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A\

Basic regulations on radiation protection

Warning!
When handling radioactive sources, all unnecessary dosages should be avoided. All
unavoidable dosages should be kept as low as possible. Three measures are used for

this:
A

screening time distance

Distance

Keep the largest possible distance from the radiation source.

The local radiation dose rate decreases at the square-root of the distance from the radi-
ation source.

Screening

Ensure the best possible screening between the radiation source and yourself as well
as all others present.

Effective screening is provided by radiation protection containers (e.g. QG 2000) and
all high-density materials (lead, iron, concrete).

Time
Stay as short as possible in the area exposed to radiation.

Empty pipe detection

If the pipe is empty due to operational reasons, dosages on the detector side can
increase to dangerous levels, which may cause accelerated ageing of the detector unit
and can in extreme cases lead to ists destruction or failure. Therefore an empty pipe
detection should be installed, see p. 15.
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VI

Legal requirements for radiation protection

Handling radioactive emitters is legally controlled. The radioactive protection regula-
tions of the country in which the plant is to be operated are to be strictly observed.
For example, the radiation protection requirements dated 12.07.1989 are applicable to
the Federal Republic of Germany. The following important points derived from this for
radioactive measurement are:

Handling permit

A handling permit is required for operating a plant which uses gamma radiation. Appli-
cation for the permit must be made to the Land government or the authority responsible
(Land Offices for Environmental Protection, Trade Inspection Offices, etc.). The Endress
+ Hauser Sales Organisation will be pleased to help you obtain the permit.

Person responsible for radiation protection

The operator of the plant must nominate someone responsible for radiation protection
who has the necessary specialist knowledge and who is responsible for observing all
radiation protection regulations and procedures for radiation protection.
Endress+Hauser offers training courses in which the necessary specialist knowledge
can be acquired.

Control area

Only persons exposed to radiation during the course of their job may sojourn in control
areas (i.e. areas where the local dose rate exceeds a specific value) provided they are
subjected to official personnel dose monitoring procedures. For example, in Germany
the control area begins with a local dose rate of 7.5 uSv/h according to the radiation pro-
tection regulation in force. However, there may be a further reduction in this legal limit.
The Endress+Hauser sales office will be pleased to provide further information of radi-
ation protection and regulations in other countries.
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1. Introduction

This manual is divided into three sections:

e general introduction and procedures valid for all chapters [Chapter 1 and 2]

e instructions for specific applications [Chapter 3 — 5]

e maintenance and trouble-shooting

Some information is duplicated in the application chapters. This is intentional, since
the aim of the manual is to provide all the information required to solve a particular
task together, rather than using cross-references to other parts.

jrzzZzZzZzZzZ2Z2Z2Z2Z2Z2Z2Z 7
7222222222227,/ /0
Gizzz2222222 7

G 5737 GAMMASILOMETER é Four dlglt dlsplay
factor
—tlee:
Lo Wy Digit select

Value select: increment
Value select: decrement

Enter button

Test jacks
Fig. 1.1 Alarm LED
Gammasilometer —— Limit switch indications
Fig. 573 Z/S

Meaning of the symbols at the basic level

Measured value: Press the button indicated with an arrow— to display the last
4 digits of a 5 digit measuring value. All four decimal points will flash,

e.g. 1.56352: [1.535] - [5.35.2]

Key position: code input

Entry of set point 1: not, if relay 1 is used as a counter
Entry of set point 2: not, if relay 2 is used for a pre-set

Pulse rate N1go for pmin [N/100 ms]
Display of the actual pulse rate [N/100 ms]
Pulse rate No for pmax [N/100 ms]

Time constant [s]: Default value is 60 s

Display of the medium temperature: only mode 20

G @=DHHY L

Display of the error code / diagnosis
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1.1. Radiation safety hints

This manual describes the handling of the source container for mounting and for
set up under normal conditions.
All further activities like mounting, dismounting or exchange of the source must only '

be done by specially trained staff personnel or by radiation protection officials under .
strict observance of legal rules and regulations. ' ’

1.1.1 Radiometric measuring systems made by Endress+Hauser

Endress+Hauser radiometric density meters are designed, manufactured and
shipped with special regard to German and international radiation safety regulations.

Original radiometric systems delivered by Endress+Hauser are normally equipped
with double encapsulated sources Cs 137, exceptionally Co 60. Both comply with
DIN 25426/ISO 2919, classification C 66646.

This is acknowledged to be the highest safety classification for industrial source
containments.

For the source containers specific quality procedures are defined (ISO 9001), e.g.
active measurements of each individual container to prove the specified shielding
capability.

Radiometric density meters from Endress+Hauser utilize lowest source activities
thanks to the most sensitive rod scintillation detector available.

However, in addition to international and local health protection rules, the following
special hints must be observed.

1.1.2 Control area at the detector side

The source activities are normally calculated based on the materials to be penetrated
at lowest product density and on the factor D x Ap.

D: Effective beam path through the medium [ mm ]
Ap : Density range  prax — Pmin [Yom?]

For standard application requirements (time constant 60s, 2 statistical variation)
a source is selected to achieve a certain dose rate L at the detector with the pipe
completely filled at the lowest density:

l
T Dx Ap L [mR/h] / [uSv/h]
1 30.. 60 1.0/10
61.. 80 08/ 8
81...100 06/ 6
| 101...130 04/ 4
OEET  131..180 03/ 3
L 181 ... 360 02/ 2
—
Fig. 1.2
Calculation of source activity
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1.1.3 Control area at the source side

There will be no control area [7,5 uSv/h / 0,75 mrem/h] with using the following
activities and the associated source containers:

QG 020: 925 MBg / 25 mCi [Cs 137]
QG 100: 9,25 GBq /250 mCi [Cs 137]
When using Co 60 sources, the control area must be checked with a dose meter.

Important
¢ Independently of the above values, the actual dose rate must be measured
' individually, with a dose meter.
® o The dose rate will increase dramatically at the detector side to dangerous levels
if the pipe is not completely filled with product and the source is switched on. For
' ’ possible measures, e.g. a warning signal or an automatic shut-off, please see

chapter 1.6 / Empty pipe detection.

e The high dose rates produced by empty pipes cause accelerated ageing of the
detector unit and can in extreme cases lead to its destruction or failure.
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1.2. Applications

1.2.1 General remarks

The radiometric density measuring line is applied if alternative measuring methods fail
to operate, e.g. coriolis meters, ultrasonic or optical systems.

Due to the absolutely contactless and non-intrusive nature of this technology, extreme
process conditions, e.g. chemical incompatibility or abrasiveness, are ideal fields of
application.

The radioactive measuring line is to be preferred for large pipe diameters,
independent of the process conditions.

It is superior to conventional measuring systems which can only operate in
by-pass arrangements.

1.2.2 Application examples at various industries

Offshore and refineries

o Control of drilling slurries on offshore platforms.
o Detection of different liquids, e.g. oils with different densities flowing in one pipe
line.

Mining industry

e Measurement of slurries and pulp, the output signal is typically “% solids*
e monitoring settling processes

o flotation processes

Pulp and paper
e Quality control of different alkalis
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Fig. 1.3
Radiometric principle

1.3. Radiometric measuring principle

.
Z’

T Material
_————— density 9,
] absorption
coefficient p

\

\
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1.3.1 Physical properties of gamma rays

Gamma radiation is absorbed when it penetrates matter. Basically, the attenuation
[Fs] depends on the following parameters:

1.) Density [p] and thickness [D] of the material.
2.) A material and source dependent linear absorption coefficient [u].

This is defined by the following formula:
Fs = e #xpxD

Similar to light or sound, the radiation decreases with the square of the distance [A].
For density applications, [u], [D] and [A] are constants, and the radiation level
depends on the density of the penetrated process material only. To achieve a density
proportional signal, the received radiation level must be linearised exponentially.

The above mentioned physical facts are valid only for materials with an atomic mass
number of less than 40 when using Cs 137 and less than 60 when using Co 60.
Hydrogen is an exception as it absorbs twice as much as it's density would seem to
allow.

For applications with dual component mixtures, e.g. sugar solutions, there is a defined
relation between density and hydrogen content. Therefore the influence is eliminated
by the on-line calibration.

1.3.2 Quality assessment
Besides quality specific facts, the key parameters that define the accuracy are:

o the statistical variation of the radioactive decay (A)
o the calibration (B)



Radiometric measuring system

1. Introduction

(A) The statistical variation of the decay

The decay of a radioactive source is a stochastic phenomenon. This means, that the
emission of y-quanta varies randomly around an average value. The statistical
calculation depends on the confidence level: 1o, 26 or 36

t1o=1x N26828% +20=%2x VN 29545 %
+30=+3x VN =99,74 %

Normally the confidence level of 2c is used.
The statistical variation is reduced by increasing the sampling time or the integration
time [t].
2x N
T

The integration time set at the transmitter FMG 573 Z/S has a default value of 60 sec.

+ 20=+

Example:
e Pulse rate at minimum density: 16500 pulses/s
¢ Integration time: 60 s RERA
Statistical variation: 102X V16500 _ , 535 puises,
V60
that is equivalent at 16500 ™P% : + 0,20 %
Result:

The initial sizing of sources is made dependent on the requested accuracy and
response time. To improve the accuracy (= lower statistical variation) with a given
source strength, the integration time constant can be increased (up to 1000 sec.),
causing, however, a slower response time of the measuring value.

(B) Calibration

The precision of the calibration procedure is most important for the linearity of the
measurement. Details are exactly described in the application chapters 3 to 5.

The repeatability is dependent upon the device specific accuracies only.

Basic configuration for density measurement
Fig. 1.4 shows the basic configuration. The radiation produced by a radioactive

source (2), usually Cs137, is collimated by the source container (1) as a narrow beam.

The beam is directed through the pipe towards the detector (3). The detector
measures a local dose and generates a pulse rate.

The change of the pulse rate relates to a change of the density:

N
Nmin = ﬁ
Ap : density range pmin— P max
D . inner diameter of the pipe or

length of the beam path through the product

n . linear absorption coefficient
Nimax . pulse rate at pmin
Nmin . pulse rate at pmax
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Fig. 1.4
Basic configuration for
density measurement

1.4. System components for density measurement

Fig. 1.4 shows the basic set-up for density measurement. The components, which are
described in detail in the following pages are as follows.

@ Source container modified for density measurement

QG 020, DN100, 40 ° - part number 916060-9000
QG 100, DN100, 40 ° - part number 916061-9000

and additional modifications:

Standard design

Pneumatic shut-off

Standard

013337-0001

and 213958-0000

EURO design

013337-0000

and 213958-0000

Sweden design

013337-0000

and 213958-0000

@ Source: Cs 137 or Co 60; isotope and source activity depend on:

e pipe diameter

o thickness of the pipe walls, the material of the pipe and possibly of coatings

e density range

e required accuracy and response time
® Detector DG 57 - density

@ Clamping device

« DN 80 ... DN 350:
e DN 350 ... DN 800:

Part No. TSP 013336
Part No. TSP 013252

® Transmitter FMG 573Z7/S
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1.4.1 Source and source container

Flange C 100 x 114,3
DIN 2633 similar
o) ASA 4" 150 Ibsi

Original size

of the source
(enclosed in two
stainless steel
housings).

5°-, 20 °- or 40 °-outlet channel

behind protective cover Fig. 1.5
QG 020/100

Source container

Principle of operation

The radio nuclide used as the y-source is normally Cs 137 and exceptionally Co 60.
The selection of the nuclide depends on the application. The main physical
differences of the two types are:

1. Energy, determines the ability to penetrate material
e Cs 137: 0,662 MeV
e Co60:1,1773 MeV, or 1,337 MeV
2. Half life value, influences time of operation and the statistical variation:
e Cs 137: 30 years
e Co60:53years

The source is locked in a source container providing the necessary shielding. For
different levels of shielding (by lead), two types, QG 020 (standard) and QG 100
(increased shielding) are used.

The radioactive source radiates in all directions. An output channel in the lead
provides a defined radiation beam which is directed through the pipe to be measured
only. Beam normally has an emission angle of 40 degrees with a 6 degree width. The
source can be switched on or off either by manual operation or by remote control on
the pneumatically or electrically actuated containers.

Full technical data is given in a leaflet, which accompanies the source container.
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Fig. 1.6
DG 57 scintillation detector

10

1.4.2 Detector DG 57 - density

Housing, stainless steel

Plastic scintillator

Temperature

measurement Photomultiplier

LED with optic fibre

Connection to the FMG 573 Z/S

Principle of operation

The main component of the DG 57 is a cylindrical rod made of transparent plastic
scintillation material (400 mm or 100 mm, @ 48 mm). If a y-quantum enters this
material, most of the absorbed energy is converted into a small light flash (by photon
effect). The number of flashes increases linearly with the intensity of gamma radiation
and the exposed area.

A photomultiplier tube (PMT) is optically attached to the rod and detects these
flashes. The signal processing circuit counts the light flashes using a sampling cycle
of 500 ms and calculates the pulse rate (light flashes per second).

Prior to each sampling cycle, a light pulse generated by a LED is transmitted through
the scintillator rod to the PMT (reference pulse). This reference value is transferred
digitally together with the pulse rate and the actual temperature at the detector via a
two-wire connection to the transmitter FMG 573 Z/S.

To achieve a maximum long-term stability in industrial environments, each DG 57
passes a special burn-in and calibration procedure. The sensor specific data are
stored together with the operating program of the FMG 573 Z/S in two EPROMs.
These data are used to compensate the primary sensor signals in order to provide a
temperature-compensated and long-term stable pulse rate.
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Technical data

2 100
21818
©I~19 PG 16 Blind plug
88~ (for the second
18 connection cable)
N~
Terminal for the cable gland
potential Wadi A PG 16
equalisation
cable,
diameter 4 mm?
2 110 Fig. 1.7
Dimensions in mm
detector DG 57
(1"= 25,4 mm)
Type DG 57 -D100 or DG 57-D400
Housing Stainless steel 1.4301/SS 316TI
Cable glands 1x WADI A (water tight), PG 16

1x PG 16 blind plug

Weight 100 mm version | 12.6 kg/18.0 kg (with water cooling jecket)
400 mm version | 14.0 kg/19.6 kg (with water cooling jacket)

Protection class IP 65, (equal to NEMA 4 or NEMA 4X)

Explosion protection [EExdib] 1B or IC* T6
*with specified safety barrier.

Output signal Pulse code modulation, PCM, approx. 48 mA, with
superimposed digital information of the pulse rate,
the detector temperature and a reference signal

Temperature compensation built-in

Operation temperature -20 ... 50 °C, up to 120 °C with water cooling jacket
From 40 °C upwards we recommend the use of a
water cooling jacket. Water flow rate 40...200 I/h;
max. water temp. 40 °C; water pressure 4 - 6 bar
(We also recommend a flow control).

Electromagnetic Emitted interference to EN 61326 ; Class B
compatibility equipment

Immunity to interference to EN 61326 ; Annex A
(industry sector) and NAMUR EMC
Recommendation (NE 21)

11
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Water cooling jacket

The detector DG 57 is specified for operating temperatures up to 50 °C. For ambient
temperatures higher than 40 °C a water cooling jacket is necessary.

2 106
water outlet
G 1/4 A | ca. 35
\%\\ ‘ .
\® ca. 120
mounting brackets on - =Y
the vessel n @_
(not provided) g — P18
12 [ T as o X
— [®)
= © |8
. 12 | DY 30 |87 IR
mounting clamp | o
(provided) - 7 *ﬁ— — E
N E—— N
) |
water inlet /@
G 1/4 A .
+ ca. 125
Detector DG 57 | & lm ca.*87+
|
Fig. 1.8
Dimensions in mm
detector DG 57
with water jacket
Technical data
Weight 100 mm version 5.4 kg
400 mm version 5.6 kg
Water connection 2 x G1/4A, DIN/ISO 228
minimum flow rate 40 ... 100 I/h, depending on the
at 20 °C water temperature operation conditions
Additional attenuation equal to 5 mm of steel

12
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1.4.3 Transmitter FMG 573 Z/S

142 178,5 (Version for 2 DG)
745 | 127 . 2.5 1685
— H 7h
I
128,4 Front- !
panel !
I
122,4 Rotary '
switch _EI i
I
lrj O 0 0 0 0 0 6006006 o
Handle
b | = )
mounting screw Fig. 1.9
Multipoint connector according DIN Dimensions in mm
41612, style F transmitter

FMG 573 Z/S

Principle of operation

The transmitter FMG 573 Z/S is a microprocessor controlled device in 19" Racksyst
design, 28 pitch units wide. It provides one input for the rod scintillator DG 57 and a
second input for temperature or flow measuring signals. Both are for the
Endress+Hauser specific digital transmission signals (PCM, PFM) and allow the use
of standard two wire cable (max. 25 Ohm per core).

The output signals are:

e 0/4..20mA and 0/2....10 V

o 2relay for set points or for counting or pre set contacts
e 1 alarm relay for indication of system errors

The operating software consists of five major blocks.

1.) Conversion of the primary sensor signals into a temperature-compensated and
stable pulse rate.

2.) Linearisation to convert the pulse rate into a density proportional signal.
3.) Special modes for:

¢ density measurement only

e selection of up to four calibration curves

e temperature compensation

e mass flow calculation.

4.) Supporting software for the calibration procedure and for the scaling of the
analogue output and the display

5.) Self checking with safety functions and a closed control loop for the detector.

13
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Technical data

Housing

19" Racksyst cassette, 28 pitch wide

Plug connector

27 pin according DIN 41612, style F

Protection

IP 20 (front panel), IP 00 (connectors)

Weight

2,2 kg

Operating temperature

~20°C...+ 60 °C (- 4 ... 140 °F)

Storage temperature

-40°C...+ 75°C (- 40 ... 167 °F)

Power supply

24/110/115/127/220/230/240 Volts AC
+ 15 %/- 10 %; 50 ... 60 Hz; 23 VA,
20 ...28 Volt DC; 15 W

RF immunity

3V/m (144 + 430 MHz)

Data back up

CMOS RAM, battery backed up for at least 8 years

Electromagnetic
copatibility

Emitted interference to EN 61326 ; Class A
equipment

Immunity to interference to EN 61326

Use a screened cable to connect the sensor to the
switching unit. Installation hints for screened
cables and general information on EMC test
requirements for E+H instruments can be found in
Technical Information Tl 241.

Inputs and outputs

Input 1 PCM from DG 57; 13,3 V/48 mA,

FMG 573 Z: Ex-free,

FMG 573 S + safety barrier: [EEx ib] IB/IIC
Input 2 PFM from TMT 2530 Z or from TSP 8267

(Analog-PFM-converter),
FMG 573 Z — for safe applications
FMG 573 S + safety barrier: Range [EEx ib] || B/C

Analogue outputs

1 x 0/4...20 mA; Ri max. 500 Q

1x0/2...10 V; Ri min. 10 kQ.

Current- and voltage outputs cannot be defined
independently.

Selecting 0/4 mA automatically sets 0/2 V.

—with AC - power supply: DC -isolated

— with DC - power supply: connected to the
negative pole

Test jacks at the front panel for the current output

Output in case of alarm

- 10 %

-+110 %

— maintain the last measuring value
— continue to measure

Time constant

1...1000 s
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Relay outputs

2 potential-free changeover contacts for
set points or for a counter or a pre set
counter

1 potential free changeover contact for an
alarm signal

Contact rating

AC load: —max. 4 A/250V

—max. 500 VA; cos ¢ > 0,7
DC load: —max. 100 W at 48 V or
—max. 50 W at 250 V

1.5. Empty pipe detection

18

FMG 573 FTG 671/470

DG 17/27

Mounting of a DG 17/27 on the DG 57 for empty pipe detection
If the pipe is empty due to operational reasons, radiation levels on the detector side

can increase to dangerous levels.

The safest method to avoid such a situation is to install a second radiometric system
to monitor the current radiation level. In the event of high radiation, it is possible to
install an alarm and/or the source container can be switched off automatically e.g. by

means of a pneumatic actuator.

Important

e The high dose rates produced by empty pipes cause accelerated ageing of the
detector unit and can in extreme cases lead to its destruction or failure.

Fig. 1.10

Density measurement
with radiation monitoring
through FTG 671/470

15
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Fig. 1.11

Clamping device for diagonal beam
paths right: special source for
interface measurement

16

1.6. Options

1.6.1 Angled irradiation

Clamping devices for pipes 80 ... 200 mm [3 ... 8 inch] outer diameter, for doubling
the measuring distance. Part number. MTS-013550

1.6.2 Density measurement in vessels

For density measurements performed in vessels, the special mounting MTS-13131
"Trenn A"-density is to be mounted.

The source is located in a lead shielding in a protection pipe. There must also be a
protective pipe in the vessel to house the source shielding device. It must not bend,
as this will result in measurement errors.
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2. Preparations

2.1. Set up of the transmitter FMG 573 Z/S

&g =]
M a— 2 o o\,
L " o)
@.
#2 "
o # i o
3 °£.|-"'
B=-3 |
Fig. 2.1
Accessing the EPROM sockets

General remarks

Each FMG 573 Z/S, if delivered with a detector DG 57, is equipped with the
corresponding EPROMs containing the detector specific data and the software
program for the density application.

Exceptionally a refitting of the EPROMs might be necessary, e.g. by a replacement
delivery: If the detector is delivered separately, the required EPROMSs will be inside
the head of the detector.

1. Stand the FMG 573 Z/S on its front panel.

Caution: Do not stand it on the rotary switch, support it to prevent damage.
2. Remove the rear cover plate as shown on the drawing, - a separate printed circuit
board with two EPROM sockets is now accessible.

3. Insert the EPROMSs into their matching sockets number 1 or 2;
The corresponding number is printed on the label of the EPROMs. Both Eproms
must have the same software version.

Hint:

Check, that the code marks of the EPROMs conform with the picture above. They
must be directed to the top of the transmitter.

Wrong positioning of the EPROMs with power on will destroy them!

Please verify that the number printed on the EPROMs , e.g. Cs 4375 D, corresponds
to the serial number of the DG 57 to be connected.

The same transmitter FMG 573 Z/S (two channel version) can be used for density and
level applications. Depending on the detector DG 57, density or level version, the
appropriate software is delivered.

17
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Fig. 2.2
FMG 573 Z/S
operating elements

18

2.2. Operation of the FMG 573 Z/S

2.2.1 Introduction

7722272227222 7

g7zzZZz2222722227272722 7
//////////////////////////////
Z,

Four digit display

e factor
TTe®
_fjo% o . / B
?ﬂg L - Digit select
T @ — value select: increment
RS i @ QD |\
s value select: decrement

Enter button

| Testjacks
Alarm LED
Limit switch indications

Meaning of the symbols of the basic level

Measued value: press =: button - to display the last four digits of a 5 digit
number (all decimal points flash), e.g. 1.5352:  [1.535] = [5.3.5.2]

Key input: code entry (selection of the levels):
Input of set point 1: not if relay 1 is used as a counter
Input of set point 2: not if relay 2 is used as a preset counter

Pulse rate N1go for pmin [N/100 ms]

Display of the actual pulse rate [N/100 ms]

Pulse rate No for pmax [N/100 ms]
Integration constant [s]: Default value is 60 s

Display of the medium temperature: only mode 20

G @D ) LY

Display of the error code / diagnosis

The FMG 573 Z/S software is organised for different levels of operation:
1. The basic level
2. Different programming levels.

1.) In the basic level the actual measured value is displayed and major settings can
be checked. This is done by turning the rotary switch.

2.) The programming levels are for calibration and for service:
By entering a code (0045, 0145, ... 1045) in switch position 1, eleven programming
levels are accessible. The programming levels are either general, e.g. calibration,
or application specific, e.g. mass flow parameters. Depending on the code
entered, each switch position is allocated a new meaning:
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Example - level 0145
Code-entry: 0145

Relay mode: Min./Max.-safety of the setpoint limit switch 1 or counter
Min./Max. safety of the setpoint limit switch 2

Entry of the source type: Cs 137 or Co 60

Analogue output: 0O or 4 ... 20 mA

Analogue output in case of error:

01: 0 %;02:-10 %;

11: 100 % of the last measuring value;
12: 110 %, 20: Hold

CEEERE

Minimum PFM frequency of input 2
Maximum PFM frequency of input 2

Last error code. When the entry button is pressed, this value is deleted.

Geo

An overview of all levels and positions (matrix fields) is shown at the
end of each application related chapter.

2.2.2 Code entry
1.) Turn the rotary switch to position 1

2.) Use the cursor = to select the digit to be altered:
the selected digit flashes.

3.) Choose the desired number with + ‘increment’ or — "decrement’, e.g. [0600]

4.) Repeat the step 2.) and 3.) until the number is displayed completely
[0640 ... 0645]

5.) Confirm with ,E“. The confirmed code is now displayed permanently,
e.g.. [0645]

6.) Turn the rotary switch clockwise to the desired switch position (2 ... 9) to display
or to change parameters.

7.) As soon as the switch position (O) is set or passed, the program exits the selected
level and returns to the basic level.

Notes
* If awrong code is entered, the display will show [0] after pressing ,E"

*  When passing ,0" by using + or — there is an over- or underflow on the not
selected left or right digit, e.g.. [0800] - - [0790].

2.2.3 Data entry
1.) Enter the programming level in switch position (1).
2.) Turn the rotary switch to the required position No. (2 ... 9).

3.) Use the cursor = to select the digit to be entered: the selected digit flashes and if
you want to chance e.g. (1.01) into (3.03).

4.) Select the required number, e.g.. (3.01) by + ’'increment’
(or —’decrement’, for a different value).

5.) Repeat step 3.) and 4.) until the number is displayed completely.
6.) Press the E-button: the entered number is now displayed permanently, e.g. (3.03).

19
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Fig. 2.3
choice of location

20

2.3. Density measurement in pipes

2.3.1 General remarks

The place where the density measurement is installed and the process conditions
very much influence the quality of the measurement:

*

air bubbles cause a lower indication of the real product density as the system
measures the sum of product and air.

build up, deposits, corrosion and abrasion change the inner diameter of the pipe
and therefore influence the measurement.

turbulences after quarter bends, T- or U-shaped pipes can result in a
non-homogeneous mixture of liquids or slurries.

Choice of the location

18

The most constant conditions will be achieved when:

e mounting on bottom fed, vertical pipes
e Where only horizontal pipes are accessible, the radiation beam should penetrate
the pipe horizontally: this reduces the influence of air bubbles and deposits.

Notes

1. Ensure that the pipe can carry the weight of the whole arrangement: QG 020 +
DG 57 + clamping device (82 to 112 kg)
(for QG 100 additional approximately. 50 kg more)

2. The detector temperature must not exceed 50 °C (122 °F)

3. If mounted outdoors, the detector must be protected against direct exposuure to
the sun and low temperatures (by insulation or heating) . Ingress protection is to
IP 65.
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2.3.2 Mounting

B —
20__  Install

M0 distance
&l ©rings

Attention

The source container may be
switched on only with medium in
the pipe. Observe the radiometric
safety regulations!

e Mount the clamping device on
the pipe without the detector
and the source container.

e Attach the detector: the marks
of the active area must
correspond with the fixing

supports of the clamping device.

e Preferred position of the
detector head is at the top.

e Mount the source container

e The transport ring corresponds
to the collimating slot: make
sure that it matches with the slot
of the clamping device.

Hint:

Note the asymmetric position of
the collimating slot of the source
container.

21
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2.3.3 Source container QG020/QG100 (Density version 13337)

The source container used for density applications has an additional fixing screw
(5 mm hexagon socket screw) to prevent any movement of the source holder. This
avoids movement of the source due to vibrations.

Keep the O-ring, which seals the protective cap, lubricated with silicone grease
(long-term lubricant)!

A) Removal of the protective cap

1 Push strongly

2 turn approx 45 °

3 remove

Fig. 2.4
Remove cap

B) To switch off

—

loosen the fixing
screw

2 turn key

3 pull out lock
cylinder

4 turn insert

5 pushinlock

cylinder

Fig. 2.5
Switch off

C) To switch on

1 Turn key green label

2 pull out lock
cylinder

3 Turn insert

4 push in lock
cylinder

5 Tighten the fixing screw
to avoid vibrations

Fig. 2.6
Switch on

22
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3. Density measurement

3.1. Introduction

3.1.1 Overview of the measurement configuration

-

. FMG 573 FTG 671/470

iy

DG 17/27
e
Fig. 3.1
Arrangement for
density measurement
3.1.2 Quick set-up reference
Chapter Page
1. Electrical connections: 3.2 24
2. Programming of the FMG 573 Z/S: 3.4 27
3. 2-point calibration 3.5 32
4. Selection of the output signal
¢ Density [weight/volume] 3.8.1 34
¢ % Concentration 3.8.2 34
* % Solids [Weight] 3.8.3 36
e Dry solids
* % Volume 3.8.4 38
* Weight/Volume 3.85 40
5. Set points of the limit switches 3.9 42

23
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Fig. 3.2
Pin assignment and coding pins

24

3.2. Electrical connection

Important hint

Please observe, in addition to the following sections of this manual, our planning
instructions and the radiation protection regulations. Also for applications in explosion
hazardous areas, the test certificates as well as the local explosion protection laws.

3.2.1 Installation of the transmitter FMG 573 Z/S

The FMG 573 Z/S is a 28 HP wide transmitter in 19" technology. It is installed either in
a Racksyst field housing (IP 65) or in a 19" Racksyst rack. The connector in the rack
or in the field housing must comply to DIN 41612, type F.

The transmitter FMG 573 Z/S must be installed outside the explosion hazardous area.

Female connector for mounting in a rack FMG 573
complying DIN 41612, type F -
dbz g2 1" ]
—=ﬁ|— pE 000 G > Inputs

3 0t b 4000 far 2
2100 (|18 6 d10]
Shere|[1e b10
4| oo ||20 8 m

Lol! ERES 0/4 ... 20 mA
Sl || % 10100 IR aqqt eem
B 01 o | 12 0. 10v
8 :o:o: o4 14404 EE_ Alarm cor
9[ o0 ||25 16 L1420 (limit) : counter
10 Yoo || 26 220 min/max selectable : 1

18 Ir 22

11| lolo!|[27 N
12l oo [ 2 20u]  [la L2al Alarm or

s oe] (limit) . counter

oo 2 .
Bl |2 2 N | min/max selectable : 2
e 130 oalul [ LE%]
sl el | ) 241110115/
16| oo |32 z30]-+ | 127/220/z30rL- 2028V

"J_—ﬂl_ 28] o |gs2l-N [ 230/240'd32-L+ 2
o5 wlf p:|  ZEHPE) Volt AC
zbd 32[NDL F:

Typical error codes

E401 No signal from the DG 57 — check the wiring
and its polarity.

E901 Pulse rate is out of the measuring range — normal indication,
when the measuring line is not yet fully calibrated.
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3.2.2 Wiring in non-explosion hazardous areas (FMG573Z)

DG 57 FMG 573Z
Screening
(optionally)
(/‘\) Rmax = 25 Ohm géptt;
A\ o

Ground
terminal

Fig. 3.3
Wiring in non-explosive
hazardous areas

25
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3.2.3 Wiring in explosion hazardous areas (FMGb573S + Zener barrier)
Explosion hazardous areas specification 1IB/IIC/T6

o Observe the instructions of the safety barrier and the PTB certificates

e The intrinsically safe circuit of the safety barrier is connected to the potential
equalisation line or plant grounding system. Therefore the complete sensor wiring
must be connected with the potential equalisation line.

e Check the maximum allowed inductance and capacitance values of the wiring as
stated in the PTB and safety barrier certificates.

Explosion hazardous area Safe area
Screenin . FMG 573S
DG 57 (optionalg) Safety barrier Not certified

GHG 1119133V1503

Rmax =25 Ohm | Eingang 1

- Eﬂm-c d2 (+)
EEX ib IIC | d4 ()

Umax =15.8V
Imax =75 mA
Ri=7.5 Ohm

Ground

terminal

Potential equalisation line (German Regulations)

Fig. 3.5
Wiring in explosive hazardous
areas EEx ib IIB/IIC

26
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3.3. Calibration

3.3.1 General remarks

The radiometric density measuring line requires a calibration with product. Usually
this is done by using the process fluid. The actual density must be determined by a
laboratory analysis.

 The calibration value is always entered in [g/cm?3].

o As with any system that requires a calibration, the accuracy is directly influenced
by the quality of the laboratory analysis!

e Check that the product temperature is the same at that measured during the
laboratory analysis.

After calibration a calibration plate can be manufactured, which can then be used to

check the the calibration or recalibrate the system at a later date.

3.3.2 One point or two point calibration

The two point calibration should be performed to achieve a highly reliable
measurement:. In this case, the FMG 573 Z/S automatically calculates the linear
absorption coefficient (1) from the calibration data.

o For reliable measurements, the difference between the two calibration points
should be at least one third of the measuring range.

If this is difficult to achieve with the original process product, water can be used for

one calibration point.

If initially only one density value can be calibrated, the one point calibration can be
used for a quick start up. The one point calibration provides a sufficient accuracy
around the calibration point. For control purposes this might be sufficient.
Nevertheless the gradient of the calibration curve might be too steep or too flat.

e For the one point calibration, the linear absorbtion coefficient must be entered.
Contact Endress+Hauser for the correct value for your application.

To achieve a high accuracy, later during operation, the calibration can be completed

by performing the two point calibration.

3.3.3 Calibration sets

Up to three different calibration sets can be programmed. This is useful if different
products are to be measured in the same pipe.

e Example: slurries with different carrier liquids and constant density of the solids -
the output signal is 'Dry solids’ [Weight/Volume]. Depending on which calibration
set is selected, the following characteristics are used:

1.) Two point calibration

e Density range pmin and pmax
o Calibration densities (p1, p2) and the corresponding pulse rates (N1, N2)
2.) One point calibration

o Density range pmin and pmax
e Linear absorbtion coefficient [u]
» Calibration density and the corresponding pulse rate (p1, N1)

27
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3.4. Programming the FMG 573 Z/S

The transmitter is delivered with certain software default settings. The initial set-up is
performed to check and change default parameters before starting with the
calibration.

Software reset

In order that you do not have to check all default settings, we recommend a software
reset prior to the first set up. With this you ensure, that accidential or unauthorised
entries are reset to the default values.

Caution:
If calibration was already performed and values are entered in the FMG 573, these
values will be lost after a software reset.

3.4.1 Software-Reset

Rotary- Display Entry Meaning
switch
0 2607 | Entry of the programming level (Service)
9 0 2607 | By pressing ,E“ the software reset is initiated.

The default values are activated.

E 204 will be displayed and the alarm relay switches.
After a short period the error code E 901

appears (normal indication when the calibration is not
yet completed).

3.4.2 Initial set up

Rotary- Display Entry Meaning
switch
0 3500 | Entry of the programming level (Sensor data)
6 XXXX The displayed detector no. must match the detector
no. of the connected DG 57!
0 0145 | Entry of the programming level
4 1 Select the isotope:
this influences the decay compensation
0 | Co60
1 | Cs 137 (default)
5 0 Selection of the analogue output

0 [OmA...20mA/0OV ... 10V (default)
1 |4mA..20mA/2V .. 10V

6 12 Behaviour of the analogue output on alarm:
01 | Start of the measuring range, e.g. 4 mA/2 V
(The example depends of the prior selection)
02 | — 10% of the analogue measuring range,
e.g.24mA/1.2V

11 | 20 mA/10V

12 | +110 % of the analogue measuring range,
e.g. 21.6 mA/10.8 V (default)

20 | hold the last measuring value

30 | if possible: continue to measure

0145 0345 | Entry of the next programming level
2 10 10 | Check the operating mode ‘density only*
(default)
1or0 Proceed with the calibration or end
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Typical error codes

E901 Pulse rate is out of the measuring range:
normal indication, when the measuring line is not yet fully calibrated.

3.4.3 Use of the calibration sets

Rotary-
switch

Display

Entry

Meaning

0545
0445

Entry of the programming level
Two point calibration
One point calibration

YZ

Meaning of the entry
Z
\_____ Entryseti1..4
blank: Activation of the selected
set for modification
1: Confirmation of the selected set;

Any changes now become valid.

2: Delete (1) the selected set

12

Example
Unlock calibration set 2
for recalibration

End

3.4.4 To lock the access to the calibration data

This feature is used to prevent unauthorised or accidental alterations and is activated
after all settings have been made.

2
1

Rotary- Display Entry Meaning

switch
0 0345 | Entry of the programming level
X 9999 | To lock the calibration values

Activation of the "Two point calibration’
Activation of the 'One point calibration'

End

3.4.5 Change of the integration time

Value, which when increased reduces the influence of the statistical variation. The

default value is 60 s.

Please refer to section 1.4.2 for the physical influences.

Rotary- Display Entry Meaning
switch
0 0045 | Entry of the programming level
60 XX | Entry of the new integration time 1 ... 1000s

End

29
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3.5. Two point calibration

Note

e The complete measuring line (DG 57, FMG 573 Z/S) must have been in operation
for at least 6 hours with the radiation switched on and with product in the pipe.

o When the pipe is empty, switch off the radiation (leave system in operation)

e The integration time must be set to 60 s (default value)

e Make sure that the source holder is always fixed when in operation (refer to
Chapter 2.3.3). Note all entered values as well as the date, the calibration values

and the pulse rates.

Rotary- Display Entry Meaning
switch
1 0 0345 | Entry of the programming level
2 X 10 | Density measurement
3 X 2 | Check if the calibration mode
"Two point calibration’ is selected (default value)
5 200.0 XXX.X | Entry of the inner pipe diameter
or the real length of the radiation path through the
product.
1 0345 0545 | Entry of the programming level
9 XX 1 | Selection of the calibration set 1
2 1.000 X XXX | Entry of the beginning of the density measuring range
in [g/lem®];
— If the output signal should be dry solids
[Weight/Volume], enter the density of the
carrier liquid [g/cm®].
3 2.000 X XXX | Entry of the end of the density measuring range in

[g/cm?]

Fill pipe with calibration fluid of density p1 (lower density value): wait at least 5 min.

5 1 1 | Selection of lower calibration point: p1 = low density
6 XXXX(X) ENTER | Current pulse rate [N/100 ms].
Press ENTER to store
7 XXXX Check stored pulse rate [N/100 ms]
8 0.0000 XXXX(X) | Enter density of calibration liquid [g/cm3].

Fill pipe with calibration fluid of density p2 (upper density value): wait at least 5 min.

5 1 2 | Selection of upper calibration point; p2 = low density
6 XXXX(X) ENTER | Current pulse rate [N/100 ms]
Press ENTER to store
7 XXXX Check stored pulse rate [N/100 ms]
8 0.0000 XXXX(X) | Enter density of calibration liquid [g/cm3].
9 1 11 | Active calibration set no. 1
0 End

Typical error codes

E820 pmin > pmax Enter the correct values in switch position No. 2 and No. 3 (0545)
or The calibration densities p1 and/or ps are out of the entered measuring range
defined by pmin and pmax.

E821 The calibrated density p+/p, or the pulse rate N1/N2 is = 0,
or the calibration density p1 is bigger then p2 - enter the correct values
in switch position No. 5, No. 7 and No. 8

E901 The pulse rate is out of the measuring range: check if pmin and pmax are entered
correctly or the pipe is empty or only partly filled.
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3.5.1 Production of a calibration plate

A steel calibration plate (for thickness contact E+H) is placed in the beam between
the source container and pipe. This simulates a density increase in the fluid flowing
through the pipe. The equivalent density value is noted and stamped on the plate.

Rotary- Display Entry Meaning
switch
If possible, fill the pipe with calibration fluid with the low density value (p1)
Switch off radiation, insert steel plate, switch on radiation and wait at least five minutes
0 XXXXX Note displayed density value to 4th decimal point
(press = to display to this resolution)
1 0 0345 | Entry of programming level
3 XXXX 1 | Selection of one point calibation
1 XXXXX 0445 | Entry of programming level
9 XX 1 | Selection of the calibration set no. 1
6 XXXX(X) ENTER | Current pulse rate [N/100ms]
PressENTERtostore
7 XXXX Check stored pulse rate [N/100 ms]
8 0.0000 | X.XXX(X) | Entry of the noted density [g/cm3]
9 1 11 | Activate the calibration set No. 1
0 End

Switch off radiation, remove steel plate, switch on radiation and wait at least five minutes

3.5.2 Automatic recalibration using calibration plate

A periodic recalibration of the system is recommended in oder to compensate any
measuring errors which may occur due to wear of or build-up in the pipe. The
measuring conditions of the initial plate calibration must be reproduced. The system
must have been operating for at least an hour before calibration.

Rotary- Display Entry Meaning
switch

Fill the pipe with the calibration fluid used to produce the calibration plate

1 XXXXX 0945 | Entry of programming level

6 XXXXX 1 | Entry of calibration mode: 1 = automatic*

1 XXXXX 0445 | Entry of programming level

8 XXXXX Check that calibration plate value is displayed
- if not, enter as follows

9 XX 1 | Selection of the calibration set no. 1

8 0.0000 | XXXX(X) | Entry of the density on plate [g/cm3]

9 1 11 | Activation of the calibration set no. 1

Switch off radiation, insert steel plate, switch on radiation and wait at least five minutes

Short-circuit connections z10 and b10 for at least one second
The recalibration starts automatically and lasts about 10 minutes, during which time the error
message E 902 is displayed

Switch off radiation, remove steel plate, switch on radiation and wait at leaastfive minutes

*For procedure with manual start of the recalibration see Section 6.1.1.
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3.6.

Note:

One point calibration

e The complete measuring line must be in operation for at least 6 hours with the
source container switched on and with product in the pipe.

o When the pipe is empty, switch off the radiation (leave system in operation)

e The integration time must be set to 60 s (default value)

e Make sure that the source holder is always fixed when in operation (refer to
Chapter 2.3.3). Write down all entered values as well the date, the calibration
values and the pulse rates.

Rotary
switch

Display

Entry

Meaning

0345

Entry of the programming level

1

Selection of the one point calibration mode

200.0

XXX.X

Entry of the inner pipe diameter or the length of the
real radiation path through the process fluid [mm].
Note: Enter this value precisely. It directly influences
the calculation of the absorption.

0445

Entry of the programming level

Selection of the calibration set 1

1.000

X XXX

— Entry of the beginning of the
density measuring range [g/cm”].

— If the output signal is dry solids
(weight/volume), enter the density of the
carrier liquid [g/cms].

2.000

X XXX

Entry of the end of the measuring range [g/cm°]

6.154

XXXX

Entry of the linear absorption coefficient [u]

XXXX(X)

Actual pulse rate [N/100 ms]

Procedure

1. Fill the pipe with the calibration fluid.

2. Wait at least 5 minutes ,
before you read out the pulse rate.

3. As soon the pulse rate is constant, store it by
pressing the Enter button.

XXXX

Display of the stored pulse rate [N/100 ms]

1.500

X XXX(X)

Entry of the density value of the applied calibration
fluid [g/em?]

11

Activation of the calibration set no. 1

End
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3.7.

Upgrade of a one-point to a two-point calibration

Rotary
switch

Display

Entry

Meaning

0345

Entry of the programming level

2

Selection of the two point calibration mode

0345

0545

Entry of the programming level

11

1

Modification of the calibration set no.1

N | O©|=|W|—=
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1. Transfer of the calibration data
(density and pulse rate) from the one point-
calibration:
* The one point calibration value gets used as
p1: lower calibration density
* The one point calibration value gets used as
p2: higher calibration density
Press the Enter button to confirm the entered value
2. Calibration of the second calibration point
Entry:
p1 = lower calibration density
(if 32 was selected before)
p2 = higher calibration density
(if 31 was selected before)

XXXX(X)

Actual pulse rate [N/100 ms]

Procedure

1. Fill the pipe with the
calibration fluid

2. Wait at least for 5 minutes,
before you read out the pulse rate

3. As soon as the pulse rate is constant,
store it by pressing the Enter button.

XXX

Display of the stored pulse rate [N/100 ms]

X XXX(X)

X XXX(X)

Entry of the density value of the
calibration fluid [g/cm®]

11

Activation of the calibration set no.1

11

End

Typical error codes

E801 pmin> pmax Enter the correct values in switch position
2 and 3 (0445 or 0545)

E810 The calibration density of the one point calibration is out
of the range defined by pmin and pmax-

E901 The pulse rate is out of the display capacity:
Check, if pminand pmax are entered correctly or the
pipe is empty or only partly filled.
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3.8.

Selection of the output signal

For all internal calculations of the FMG 573 Z/S, values are used with the unit [g/cm?3].
Depending on the application, the industry and of the country, other engineering units

can be used.

3.8.1 For liquids and solutions: Conversion of [g/cm3] into other units

[weight/volume]

Rotary
switch

Display

Entry

Meaning

0845

Entry of the programming level

1

Selection of the conversion unit

1.01

XXX

Selection of the density measuring unit:
Weight Volume
g 01
kg 02
t 03
oz 04
Ib 05
shcwt 06
cwt 07
shtn 08
tn 09 = gal/GB
10 = gal/uUS

cm

fl.oz/GB
fl.oz/US

Co~NoOh~hWN =
wmmmwmwnmwunu

0845

0345

Entry of the programming level

X XXX(X)

Display the start of the measuring range of the
analogue output; based on pmin [g/cms],

as defined before, during the calibration procedure
and converted into the prior selected

engineering unit.

X XXX(X)

Display of the end of the measuring range of
the analogue output; based on pmax [g/cm3] as
defined before and converted into the selected
engineering unit.

End

Typical error codes

E900

The displayed number is larger then 9999: Check, if the selected
engineering unit fits into the display capability.

3.8.2 Liquids and solutions: % concentration

The FMG features a non-linear conversion of density into % concentration This is
done by entering a conversion table with up to 18 points. The operating program
interpolates linearly between each point.

Example

Ethanol + water at 20 °C

Required measuring range: 10 ... 30 %
Data taken from tables:

% 0 10 20 30
Density 0.9987 0.9818 0.9687 0.9540

(Round off the values to 4 digits behind the decimal point)

40 50
0.9351 0.9139
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% concentration (20 °C)

50 .

40

30

20

10

0 .
001 092 093 094 095 096 097 098 099 1,00
Density [g/cm3]

Fig. 3.6
Density-concentration
conversion

Rotary Display Entry Meaning
switch
0 0845 | Entry of the programming level
2 1 3 | Entry of the conversion mode % ,.concentration”
7 1 1 | Check/entry of the first
value of the conversion table
8 0.00 % 10 | Entry of % concentration; the first

table value is the start of the measuring range
of the analogue output.

9 0.000 0.9818 | Entry (3)f the corresponding density value
[glcm”]
1 2 | Entry of table value no.‘2'
0 20 | Entry of the next value % concentration

0.00 % 0.9687 | Entry of the corresponding
density value [g/cm3]

7 2 3 | Enter of table value no.'3'

8 0.00 % 30 | Entry of the last value % concentration,
the last table value is the end of the
measuring range of the analogue output

9 0.000 0.9540 | Entry of the corresponding density value [g/cm3]
End

Typical error codes

E710 The table values % concentration must strictly increase or
decrease. Check the table and correct it. If necessary delete the
table. To delete it, the value 33 must be entered in switch position 7.
Then the table must be entered again.

E711 The table values for density must strictly increase or decrease.
Check the table and correct it. If necessary delete the
table. To delete it, the value 33 must be entered in switch position 7.
Then the table must be entered again.
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Fig. 3.7
Density-solids content (weight %)
conversion
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3.8.3 Measurement in slurries: Solid matter content [% weight]

For the conversion from density into solid matter content (% weight) a table with up to
18 points can be entered. The operating programme interpolates linearly between two
values. The conversion formula is:

1_ Pcarrier
% solids = ——L2— x 100 %
1_ Pcarrier

Psolids
Pcarrier

% solids
100 %

p:

Pcarrier

Psolids

1-

Depending on the required accuracy and resolution, a table must be drawn up:

% solids (weight)
50,

20mA
404
304

20

104

0

1 1 1 1 ]
12 13 14 15 16 1,7 18 19 20 21 22
Density [g/cm?]

Example

PCarrier liquid: 1,250 g/cm3

pSolids: 6,700 g/cm3

Measuring range: 10...50 %

Table no.: 1 2 3 4 5
% Solids: 10 20 30 40 50
Calculated density 'p’ : 1.3607 1.4929 1.6535 1.8529 2.1069
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Rotary Display Entry Meaning
switch

1 0 0845 | Entry of the programming level

2 1 3 | Entry of the conversion mode % "concentration"

7 1 1 | Check/entry of table position ‘1*

8 0.00 10 | Entry of % solids content;
The first table value is the start of the analogue
measuring range

9 0.000 1.3607 | Entry of the grior calculated corresponding density
value [g/cm”]

1 2 | Entry of table value no.2
0.00 % 20 | Entry of the next table value % solids content
0.000 1.4929 | Entry of the corresponding
density value [g/cms] etc.
etc.

7 4 5 | Entry of table value no. 5

8 0.00 % 50 | Entry of the last value for %solids content of the table,
the last value is the end of the measuring range of the
analogue output.

9 0.000 2.1069 | Entry of the corresponding density value [g/cmS]

0 End

Typical error codes

The values for % solids content must strictly increase or decrease.
Check the table and correct it. If necessary delete it.

To delete it, the value 33 must be entered in switch position 7.
Then the table must be entered again.

E710

E711

The values for the density must strictly increase or decrease:

Check the table and correct it.If necessary delete it. To delete it, the value 33
must be entered in switch position 7. Then the table must be entered again.
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3.8.4 Measuring of slurries: solids content [% Volume]

The conversion of density into solids content [% Volume] is linear.
Both minimum- and maximum values, calculated beforehand, must be entered.

The formula applied is:

Solids content [%Volume] = —2—Pearer 400 9
Psolids — Pcarrier

_ Solids (% Volume) X (p solids — Pcarrier)

100 % + Pcarrier
Example
p Carrier fluid: 1,000 [g/cm3]
p Solids: 3,200 [g/cm?]
Required measuring range: 10...30 %
Procedure

1.) Calculation of the corresponding density for 10 %:

b = 10 % x (3'20?06 ;’OOO) +1,000= 1,220 Yem?

2.) Calculation of the corresponding density for 30 %:

(3,200 -1,000)
100 %

p = 30 % x + 1,000= 1,660 9cm?

Solids (% Volume)
e 20mA

25
20
15 ]

L e 0/4mA
5.

0

T T T T 1 1
1,0 1,1 1,2 1,3 1,4 1,5 1,6 1,7
Fig. 3.8 Density [g/cm3]

Density-solid contents
(volume %) conversion
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Rotary Display Entry Meaning
switch
0 0845 | Entry of the programming level
2 1 3 | Selection of the conversion mode
% "Concentration®
1 1 | Check or enter the first table value
0.00 % 10 | Entry of % solids content;

the first table value is the beginning of the measuring
range of the analogue output

9 0.000 1.220 | Entry of the Erior calculated corresponding density
value [g/cm~]
1 2 | Entry of table value no.2
0.00 % 30 | Entry of the second value % solids content
9 0.000 1.660 | Entry of the corresponding
density value [g/cms]
0 End

Typical error codes

E710 The values of % solid content must strictly increase or decrease
Check the table and correct it. If necessary delete the table.
To delete it, the value 33 must be entered in switch position 7.
Then the complete table must be entered again.

E711 The density values must strictly increase or decrease.
Check the table and correct it. If necessary delete the table.
To delete it, the value 33 must be entered in switch position 7.
Then the complete table must be entered again.
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3.8.b Measurement of slurries: Solids [weight/volume]

The conversion of density to solids content is done automatically.
Calculated by the following formula:

Solids [weight/volume] = £—Pearrer
1_ Pcarrier
Psolids

The display always starts with ‘0’ (Weight/Volume).
To enter the end of the measuring range, the corresponding density value
must be calculated.

p = solids [weight4olume] X (1 — ﬁ) + Pearrier

This value is entered as pmax during the calibration.

Example

pCarrier: 1,250 [g/cm3]
pSolid: 6,800 [g/cm?]

Measuring range: 0 ... 1600 g/l
Procedure

1.) Conversion of [g/l] into [g/cm3]: 1600g/l = 1,6g/cm3
2.) Calculation of the corresponding density value for 1,6 g/cm3 [Weight/Volume]

1,2509cm3

- 3 _
p 1,6 9emd x (1 6.800 Yo

+ 1,250 9cm® = 2,556 9cm3

Solids [g/1]
1600+

14004
12004
10004
800~
600~
400~

200+
0/4mA

O 1 1 | |
1,2 1,4 1,6 1,8 2,0 2,2 24 2,6

Density [g/cm?]

20mA

Fig. 3.9
Density-solids content (wt/va)
conversion
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Rotary Display Entry Meaning
switch
1 0 0845 | Entry of the programming level
2 1 2 | Selection of the conversion mode 2’
3 1.01 Entry of the (weight/volume)-unit: X.XX
1=9g 01 = cm®
2 = kg 02 = dm° |
3=t 0 =m
4 = oz 04 = in’
5=1Ib 05 = ft°
6 = showt 06 = yd°
7 = cwt 07 = fl.oz/GB
8 = shin 08 = fl.oz/US
9 =1tn 09 = gal/GB
10 = gal/US
1.02 | Example: [g/l]
5 1.500 6.800 | Entry of the density of the solids contents
[g/cmq].
0845 0345 | Entry of the programming level
3 X Check which calibration mode is selected:
1 | 1 =one point calibration
2 | 2 =1two point calibration
1 0345 XXXX | Depending on the prior check:
enter the matching programming level
of the calibration mode
0445 | 0445: One point calibration
0545 | 0545: Two point calibration
9 11 1 | Calibration set no.1 gets modified
2 X XXX Enter the density of the carrier liquid [g/cm3]. This
value can only be modified in the one point or the two
1.250 | point calibration mode), e.g. 1.250
3 XXXX 2.556 | Entry of the calculated density
at the highest solids content, e.g. 2.556
9 1 11 | Activate calibration set no.1
1 0445 0345 | Entry of the programming level
0545
9 1600 Check the display of the end of the measuring range
of the analogue output
0 End

Typical error codes

E900 Displayed number is bigger than 9999: Check
if the selected engineering unit fits into the display range.

41



3. Density measurement

Radiometric measuring system

Fig. 3.10
Minimum and Maximum
fail-safe mode

42

3.9. Set points/relays

3.9.1 Introduction

The FMG 573 Z/S features two independent relays, which can be used as switch
points in the density mode.

The switching of each relay is defined by three parameters:

1.) Set point:
0 ... 100 % related to the measuring range of the analogue output

2.) Hysteresis:
0 ... 100 %; for a two point control with one relay, this value defines the on/off cyle.

3.) Fail-safe mode: Min.- or Max.-safety;
This determines the use of the relay:
e Min. for low value alarm
e Max. for high value alarm
The setting also defines whether the hysteresis is added or deducted from the set
point.

Default values

Set point Hysteresis Fail-safe mode
Relay 1: 10 % 3 % Min.
Relay 2: 90 % 3% Max.
Measured i
value [%] Set point
87
Set point
13x< !
10f—=%——== ~ | |
I I
Relay 1 7'y ! : Activated (On)
Minimum i !
I
————————— A 4 i ——————r————————— Deactivated (Off)
Relay 2 )
Maxi}r/num B v Activated (On)
——————————————————— \ 4 -———————— Deactivated (Off)
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Rotary Display Entry Meaning
switch
1 0 0045 | Entry of the programming level
2 10,0 % XX | Entry of the set point [%] of relay 1
3 90,0 % XX | Entry of the set point [%] of relay 2
1 0045 0245 | Entry of the programming level
2 3,0% XX | Entry of the hysteresis [%] of relay 1
3 3,0% XX | Entry of the hysteresis [%] of relay 2
1 0245 0145 | Entry of the programming level
2 1.0 Entry of the fail-safe mode of relay 1
1.0 | Minimum (default)
1.1 | Maximum
3 1.1 Entry of the fail-safe mode of relay 2
1.0 | Minimum
1.1 | Maximum (default)
0 XXXX End
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3.10. Programming matrix for density measurement

Operating Basic * Relay- e Operation 1 point 2 point e Conversion of | Re-
/'7\ level settings functions mode calibration calibration tr?negel?r?i't”eer' calibration
e calibration o Entry %
mode concentration
0
O Code 0045 Code 0145 Code 0245 Code 0345 Code 0445 Code 0545 Code 0845 Code 0945 Code 1145
see Chapter 6
1
Setpoint Relay 1: Relay 1: Mode 10: Start of the Start of the Selection of the
relay 1 [%)] safety mode hysteresis [%] | Density densitiy density ?hg}”e%”r‘g unit
m 1.0 minimum measurement | measurement | measurement | 5 go%ns
1 1.1 maximum range range content
safety P min [g/cm?] P min [glem®] 3: % concen-
tration
2 10.0% 1.0 3.0% | 10 | 1.000 1.000 |
Setpoint Relay 2: Relay 2: Calibration End of the End of the Selection of the density unit
relay 2 [%] safety mode hysteresis [%] | mode density density MfSS VO('J‘#”‘_E s Mass  Volume
ﬁ(;\ 1.0 minimum 1 1-point measuring measuring oo Eg oo ZTns 3 - i\ljv'tCWt 8? Z?? 0z (GB)
1.1 maximum calibration | range range 3=t 03=m’ 8=shtn 08 =fl. oz (US)
safety 2:  2-point P max [glem®] P max lglem®] 4=0z 04=in’ 9=t 09 = gal (GB)
calibration 5=lb 05=f 10 = gal (US)
| E le: 3
3 90.0% T 3.0% [2 [2.000 [2.000] xemple: [g/or] 1.0l
Pulserate for Isotope Lock-/unlock Linear K-factor Density of the
('\ calibratingp ... | 0:  Co 60 code 045/4+6 | absorption carrier fluid
[N/100 ms] 1. Cs 137 1111: Unlock coefficient u p [g/em?]
9999: Lock (calculated
from 2-point
calibration)
4 5000 | 9999 [9999 [6.154 1.000 1.000
Actual pulse Current output Length of the Absorption Selection of the Density of the | Current
L) rate 0 0..20mA radiation beam | coeffiecient calibration point solid 5 measured
| | [N/1OO ms] 1. 4..20mA through thq K x 1000 TP w2 P high p [g/cm’] value
integrated process fluid From the 2 point
[mm] calibration
31:pcalzp\ow
[ | s2:p cal =P
5 XXXX 0 3 [ 200 [1.000] I 1.500
Pulse rate for Analogue output: Actual pulse Actual pulse Actual Entry
m calibrating gg_””goal?rm rate rate measuring recalibration
i P max 12 1'10 ‘,/: [N/100 ms] [N/100 ms] value, engin. mode
[N/100 ms] 20: Hold integrated, integrated, unit as 0: manual
01: 0% press press selected in 1: automatic
11:100 % >E< >E< level 0845
‘ 30: Continue | | to calibrate to calibrate |
6 4000 12 0 XXXX XXXX XXXX
Integration Actual Calibration Calibration Conversion T for
T constant measuring pulse rate pulse rate table for recalibration
0...1000 s value, engi- [N/100 ms] [N/100 ms] % concentra-
neering unit tion. Entry of
as selected table 1... 18
in 0845 33: delete
7 60 | 200 | 1000 [xxxx [xxxx XXXX I
Simulation of Start of the Entry of the Entry of the Entry of the Error code
the output measuring calibration calibration % concentra- | E 902 during
signal range of the densitéy densitgl tion value recalibration
-10% ... 110 % | analogue out- | [g/cm”] [g/cm?] 0: alarm off
put, engineer- 1: alarm on
ing unit as (default)
selected in
8 - 1200 xx%] 0845  [xxxx] [1.500 1.500 0,00%
Error analysis: | Last error Days of End of the Selection of Selection of Entry of the
Display of the | code, delete operation measuring the calibration | the calibration | corresponding
actual error with >E< delete with range of the set set density value
code >E< analogue out- | X.1-X.3 setno. | X.1-X.3 Set no. | [g/cm®]
put, engineer- | 1.X: Activate 1.X: Activate
ing unit as 2.X: Delete 2.X: Delete
selected in
9 E- EXXX xxxx| 0845 [xxxx 10 | 0
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4. Mass flow

4.1. Introduction

Mode 32

DG 57

TSP 8267

Set point 1 or

as a totaliser

Set point 2 as
totalising or

as a preset counter

4.1.1 Overview of the measurement configurations
FMG 573 Z/S Mode 31
Input 1: DG 57
Input 2: TSP 8267
Relay 1: Set point 1 or
as a totaliser
Relay 2: Set point 2 as
a totalising or
as a preset counter
Output: Solids content

(Mass flow content)

Mass flow (total)

'J:L'i
: I FMG 573 (2 Inputs)
2wire E—
i
:I TSP 8267
0/4...20 mA
4.1.2 Quick set up reference
Chapter Page

1. Electrical connection 4.2 46
2. Initial set up of the 4.4 50

FMG 573 Z/S
3. Two point calibration 4.5 52
4. Entry of the flow 4.8 56
5. Selection of the analogue signal 4.9 57

¢ Solids content 4.9.1 57

e Mass flow 49.2 60
5. Totalising counter functions 4.10.3 62

Fig. 4.1
Arrangement for
mass flow measurement
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Fig. 4.2
Pin assignment and coding pins
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4.2. Electrical connections

Important hint

Please observe, in addition to the following chapters of this manual, our planning
instructions and the radiation protection laws relevant for your application;

Also, for applications in explosion hazardous areas observe the test certificates
and observe the local explosion protection laws.

4.2.1 Installation of the transmitter FMG 573 Z/S

The FMG 573 Z/S is a 28 HP unit in 19" technology. It can be mounted either
in a RACKSYST rack or in a field housing (IP 65).

The female connector at the rack or at the field housing must comply with DIN
41612/style F. (For details, please observe the picture below).

The transmitter FMG 573 Z/S must be installed outside the explosion hazardous area.

Female connector for mounting in a rack FMG 573
complying DIN 41612, type F —
dbz 2 1=
- 1ol I R PR
e [117 a0 - a > Inputs
2018 6 1d 10/ 2
S8 p10
4l e 120 8 iz10]
5100|121 1000 IR| 14, 0/4 ... 20 mA
6|[ oo [|22 ol
i TR 12+ {%i 0/2...10V
8| 'o'o! || 24 14|40 Eﬁ— Alarm sor
oll o' |l 25 16 id 20— (limit) . counter
10l Yoo | 26 Lz min/max selectable : 1
11| 'olo!{[27 g D NN
° d 24| Alarm cor
N 1d 24
12)f o0, 1128 20 la Lz2a- (limit) : counter
131 o0, [129 22 Ir E% LI min/max selectable : 2
14 ooy |20 2au]  a ‘—%
15 e 31 26 r d301L1 24/110/115/
16| 0 o ||32 7301 | 127/220/ 7301~
o8ul la| [g3g-N [ 230/240 gag+2028Y
ﬂ cloly soluf 10  [82-PE ) VOItAC
zbd 32N+ [P

Typical error codes
E401 No signal from the DG 57: Check the wiring and it's polarity.
E402 No signal from the TSP 8267: Check the wiring and it's polarity.

E901 The pulse rate is out of range. Normal indication during the first set up,
when the unit is not yet fully calibrated.
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4.2.2 Mounting of the PFM converter TSP 8267

This unit (4 pitch units, 19" technology) converts standart analogue signals

(0/4 ... 20 mA or 0/2...10 V) into a special PFM signal used by Endress+Hauser with a
frequency range of 200 ... 1200 Hz. It is installed next to the FMG 573 Z/S to convert
the separate flow signal provided by an electromagnetic flow meter.

Note

The analogue inputs are not intrinsically safe. Necessary explosion protection
devices must be installed in the flow meter or in the wiring

8267

I S1 I 82
— 1—’
or;A O\Z

PFM-Output

. X 0...20 mA (S 1 open)
Current input (Ri = 125 Q): 4..20mA (S 1 closed)
Voltage input (Ri = 200 KQ): 0...10 V(S 1 open)
2...10 V (S1 closed)
Fig. 4.3
TSP 8267

19" Racksyst card
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4.2.3 Wiring for non-explosion hazardous applications

DG 57 FMG 5737
Screening
(optionally)

Rmax =25 Ohm |Eingang 1
("\) 2 (+)
d4 (-)
TSP 8267
PFM-Converter Eingang 2
z2 (+)
24 (-)
(+)
0/2..10V__ () E]i
Flow z2
Ground signal or | - ik
terminal 0/4..20 mA (-) g]i

Fig. 4.4
Wiring in non-explosive
hazardous areas

4.2.4 Explosion hazardous applications

Explosion hazardous area Safe area

Safety barrier FMG 573S
GHG 1119133V 1503 Not certified

Screening
DG 57 (optionally)

Rmax =25 Ohm | Eingang 1

Fig. 4.5
Wiring in explosive hazardous
areas EEx ib IIB/IIC

1
1
|
|
1
1
|
|
1
:

/\—1 Ty I ——

{ ) reexibic D’EE 358

N\ |
| PFM converter
|
1 Umax =158V TSP 8267 Eingang 2
1 Imax =75 mA 72 (+)
| 24 (-)
I — Wl
| 0/2..10V_ ) |p1a
1 Flow z2 PEM

Ground I signal or ) z4
terminal | not intrin- — 412

: sically 0/4..20 mA () |14
| safe
1
|
|
t L
|
|
1

Potential equalisation line (German Regulations)

Wiring for areas according to 1IB/T6 and IIC/T6

o Observe the instructions of the safety barrier and the PTB-certificates

e The intrinsically safe circuit of the safety barrier is connected to earth ground via
the potential equalizing line or plant grounding system. Therefore the whole sensor
wiring and the detector housing must be connected to the potential equalizing line.

e Check the maximum allowed capacitance and inductance values of the wiring
according to the PTB-certificates
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4.3. Calibration

4.3.1 General remarks

The radiometric mass flow measuring system requires a calibration during the
process with medium applied. This is normally done by applying the process fluid as
under process conditions. The actual density must be determined by a laboratory
analysis and be entered separately.

« The calibration value is always entered in the unit [g/cm3l.

e As with any system that requires an in-line calibration, the possible accuracy de-
pends directly on the quality of the laboratory analysis.

e Check that during the laboratory analysis the medium temperature is the same
as the process temperature.

After calibration a calibration plate can be manufactured, which can then be used to
check the calibration or recalibrate the system at a later date.

4.3.2 One point- or two point calibration

To achieve a highly reliable measurement, the two point calibration should be used. In
this case, the FMG 573 Z/S calculates automatically the linear absorption coefficient
(u) from the calibration data.

e For reliable measurements, the difference between the two calibration values
should be at least one third of the measuring range.

If this is difficult to achieve with the process fluid, water can be used for one
calibration value.

Use a one point calibration for a quick start up, if only one density value can be
calibrated initially.

e In this case, the correct linear absorbtion coefficient must be entered manually.
Contact Endress+Hauser for the correct value of the linear absorption coefficient
appliable for your application

The one point calibration provides a sufficient accuracy around the calibration value.
This might be sufficient for controls but the slope of the calibration curve might be too
steep or too shallow.

Later, during operation, the calibration can be upgraded with a second calibration
point to achieve the best accuracy.

4.3.3 Calibration sets

Up to three different calibration sets can be programmed. This can be useful, if
different products are to be measured in the same pipe.

o Example: Slurries with different carrier liquids and the same solids density - the
output signal is 'solids content’ [mass/volume]. Depending of the calibration mode,
each of the four sets consists of the following parameter:

1.) Two point calibration

¢ Density measuring range pmin and pmax

o Calibration densities (p1, p2) and the corresponding pulse rates (N1, N2)
2.) One point calibration

¢ Density measuring range pmin and pmax

e Linear absorption coefficient [u]

» Calibration density and the corresponding pulse rate (p1, N1)
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4.4. Programming the FMG 573 Z/S

The transmitter FMG 573 Z/S is delivered with certain default settings. The initial
set up is done to check and possibly change the default parameters before starting
the calibration procedure.

Software reset

In order that you do not have to check all the default settings, we recommend a
sofware reset prior to the first set up. This ensures that accidental or unauthorised
entries are reset to the original default values.

Caution:
If calibration was already performed and values had been entered into the FMG 573,
these values will be lost by a software reset.

4.4.1 Software reset

Rotary Display Entry Meaning
switch
1 0 2607 | Entry of the programming level
9 0 2607 | With pressing "E“ the software reset is performed.

Default values are activated.

E 204 is displayed and the alarm relay will switch.
After a short while, the error code E 901 appears
(normal indication, if the calibration is not yet fully

completed)
4.4.2 Initial set up
Rotary Display Entry Meaning
switch
1 0 3500 | Entry of the programming level (sensor data)
6 XXXX The displayed sensor number must match with the
sensor number of the DG 57 connected!
3500 0145 | Entry of the programming level
4 1 Selection of the isotope: this influences the decay
compensation
0 | Co60
1 | Cs 137 (default)
5 0 Selection of the analogue output

0 |0OmA...20mA/OV ... 10 V (default)
4mA..20mA/2V ... 10V

6 12 Selection of the analogue output during ‘alarm’
01 | Start of the display range, e.g. 4 mA/2V

(the values depend on the prior selection)

02 | —10 % of the display range, e.g. 2,4 mA/1,2V
11 | 20mA/10V

12 | 110 % of the display range, e.g. 21,6 mA/10,8 V
(default)

20 | Hold the last value

30 | Continue, if possible

—_

1 0145 0345 | Entry of the next programming level

2 10 Entry of the operation mode
31 | Solids content
32 | Mass flow

1or0 Proceeding with the calibration or end
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Typical error codes

E901 The pulse rate is out of the measuring range.
Normal indication if the calibration is not yet completed.

4.4.3 Use of the calibration sets

Rotary
switch

Display

Entry

Meaning

0545
0445

Entry of the programming level
Two point calibration
One point calibration

YZ

Meaning of the entry

YZ
|L_——  Entryset1..4

blank: Unlocking of the selected
set for modification
1: Activating of the selected set;

Any modifications become valid now.

2 Delete (1) the selected set

12

Example: Unlocking of the calibration set 2
for recalibration.

End

444 Displaying the actual density

Rotary Display Entry Meaning
switch
0 1045 | Entry of the programming level
XXXX(X) Actual density [g/cm’]

End

445 Locking the access to the calibration data

Locking the access shall prevent changes of the calibration data by accidental or

unauthorised alterations.

2
1

Rotary Display Entry Meaning

switch
0 0345 | Entry of the programming level
X 9999 | To lock the entry

Activating the two point calibration
Activating the one point calibration

End

4.4.6 Change of the output damping:
By increasing this parameter, the influence of the statistical variation is reduced.

The default value is 60s. Please observe the Chapter 1.4.2 for the physical influences.

Rotary Display Entry Meaning
switch
0 0045 | Entry of the programming level
60 XX | Entry of the new output damping (1 ... 1000 s).

End

51



4. Mass flow

Radiometric measuring system

52

A
v

4.5. Two point calibration

Note

e The complete measuring line (DG 57, FMG 573 Z/S) must have been in operation
for at least 6 hours with the radiation switched on and with product in the pipe.

o When the pipe is empty, switch off the radiation (leave system in operation)

e The integration time must be set to 60 s (default value)

e Make sure that the source holder is always fixed when in operation (refer to Chap-
ter 2.3.3). Note all entered values as well as the date, the calibration values and the

pulse rates.
Rotary- Display Entry Meaning
switch
1 0 0345 | Entry of the programming level
2 X 10 | Density measurement
3 X 2 | Check if the calibration mode
"Two point calibration' is selected (default value)
5 200.0 XXX.X | Entry of the inner pipe diameter
or the real length of the radiation path through the
product.
1 0345 0545 | Entry of the programming level
9 XX 1 | Selection of the calibration set 1
2 1.000 XXXX | Entry of the beginning of the density measuring range
in [g/cm®];
— If the output signal should be dry solids
[Weight/Volume], enter the density of the
carrier liquid [g/cm3].
3 2.000 X XXX | Entry of the end of the density measuring range in

[g/cm’]

Fill pipe with calibration fluid of density p1 (lower density value): wait at least 5 min.

5 1 1 | Selection of lower calibration point: density p1
6 XXXX(X) ENTER | Current pulse rate [N/100 ms].
Press ENTER to store
7 XXXX Check stored pulse rate [N/100 ms]
8 0.0000 XXXX(X) | Enter density of calibration liquid [g/cm®].

Fill pipe with calibration fluid of density p2 (upper density value): wait at least 5 min.

5 1 2 | Selection of upper calibration point: density p2
6 XXXX(X) ENTER | Current pulse rate [N/100 ms]
Press ENTER to store
7 XXXX Check stored pulse rate [N/100 ms]
8 0.0000 XXXX(X) | Enter density of calibration liquid [g/cm®].
9 1 11 | Active calibration set no. 1
0 End

Typical error codes

E820  pmin > pmax — enter the correct values in switch position No. 2 and No. 3

or The calibration densities p1 and/or p» are out of the entered measuring range,
which is defined by p4 and po.

E821 The calibrated density value p1/p; or the pulse rate N1/N2 is = 0,
or the calibration density p1 is bigger then p, — correct the values in
switch position No. 5, No. 7 and No. 8

E901 The pulse rate is out of the defined measuring range: Check, if pmin and pmax are

entered correctly or the pipe is empty or only partly filled.
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45.1 Production of a calibration plate

A steel calibration plate (for thickness contact E+H) is placed in the beam between
the source container and pipe. This simulates a density increase in the fluid flowing
through the pipe. The equivalent density value is noted and stamped on the plate.

Rotary- Display Entry Meaning
switch
If possible, fill the pipe with calibration fluid with the low density value (p1)
Switch off radiation, insert steel plate, switch on radiation and wait at least five minutes
0 XXXXX Note displayed density value to 4th decimal point
(press = to display to this resolution)
1 0 0345 | Entry of programming level
3 XXXX 1 | Selection of one point calibation
1 XXXXX 0445 | Entry of programming level
9 XX 1 | Selection of the calibration set no. 1
6 XXXX(X) ENTER | Current pulse rate [N/100ms]
Press ENTER to store
7 XXXX Check stored pulse rate [N/100 ms]
8 0.0000 | XXXX(X) | Entry of the noted density [g/cm3]
9 1 11 | Activate the calibration set No. 1
0 End

Switch off radiation, remove steel plate, switch on radiation and wait at least five minutes

45.2 Automatic recalibration using calibration plate

A periodic recalibration of the system is recommended in oder to compensate any
measuring errors which may occur due to wear of or build-up in the pipe. The
measuring conditions of the initial plate calibration must be reproduced. The system
must have been operating for at least an hour before calibration.

Rotary- Display Entry Meaning
switch

Fill the pipe with the calibration fluid used to produce the calibration plate

1 XXXXX 0945 | Entry of programming level

6 XXXXX 1 | Entry of calibration mode: 1 = automatic*

1 XXXXX 0445 | Entry of programming level

8 XXXXX Check that calibration plate value is displayed
- if not, enter as follows

9 XX 1 | Selection of the calibration set no. 1

8 0.0000 | XXXX(X) | Entry of the density on plate [g/cm3]

9 1 11 | Activate the calibration set no. 1

Switch off radiation, insert steel plate, switch on radiation and wait at least five minutes

Short-circuit connections z10 and b10 for at least one second
The recalibration starts automatically and lasts about 10 minutes, during which time the error
message E 902 is displayed

Switch off radiation, remove steel plate, switch on radiation and wait at least five minutes

*For procedure with manual start of the recalibration see Section 6.1.1.
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4.6. One point calibration

Note
' e The complete measuring line (DG 57, FMG 573 Z/S) must have been in operation
'.’ for at least 6 hours with the source container switched on and with product in the
pipe.

o When the pipe is empty, switch off the radiation (leave system in operation)

e The integration time must be set to 60 s (default value)

o Make sure that the source holder is always fixed when in operation (refer to Chap-
ter 2.3.3). Note all entered values as well as the date, the calibration values and the
pulse rates.

Rotary Display Entry Meaning
switch

0 0345 | Entry of the programming level

3 2 1 | Selection of the one point calibration mode

5 200.0 XXX.X | Entry of the inner pipe diameter or the real length of
the radiation path [mm] through the process fluid.
Note: This value must be entered exactly.

It directly influences the calculation of the absorbtion.

0 0445 | Entry of the programming level

9 1 1 | Selection of the calibration set no.1

2 1.000 XXXX | — Entry of the beginning of the density
measuring range  [g/em’].

— If the analogue signal shall be solids
content (mass/volume),
entry of the density of the
carrier liquid [g/em®].

3 2.000 X XXX | Entry of the end of the density measuring range
[glem’]

4 6.154 XXXX | Entry of the linear absorbtion coefficient [u]

6 XXXX(X) Actual pulse rate [N/100 ms]

Procedure

1. Fill the pipe with the
calibration fluid.

2. Wait for at least 5 minutes,
before you read out the pulse rate.

3. As soon as the pulse rate remains
reasonably constant, store it by pressing
the Enter button.

7 XXXX Display of the stored pulse rate [N/100 ms]

1.500 | XXXX(X) | Entry of the density value of the applied calibration
fluid [g/em®]

9 1 11 | Activation of the calibration set no. 1

0 End
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4.7.

Upgrade of a one-point to a two-point calibration

Rotary
switch

Display

Entry

Meaning

0345

Entry of the programming level

2

Selection of the two point calibration mode

0345

0545

Entry of the programming level

11

1

Modification of the calibration set no.1

N | O©|=|W|—=

31

32

—_

1. Transformation of the calibration data
(density and pulse rate) from the one point
calibration:

* The value of the one point calibration will be
used as p1: lower calibration density

* The value of the one point calibration will be
used as p2: higher calibration density.
Confirm by pressing the Enter button

2. Selection of the second calibration value
depending on the prior entry

p1 = lower calibration density (if 32 was selected)

p2 = higher calibration density (if 31 was selected)

XXXX(X)

Actual pulse rate [N/100 ms]

Procedure

1. Fill the pipe with the
calibration fluid

2. Wait for at least 5 minutes before you read
out the pulse rate

3. As soon as the pulse rate remains
reasonably constant, store it by pressing
the Enter button.

XXX

Display of the stored pulse rate [N/100 ms]

X XXX(X)

X XXX(X)

Entry of the density value of the applied calibration
fluid [g/cm®]

11

Activating the calibration set no.1

11

End

Typical error codes

E801 pmin > pmax — Enter the correct values in switch position
2 and 3. (0445 or 0545)

E810 The calibration density of the one point calibration is out
of the range defined by pmin and pmax.

E901 Pulse rate is out of the display range:
Check, if pmin and pmax are entered correctly or the
pipe is empty or only partly filled.
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4.8. Entry of the flow rate

The flow rate signal (0/4 ... 20 mA or 0/2 ... 10 V) of the magnetic flowmeter is
converted into a PFM frequency signal of 200 ... 1200 Hz (by the converter

TSP 8267). The corresponding flow rate for 20 mA/10 V must be entered into the
FMG 573 Z/S.

Caution: This value must be entered with the units cm3/s, usually a conversion from
the original unit is required.

The measuring value of the flow rate must be divided into:

e the mantissa (1 ... 9999) in level 1045/switch position 3
e the exponent (-9 ... + 9) in level 1045/switch position 4
The maximum flow rate is to be entered as described below:

[Level 1045/switch position 3] * [Level 1045/switch position 4].

Example:
Maximum flow rate is 15 m3/h.

1000000 [cm%m?]

— 3
3600 [5] = 4167 cm¥%

1.) 15 m x

2.) Values to be entered: mantissa = 4167, exponent = 0

Rotary Display Entry Meaning
switch
1 0 1045 | Entry of the programming level
2 3.3 Entry of the original unit of the flow signal: X.X
01=cm® 1 = seconds [s]
02 = dm® 2 = minutes [min]
03=m’ 3 = hours [h]
04 =in° 4 = days [d]
05 = ft°

06 = yard® (GB)

07 = fluid ounce (GB)
08 = fluid ounce (US)
09 = Gallon (GB)

10 = Gallon (US)

3.3 | Example: m3h

3 9999 Entry of the mantissa of the maximum
flow rate [cm°/s]
4167 | Example: 4167 x 10° [cm®/s]

4 1 Entry of the exponent of the maximum
flow rate [cm°/s]
0 | Example: 4167 x 10° [cm°/s]

5 XXXX Actual flow rate: Display with the original
unit
¢ Technical units are displayed in switch
position 2
Example: [m°/h]

0 End
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4.9. Selection of the analogue output signal

49.1 Code 31/ solids content

The FMG 573 Z/S uses the units for calculation of the solids content [g/cm?3] and
[cm3/s].For slurries with a defined density of the carrier liquid and a defined
solids density, the formula below is applied:

Flow rate [cm?3/s] x density of the solids [g/cm?] = solids content [g/s]
where as the

solids density [9cm?] = P~ Pearrier
1_ Pcarrier
Psolids

Depending on the application, the industry branch or the country, the
internal measuring unit [g/s] can be converted into the common international units,
e.g. [t/h].

Selection of the measuring range

The maximum value of the analogue output [20 mA/10 V] is internally calculated
with the following formula:

Maximum flow rate [cm3/s] x maximum solids density [g/cm?3] =
maximum solids content [g/s]

To select the measuring range, ,pmax", which defines the value of the
maximum solids content, must be calculated.

Example
e Measuring value: 0..12th=0/4..20 mA
e Maximum flow rate: 20 m3/n
* Pcarrier: 1.25 g/em3
* P solids: 6.80 g/cm3
Procedure

1.) Conversion of the required measuring value from [t/h] into the unit [g/s]:

1000000 [91]

12 ) X =3 500[5h]

= 3333 [95]

2.) Conversion of the maximum flow rate [m3/h] into the unit [cm3/s]

1000000 [em¥m3]

3
20 I X 3600 [sh1]

= 5556 [cm¥%]

3.) Calculate: .
. . _ Maximum mass flow  3333[9%] 3
Maximum solids content = Maximum flow rate 5556 [om%s] 0,5999 [9emq]

4.) Calculate the maximum density (solids content and carrier liquid):

Pcarrier

pmax = Maximum solids content x (1 — :
Psolids

) + Pcarrier

Short procedure:

If the measuring value is in [t/h] and the flow signal is in the unit [m3/n],
the following formula can be used:

Maximum mass flow rate [\h]

Pmax = " Maximum Flow rate [m%] x(

__ Pearrier [9em3]
Psolids [Fem?]

) + Pearrier [Yem?]

5.) Please observe the procedure overleaf for entering these values:
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Rotary
switch

Display

Entry

Meaning

0345

Entry of the programming level

XX

31

Select mode 31 "solids content”

Check the selected calibration mode
1: One point- / 2: Two point calibration mode

0345

Depending on the prior check or the selected
calibration mode, the corresponding
programming level gets selected:

0445: One point calibration

0545; Two point calibration

11

Selection of the calibration set 'no.1’
for modification

XXXX

1.250

Check, if the correct value for pearrier is entered; this
value can only be modified in the calibration modes
'One’ or "Two point calibration’

Example 1.250 g/cm®

XXXX

1.740

Entry of pmax to define the analogue output
Example: 1,739 [g/cm®]

11

Activation of the calibration set 'no.1’

1045

Entry of the programming level

31

3.3

Entry of the original measuring unit for the flow
measurement
Volume- Time unit
unit
cm°®
dm®
m3
in
it
yd® (GB)
fl.oz (US)
fl.oz (GB)
Gal (GB)
10 Gal (US?3
Example - m

Seconds [s]
Minutes [min]
Hours [h]
Days [d]

5
o omn

AWN =
Q_D'Bf/’

O~NooOOOThWN =

/h (e.g. 20 m°/h)

The entry of the Maximum flow rate must be divided
and be entered as :
Mantissa (1045/3) and as exponent (1045/4)

9999

5556

Entry of the value of the mantissa of the Maximum flow
rate [cm>/s]
Example: 5556 x 10° [cm®/s]

Entry of the exponent of the maximum
flow rate [cm°/s]
Example: 5556 x 10° [cm®/s]
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Rotary Display Entry Meaning
switch
3.3 Entry of the unit of solids content
[mass/time unit]
1=g 1 = Seconds [s]
2=kg 2 = Minutes [min]
3=t 3 = Hours [h]
4 =0z 4 = Days [d]
5=Ib
6 = sh cwt
7 = cwt
8=shtn
9=tn
3.3 | Example: [t/h]
1.500 Entry of the solids density ,psolids [g/cm°]*
6.800 | Example: 6,800 [g/cm’]

End
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4.9.2 Mode 32; Mass flow rate

The FMG 573 Z/S uses the units [g/cm3] and [cm3/s] for the calculation

of the mass flow rate [g/s]. For all slurries and liquids, the mass flow rate is calculated
with the following formula:

Flow rate [cm?3/s] x Density [g/cm?3] = Mass flow rate [g/s]

Depending on the application, the industrial branch and the country, the internal unit
[g/s] can be converted into the usual international engineering units, e.g. [t/h].

Definition of the measuring range

The corresponding maximum value of the analogue output (20 mA/10 V) is
internally calculated with the formula:

Maximum flow rate [cm?3/s] x Maximum density [g/cm?®] = pmax Mass flow [g/s8].
To define the measuring range, the maximum density [g/cm?3] must be calculated:

Example

o Measuring value/Output signal: 0 ... 18 t/h = 0/4 ... 20 mA
e Maximum flow rate: 8 m3/h

« Minimum density: pmin = 1,0 [g/cm3]
Procedure

1.) Convert the required display reading from the original unit, e.g. [t/h],
into the unit [g/cm3]:

1000000 [94]

18 0 X 3500 s

= 5000 [95]

2.) Convert the signal of the maximum flow rate from the original unit
e.g. [m3/h], into the unit [cm3/s]:

1000000 [cm¥md]
3600 5h]

8 mh x = 2222 [cm¥%]

3.) Calculate the maximum density:

. Max. massflowrate. =~ 5000 [g5] 5
Max. Density = Max. flow rate = 2222 [cm%;] 2,25 [9em ]

Short procedure: only if the output signal is [t/h] and the
flow rate is measured in [m3/h]

Max. massflow rate [Vh]
Max. flow rate [m3A]

Max. density =

4.) Entry of the values:
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Rotary Display Entry Meaning
switch
0 0345 | Entry of the programming level
XX 32 | Entry of the mode
X Check the selected calibration mode:
1: One point calibration / 2: Two point calibration
0345 Entry of the programming level, depending on the
calibration mode:
0445 | One point calibration
0545 | Two point calibration
11 1 | Selection of the calibration set no.1 for modification
X XXX 1.000 | Entry of the minimum density pmin [g/cm°]
XXXX Entry of the calculated pmax value to define the end of
the measuring range of the analogue output
2.250 | Example: 2.250 [g/cm°]
1 11 | Confirmation of the calibration set no.1
0 1045 | Entry of the programming level
3.3 Entry of the original unit of the flow rate measurement
Volume unit time unit
1¢cm? 1 = Seconds [s]
2dm® 2 = Minutes [min]
3m® 3 = Hours [h]
4in3 4 = Days [d]
5 ft°
6 yd° (GB)
7 fl.oz (GB)
8 fl.oz (US)
9 Gal (GB)
10 Gal (US)
3.3 | Example - m°h (e.g. 8 m/h)
The entry of the maximum flow rate must be devided
and be entered
as: mantissa (1045/3) and as exponent (1045/4)
9999 Entry of the value of the mantissa of the maximum flow
rate [cm°/s]
2222 | Example: 2222 x 10° [cm®/s]
1 Entry of the exponent of the maximum
flow rate [cm°/s]
0 | Example: 2222 x 10° [cm°/s]
3.3 Entry of the unit of the mass content:
1=g 1 = Seconds [s]
2=kg 2 = Minutes [min]
3=t 3 = Hours [h]
4=0z 4 = Days [d]
5=1Ib
6 = sh cwt
7 = cwt
8=shtn
9=1n
3.3 | Example: [t/n]
End
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4.10. Relay set points / Counter functions

The FMG 573 Z/S features two independent relay outputs.
They operate depending on the programmed settings either as

o totaliser (see Chapter 4.10.2) or as
o two limit switches (see Chapter 4.10.3).

4.10.1 Totaliser function

The FMG 573 Z/S can perform a totaliser function. Therefore it features an internal
totalising counter and two relay contacts:

Relay No.1 is directly operated by the internal totalising counter.

Depending on the programmable weighting factor 1 ... 9999 and the selected
technical unit, a pulse [50 ms] is released.

Additionally a suppression of the creeping quantity in [%] can be selected in
(level 0245/switch position 2). The default value is 3 %.

Relay No. 2, it’s function depends on the selected mode O ... 3 :
Mode O
1.) The internal totaliser counts up to a prior programmed value

2.) As soon as this value is reached, relay No.2 will give a pulse and the totaliser will
be reset to zero and the counting procedure will be started again.

3.) A new counting process will be started, if during the display of the totaliser
before reaching the preset value, the ,E“-Enter button is pressed.

Mode 1

1.) Relay No. 2 switches and stays switched as soon as the programmed value
is reached.

2.) The totaliser continues adding.

3.) A new counting procedure (reseting to 'Q’) is initiated by pressing the
"E"-Entry button. Display of the totaliser in level 0245/switch position 7.

Mode 2
1.) The totaliser counts until the preset value is reached.

2.) Relay 2 switches, and stays switched, as soon as this value is reached,
and the totalising is stopped.

3.) A new counting sequence (resetting to ‘0°) is started when displaying the totaliser
(level 0245/switch position 7) by pressing of the “E"-Enter button.

Mode 3
1.) The counter counts continuously.
2.) Relay 2 switches each time the totaliser reaches the preset value.

counter (relay 1)
preset value

Relay 2 =

3.) The totaliser is reset to zero, if the "E*-enter button is pressed while the
totaliser is on display.
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a) Settings for the totaliser functions

Rotary Display Entry Meaning
switch
0 0145 | Entry of the programming level
1.0 XX | Enter the number of the mode for
relay 1 and relay 2, as described above:
2.0 | ModeO
2.1 | Mode 1
2.2 | Mode 2
23 | Mode 3
0145 0245 | Entry of the programming level
3.0% X.X | Entry of the suppression of creeping quantity
[in % of the maximum mass flow rate]
9999 XXXX | Entry of the pulse value for the totaliser/relay 1
3 X | Entry of the enineering unit for the totaliser
1 =[dl
2 = [kg]
3 = [t] (default value)
4 = [oz]
5 = [Ib]
6 = [sh cwt]
7 = [owt]
8 = [shin]
9 = [tn]
1000 XXXX | Entry of the preset value (for relay 2)

End

b) Display/reset of the totaliser

Rotary Display Entry Meaning
switch
0 0245 | Entry of the programming level
XXXX Display of the totaliser, reset by pressing the

"E“-enter button

End
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Fig. 1.1
Minimum and maximum fail-safe
mode
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4.10.2 Limit switch function
The relays may also be programmed as limit switches.
The switching behaviour of each relay is defined by three parameters:

1.) Set point:
0 ... 100 % related to the output measuring range

2.) Hysteresis:
0 ... 100 %; for a two point control with one relay, this value defines the on/off cycle.

3.) Fail safe modes: minimum- or maximum safety;
This determines the use of the relay:
e Minimum as low value alarm
e Maximum as high value alarm
This setting also defines whether the hysteresis is added to or deducted from
the actual set point

Default values

Set point Hysteresis Fail safe mode
Relay 1: 10 % 3% Minimum
Relay 2: 90 % 3% Maximum
Measuring
value [%]
9 | N\
g7 [ T
13 \
10 [ N
Relay 1 7Y | Activated (On)
_________ A ______.r_______lr_________ Deactivated (Off)
I
I
Relay 2 L k Activated (On)
_________________________ \ 4 _______ Deactivated (Off)
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Procedure
Rotary Display Entry Meaning
switch
1 0 0045 | Entry of the programming level
2 10.0 % XX | Entry of the set point in [%] of relay 1
3 90.0 % XX | Entry of the set point in [%] of relay 2
1 0045 0245 | Entry of the programming level
2 3.0% XX | Entry of the hysteresis in [%] of relay 1
3 3.0% XX | Entry of the hysteresis in [%] of relay 2
1 0245 0145 | Entry of the programming level
2 1.0 Entry of the fail safe mode of relay 1
1.0 | Minimum (default value)
1.1 | Maximum
3 1.1 Entry of the fail safe mode of relay 2
1.0 | Minimum
1.1 | Maximum (Default value)
0 XXXX End
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4.11. Programming matrix mass flow

Operating Basic e Relay e Operation 1-point 2-point Re- Operation Service
/7\ level settings functions mode calibration calibration calibation with measure-
o Totaliser e Calibration ment
mode mode 31
0 and 32
O Code 0045 Code 0145 Code 0245 Code 0345 Code 0445 Code 0545 Code 0945 Code 1045 Code 1145
see Chapter 6
1
Switchpoint Relay 1: Relay 1: Operation Start of the Start of the 01 = sz 1 = second
relay 1 [%] safety mode | hysteresis mode density density 02 = dm 2 = minute
1.0 minimum | [%] 31 Solids measuring measuring 8?1 ~ inch? i - gg‘;r
Yo' safety or creeping content range 5 range 5 05 = ft?
1 1.1 maximum | quantity 32 Massflow | p . [g/cm’] P min [0/CM°] 06 = y° (GB)
safety supression 07 = fl.oz (GB)
o, 08 = fl.oz US
(%] 09 = Gal. (GB)
2 [10.0 [10 3.0 10 [1.000 [1.000 10 = Gal. (US) 3.3
Switchpoint Relay 2: Relay 2: Calibration End of the End of the Maximum
Relay 2 [%] safety mode hysteresis [%] | mode density density flow rate
1.0 minimum | if used as a 1: 1 point measuring measuring [cm3/s]
‘((2\ safety set point calibration | range range Entry of the
1.1 maximum 2. 2point P max [g/cm?] P max [g/cm?] mantissa
safety calibration
3 [90,0 [ 3.0 2 [2.000 [2.000 0
Higher Isotope: Pulse Lock-/unlock Linear absorp- | K-factor Maximum
calibration 0: Co60 value Code 0045 4+ 6 | tion coefficient flow rate
(\ pulse rate 1: Cs137 for the 1111: Unlock | [em®/s]
D [N/100 ms] totaliser mode | 9999: Lock (calculated Entry of the
atp i from 2-point exponent
calibration)
4 |5.000 | | 9999 9999 |6.154 | 1.000 0
Actual Current output | Engineering unit | | ength of the | Absorption Selection of Current Actual flow
pulse rate 0:0...20 mA ?f the tostahs;zr . radiation coefficient the calibration | measured rate
9 [N/100 ms] 1:4..20mA | 5 Eg 7 iwfw beam through | K x 1000 point value Display of the
J_L integrated 3t 8 shtn the process 100 0w mantissa
4: 0z 9itn fluid [mm] 2:p high
& b 32: P cal™P low
L P cal=p L
5 [xxxx 0 3 200 1.000 ] XX
Lower Analogue output | Totaliser Actual pulse Actual pulse Entry Unit of the mass flow
calibration during alarm Relay 1 rate rate recalibration ; = S ; = Se.copd
m pulse rate 02:  -10% only for the [N/100 ms] [N/100 ms] mode 3 _ tg 3 ; hmc')[]lrle
i [N/100 ms] 12: 110% totaliser mode integrated, integrated, 0 = manual 4 = oz 4 = day
atp . 20:  Hold >E< resetting press >E< press >E< 1 =automatic | 5 = Ib
30:  Continue | to 0 to calibrate to calibrate 6 = showt
1 100 % oo |
6 [4.000] 01: oA 12 0 [xxxx [xxxx 9=1m 3.3
Integration Frequency for | Preset value Actual Calibration Calibration T for Density of the
constant the start of the | for relay 2 measuring pulse rate pulse rate recalibration carrier fluid
T 0...1000 s measuring Only totaliser value, [N/100 ms] [N/100 ms] p carrier,
range of mode engineering [g/lem?]
input 2 unit as
A 0/4 mA selected in
7 1045/6
60 [ 200 1.000 XXXX [xxxx [xxxx 1.000
Frequency for | Simulation of Start of the Entry of the Entry of the Error code Density of the
the end of the | the output measuring ran-| calibration Callibration E 902 during solid
u measuring signal ge of the ana- | density, the density, the recalibration P oid
range of -10 %...110 % | logue output, engineering engineering 0: alarm off [g/cma]
input 2 engineering unit is always unit is always 1: alarm on
A20mA units as selec- | [g/em®] lglem®] default
ted in 1045/6
8 XX [1200 XX XXXX [1.500 [1.500 1.500
Error analysis | Last error Days of End of the Selection of Selection of Actual density
Display of the | code delete operation measuring the calibration | the calibration value, non-
actual error with >E< delete with range of the set set compensated
code >E< analoque 0.1-0.3 Set no. | X.1-X.3 Set no. [g/lem®]
output, 1.X Activate 1.X Activate
unit as 2.X Delete 2.X Delete
selected in
1045/6
9 E- EXXX XXXX XXXX 1 | XXXX
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5. Density, temperature-compensated

5.1. Introduction

5.1.1 Overview of the configuration

FMG 573 (2 Inputs)

r.. AMMAS]

4wires

[ Fig. 5.1

Arrangement for temperature com-
pensated density measurement
with sensor TMT 2130 Z

2wires
—
0/4...20 mA

- Temperature

Signal

TSP 8267

Fig. 5.2

Arrangement for temperature com-
pensated density measurement
with 4...20 mA Temperature signal
and TSP 8267 converter

5.1.2 Reference for a quick set up
Chapter Page

1. Electrical connections: 5.2 68
2. Initial settings of the 54 74
FMG 573 Z/S:
3. Two point calibration: 55 77
4. Selection of the output signal: 58 81
o Density temperature compensated by
values from tables: 5.10.1 82
empirical determinations: 5.10.2 85
¢ %concentration
temperature compensated 5.11 87
5. Set points/Relay outputs 512 89
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Fig.5.3
Pin assignment and coding pins

68

5.2. Electrical connections

Important hint

Please observe, in addition to the following chapters of this manual, our planning
instructions and the radiation protection laws relevant for your application; and also,
for application in explosion hazardous areas, observe the test certificates and the
local explosion protection laws.

5.2.1 Installation of the transmitter FMG 573 Z/S

The FMG 573 Z/S is a 28 pitch wide unit in 19" technology. It can be mounted either in
a 19" Racksyst rack or in a field housing (IP65). The female connector of the rack or
of the field housing must comply with DIN 41612, type F.

The transmitter FMG 573 Z/S must be installed outside the explosion hazardous areas.

Female connector for mounting in the rack FMG 573
according DIN 41612, type F

dbz * y
_=|]'|_ 0 2l+0 0 0+ " > Input
Hhee (1 4a-1 00 = 2
2| o 118
Sleep||re °
e 8 i+ 0/4 ... 20 mA
5 202 10[T0<0 IR n v
lule dw | {EE 0o
| 14|01 = Alarm or
811,20 124 I~ (limit) : counter
9| e [|25 16 B min/max selectable 1
[N =
10|| 0.0, |[26 18 0 B
1 Lol! 27 B Alarm or
120l [ 28 20ul  [la B (limit) eotabl Egounter
13 :D:D: 29 2 [|' |_I min/max selectable :
14/ 00 {130
s el |13 24l la 24/110/115/
16| o' [[32 % I 7|I1 127/220/&’3’6 L
B 230/240 220272028V
I_rﬂl_ 28Ul [ N [ Vot AC d%2-Lr
solul L[+ —PE
zbd 32N+ [
Typical error codes
E401 No signal from the DG 57:
Check the wiring and its polarity.
E402 No signal from the TSP 8267 or the TMT 2530 Z:

Check the wiring and it's polarity.

E901 Pulse rate is out of the measuring range:
normal indication, when the measuring line is not yet fully calibrated.
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5.2.2 Installation of the PFM converter TSP 8267 (PFM: pulse frequency
modulation)

This converter with 4 pitch width in 19" technology converts common analogue

signals (0/4...20 mA or 0/2...10 V) into the Endress+Hauser specific PFM-signal with

a frequency of 200 ...1200 Hz. It can be installed beside the FMG 573 Z/S

Note

The analogue inputs are not intrinsically safe.
A barrier will therefore be required for Ex applications.

8267
e

Is

dbz

4

»
'
=

12 +[|+|]

[

g

@ PFM-Output

)

@ Currentinput: (Ri =125 Q)
©)

) Voltage input:

© (Ri =200 KQ):

EREREP

...20 mA (S 1 open)
...20 mA (S 1 closed)
... 10V (S 1 open)

... 10V (81 closed)

5.2.3 Wiring in non-explosion hazardous areas

a) Temperature measurement with the probe TMT 2530 Z of Endress+Hauser

PT100

DG 57

Screening
(optionally)

FMG 5732

Rmax = 25 Ohm |Eingang 1
d2 (+)

d4 ()

Rmax =25 Ohm |Eingang 2

72 (+)
24 (-)

o9

TMT 25302

terminal

Fig. 5.4
TSP 8267
19" Racksyst card

Fig. 5.5

wiring in non-explosion

hazardous areas with TMT 2530 Z
temperature sensor
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Fig. 5.6

Wiring in non-explosive areas
with temperature sensor and
analogue TSP 8267

70

b) Existing temperature measurement with an analogue output and by use
of the converter TSP 8267

DG 57 ) FMG 573Z
Screening
(optionally)
= Eingang 1
1 (d2) @@ 8 N () Rmax = 25 Ohm d2 (+)
2| QQ 4“0
TSP 8267
1220 PFM-converter 2”33”9 2
24| Q@ 24 (-)
() b12
02.10V_ () |p14
Ground Temperature ;i
terminal Signal or ) =y
0/4..20 mA (=) g]i 200...1200 Hz
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5.2.4 Application in explosion hazardous areas according to (EEx ib) II

Existing temperature measurement with analogue output and with
the converter TSP 8267

e Check the maximum allowed inductance and capacitance values of the wiring
as stated in the PTB- certificates.

I
I
Explosion hazardous area ! Safe area
I
Screening ! .
DG 57 (optiona”%/) ! Safety barrier FMG 5738
! GHG 1119133V1503 Not certified
I
! Rmax =25 Ohm |Eingang 1
YT Lok . S P
i |
! TSP 8267
1 Umax = 15.8 V PFM-converter Eingang 2
| Imax = 75 mA 22 (+)
! —{z4 )
b _wl
: empe- | o5 10y bis
i rature or 22
! signal w| P
! notin-  |os.20ma 512 |200..1200 Hz
| trinsi-
[}
P cally Fig. 5.8
! Wiring in explosion hazardous
| Potential equalisation line areas with analogue temperature
German regulations sensor and
TSP 8267 to EEx ib 1IB/IIC

5.2.5 Installations in explosion hazardous areas according to (EEx ib) IIB/IIC
a) Endress+Hauser temperature measurement with the TMT 2530Z-probe

o Observe the operation manual of the safety barrier and the
PTB- certificates.

» the intrinsically safe circuit of the safety barrier must be connected to the
potential equalisation line or plant grounding system. The wiring, including
the detector housing, must also be connected to the potential equalisation
line.

e check the maximum allowed inductance and capacitance values of the
wiring as stated in the PTB- and safety barrier certificates.

Explosion hazardous area Safe area

Safety barrier FMG 573S

DG 57 Screening
GHG 1119133V1503 Not certified

(optionally)

odmax = .
25 Ohm Eingang 1

EEARICH A 3 S & Ei))

PT100

Rmax = .
25 Ohm | Eingang 2

DHD-:’ 22 (+)
c 74 (-)

Umax =15.8V
Imax = 75 mA

TMT 2530Z |D

Ground : :
terminal Valid for both safety barriers
Potential equalisation line Fig. 5.9
(German Regulations) Wiring in explosion hazardous

areas with temperature sensor
TMT 2530 Z temperature sensor
to EEx ib 1IB/IIC

]\ 2% ) ! EEX ib]
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5.3. Calibration

5.3.1 General remarks

The radiometric density measuring system requires on-line calibration. Normally this is
performed with the process liquid under process conditions. The actual density must
be determined by a laboratory sample. The calibration value is always entered in the
unit (g/cm3).

o As with any system that requires an online calibration, the possible accuracy de-
pends directly on the quality of the laboratory analysis.

e Check, that during the laboratory analysis, the medium temperature is the same as
the process temperature.

After calibration, a calibration plate can be manufactured, which can then be used to

check the calibration or recalibrate the system at a later date.

5.3.2 One point or two point calibration

To achieve a reliable measurement, the two point calibration should be used. In this
case, the FMG 573 Z/S calculates automatically the linear absorption coefficient (u)
from the calibration data.

o For reliable measurements, the difference between the two calibration values
should be at least one third of the measuring range.

If this is difficult to achieve with the process fluid, water can be used for one

calibration value.

Use a one point calibration for a quick start up, if only one density value can be
calibrated initially.

In this case, the correct linear absorbtion coefficient must be entered manually.
Contact Endress+Hauser for the correct value of the linear absorption coefficient for
your application

The one point calibration provides a sufficient accuracy around the calibration value.
This may be sufficient for control but the slope of the calibration curve might be too
steep or too shallow.

Later, during operation, the calibration can be upgraded with a second calibration
point to achieve best accuracy.

5.3.3 Calibration sets

Up to three different calibration sets can be programmed. This can be useful if
different products are to be measured in the same pipe.

o Example: Slurries with different carrier liquids and the same solids density - the
output signal is 'solids content’ [mass/volume]. Depending of the calibration mode,
each of the four sets consists of the following parameters:

1.) Two point calibration

o Density measuring range pmin and pmax

» Calibration densities (p1, p2) and the corresponding pulse rates (N1, N2)
2.) One point calibration

o Density measuring range pmin and pmax

e Linear absorption coefficient [u]

 Calibration density and the corresponding pulse rate (p1, N1)
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5.4. Programming the FMG 573 Z/S

The transmitter FMG 573 Z/S is delivered with certain default settings. The initial set
up is done to check and possibly change the default parameters before starting the

calibration procedure.
Software reset

In order that you do not have to check all the default settings, we recommend a
software reset prior to the first set up. This ensures, that accidental or unauthorised

entries are reset to the original default values.

Caution:

If calibration was already performed and values had been entered into the FMG 573,

these values will be lost by a software reset.

5.4.1 Software-reset

Rotary Display Entry Meaning
switch
1 0 2607 | Entry of the programming level
9 0 2607 | With "E" the software reset is performed.

Default values are activated.

E 204 is displayed and the alarm relay will switch.
After a short while, the error code Ex 901 appears.
(Normal indication if the calibration is not yet fully

completed).
5.4.2 Initial set up
Rotary Display Entry Meaning
switch
1 0 3500 | Entry of the programming level (sensor data)
6 XXXX The displayed sensor number must match with the
sensor number of the DG 57Z connected!
3500 0145 | Entry of the programming level
4 1 Selection of the isotope: this influences the decay
compensation
0 | Co60
1 | Cs 137 (default)
5 0 Selection of the analogue output

—

0 |0OmA..20mA/0V ... 10V (default)
4 mA..20mA/2V ... 10V

(default)

6 12 Selection of the analogue output during ‘alarm’
01 | Start of the display range, e.g. 4 mA/2 V

(the values depends on the prior selection)

02 | —10 % of the display range, e.g. 2,4 mA/1,2V
11 | 20 mA/10V

12 | 110 % of the display range, e.g. 21,6 mA/10,8 V

20 | Hold the last value
30 | Continue, if possible

0145 0345 | Entry of the next programming level
2 10 20 | Entry of the mode temperature compensation
1 0345 0745 | Entry of the programming level T-compensation
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Rotary
switch

Display

Entry

Meaning

4.0

2.0
3.0
4.0

Entry of the kind of temperature signal:

TMT 2530 Z

TSP 8267 (converted analogue to PFM signal
Built in detector temperature (Default)

Note: The second digit defines the compensation
method, this is explained in

Chapter 5.9 ...6.11.

-200

XXXX

Note: Necessary only when TSP 8267 is used. (prior
entry: '8.0'):

Start of the measuring range of the temperature
analogue signal [°C].

300

XXXX

Necessary only when TSP 8267 is used.
Entry of the end of the measuring range
of the temperature analogue signal [°C]

5

25

20

Entry of the reference temperature, e.g. 20

1or0

Continue the calibration or end

Typical error codes

E901 The pulse rate is out of the measuring range: normal indication
when the measuring line is not yet fully calibrated.

5.4.3 Display of the actual uncompensated density value [g/cm3]

The actual uncompensated density value measured by the FMG 573 Z/S
can be displayed.

Rotary Display Entry Meaning
switch
0 1045 | Entry of the programming level
X XXX(X) Display of the density [g/cm®]

End

5.4.4 Locking the access to the calibration data

Locking the access shall prevent changes of the calibration data by accidental or

unauthorised alterations.

Rotary Display Entry Meaning
switch
0 0345 | Entry of the programming level
3 9999 | To lock the entry
2 | Activating the two point calibration
1 | Activating the one point calibration
0 End
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5.4.5 Change of output damping:

By increasing this parameter, the influence of the statistical variation is reduced.
The default value is 60 s.

Please observe the Chapter 1.4.2 for the physical influences.

Rotary Display Entry Meaning
switch
1 0 0045 | Entry of the programming level
60 XX | Entry of the output damping time 1 ... 1000 s.
0 End
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5.5. Two point calibration

Note

e The complete measuring line (DG 57, FMG 573 Z/S) must have been in operation
for at least 6 hours with the radiation switched on and with product in the pipe. '
e When the pipe is empty, switch off the radiation (leave system in operation) .
e The integration time must be set to 60 s (default value) ' ’
o Make sure that the source holder is always fixed when in operation (refer to Chap-
ter 2.3.3). Note all entered values as well as the date, the calibration values and the
pulse rates.

Rotary-
switch

Display

Entry

Meaning

0345

Entry of the programming level

10

Density measurement

2

Check if the calibration mode
"Two point calibration® is selected (default value)

200.0

XXX X

Entry of the inner pipe diameter
or the real length of the radiation path through the
product.

0345

0545

Entry of the programming level

XX

Selection of the calibration set 1

1.000

X XXX

Entry of the beginning of the density measuring range
in [g/lem®;
— If the output signal should be dry solids
[Weight/Volume], enter the density of the
carrier liquid [g/cms].

2.000

X XXX

Entry of the end of the density measuring range in
[g/em®]

Fill pipe with calibration fl

uid of density

p1 (lower density value): wait at least 5 min.

5 1 1 | Selection of lower calibration point: density p1
6 XXXX(X) ENTER | Current pulse rate [N/100 ms].
Press ENTER to store
7 XXXX Check stored pulse rate [N/100 ms]
8 0.0000 XXXX(X) | Enter density of calibration liquid [g/cms].

Fill pipe with calibration fluid of density p2 (upper density value): wait at least 5 min.
5 1 2 | Selection of upper calibration point: density p2
6 XXXX(X) ENTER | Current pulse rate [N/100 ms]

Press ENTER to store
7 XXXX Check stored pulse rate [N/100 ms]
8 0.0000 XXXX(X) | Enter density of calibration liquid [g/cms].
9 1 11 | Active calibration set no. 1
0 End

Typical error codes
E820 pmin > pmax — enter the correct values in switch position No. 2 and No. 3
or The calibration densities p1 and/or p2 are out of the entered measuring range,
which is defined by p1 and po.
E821 The calibrated density value p1/p2 or the pulse rate N1/N2 is = 0,
or the calibration density p1 is bigger then p2 — correct the values in
switch position No. 5, No. 7 and No. 8

E901 The pulse rate is out of the defined measuring range: Check, if pmin and
pmax are entered correctly or the pipe is empty or only partly filled.
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5.5.1

A steel calibration plate (for thickness contact E+H) is placed in the beam between
the source container and pipe. This simulates a density increase in the fluid flowing

Production of a calibration plate

through the pipe. The equivalent density value is noted and stamped on the plate.

Rotary- Display Entry Meaning
switch
If possible, fill the pipe with calibration fluid with the low density value (p1)
Switch off radiation, insert steel plate, switch on radiation and wait at least five minutes
0 XXXXX Note displayed density value to 4th decimal point
(press = to display to this resolution)
1 0 0345 | Entry of programming level
3 XXXX 1 | Selection of one point calibation
1 XXXXX 0445 | Entry of programming level
9 XX 1 | Selection of the calibration set no. 1
6 XXXX(X) ENTER | Current pulse rate [N/100ms]
Press ENTER to store
7 XXXX Check stored pulse rate [N/100 ms]
8 0.0000 | X.XXX(X) | Entry of the noted density [g/cmg]
9 1 11 | Activate the calibration set No. 1
0 End
Switch off radiation, remove steel plate, switch on radiation and wait at least five minutes

b.5.2 Automatic recalibration using calibration plate

A periodic recalibration of the system is recommended in oder to compensate any
measuring errors which may occur due to wear of or build-up in the pipe. The
measuring conditions of the initial plate calibration must be reproduced. The system
must have been operating for at least an hour before calibration.

Rotary- Display Entry Meaning
switch
Fill the pipe with the calibration fluid used to produce the calibration plate
1 XXXXX 0945 | Entry of programming level
6 XXXXX 1 | Entry of calibration mode: 1 = automatic*
1 XXXXX 0445 | Entry of programming level
8 XXXXX Check that calibration plate value is displayed
—if not, enter as follows
9 1 1 | Selection of the calibration set no. 1
8 0.0000 | X.XXX(X) | Entry of the density on plate [g/cmS]
9 1 11 | Activate the calibration set No. 1
Switch off radiation, insert steel plate, switch on radiation and wait at least five minutes
Short-circuit connections z10 and b10 for at least one second
The recalibration starts automatically and lasts about 10 minutes, during which time the error
message E 902 is displayed
Switch off radiation, remove steel plate, switch on radiation and wait at least five minutes

*For procedure with manual start of the recalibration see Section 6.1.1.
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5.6. One point calibration

Note:

e The complete measuring line (DG 57, FMG 573 Z/S) must have been in operation '
for at least 6 hours with the source container switched on and with product in the

: @
pipe.
¢ When the pipe is empty, switch off the radiation (leave system in operation) ' ’
e The integration time must be set to 60 s (default value)
o Make sure that the source holder is always fixed when in operation (refer to Chap-
ter 2.3.3). Note all entered values as well as the date, the calibration values and the
pulse rates.

Rotary Display Entry Meaning
switch

0 0345 | Entry of the programming level

2 1 | Selection of the one point calibration mode

200.0 XXX.X | Entry of the inner pipe diameter

or the real length of the

radiation path [mm].

Note: This value must be entered exactly.

It directly influences the calculation of the absorbtion.

0 0445 | Entry of the programming level

1 1 | Selection of the calibration set no.1

1.000 X XXX | = Entry of the beginning of the density
measuring range  [g/cm®].

— If the analogue signal is solids content
(mass/volume), entry of the density of the
carrier liquid [g/CmS].

3 2.000 X XXX | Entry of the end of the density measuring range
[glem®]

4 6.154 XXXX | Entry of the linear absorbtion
coefficient [u]

6 XXXX(X) Actual pulse rate [N/100 ms]
Procedure
1. Fill the pipe with the calibration fluid.
2. Wait for at least 5 minutes,
before you read out the pulse rate.
3. As soon as the pulse rate remains reasonably
constant, store it by pressing the
Enter-button.

XXXX Display of the stored pulse rate [N/100 ms]

8 1.500 X XXX(X) | Entry of the density value of the applied calibration
fluid [g/cm®]

1 11 | Activation of the calibration set no. 1
End
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5.7. Upgrade of a one-point to a two-point calibration

Rotary Display Entry Meaning
switch
1 0 0345 | Entry of the programming level
3 1 2 | Selection of the two point calibration mode
1 0345 0545 | Entry of the programming level
9 11 1 | Modification of the calibration set no.1
5 1 1. Transformation of the calibration data
(Density and pulse rate) from the one point
calibration:

31 | * The value of the one point calibration will be

used as p1: lower calibration density

32 | * The value of the one point calibration will be
used as p2: higher calibration density.
Confirm by pressing the Enter button

2. Selection of the second calibration value
depending on the prior entry

p1 = lower calibration density (if 32 was selected)

2 | p2 = higher calibration density (if 31 was selected)

6 XXXX(X) Actual pulse rate [N/100 ms]

Procedure

1. Fill the pipe with the calibration fluid

2. Wait at least for 5 minutes before you read
out the pulse rate

3. As soon as the pulse rate remains reasonably

stable, store it by pressing the Enter button.

XXXX Display of the stored pulse rate [N/100 ms]

XXXX(X) XXXX(X) | Entry of the density value of the applied calibration
fluid [g/em®]

1 11 | Activating of the calibration set No.1
End

—_

Typical error codes

E801 Pmin > Pmax- ENter the correct values in switch position
2and 3.
E810 Calibration density of the one point calibration is out of the range

defined by Pmin and Pmax -

E901 Pulse rate is out of the display range:
Check if pmin and pmax are entered correctly or the
pipe is empty or only partly filled.

80



Radiometric measuring system 5. Density, temperature-compensated

5.8. Selection of displayed value units

The FMG 573 Z/S has different possibilities for calculating temperature compensated
values.

Depending on the application, the industrial branch and the country, one of the
following possibilities can be adjusted.

5.9. Density in the unit [g/cm3] or other engineering units,
temperature compensated

Temperature changes in liquids result in density changes. The FMG 573 Z/S uses a
temperature compensation formula (see Chapter 5.10) to convert the actual density
value and the temperature into the density at selected reference temperature (e.g.
20 °C) independently of the temperature compensation. The technical unit of the
display can be selected:

Rotary Display Entry Meaning
switch
1 0 0845 | Entry of the programming level
1 1 | Check, if the conversion mode 1 is selected
1.01 XXX | Entry of the unit (mass/volume):
1=g 01 = cm
2 = kg 02 = dm° |
3=t 03 =m?
4 = oz 04 = inch®
5=1Ib 05 = ft
6 = shewt 06 = yard3 (GB)
7 = cwt 07 = fl.oz (GB)
8 = shth 08 = fl.oz (US)
9 =tn 09 = gal (GB)
10 = gal (US)
0 End, or proceed with the entry of the temperature
compensation
Typical error codes
E900 Displayed value is bigger than > 9999: check, if the selected engineering

unit fits into the display range.
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5.10. Temperature compensation with formula

Physical facts

The relationship between density and temperature can be described by the following

formula:
PRef = P + (O-ORer) X tk1 + (9-ORef)? X tk2

Measuring values: p actual density [g/cm?3]
O actual temperature [°C]
Values to be entered: VRer: reference temperature [°C]
tk1: linear temperature coefficient
tk2: quadratic temperature coefficient
Calculated value: PRef: Density at the reference temperature

There are two methods to obtain the required data:
A) Values from physical tables, as described below
B) By empirical evaluation as described in Chapter 5.10.2

5.10.1 Temperature compensation using data from physical tables
a) Calculation of the linear temperature coefficient

Example: liquid chlorine
from physical tables:

pa= 1,47 g/lcm3, da= 0°C
pb = 1,38 g/cm3, Bp = 30 °C

1,47 — 1,38

k1 =9ec _30°C -

- 0,003 g/cm3/°C

b) Calculation of the quadratic temperature coefficient

The relationship between temperature and density is nonlinear. However, the entry of

the quadratic temperature coefficient to achieve an increased accuracy is only
necessary for larger temperature ranges.

1. First the linear temperature coefficient must be known or be calculated,
see above.

2. Now calculate the density value for a larger temperature range
pc using only the linear temperature coefficient:
Pc = pa + do xtki

3. Now the quadratic temperature coefficient can be calculated from the difference of
the calculated density value (see above) and the real density, for example taken

from a physical table:

Preal — Pc
tk = —
(0o — O c)?

Example: liquid chlorine

Values from a physical table:

pa= 1,47 g/cm3, 9, =0 °C
Preal = 1,11 g/Cm3, Y. = 100 °C
tk1 = — 0,003 g/cm3/°C (calculated)

Radiometric measuring system
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Calculation
1) pc = 1,47 + (100 x - 0,003) = 1,17 g/cm3
1,11-1,17
2)tke = ——2— = cmd/e
)t (0—100) 0,000006 g/cm¥°C

3.) Both temperature coefficients must be entered as an exponential value

e as mantissa (1 ... 9999), only integer numbers
e asexponent (0...—-9)

Example: tk2 to be entered: 0,000006 = 6 x 106
Entry: mantissa = 6, exponent = -6

Planning ,,Temperature compensated density measurement”
Example:

Density [g/cm3]

1,50 /|
1,45 —
1,40 —
1,35 —
1,30 —
1,25 —

1,20 —
With tk1 = 1,17

1,15 =

Temperature [°C] Fig. 5.11

Example of

density as a function
of temperature
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Procedure
Rotary Display Entry Meaning
switch
1 0 0845 | Entry of the programming level
2 1 1 | Check
1 0745 | Entry of the programming level
2 X.0 X.0 | Check, if the correct kind of temperature
measurement is selected. The first digit
was selected depending on the temperature signal
(compare Chapter 5.4.1)
25 X | Entry of the reference temperature [°C]
0 XXXX | Entry of the mantissa of the linear temperature
coefficient tk1. Entry as a integer value without the
3 | ,—“-prefix
Example: — 0,003 = 3 x 10>
7 0 XX | Entry of the exponent of the linear temperature
coefficient tk1
3 | Example: - 0,003= 3x 10°
8 0 XXXX | Entry of the mantissa of the quadratic
temperature coefficient tk2
6 | Example: 0,000006 = 6 x 10
9 0 XX Entry of the exponent of the quadratic temperature
coefficient tk2
6 | Example: 0,000006 = 6 x 10
0 End
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5.10.2 Temperature compensation based on empirical values

The calculation of the linear and the quadratic temperature coefficient must be based

on measuring values, if no physical table values are available
Requirements: One point calibration or two point calibration is already performed.

Rotary Display Entry Meaning
switch
0345 | Entry of the programming level
10 20 | Selection of the mode temperature compensation
>ENTER<
0345 0745 | Entry of the programming level
4.0 Entry of the temperature signal
20 | TMT2530Z
3.0 | TSP 8267 (converts analogue signal

into a PFM-signal)

End

Obtain the measuring values (Density and the related temperature). Fill the pipe with

the process fluid. Choose, if possible, a density value in the middle of the selected
measuring range.

Procedure

Rotary
switch

Display

Entry

Meaning

1045

Entry of the programming level

XXXX(X)

Display of the actual, uncompensated density:

1. Press the =>-button, to display the last digit of the
measuring value: wait for at least 5 minutes, before
you take a reading

2. Note the reading, as soon the density value
remains stable, e.g. pa=1,1028 g/cm3

1045

0045

Entry of the programming level

XXX

Display of the actual temperature for this density
value.
1. Note this value, e.g. 0a = 15 °C.
2. Cool down or warm up the process

fluid by approximately 10 °C
3. Note this value, as soon as the displayed
temperature remains relatively stable,

Vb =e.g.26°C.

1045

Entry of the programming level

XXXX(X)

Display of the uncompensated density value at the
temperature Tb: note this value, in the example =
1,0959 g/cm®

Calculate the linear temperature coefficient:

Pa — Pb
tky = —/——=
R W
Example:
1,1028 — 1,0959
— ) ) — _ 3 /0
tky 15 — 26°C 0,0006273 g/cm3/°C
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Rotary
switch

Display

Entry

Meaning

0845

Entry of the programming level

Check

0745

Entry of the programming level

N =[N =

X.0

Check, if the mode 'temperature compensation 2.0’ or
‘3.0 is selected

- 200

XXXX

Start of the measuring range [°C] of the temperature
signal. Entry necessary only when using the TSP 8267
(Prior entry: 3.0)

300

XXXX

End of the measuring range [°C] of the temperature
signal.
Entry necessary only when using the TSP 8267

25

15

Enter the temperature value 0a
Example: 15 [°C]

6273

Entry of the mantissa of the linear temperature
coefficient without the ,— prefix: tk1 = Example:
0,0006273 = 6273 x 107"

-7

Entry of the exponent of the linear
temperature coefficient tk1
Example: 0,0006273 = 6273 x 107"

0345

Entry of the programming level

XXXX(X)

1,1028

1,0967

Display of the temperature compensated density
value (at Oref = 9a = 15 °C) Increase the temperature
of the process fluid for at least
further 50 °C, e.g. to 75 °C. Read out and note after 5
minutes (at constant temperature = 75 °C) the density
value, as soon it stays stable.
1. If there is no difference between the 9.-value, e.g.
display value 1,1028, then the tk is linear and no
further settings must be done
2. The original value changes, e.g. to 1,0967 (this
complies to pc=1,0967 at 9c=75 °C).
Using this value, the quadratic tko can be
calculated

pa — Pc 1.1028 — 1.0967
tke = =

Ba — 02 (15 — 750
tko = 0.0000017

0745

Entry of the programming level

Entry of the reference temperature [°C],
e.g.20°C

17

Entry of the mantissa of the quadratic temperature
coefficient tko
Example: 0.0000017 = 17 x 1077

Entry of the exponent of the quadratic temperature
coefficient tko
Example: 0.0000017 = 17 x 10”7

End
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5.11. Temperature compensation using a table

Temperature fluctuations in liquids cause changes in density. By using an existing
table (density versus temperature), the FMG 573 Z/S allows the calculation of the
density referred to a selected temperature of e.g. 30°C (reference temperature) from
the current density and temperature measurement.

Up to 21 pairs of density and temperature values can be entered in the table. The
desired reference temperature and density value are selected from the table. The
difference between the reference density and every other density value must now be
calculated, see following example.

The preparations, electrical connection and calibration (one or two point) correspond
to those described in this chapter.

Rotary Display Entry Meaning
switch
0 0345 | Entry of the programming level
2 XX 20 | Check that density measurement with temperature
compensation has been selected
1 345 0745 | Entry of the programming level
2 4 Operating mode "temperature compensation using a
table

2.1 | with TMT 2530Z as per table
3.1 | with TSP 8267 as per table
(0/4...20 mA signal converted to PFM signal)

3 -200 XXXX | Start of temperature signal measuring range [°C]
Entry required for TSP 8267 only
3.1 entered on previous step

4 200 XX | Start of temperature signal measuring range [°C]
Entry required for TSP 8267 only
5 25 20 | Entry of the reference temperature

Example: Water

Required reference temperature: 20°C
Temperature range: 0°C...80°C

T°C Density p g/cm3 Table No. Difference Ap g/cm3
0 0.9998 1 0.0016
10 0.9997 2 0.0015
20 0.9982 3 0.0000
30 0.9957 4 0.0025
40 0.9922 5 0.0060
50 0.9880 6 0.0102
60 0.9832 7 0.0150
70 0.9778 8 0.0204
80 0.9718 9 0.0264
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The differential value (correction) is entered as figures behind the decimal point:

e.g. 0.9982 (at reference temperature) — 0.9997 (at 10°C) = 0.0015
is entered as 0015 (without sign)

The reference density is calculated according to the diagram:
pref = p x correction (differential value)

Correction |
| °
L I
° X °
° | °
subtracted | added
° | °
. i
° : °
o i
I
® : ® TeTp.
. tRef
Fig. 1.1
Correction as a function of
temperature
The table is entered as follows:
Rotary Display Entry Meaning
switch
1 ] 0 or XXXX 0645 | Entry of the programming level
7 X 1 | Check/Enter table no. 1
8 0 0 | Enter first temperature (0°C)
9 0 0016 | Enter correction (0.0016)
7 1 2 | Enter table no. 2
8 0 10 | Enter second temperature (10°C)
9 0 0015 | Enter correction (0.0015)
etc
7 8 9 | Enter table no. 8 (last)
8 80 | Enter last temperature (10°C)
9 0264 | Enter correction (0.0264)
0 End

Temperature-compensated density is now displayed at rotary switch position No. O.
The temperature of the medium is displayed at rotary switch position No. 8. The
uncompensated density value can be displayed at rotary switch position no. 0 in
level 1045. The PFM frequency (input 2) can be viewed in level 2610, rotary switch
position 9.

Deleting the table

Enter the value 33 at rotary switch position 7 in level 645. All the current values are
deleted and a new table can be entered.
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5.12. Temperature compensated concentration %

The FMG 573 Z/S provides a non linear conversion of the density into a temperature
compensated % concentration measurement.

This is achieved by entry of

1. atable with up to 18 points of density values at their related temperature
values and

2. a correction factor for the temperature range at an average concentration.

Example: H2SO4 in H20

H>S0O4 in Ho0O, the reference temperature is 25 °C
Required measuring range: 30 ... 70%, average 50 %
Temperature range: 0 ... 75 °C

Values from
physical tables: 1 2 3 4 5
% 30 40 50 60 70
Density (25 °C) 1,220 1,305 1,400 1,505 1,615
Density (0 °C) 1,435
Density (75 °C) 1,360
Calculation
1. For0°C
Density at0°C _ 1,435 [%em?] _ . 1 g
Density at 25°C ~ 1,400 [Yeme]
2. For75°C
Density at 75°C 1,360 [9em3] 0971
Density at 25 °C 1,400 [Yem?] '
Rotary Display Entry Meaning
switch
1 0 0845 | Entry of the programming level
2 1 31 | Entry of the conversion into % concentration
7 1 1 | Enter the value of table no. 1
8 0.0 % Entry of the % concentration value; the first value of
the table will define the start of the measuring range
Example: 30%
30.00
9 0.000 Entry of the corresponding density value
1.220 | Example: 1,220
1 2 | Entry of the table no. 2
8 0,0 % Entry of the % concentration value.
40.00 | Example: 40 %
9 0.000 X XXX | Entry of the corresponding density value
1.305 | Example: 1,305 g/c:m3
etc. enter the values of no.3 and no.4
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Rotary Display Entry Meaning
switch
4 5 | Entry of the table value no. 5
0.0% Entry of the % concentration; the last value of the

table will define the end of the measuring range
70.00 | Example: 70 %

9 0.0000 Entry of the corresponding density value
1.615 | Example: 1,615 [g/cm®]
1 0 0745 | Entry of the programming level
5 0 Entry of the reference temperature
25 | Example: 25 °C
1 0 0945 | Entry of the programming level
0 1 | Entry of the table value no.1
1.000 Entry of the correction factor for the lowest

temperature (below this temperature,
1.025 | this factor will be used)

4 0 Entry of the corresponding temperature
Example: 0 °C
1 2 | Entry of the table value no.2
1.000 Entry of the correction factor for the next temperature

(the reference temperature must be entered also)
Example: 1,000

1.000
4 0 Entry of the corresponding temperature
25 | Example: reference temperature 25 °C
2 3 | Entry of the table value no.3
1.000 Entry of the correction factor of the last temperature

value (above this temperature,
this factor will be used)

0.971
4 0 Entry of the corresponding temperature
75 | Example: 75 °C
0 End
Typical error codes
E710 The values for % concentration must strictly increase or

decrease: check, correct, or delete the table;
to delete it, the value 33 must be entered in switch position 7.
Then the table must be entered again.

E711 The density values must strictly increase or decrease:
Check, correct, or delete the table; to delete it,
the value 33 must be entered in switch position 7.
Then the table must be entered again.

E712 The temperature values must strictly increase or decrease:
Check, correct, or delete the table; to delete it,
the value 33 must be entered in switch position no.7.
Then the table must be entered again.
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5.13. Set points/relays

5.13.1 Introduction

The FMG 573 Z/S features two independent relays, which for the density
measurement mode can be used as set points.

The switching behaviour of each relay is defined by three parameters:

1.) Set point:
0 ... 100 % related to the output measuring range

2.) Hysteresis:
0 ... 100 %; for a two point control with one relay, this value defines the on/off cycle.

3.) Fail safe modes: minimum- or maximum safety;
This determines the use of the relay:
e Min. as low value alarm
e Max. as high value alarm
This setting also defines whether the hysteresis is added to or deducted from the
actual set point

Default values

Set point Hysteresis Fail safe mode
Relay 1: 10 % 3% Min.
Relay 2: 90 % 3% Max.
Measu(rjing
value [%] 20 Set point
87 i S

\/Set point
13

-
10

| .

Relay i ; Activated (On)
|

Mini !

mmum_____ 4 + [ — Deactivated (Off)
Relay 2 'y Activated (On)
Minimum )
————————————— N 4 ———————— Deactivated (Off) Fig. 5.12

Minimum and Maximum
fail-safe mode
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Procedure
Rotary Display Entry Meaning
switch
1 0 0045 | Entry of the programming level
2 10.0 % XX | Entry of the set point in [%] of relay 1
3 90.0 % XX | Entry of the set point in [%] of relay 2
1 0045 0245 | Entry of the programming level
2 3.0 % XX | Entry of the hysteresis in [%] of relay 1
3 3.0 % XX | Entry of the hysteresis in [%] of relay 2
1 0245 0145 | Entry of the programming level
2 1.0 Entry of the fail safe mode of relay 1
1.0 | Minimum (default value)
1.1 | Maximum
3 1.1 Entry of the fail safe mode of relay 2
1.0 | Minimum
1.1 | Maximum (default value)
0 XXXX End
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5.14. Programming matrix for density measurement with

temperature compensation

Operating Basic e Relay e Operation 1-point 2-point Temperature | Selection of %
level settings functions mode calibration calibration compen- units, concentration
K_7\ o Totaliser e Calibration sation conversion f(9)
mode density to % Recalibration

0 conc.

-_O Code 0045 Code 0145 Code 0245 Code 0345 Code 0445 Code 0545 Code 745 Code 845 Code 945

1
Switchpoint Relay 1: Relay 1: Operation Start of the Start of the Compensation Selection of % conc. = f (9)

. . . method . .
relay 1 [%] safety mode hysteresis mode density density XO: from formula engineering Entry of table
1.0 minimum | [%] 31 Solids measuring measuring X1: from table unit no. 1...18
. Temperature 3
m safety or creeping content range 5 range 5 measurement 1:g/cm 33 deletes all
1.1 maximum | quantity 32 Massflow | p . [g/cm”] P min [0/CM"] 2X: TMT 2350Z 31: % conc. values
safety supression 8x ??P'§§6?A =1(0)
[%] 4.X detector

2 10.0 | 1.0 | 3.0 | 10 1.000 1.000 temp |I.000 | 1 1
Switchpoint Relay 2: Relay 2: Calibration End of the End of the Start of ; Eg g; mﬁm % conc. = f (9)
Relay 2 [%] safety mode hysteresis [%] | mode density density temperature 3t 03 me Entry of

{\ 1.0 minimum | if used as a 1: 1 point measuring measuring measuring gfsz 8‘5‘ ‘f?gchg correction

2 safe?y set point caliblration range . range . range 6 scwt06:y*(GB) | factor

1.1 maximum 2. 2 p.omt . P max [9/CM7] P max [9/CM7] (ISP 8267) ; zvtvcgn gg Rgi EJGSB)
safety calibration [°C] oton 09 Gal. (GB)
| 10: Gal. (US)

3 90,0 1l 3.0 | 2 2.000 2.000 [-200 [1.01 1.000
Higher Isotope: Pulse Lock-/unlock Linear absorp- | K-factor End of % conc. = f (9)
calibration 0: Co60 value Code 0045 4+ 6 | tion coefficient temperature Entry of

(\ pulse rate 1. Cs 137 for the 1111: Unlock w: (calculated measuring corresponding
D [N/100 ms] totaliser mode | 9999: Lock from 2-point range temperature
atp .o calibration) (TSP 8267)
[°C]
4 5.000 | 9999 [9999 6.154 1.000 [o [XxxX] [0]
Actual Current output | Engineering unit Length of the Absorption Selection of Entry of Current
of the totaliser S . . .
e pulse rate 0:0..20mA 1. g6 showt radiation coeeficient the calibration | reference measured
[N/100 ms] 1:4..20mA | 2kg T7:owt beam through | K x 1000 point temperature value in units
H 3:t 8 shtn >
J_I_ integrated 4 07 9tn the process 10 10w [°CIT as selected in
5 tb fluid [mm] P high 0845
3;: P cal=p low

5 XXX 0 [3 [200 ) i [xx [XXXX XXXX
Lower Analogue output | Totaliser Actual pulse Actual pulse Linear Current Entry
calibration during alarm Relay 1 rate rate temperature measured calibration

m pulse rate 02:  -10% only for the [N/100 ms] [N/100 ms] coefficient value in units mode
i [N/100 ms] 12. 110% totaliser mode integrated, integrated, Entry of as selected in | 0: manual
atp 20:  Hold >E< resetting press >E< press >E< negative 0845 1: automatic
30:  Continue | to 0 to calibrate to calibrate mantissa tk1
11: 100 %

6 4.000] 01: o %] 12 0 XXXX XXXX [0 [XXXX 0
Integration Frequency for | Preset value Actual Callibration Calibration Linear % conc. = f (0) | tfor
constant the start of the | for relay 2 measuring pulse rate pulse rate temperature Entry of table recalibration

T 0...1000 s measuring Only totaliser value, [N/100 ms] [N/100 ms] coefficient no. 1...18
range of mode engineering Entry of 33 deletes all
input 2 unit as negative values
A 0/4 mA selected in exponent tk1
7 1045/6 |
60 200 [1.000 [xoxxx XXXX xxxx | [0 [1 0.000
Frequency for | Simulation of Start of the Entry of the Entry of the Quadratic % conc. = f (0) | Error code
the end of the | the output measuring ran-| calibration Calibration temperature Entry of % E902 during
measuring signal ge of the ana- | density, the density, the coefficient concentration | recalibration
range of -10 %...110 % | logue output, engineering engineering Entry of value 0: alarm off
input 2 engineering unit is always unit is always negative 1: alarm on
A20mA units as selec- | [g/em®] lglem®] mantissa tk2 default
ted in 10

8 XX 1200 XX XXXX 1.500 1.500 | 0 p.OOO/ 0.000
Error analysis | Last error Days of End of the Selection of Selection of Quadratic % conc. = f (8)

Display of the | code delete operation measuring the calibration | the calibration | temperature Entry of
actual error with >E< delete with range of the set set coefficient corresponding
code >E< analoque 0.1-0.3 Set no. | X.1-X.3 Set no. | Entry of density value
output, 1.X Activate 1.X Activate negative [gm/cm?]
enginee- 2.X Delete 2.X Delete exponent tk2
ring unit as
selected |n
9 E- EXXX XXxx| 104506 [xxxx | | [0 [roxx
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6. Maintenance

In regular intervals (approx. 6 month), the following parameters should be checked:

Sensor temperature °C (Operating level 3500 (3573), switch position 8)

This field displays the highest temperature which has been present at the DG 57
during operation. If the limit of 50 °C is permanently exceeded, countermeasures
have to be taken, e.g.

» usage of a detecteor with water cooling jacket
« thermal screening
« change of mounting position

Average reference % (Operating level 3500 (3573), switch position 2)

This parameter is a measure for the relative sensitivity of the detector. It is used
internally by the software in order to compensate for sensitivity changes which might
occur in the course of time.

The value should be between 30% and 80%.

If the value is beyond this range, the inspection frequency should be increased
(approx. every 3 months) and replacement of the detector should be scheduled.

If the value is below 5% or above 95%, the detector should be replaced.
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7.

7.1. Additional functions

Service/Record

7.1.1 Manual recalibration with calibration plate

If the measured density is different to the real value, the internal calibration curve can
be corrected by means of a calibration plate. The automatic mode is described in
Sections 3.5, 4.5 and 5.5. The manual mode is as follows:

« The system must have been operating for at least an hour before calibration.
« The corrected density value is displayed at 0045/0 and 0945/5.

Procedure
Rotary- Display Entry Meaning
switch
Fill the pipe with the calibration fluid used to produce the calibration plate

Switch off radiation, inser

t steel plate, switch on radiation and wait at least five minutes

1 XXXXX 0945 | Entry of programming level

6 XXXXX 0 | Entry of calibration mode: O = manual

1 XXXXX 0445 | Entry of programming level

6 XXXXX ENTER | Store current pulse rate

8 XXXXX Check that calibration plate value is displayed
—if not, enter as follows

9 XX 1 | Selection of the calibration set no. 1

8 0.0000 | X.XXX(X) | Entry of the density on plate [g/cms]

9 1 11 | Activation of the calibration set no. 1

The recalibration starts automatically and lasts about 10 minutes, during which time the error
message E 902 is displayed

Switch off radiation, remove steel plate, switch on radiation and wait at least five minutes
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7.1.2 Manual density correction using a density sample

If a two-point calibration was made with well separated calibration points, the density
can be manually corrected by taking samples at regular intervals via a simple
one-point calibration mode. To this end:

 note the pulse rate at the time of sampling
« determine the density ptrue of the sample in the laboratory
« perform calibration as shown below

Procedure

Rotary Display Entry Meaning

switch
1 0 0345 | Entry of the programming level
3 2 1 | Selection of the one-point calibration mode
1 0 0945 | Entry of the programming level
6 0 0 | Entry calibration mode: 0 = manual
1 X XXX 0445 | Entry of the programming level
9 XX 1 | Select calibration set (= 1)
7 X XXX XXXX | Entry of pulse rate at time of sample
8 X XXX X XXX | Entry of density measured in laboratory
9 1 11 | Activate calibration set
0 End

7.1.3 Change of density measuring range after calibration

The density measuring range can be changed at any time after calibration by entering
new values in 0445/2 and 0445/3..

Procedure

Rotary Display Entry Meaning

switch
1 0 0345 | Entry of the programming level
3 1 1 | Entry calibration mode
1 0 0445 | Entry of programming level
9 11 1 | Select calibration set no.1
2 XXXX(X) XXXXX | Entry lower range density value in g/cm3
3 | XXXX(X) XXXXX | Entry upper range density value in g/cm3
9 1 11 | Activate calibration set no.1
0 End
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7.1.4

The 4...20 mA output signal is normally assigned to the start (0%) and the end (100%)
of the density range determined during calibration. This may result in a display range
of e.g. 1.00 to 1.50 g/cm3. It is possible to set other signal ranges by entering new

4 mA and 20 mA values in the "scaling" menu.

Increasing the turndown of the 4...20 mA output

Procedure

Rotary Display Entry Meaning

switch
1 0 1145 | Entry of the programming level
2 XXXX 1 | Activate the scaling/splitting range
3 X XXX e.g. 1.1 | 4 mA value: press ENTER to store
4 X XXX e.g. 1.4 | 20 mA value: press ENTER to store
0 End 0> density value

7.1.5 Dynamic adaptation of the output damping

The output damping (1) causes the measured value to react slowly on any sudden
change in density, e.g. when the flow in the pipeline is interrupted or switched on
again. In order to increase the responsiveness of the display under such conditions, a
factor can be entered at 11/7. This comes into effect when the density change
exceeds the threshold entered at 11/6 and for a period of 3t. Afterwards, the standard
output damping value is used again. The function can be checked by switching the
radiation on and off.

L _high factor

- - -]

-—

< |
E T
Z S U S
9 I
5 ===
O : _____
6 7
time (min)
Procedure
Rotary Display Entry Meaning
switch
1 0 1145 | Entry of the programming level
6 100 30 | Entry A pulse rate (threshold) between 1...100%
Press ENTER to enter value
7 1 e.g. 3 | Entry factor (1...10) by which the output damping is to
be shortened. The higher the factor, the faster the
response, but the more unsteady the display/output.
A factor of 2 or 3 is recommended.
0 End

Fig. 7.1:
Effect of damping factor
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7.2. Reprogramming a replaced FMG 573 Z/S

After the initial set up, e.g. selection of the operation mode, the set points etc.,
the calibration data must be entered again: In case of a one point calibration, we
recommend a new calibration during operation.

For a two point calibration, there are two possibilities to enter the calibration data:
« The data of the replaced FMG 573 Z/S can still be displayed (A).

« Only the original data from the first calibration are available (B).

(A) The data of the replaced FMG 573 Z/S can still be displayed:
1: Display the following data at the defect transmitter and note them.

Rotary Display Entry Meaning
switch
1 0 0345 | Entry of the programming level
5 XXXX Display of radiation beam path (mm)
1 0 0545 | Entry of the programming level
9 11 1 | Select the calibration set no.1 for modification
2 X XXX Display of the start of the density measuring range in
g/lcm
3 X XXX Display of the end of the density measuring range in
g/cm
4 XXXXX Absorption coefficient (one-point calibration only)
1 | (from 0445/4)
XXXX Display of the stored pulse rate in N/100 ms
8 X XXX Display of the calibration density in g/cm®
. These values must now be entered in the replacement unit. . .
9 1 11 | Activation of the calibration set no.1 etc.
1 XXXX 0345 | Entry of the programming level
5 XXXX XXXX | Entry of radiation beam path (mm)
1 XXXX 0945 | Entry of the programming level
6 XXXX XXXX | Entry of recalibration time
1 XXXX 1145 | Entry of the programming level
If appropriate, turndown and adaptive filter
0 End

(B) with the original values of the first calibration

Based on the Date, the calibration densities and the corresponding pulse rates ,
the actual values, depending on the decay of the radioactive source, must be
calculated. These values then must be entered into the replacement unit.

Noriginal .
* Cs 137: Nactual = ~10mpar of the month passed where N is the pulse rate
2 362
. _ Noriginal .
* Co 60 : Nactual = ~53mbar of the morth oassed where N is the pulse rate
2 63
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7.3. Error codes

If the self check routines of the FMG 573 Z/S detect a unreasonable condition,
an error is generated and in rotary switch position 9 an error code is displayed.

Depending on the significance of the error, the alarm relay (A) switches.

A warning (W) will only cause the display of the error code (the alarm relay
does not switch).

Error- M:  Meaning
code C: corrective actions
E204 (A) M:  Temperature signal from the DG 57 < -30 °C or >80 °C
C: Replace the DG 57; the detector can continue to measure,
if in programming level 0145, rotary switch position 6 the
value 30 is entered
E205 (A) M:  The pulse rate of the detector is too low
C: Replace the detector DG 57
E206 (A) M:  The reference value is out of the permitted range
C: Replace the detector DG 57
E400 A) M: No measuring value from the DG 57 and the flow signal or the
temperature signal is not reasonable
C: Check the wiring
E401 (A) M:  No signal from the detector DG 57
C: a) Check the wiring.
Take into account the polarity.
b) If the wiring is correct, check the voltage at the terminals
of the detector.
The value should be: 13,7 +/- 3V.
If the volatage is correct, a mistake is present at the detector.
Exchange detector.
c) If the voltage is not correct at the detector, check for the same
voltage at the output of the transmitter FMG 573.
If the output voltage is not correct, the transmitter is defective.
E402 (A) M: No signal from the flow or temperature measurement
C: Check the wiring
E403 (A) M:  The frequency of the PFM-signal from the flow or
the temperature measurement is too low
C: a) Check and possibly correct the operation mode
of the temperature compensation: see Chapter 5.4.1
b) check and possibly correct the selected range:
Programming level 0145, rotary switch position 7
E404 (A) M:  The frequency of the PFM signal of the flow or
temperature measurement is too high
C: a) Check and possibly correct the operation mode
of the temperature compensation: see Chapter 5.4.1
b) check and possibly correct the selected range:
programming level 0145, rotary switch position 8
E410 (A) M:  The calculated density value is lower than zero
C: The pulse rate at the detector is extremely high,

e.g. the pipe is empty or only partly filled
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Error
code

meaning
corrective actions

E502 (A):

0=

The temperature at the DG 57 is higher then 55 °C
Ensure, that the temperature at the detector does not
exceed 50 °C: check or install a water cooling jacket

E507 (A)

Call the service of Endress+Hauser

E700 (A)

=

Electro magnetic interference at input 2
Enter in level 0445 respectivly in level 0545, rotary switch
position 9 the value 11

E710 (A)

=

Input error of the conversion table
The values of the %concentration must strictly
increase or decrease

E711 (A)

Input error of the conversion table
The density values must strictly increase or decrease

E712 (A)

Input error of the correction table
— % concentration = f (§)
The temperature for each table value must be different

E713 (A)

Input error of the conversion table
The density values must strictly increase or decrease

E730 (A)

o z|oz|o z|ox

Input error of the correction table:

% concentration or density values depending on the temperature

The temperature values must strictly increase
Input error of the entry of the density measuring range during
the calibration

E801 (A)

=

Input error of the entry of the density measuring range

The value in programming level 0445 respectively in 0545,
rotary switch position 2 (pmin) must be smaller than the value in
rotary switch position 3 (pmax).

E810 (A)

Input error: the calibration density is out of

the measuring range

The value entered in programming level 0445,

rotary switch position 8 must be within the measuring range
defined by switch position 2 (pmin) and switch position 3 (pmax)

E820 (A)

o

Input error: the density value is out of it's

measuring range

the values in programming level 0545, rotary switch position 8
must be between the values of switch position 2 (pmin)

and position 3 (pmax) -

E821 (A)

Input error: the calibration is not yet completed,
one calibration value for the two point calibration is missing
Check the calibration data

E900 (A)

o zlo =

The calculated value in engineering units is bigger
than 9999

Select a suitable engineering unit for which the
display range of 4 digits is sufficient

E901 (W)

M: The pulse rate is out of the measuring range
Perform the one point- or two point calibration

E902 (A or
W)

Automatic recalibration running
Selectable as alarm or warning in 945/8
Disappears when recalibration has finished

E999 (W)

S0 2|05

Please call the service of Endress+Hauser
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7.4. Trouble shooting

If none of the digits of the display are visible, check the power supply and the fuses.
The picture below shows positions and ratings of the fuses.

Glass fuses of the GAMMASILOMETER FMG 573 Z
Transmitter back plate and the p-c-board for the 2 EPROMS removed

=
NV 2 o °

Lithiumbattery

o@/—_g_—

=4

[ #2

o
Input

| (Optionally
Input 2)

o
m-l}. 2 2 o * o .'ﬂ-m
-

Connector  __

Mains Fuse for the Mains fuse
(intrinsically safe)
input
220V ...240V 50/60 Hz 63 mA 125 mA
110V...127V 50/60 Hz 125 mA 315 mA
24V 50/60 Hz 630 mA 10A
24V DC 630 mA ----
Semi slow

7.4.1 Maintenance of the pipe

For any activities inside or at the pipe, e.g. cleaning, the radiation must be “switched
off*, the collimating slot of the source container must be closed. For details, refer to
the technical information of the QG 020 or QG 100.

7.4.2 Control of the radionuclide

Due to the radioactive decay of the source, its activity decreases over the time. This
decrease is compensated by the FMG 573 Z up to a certain degree. If the activity has
declined so far that the statistical variation of the radiation is shown by instability of
the display (especially in the lower range), a constant reading can be achieved by
increasing the integration constant.

If the pulse rate has declined to 50 % of it’s original value, the radionuclide should be
exchanged.
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Radiometric measuring system

7.5.

Programming matrix for additional functions

Operating Basic ¢ Relay e Operation 1-point 2-point Selection of Re- Other
level settings functions mode calibration calibration units, calibration functions
I, * Totaliser * Calibration conversion
mode density to %

0 conc.

__Q Code 0045 Code 0145 Code 0245 Code 0345 Code 0445 Code 0545 Code 845 Code 945 Code 1145
Switchpoint Relay 1: Relay 1: Operation Start of the Start of the Selection of Increased
relay 1 [%] safety mode hysteresis mode density density engineering turndown

1.0 minimum | [%] 31 Solids measuring measuring unit 0: de-activate

m safety or creeping content range range 1: g/cm3 1: activate

1 1.1 maximum | quantity 32 Massflow | p . [g/cma] P min [g/cma] 31: % conc.
safety supression =f(0)
[%]

2 10.0 | 1.0 3.0 10 1.000 | 1.000 | 1 0
Switchpoint Relay 2: Relay 2: Calibration End of the End of the ‘258 8; g'n“;m 4 mA value
Relay 2 [%] safety mode hysteresis [%] | mode density density 3 Ig 03 m°

1.0 minimum | if used as a 1: 1 point measuring measuring gffg 8‘51 ‘f:';?ha

K;\ safety set point calibration | range 5 range 5 6 s cwt 06- y° (GB)

1.1 maximum 2. 2 point P max [G/CM7] P max [G/CM7] ; thvgﬂ gg g o EJGSB)
safety calibration oton 09 Gal. (GB)
| | 10: Gal. (US)

3 90,0 1l 3.0 2 2.000 2.000 -200 0
Higher Isotope: Pulse Lock-/unlock Linear absorp- | K-factor 20 mA value
calibration 0: Co60 value Code 0045 4+ 6 | tion coefficient
pulse rate 1. Cs 137 for the 1111: Unlock W (calculated

O [N/100 ms] totaliser mode | 9999: Lock from 2-point

U atp in calibration)

4 5.000 | 9999 9999 6.154 1.000| 0 0 100
Actual Current output Efﬂggetgg‘gseurnn Length of the | Absorption Selection of Current Factor for
pulse rate 0:0..20mA 1: g 6: showt radiation coefficient the calibration measured scaling

e [N/100 ms] 1:4...20mA g rgs ;h tCﬂW‘ beam through | K x 1000 point value in units 1...1000
integrated 4 oz 9n the process 10 0w as selected in
J_L 5 tb fluid [mm] 2: P high 0845
g;: P car™P low

5 XX 0 3 200 ) gi ‘ XX XXX 1
Lower Analogue output | Totaliser Actual pulse Actual pulse Current Entry Percentage
calibration during alarm Relay 1 rate rate measured calibration A pulse rate
pulse rate 02:  -10% only for the [N/100 ms] [N/100 ms] value in units mode for adaptive

m [N/100 ms] 12. 110% totaliser mode integrated, integrated, as selected in | 0: manual filter

i atp 20:  Hold >E< resetting press >E< press >E< 0845 1: automatic 1...100
30:  Continue | to 0 to calibrate to calibrate
11: 100 % |

6 4.000| o1: o0 12 0 XXXX XXXX 0 0 0
Integration Frequency for | Preset value Actual Calibration Calibration % conc. =f () | tfor Factor X for
constant the start of the | for relay 2 measuring pulse rate pulse rate Entry of table recalibration adaptive filter

T 0...1000 s measuring Only totaliser value, [N/100 ms] [N/100 ms] no.1..18 1..10

range of mode engineering 33 deletes all
input 2 unit as values
A 0/4 mA selected in

7 1045/6

60 200 1.000 XXXX XXXX XXXX 0 0.000 0
Frequency for | Simulation of Start of the Entry of the Entry of the % conc. = f (0) | Error code Product
the end of the | the output measuring ran-| calibration Calibration Entry of % E902 during temperature
measuring signal ge of the ana- | density, the density, the concentration | recalibration
range of -10 %...110 % | logue output, engineering engineering value 0: alarm off
input 2 engineering unit is always unit is always 1: alarm on
A 20 mA units as selec- | [g/cm?] [g/cm®] default
in1
8 [ ] [1200] o] " e [1:500] [1:500] (O] P
Error analysis | Last error Days of End of the Selection of Selection of % conc. = f (0)
Display of the | code delete operation measuring the calibration | the calibration | Entry of
actual error with >E< delete with range of the set set corresponding
code >E< analoque 0.1-0.3 Set no. | X.1-X.3 Set no. | density value
output, 1.X Activate | 1.X Activate | [gm/cm?]
enginee- 2.X Delete 2.X Delete
ring unit as
selected | |
9 E- Exxx XXXX | 1045/6 | XXXX | I 0 XXXX
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Radiometric measuring system

Measuring line no.
Day no.

Detector no.

Date

Process fluid
Temperature range

Flow range

Density range
p min ...pmax

Engineering Unit

p1: Lower density
calibration value

N1: Pulse rate for the
lower calibration value

p 2: Higher density
calibration value

N2: Pulse rate for the higher

calibration value

Integration constant

Remarks:

Company name:

Address:

Contact person/phone no.:

Calibrated by:
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Calibration

Recalibration






Europe

Austria
D Endress+Hauser Ges.m.b.H.

TeI (01)88056 -0, Fax (01) 88056-35

Belarus
Belorgsmtez

Min
Tel. (01 72) 508473, Fax (0172) 508583

Belgium / Luxemburg

0 Endress+Hauser N.V.

Brussels

Tel. (02) 2480600, Fax (02) 2480553

Bulgaria
INTERTECH-AUTOMATION

Sofia
Tel. (02) 664869, Fax (02) 9631389

Croatia

O Endress+Hauser GmbH+Co.
Zagreb

Tel. (01) 6637785, Fax (01) 6637823

Cyprus

1+G Electrical Services Co. Ltd.
Nicosia

Tel. (02) 4847 88, Fax (02) 484690

Czech Republic

O Endress+Hauser GmbH+Co.

Praha

Tel. (026) 6784200, Fax (026) 6784179

Denmark

O Endress+Hauser A/S

Sgborg

Tel. (70) 131132, Fax (70) 132133

Estonia
ELVI-Aqua

Tartu
Tel. (7) 441638, Fax (7) 441582

Finland

O Endress+HauserOy

Hel

Tel. (0204) 83160, Fax (0204) 83161

France

O Endress+Hauser S.A.

Huningue

Tel. (389) 696768, Fax (389) 694802

Germany

0 Endress+Hauser Messtechnik GmbH+Co.

Weil am Rhein
Tel.(07621) 975-01, Fax (07621) 975-555

Great Britain

O Endress+Hauser Ltd.

Manchester

Tel. (0161) 2865000, Fax (0161) 9981841

Greece

| & G Building Services Automation S.A.
Athens

Tel. (01) 9241500, Fax (01) 92217 14

Hungary

Mile Ipari-Elektro

Budapest

Tel.(01)4319800, Fax (01) 4319817

Iceland

BIL ehf

Reykjavik

Tel. (05) 6196 16, Fax (05) 619617

Ireland

Flomeaco Company Ltd.

Kildare

Tel. (045) 8686 15, Fax (045) 868182

Italy

O Endress+Hauser S.p.A.

Cernusco s/N Milano

Tel. (02) 92192-1, Fax (02) 92192-362

Latvia
Rino TK

Riga
Tel. (07) 315087, Fax (07) 315084

Lithuania
UAB "Agava"

Kaunas
Tel. (07) 2024 10, Fax (07) 207414

Netherlands

O Endress+Hauser B.V.

Naarden

Tel. (035) 69586 11, Fax (035) 6958825

Bolivia

Tritec S.R.L.

Cochabamba

Tel. (042) 56993, Fax (042) 50981

Norway

O Endress+Hauser A/S

Tranby

Tel. (032) 859850, Fax (032) 859851

Brazil

O Samson Endress+Hauser Ltda.

Sao Paulo

Tel. (011) 50313455, Fax (011) 50313067

Poland

Endress+Hauser Polska Sp. z 0.0.
Warszawy

Tel. (022) 7201090, Fax (022) 7201085

Canada

O Endress+Hauser Ltd.

Burlington, Ontario

Tel. (905) 6819292, Fax (905) 6819444

Portugal

Tecnisis - Tecnica de Sistemas Industriais
Linda-a-Velha

Tel. (21) 4267290, Fax (21) 4267299

Romania

Romconseng S.R.L.

Bucharest

Tel. (01) 41016 34, Fax (01) 4112501

Russia

Endress+Hauser Moscow Office
Moscow

Tel. (095) 1587564, Fax (095) 1589871

Slovakia

Transcom Technik s.r.o.

Bratislava

Tel. (7) 448886 84, Fax (7) 44887112

Slovenia

Endress+Hauser D.O.O.

Ljubljana

Tel. (01) 5192217, Fax (01) 5192298

Spain

O Endress+Hauser S.A.

Sant Just Desvern

Tel. (93) 4803366, Fax (93) 4733839

Sweden

O Endress+Hauser AB

Sollentuna

Tel. (08) 55511600, Fax (08) 555116 55

Switzerland

O Endress+Hauser Metso AG
Reinach/BL 1

Tel. (061) 7157575, Fax (061) 71116 50

Turkey

Intek Endustriyel Olcii ve Kontrol Sistemleri
Istanbul

Tel. (0212) 2751355, Fax (0212) 2662775

Ukraine

Photonika GmbH

Kiev

Tel. (44) 26881, Fax (44) 26908

Yugoslavia Rep.

Meris d.o.o.

Beograd

Tel. (11) 4441966, Fax (11) 4441966

Africa

Egypt

Anasia

Heliopolis/Cairo

Tel. (02) 4179007, Fax (02) 4179008

Morocco

Oussama S.A.

Casablanca

Tel. (02) 241338, Fax (02) 4026 57

South Africa

O Endress+Hauser Pty. Ltd.

Sandton

Tel. (011) 2628000 Fax (011) 2628062

Tunisia
Controle, Maintenance et Regulation

Tunis
Tel. (01) 793077, Fax (01) 788595

Chile

O Endress+Hauser Chile Ltd.
Santiago

Tel. (02) 321-3009, Fax (02) 321-3025

Colombia

Colsein Ltda.

Bogota D.C.

Tel. (01) 2367659, Fax (01) 6104186

Costa Rica

EURO-TEC SA.

San Jose

Tel. (02) 96 1542, Fax (02) 961542

Ecuador
Insetec Cia. Ltda.

Quito
Tel. (02) 269148, Fax (02) 461833

Guatemala

ACISA Automatizacion Y Control Industrial S.A.

Ciudad de Guatemala, C.A.
Tel. (03) 345985, Fax (03) 3274 31

Mexico

O Endress+Hauser S.A.de C.V.
Mexico City

Tel. (5) 56824 05, Fax (5) 5687459

Paraguay

Incoel S.R.L.

Asuncion

Tel. (021) 213989, Fax (021) 226583

Uruguay

Circular S.A.

Montevideo

Tel. (02) 9257 85, Fax (02) 929151

USA

O Endress+Hauser Inc.

Greenwood, Indiana

Tel. (317) 535-7138, Fax (317) 535-8498

Venezuela

Controval C.A.

Caracas

Tel. (02) 9440966, Fax (02) 9444554

Asia

China

0 Endress+Hauser Shanghai
Instrumentation Co. Ltd.

Shanghai

Tel. (021) 54902300, Fax (021) 54902303

0 Endress+Hauser Beijing Office
Beijing
Tel. (010) 68344058, Fax (010) 68344068

Hong Kong

0 Endress+Hauser HK Ltd.
Hong Kong

Tel. 25283120, Fax 28654171

Pakistan

Speedy Automation

Karachi

Tel. (021) 7722953, Fax (021) 7736884

Philippines

O Endress+Hauser Philippines Inc.

= Metro Manila

Tel. (2) 3723601-05, Fax (2) 4121944

Singapore

O Endress+Hauser (S.E.A.) Pte., Ltd.
Singapore

Tel. 5668222, Fax 5666848

South Korea
O Endress+Hauser (Korea) Co., Ltd.

Seoul
Tel. (02) 6587200, Fax (02) 6592838

Taiwan

Kingjarl Corporation

Taipei R.O.C.

Tel. (02) 27 183938, Fax (02) 27 134190

Thailand

0 Endress+Hauser Ltd.

Bangkok

Tel. (2)9967811 -20, Fax (2) 9967810

Vietnam

Tan Viet Bao Co. Ltd.

Ho Chi Minh City

Tel. (08) 8335225, Fax (08) 8335227

Iran

PATSA Co.

Tehran

Tel. (021) 8754748, Fax(021) 8747761

Israel

Instrumetrics Industrial Control Ltd.
Netanya

Tel. (09) 835 7090, Fax (09) 835 0619

Jordan

A.P. Parpas Engineering S.A.

Amman

Tel. (06) 464 3246, Fax (06) 464 57 07

Kingdom of Saudi Arabia

Anasia Ind. Agencies

Jeddah

Tel. (02) 67100 14, Fax (02) 6725929

Lebanon
Network Engineering

Jbeil
Tel. (3) 944080, Fax (9) 548038

Sultanate of Oman
Mustafa Sultan Science & Industry Co. L.L.C.

Ruwi
Tel. 602009, Fax 607066

United Arab Emirates
Descon Trading EST.

Dub:
Tel. (04) 2653651, Fax (04) 2653264

Yemen
Yemen Company for Ghee and Soap Industry

Tel (04) 230664, Fax (04) 212338

Australia + New Zealand

India
u] Endress+Hauser (India) Pvt. Ltd.

(022)8521458 Fax (022) 8521927

Australia

ALSTOM Australia Limited

Milperra

Tel. (02) 97747444, Fax (02) 97 744667

Indonesia

PT Grama Bazita

Jakarta

Tel. (21) 7975083, Fax (21) 7975089

Japan
O Sakura Endress Co. Ltd.
. Tokyo
America Tel. (0422) 5406 13, Fax (0422) 550275
Argentina Malaysia

0 Endress+Hauser Argentina S.A.
Buenos Aires
Tel. (01) 145227970, Fax (01) 145227909

0 Endress+Hauser (M) Sdn. Bhd.
Petaling Jaya, Selangor Darul Ehsan
Tel. (03) 7334848, Fax (03) 7338800

New Zealand

EMC Industrial Group Limited
Auckland

Tel. (09) 4155110, Fax (09) 4155115

All other countries

O Endress+Hauser GmbH+Co.
Instruments International

Weil am Rhein

Germany

Tel. (07621) 975-02, Fax (07621) 97 5-345

http://www.endress.com

O Members of the Endress+Hauser group
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