROBERTSHAW or you can choose to supply your
own. When Supplying your own components be
sure to comply with the reguirements shown in
SECTION Il — SPECIFICATIONS.

The following steps outline the procedure for
installing a remote mounted PFM Transmitter:

Remove the mounting flange from the

transmitter assembiy.

Ingtall the mounting flange on the selected

mounting surface.

Install the transmitter assembly on the

mounting flange. Align the conduit hubs as

required.

4 Install the conduit outlet box on the probe.
Align the conduit hub as required. Do not use
Teflon thread sealing tape on the probe threads.

5. lInstall the conduit between the transmitter and

probe mounted conduit outlet box.

Instail and connect the coaxial cable as detailed

in the following sections.

7. Install the covers on hoth enclosures.

]

4]

[#)]

This device complias with part 15 of the FCC rules.
Cperation is subject to the following two
conditions: (1] This device may not cause harmfui
interference, and (2} this device must accept any
interference received, including interference that
may cause undesired operation.

3.4 ELECTRICAL CONNECTIONS

All  electrical connections must be made in
accordance with Figure 3.5. It is important that
the conduit be grounded toc the process in some
way to provide continuity for the capacitance
signal. If a metallic vessel is not employed it may
be necessary to provide a ground rod inside the
vessel,

2.4.1 INTERCONNECTING CABLE

The PFM Transmitter is connected to the Level-
Lance™ receiver using two wires (color coded,
twisted pair cablie is recommended) in grounded
metal conduit with no power lines praesant.
Otherwise shielded, twisted pair, cable must be
used for this connection. Terminals GND and SIG
on the PFM Transmitter are connected to the
corresponding terminais of the receiver.

When installing the optional remote mounted PFM
Transmitter the interconnecting cable between the
sensing probe and the transmitter must be high
temperature Teflon insulated coaxial cable.

The outer shield of the coaxial cable should be
connected to the GND terminal on the PFM
Transmitter and the ground screw (green) irn the
probe mounted conduit outlet box. The center
conductor of the cable should be connected to the
PROBE terminai on the PFM Transmitter and the
screw in the probe rod in the probe mounted
conduit outiet box.

L
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B

i B

NOTE:
Various combinations of conduit outiet
bex, conduit and cable assemblies are
offered for remote mounting of the PFM
Transmitter, from the sensing probe.
For clarity only the conduit outlet box
is shown here.

%+

PFM TRAMSMITTER
REMDOTE

;;.Tg \—b,arr

2 PGS

CONDUIT JUNCTION BOX
(SOLD SEPARATELY}

\'—G.EMCE HOLE FIR
@ $:FLAT HEAD SCREN
BOLT CIRCLE
Y SPACED

Figure 3.1 Dimensions

PFIMT Transmitter and Probe NMounted Conduit Qutiet Box
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NOTE:
LAST 3 DIGITS OF PART NUMBER
INDICATE LENGTH IN FEET.
Figure 3.2 Dimensions
Conduit Outlet Box and Cable Assembly
{032KC700-XX, 032KC800-XX & 032KC200-XX)
Al
s A
3 f -
= i
QL\,‘—D (. e/ J
L] LI ) J
(FEET)
NOTE:
LAST 3 DIGITS OF PART NUMBER
INDICATE LENGTH IN FEET.

Figure 3.3 Dimensions
Conduit Outiet Box, Conduit and Cable Assembly
General Purpose, NEMA-4 & NEMA-4X
(032KC710-XX, 032KC810-XX & 032KC931G-XX)
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HLH
(FEET)

NOTE:
LAST 3 DIGITS OF PART NUMBER
INDICATE LENGTH IN FEET.

Figure 3.4 Dimensions

Conduit Outlet Box, Conduit and Cable Assembiy
Explosion-Proof

(032KC720-XX, 032KC820-XX & 032KLCS20-XX)
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SECTION IV - OPERATION

4.1 GENERAL

The PEM Transmitter is a capacitance input to
puise frequency modulated current output device.
lts input is typically the capacitance change
generated by a varving level in a8 vessel eguipped
with a rod type sensing probe. The sensing probe
provides an increasing capacitance with an
increasing level. The actual capacitance change is
g function of the sensing probe construction,
installation location and the material's dielectric
canstant. Since there is no calibration required for
the PFM Transmitter the actual values are
unimportant here as long as they fall within the
sensitivity range of the transmitter.

The PFM Transmitter circuitry can be divided into
four major function biocks (See Figure 4.7}
shown below:

as

ey

ESD Protection

2. Oscillator

€

Current Puise Width Modulator
4. 5 VDC Power Supply

high voltage

The ESD protection atrenuates
transients on the probe due to static buiidup. The
power supply circuitry aise has provisions to

attenuate disturbances which might occur on the
signal lines (lightening, etc.}.

Oscillator Current 5 VDO
oy B -
Fone ESD {150KHz) Pulse Power 5"9’3‘
Maodulator Supply

Figure 4.1 Block Diagram
£.2 CIRCUIT DESCRIPTION

The power for the PFM transmitter is supplied over
the same two wires that carry the current pulse
signal back to the receiver. The receiver which is
typically a Leveiiance™ controller provides 12
vDC (18 VDC if the receiver has Short-Siop™
capabilities). The PFM transmitter component
values are chosen so that the "Off" portion of the
sulse is represented by an approximately 4 ma
current and the "On" portion is represented by an

approximately 20 ma current. A local LED
indicator is inciuded to provide indication of the
transmitter status. The LEC is on when the
current ig at its high level.

£.2.1 POWER SUPPLY

The power supply section of the transmitter {23,
D4, C6, IC3, C5, €2 and C4) provide a Tfiltered and
regulated 5 VDC supply to the transmitter. The
transorb, D3, attenuates disturbances occurring on
the signai lines. This device shunts transients in
excess of 36 VDC to ground to protect the circuit
from potentially damaging occurrences, such as
lighting strikes. The filter network consisting ot D4
and CB provide filtering for the incoming suppty
voltage. The voitage regulator, 1C3, reduces the
incoming supply voltage (6 te 30 VDC) to a
regulated 5 VDC. Capacitor CB provides for
regulator stability and capacitors C2 and C4 provide
high frequency bypass for logic IC's.

4£.2.2 CURRENT PULSE MODULATOR

The current puise modulator portion of the circuit is
formed by 1C2, CG1, DS1 and R8. The 14 stage
binary counter, IC2, divides the oscillator frequency
by 16,384 (2" tc obtain the desired output pulse
width. This division also provides the desired duty
cvcie (b0%) for the output. The voltage pulse from
IC2 is then converted to & current pulse by the
transistor, Q1. The level of the current pulse is set
by the resistor, RE. The LED, D81, provides visual
indication of the output status and is on when the
output pulse is at its high level.

4.2.3 CSCILLATOR

The oscillator portion of the circuit is made up of
ICT, C1, R4, B5 and €3. The component values
are selected so that the natural frequency (nc probe
connected} is approximately 150 KHz. Capacitor
C1 provides a bypass for the unused "control
voltage” pin of iow power TLCBES timer. The
frequency is determined by the RC network
consisting of R4 and RE in conjunction with
capacitor C3 and the capacitance of the intrinsic
safety barrier circuit.

The timer operates by charging and discharging the
capacitance network bhetween two fixed voltages.

1
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a gy

These voltages are set at 1/3 and 2/3 the supply
voltage. The charge and discharge rates are set by

The parameters of the oscillator arg chosen so that
the ratic of change in output current puise width o

-

the two resistors. The output frequency of the change in input capacitance is approximately 1
timer is eqgual to the frequency cn the capacitors. msec./pF.
Figure 3.2 shows these two waveforms.

4.2.4 ESD PROTECTION

PROBE SIGNAL

The resistors R1 and R2 along with the spark gap
SG1 provide static protection from voltage
transients on the probe. The resistors serve to limit
the current flow and the spark gap provides a

| !
| ! nominal voltage threshold of 30 VDC.
I f
| |

— S¥DC
| GNO
OSCILLATOR QUTPUT
+5v IC3
Figure 4.2 Oscillator Waveforms T 78L05 L4 o
_ ‘ N304 B2
T— OuT !N’**——F—k —- ‘“‘“”g’g hfrr)w
— =2 -
4 + = T
— I = i
’_c: _ ‘ |8 . ‘
BN L E ‘ SAC3E |
+ oY +35V +5Y
A r N
L =2 Lu
H15R4 0.01 ur Tom uf
P2 ?rLM\ BRIt RRY e 50 WV
| - —
* — IC2
4] R1 7o 5 + .2\:‘ . JAHC 4020
| R > RE 4 L ‘ K] .5

Wo 100 OHM 10C OHM RS e messsie L ROR "5V

TS 12w 1/2W L2 )k |23 RmeT g 0ais T
PROBE Q—rauw»v_-r . T A ERa OUTJ. CP Az|% -

GND O ’ | \ JCIL Dis P g8 < RE
I A R - £ e
oy N T aE - | PP
S T | ! | o b ookl . !

o 03 D2 C: Yoo 1 s giop® =Y R
| 28 ason | Nesss 601 L e H“ G1ip HHLMP - 3300
CGYOL SV Ay [ / L 01 o2 AT
L e e e N LR e B R res
= —_ - - = = s WU "‘_)NBQOFJ
NOTES: 1’

ALL RESISTORS 1/4 W, 5%, UNLESS OTHERWISE NOTED.
DENOTES 1/10 W, 1%, FILM RESISTCR.

200K FOR LOW SPAN PFM TRANSMITTER.
"W1" IS FOR PROBE MOUNTED PFM TRANSMITTER. TB1 1S FOR REMOTE MOUNTED PFM TRANSMITTER

[=)=]] -

Figure 4.3 Schematic
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SECTICN V - TROUBLESHOQOTING

5.1 GENERAL

There is no calibration required on the PFM
Transmitter. A review of Section IV (Operation) of
this manual wiil be helpful prior to trouble shooting
the transmitter.

5.2 PROBE CIRCUIT ELECTRICAL CHECK

Maost problems can be traced to the probe, the PFM
Transmitter, or associated wiring. When a probe
problem is indicated the following procedure should
be used 1o isolate it. A nmultimeter is needed to
perform these tests, The tests should be
performed in the order given in the table below.

MEASUREMENT

' READING

REMARKS

On receiver, voltage between the

11 to 13 VDC

Normal, proceed.

GND and SIG terminals with PFM \Lﬁ VDC | Defective receiver.
transmitter disconnected. >13 VDC | Defective receiver.
!

On receiver, voltage between the
GND and SIG terminals with PFM
transmitter connected.

6 to 11 VDC, may be erratic

Normal, proceed.

1to 5VDC

Defective PFM transmitter or
interconnecting wiring reversed.

0vDC

interconnecting wiring shorted.

On PFM transmitter, voltage
between the GND and SIG
terminais with the receiver
connected.

0VvDC

Open circuit condition exists in the
interconnecting wiring.

On receiver, current between the
SIG terminal and its wire from the
PEM transmitter.

Note: Meter is in series with the (+)
lead wire and the SIG terminai.

Approximately 5 to 15 mA, may be
erratic and vary with meter used.

Normal proceed.

0 mA

Intercannecting wiring open.

Steady 1 to 5 mA

Abnormal, proceed.

Steady 17 to 26 mA

Abnormal, proceed.

Remove PFM transmitter and
measure resistance between
center rod of probe and ground
using highest scale on meter.

Do not touch the probe or meter
teads as your body resistance will
change the reading.

Greater than 10 Megohm

Normal — problem is most likely a
defective PFM fransmitter.

Less than 1 Megohm

Defective probe (shorted) or bare
probe used in conductive material.

1to 10 Megehm

Leaky probe — probably not
causing a probiem now but
possible future problem.
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SECTION VI - SPARE PARTS

6.1 SPARE PARTS
Electronics Assembly {printed circuit assembly, bracket and protective cover) ..., 044KX315
Protective Cover (for printed circuit @assembly)............occoooi oo 018KB042-01
Probe PN Kib.. o e e, 909GMO79
Remote Mounting Kit

For NEMA 4 (BIU) VErSION ...t e 909GM174-01

For NEMA 4X {Gray) VEISION ... e 809GM174-03
ENclosure Cover O-RiNG ..ottt 560KB051-57
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