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Pump technology
terms

For better understanding of the following chapters, we firstly will define and explain the
technical termsrelating to pump technology used in this brochure. The reader will find
these termsin alphabetical order in the index. Measures and conversion formulae are
summarised in atable.

How rate [m=/h] The flow rate isthe effective volume flowing per unit of time through the discharge
connection of a pump.

In order to optimize the pump design, the flow rate must be accurately determined.

Total head [m]  Thetotal head isthe effective mechanical energy transferred by a pump to the fluid asa
function of the weight force of the fluid.

The total head results asfollows:

H:ngo-I-HV-‘-p ] E

It consists of:

+ thedifference in height to over-
come between the suction side and
the discharge side of an installation.
Hy= Hypeo £ H

dgeo — © 'sgeo

Pumip head H

Hieo

+ thefriction lossresulting from pipe
walls, fittings and valves within the
plant.

Hv = HVS+HVd

 the pressure difference
P=Pyt P

Power consumption The power consumption isthe total energy transferred by the pump to the discharge flow.



Looking at two parallel plateswith the surface A and the distance y, displaced against each
other asaresult of aforce F = with avelocity v, aforce F_ . opposesto thisdisplace-

ment and increases with increasing dynamic viscosity of the medium between the two
plates.
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The ratio of Fto A iscalled shear stress T.
F

T =—

h

The shear stress T increases in proportion to the shear velocity D and the dynamic
viscosity n.

T=D=7

The ratio of v to y is defined as shear velocity D.

D=t
3

Thusthe resulting dynamic viscosity n:

T
=g

Pump technology
terms

dynamic viscosity n



Pump technology
terms

Thus, the dynamic viscosity ) isa characteristic parameter of the fluid concerned and
depends on the temperature. Therefore the viscosity is always indicated together with the
corresponding temperature.

How behaviour of Ideal viscous flow behaviour:
fluids
Huidswith an ideal viscous flow behaviour are called Newtonian fluids. They are viscous
fluidswith linear molecules. They show a proportional flow behaviour.

|7
-

viscosity

Typical Newtonian fluids are:

P water, salad oil, milk, sugar
shear stress solutions, honey.
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Pseudoplastic flow behaviour:

The flow behaviour of fluids dependson their physicochemical properties. Adding a filling
agent to a pure solvent, will increase the viscosity and change the flow behaviour.

With increasing shear stress, in general the viscosity of highly molecular productsin
solutions and meltstendsto decrease.

Such a flow behaviour is called pseudoplastic.

e
!

wigcosity

p Examples of pseudoplastic flow behaviour:
shear stress condensed milk, orange juice

Irreversible flow behaviour:

Huids deformed under applied shear stressin a way that the structure after the destructive
phase (shear time) can not be restored show an irreversible flow behaviour.

The result isa permanent, shear time dependent change of viscosity.

i
™

wigcosity

Example for irreversible flow behaviour:

shear tirme—m —rest time ——»
Yoghurt



Pump technology
terms

Types of flow Depending on the Reynolds number, the flow passing through a pipe shows specific, typical
flow patternswith different physical properties.

In this context the generation of a laminar or turbulent flow isof particular concern.

Laminar flow  In case of alaminar flow, the particles move in a streamline form and parallely to the pipe
axiswithout being mixed.

—

The roughness of the inside wall of pipes hasno effect on the friction loss.
You will find a laminar flow mainly with high viscousfluids.
The loss of head changes linearly with the flow velocity.

Turbulent flow  In case of aturbulent or vortical flow the particles are mixed because of the movement
along the pipe axis and an additional, transverse movement..

maXx

= !
|




The roughness of the pipe inside has great effect on the friction loss.

Turbulent flows are mainly found with water or fluids smilar to water.

The losson pump head varies by square of the flow velocity.

The Reynolds number describesthe correlation between the flow velocity v, the viscosity n
and the inner diameter of the pipe d.

The Reynolds number hasno dimension.

Ra= ¥ wdiw p

f
How velocity v [m/q]
Viscosity n [Pasg|
Inner pipe diameter d, [mm]
Density p [kg/dm=]

With a Reynolds number of 2320 the laminar flow passesto a turbulent flow.
Laminar flow < Re, . = 2320 < turbulent flow

Example:

In one second, 2 litres of acetic acid passes through a pipe with a nominal bore of 50 mm.
The acetic acid has a kinematic viscosity of n = 1.21 mPas= 0.00121 Pa s

and a density of 1.04 kg/dm=.

Isthe flow laminar or turbulent?

The average flow velocity amountsto:

2 % 1000 Ql/s]

o
g xa  50% xam 102 m/= d [mm]
F]

. v [m/g]

B0

W=

Pump technology
terms

Reynolds number



Pump technology
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Thusthe calculated Reynolds number is:

vedep _ T « 50 =704

Fe =
1 0.007121

= 43634

The Reynolds number exceeds the critical Reynolds number Re, ,=2320. The flow is turbu-
lent.

NPSH value [m]  NPSH isthe abbreviation for Net Positive Suction Head

Besides the flow rate Q and the pump head H, the NPSH value is one of the most important
characteristic parameter of a centrifugal pump.

NPSH value of the  The NPSH value of the pump depends on the design and speed of the pump. The higher the
pump speed of the pump, the higher the NPSH value will be.
The NPSH value is measured on a pump test stand and cannot be modified without sup-
plementary means.

NPSH value of the  The NPSH value of the plant depends on the loss of head including the losses in fittings
plant and apparatusin the line of the plant, and should be always checked by calculation.

p.= pressure at the inlet cross section of the plant [bar]
p,= pressure at the outlet cross section of the plant [bar]

p,= vapour pressure of the fluid at the middle
of the suction connection of the pump [bar]

p,= air pressure at the installation site of the pump
[bar] E
H, = lossof head of the suction line, from the inlet F
cross section of the plant to the inlet cross P
i kvl
section of the pump [m] —
Hyeo = geodetic suction height (negative, in case of § T
. = sl
flooded suction) [m] z E
p=  density of the fluid [kg/m=] 2 g
v, = inlet flow velocity [m/s] * 1 ¥ 2
NPsH= BEZ P i P | YOS e Hus 2
pxg 2g Pr T
M v -
= z
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In order to ensure a correct operation of the pump the following condition must be given:

NPSH > NPSH

plant pump

Boiling fluidswith a velocity up to 0,3 m/sare a special case.

2
Inthiscase: p_= p,; as Vzig and H, ¢ become negligible resulting in:

NPSH, . = H

plant - sgeo



Loss of head
calculation

Loss of head in
straight pipe runs

Already during design of the plant and piping layout in front of and behind the pump,
losses can be limited when considering:

+ the pipe diameter is sufficiently dimensioned,
o lessfittingsare used,

« fittingswith low friction loss are selected,

+ short pipe runsare planned.

The diagram showsthe loss of head for straight pipe runsasa function of a pipe length of
100 m and a given flow velocity v depending on the flow rate and the pipe diameter.
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Example:

How rate Q=25m=/h
Pipe diameter d =50 mm
From the diagram results:

How velocity v=35m/s

Loss of head H, = 35 m/100 m

The loss of head in fittings can be determined almost exactly when using adequate pipe
lengths.

The loss of head in afitting is considered equal to a straight pipe with corresponding
length.

This calculation isvalid only for water and fluids similar to water.
With the same diameter of pipes and fittingswe can simplify the calculation.

Equivalent pipe lengthsin meter for fittings
(valid for Re 0 100,000 and roughness k (1 0.04 mm)

Diarreter DM [rmrd 25 40 50 65 &0 100 125 150
Standam valve 21 | 46 | 75 | 1o | 140 | zo0 ]| zen | 370
Free-flow vake of oo [ 12 18 [ 1a [ 22 | 2a | 37
a0 yalve 32 | 50| 72 |1oo | 1so|i17o 230 | 510
Elbowy o =4 xd 05 | o6 | o7 Joa |12 [ 15 | 19 | 23
Elbowr 9 B=3 2 d a7 | oo [ 14 |14 [ 17 [ 22 | 28| 35
Tee Hiffuzion) 16 | 20 | 25 33 | 40 | 42 | 57 | 6&
Tee [junction) 20| 26 | 32 ]| 44 | 52 | 75 | 100 ] 130

Loss of head
calculation

Loss of head caused
by fittings



Loss of head
calculation

Example: EE;JI - | 20
How rate Q=25m=/h

Sraight pipe length 1 =150 m I=150m

Diameter DN = 50 mm | Un=almm

Bbow 90° 4 pieces }_N_PBD" [0°
Free-flow valves 2 pieces

from diagram (page 16): v=35m/s

H, = 35 m/100 m pipe length

from table:
equivalent pipe length 4 elbows: lyong = 1.1 04 =4.4m
equivalent pipe length 2 free-flow valves: lyge=1202=24m
straight pipe length: | ipe = 150.0m
total pipe length |,y = 156.8 M

loss of head:

H o

Hagw wHy i Dy

=£:-: 182 =E2m
100

with laminar flow (high viscosities) the loss of head Ap, can be calculated using the

Hagen- Poiseuille formula:

v, =Q/A[m/g]
n [Pas=kg/m g

I__II_lll_'.'l-l}'{SE3:";1_'|.‘--::I
BT e | [m]

d [m]

H, 0 10 o Ap, Ap, [bar]



Oncetherequired total head hasbeen calculated, the pump type can be selected and the
required pump can be sized by means of the Fristam pump curves.

The viscosity of the fluid is
an important parameter
for the pump selection

and leads usto the right = 10Ul a8 viscosity v = 1000 mPa g
decision. inmPas
Fristam centrifugal purmps Fristam positive displacement pumps

Fristam centrifugal pumpsare equipped with open impellerswhich are suitable for the
transfer of liquidswith viscositiesup to 1000 mPa s.

Centrifugal pumpshave the following features:

» pulsation freetransfer without alteration of flow rate and total head.
* high reliability in operation due to low number of moving parts.

* high operating speed, directly coupled to high-speed electric motors.
» gmall dimensionsand therefore low space requirement.

* low operating costs.

» excellent performance control by speed adjustment.

Fristam positive displacement pumps

Usually it isrecommended to use positive displacement pumpsfor low flow ratesand high
pressures. BEven though the viscosity of the fluid would not requireitsuse, because a
centrifugal pump would work under these conditionswith a very low efficiency rate.

Note:

In the following chaptersthe various pump types, centrifugal and positive displacement are
described with tipsfor the correct selection of the pump size. Each general pump type
description isfollowed by a section dealing with the correct use of the pump curves pro-
vided.

Pump type
selection

Pump type selection



Centrifugal pumps

Features of the Centrifugal pumps are fluid- kinetic machines designed for power increase within a rotating
centrifugal pump impeller. Therefore it isalso called the hydrodynamic pumping principle.

According to this principle, the fluid is accelerated through the impeller. In the outlet
connection of the centrifugal pump, the resulting increase in speed is converted into
delivery head.

Q/H curve In centrifugal pumpsthe delivery head H depends on the flow rate Q. Thisrelationship, also
called pump performance, isillustrated by curves.

H During a bench test, the pump isoperated at constant speed and the valuesQ and H are
determined for the various operating points. In order to allow a comparison between the
rea various pump typesthese measurements are carried out using only water asliquid. With

calculated operating peint
operating point

o these operating pointsa Q/H curve be drawn connecting the pointson the graph.

@
&

5

Oncethe flow rate Qisdefined and the delivery head H is calculated, the operating point
of the plant can be determined. Usually the operating point isnot on the Q/H curve of the
pump. Depending on the required delivery head, the centrifugal pump will find its operat-
ing point when the plant curve and pump curve meet. The flow rate rises from Q, to Q,.

Q1 Qz Q



Centrifugal pumps

The required operating point is obtained by adapting the pump to the specified operating
conditions.

This can be done by the following actions:
« throttling the flow
» correcting the diameter of the impeller

* Adjusting the speed of the drive

Partially closing a throttle valve or mounting an orifice plate into the discharge pipe of the Throttling the flow
pump will increase the pressure drop. The plant curve is shifted.

The operating point Bl (intersection point between pump curve and plant curve) moves on H
the pump curve to B2.

Note: throttling reducesthe overall efficiency.

i_ -
Athrottle control or a mounted orifice plate isthe less expensive control regarding the £ Plart curve
investment expenses. In case of significant power requirement, an economic appraisal is i
highly recommended. ' “
The friction lossin an orifice plate can be calculated easly: Orifice plate
calculation

- Pz -z p[kg/m=]

A py n'_f,:-:2 vi© % 10 v, (/g
Ap, [bar]
F




Centrifugal pumps

Correction of the
impeller diameter

H,y for Dy .

plant curve

—»] static he\ghl|<7

See the values { stated in the table below.

Aperture @tio m= @dDE Resktance value £
005 =]
oA 250
0z =0
] 20
04 4
Calculation:

+ takethe figure stated in the table for d, see table  ,calculate Ap, .
+ if Ap,variesfrom the required value, take new value for d and calculate once more Ap, .

A correction of the impeller diameter isto be favoured when a permanent reduction of
flow rate or differential head isrequired. The performance of the pump isadjusted towards
the duty point by reducing the impeller diameter.

The operating point is shifted from B1 to B2. Thisis the point where the new pump curve
meetsthe plant curve.

The required impeller diameter can be determined easily using following formulae:

N = power consumtion
D = impeller diameter
Q= flow rate
H = total head

Note: the efficiency of the pump decreases with increasing correction.



A great number of various operating points can be set continuousy, when modifying the
pump speed using a variable speed drive or frequency inverter. The operating point moves
on the pump curve from Bto B2.

Considering the overall efficiency, thisisthe best way of flow control. Using a variable-
speed drive or a frequency inverter additional costs can arise and should be evaluated in an
economic appraisal.

The flow rate changeslinearly to the speed.

The total head changes with the square of
Speed.

The power consumption changes with the
third power of the speed.

In the case of pumps connected in parallel the fluid flows are added with corresponding
delivery head. This applies to pumps even with different Q/H curve.

Centrifugal pumps

Pump speed control

plant cunie

—»|static helght’d—

Parallely connected
pumps

H..(@)
H.(@ Ha{Q)

—»| otatic heing’d—



Centrifugal pumps

Pumps connected in

series
H [
“\ H o0
v
H.+H 1 ‘% curve
H, \‘—---.._\ \\
RN\
1 N HiT)
W
¥ Q
Cavitation

A multistage centrifugal pump performsas single stage pumps connected in series.

Note:

A stationary pump in a system creates a considerable pressure drop. Therefore it is
recommendable to install a by pass around pumpswhich are connected in series.

The overall performance curve of centrifugal pumps connected in series can be calculated
by adding the differential head of each pump at the relevant flow rate .

Cavitation can be recognised by a strongly increased noise level of the pump with a
smultaneousreduced flow rate.

What causes cavitation in centrifugal pumps?

The lowest pressure point in a pump occurs at the inlet of the pump impeller. Due to local
pressure reduction part of the fluid may evaporate generating small vapour bubbles. These
bubbles are carried along by the fluid and implode instantly when they get into areas of
higher pressure. These implosions can create local pressure peaks up to 100.000 bar.

If a pump is cavitating over longer periods, the impeller, the pump housing and cover will
wear out. The surface istypically perforated and pitted.



How to avoid cavitation?
We should ensure that at all pointsof the pump, the fluid pressure is higher than the
vapour pressure at the corresponding temperature. Take the pressure stated in the vapour-

pressure-table of the product to be transfered.

The NPSH value of the plant must be at least 0.5 m higher than the NPSH value of the
pump.

For a safe and cavitation free operation the following formular is valid:
NPSH . > NPSH, +05m

The vapour pressure of the product is dependent on the temperature and will rise with
increasing temperature.

If the product is pumped at different temperaturesthe maximum vapour pressure should
be used to determine the NPSH value of the plant.

Centrifugal pumps

Vapour pressure



Centrifugal pumps

Centrifugal pump
types

The Fristam centrifugal pump range consists of following pump types:

Fristam centrifugal pump FP

The design principle of the Fistam centrifugal pump FP with open impeller and
optimised volute guarantees shear sensitive handling of and minimum heat transfer to
the product. Viscosities up to 1000 mPa are no problem. The fluid may contain air or gas,
may be homogeneous or contain additives. Low NPSH values make it possible to use the
pump also under unfavourable conditions. The Fristam centrifugal pump FPis designed
asa pump for flooded suction and fully suitable for CIP and SIP application.

Fristam multistage centrifugal pump FM

The centrifugal pump FM isdesigned as a multistage pump especially developed for high
delivery heads. The centrifugal pump BM can be used for difficult pressure conditions
such asfeed pump for filters, heat exchangersand fillers, aswell asfor recirculation and
asbooster pump in membrane filtration and reverse osmosis plants.

Fristam self-priming centrifugal pump FZ

The centrifugal pump FZworks on the water ring- side channel principle. Impellers with
radial bladestransfer the pressure energy to the liquid. Close clearances make it possible
to obtain an excellent suction performance. Thusit is possible to pump gaseous prod-
uctsand to deaerate the suction line. Thisensures also an optimum drain of the plant..



Centrifugal pumps

Selection criteria

|z & zelf-priming
purmp required ?

Fristam centrifugal pumps Fristam =ef-priming centrifugal purnps
FP and FIM FZ
Tetal head
=100 m
Fristam centrifugal pumps Fristam multiztage centrifugal pumps
FP F i

The selection between the pump types FP and PV also depends on the required flow rate.



Centrifugal pumps

Centrifugal pump FP

Size selection

Selecting the correct size

Example:

How rate Q,=90m=/h
Total head H,=75m
Step 1:

Select the pump size.

FP sizes
H [m]
120 |
110
100 i
o I, . — i T
i 1252
7 i
0
7h .-' —
o L I r ]
- | 3580 i
55
E 7o E
45 J.f h—.—
40
3539 2T | )
a5 i 1 ]
» a0 \F
n '\< 2142
= M, 2500 W, \
N N
229 [\ \ <’ 1232
] 7z Loy /\/,
Ty
T B — —— 2412 N\
"'\{ R
3402 '\ /}’
—_— |
1 -
=
1~
h“'\-\-._k_,f
5
" L'y 50w PR N U . . . L N M o
o ,\Q - - "qﬁd\"* '\"'ﬁhxm"m

Selected pump size: FP 3552

2 [rn ]



Centrifugal pumps

Step 2: Centrifugal pump FP
Enter the operating point of your plant into the pump diagram. performance diagram

If the duty point isnot exactly on the pump curve, the performance of the pump can be
adjusted by throttling the flow, reducing the impeller diameter or adjusting the output

speed of the drive. (see page 21-23)

FP 3552

H Irn|

hPSH

(]
10

& [m*h]

[oe]
on
(=)

Impeller diameter resulting from the diagram = 230 mm



Centrifugal pumps

Power consumption  Step 3:
of the pump Find the power consumption of the pump at the point in the diagram where the power
curve of the impeller used meets the design flow rate.

Select the motor with the next higher power rating.

M (K]

&0 H

st g
40 ~ iﬂﬂjﬂ:
-
. ?f;;
“ - B gﬂjﬁﬂj'
" g }"
™
5
&[]

o 1n 30 | 100 150 200 230

Power consumption according to the diagram: N =26 kW
selected motor: 30.0 kW

pump efficiency  Step 4:
Check the efficiency

Q[m=/h]
n = QxHxp H [m]
T T a7 «w N N [kw]
367 < N p [kg/dm=]
n = M pwater:]_kg/dm::
367 x 26
=07 = 70%



Centrifugal pumps

Step 5: Check NPSH value
Check if NPSH > NPSH,,

plant

L
m_m | My &0 %5 MESH
‘J A o
5% 0
‘~""!—!""II %’!Eu
f ) . &
|
1
2208 280 ﬁlmﬁ :
20 et @ 250
SEEEEEN ‘
. Q@ [mih]
o 10 & 160 160 Eor Y 950

Resulting NPSH value of the pump from the diagram = 2.4 m



Centrifugal pumps

Self- priming
centrifugal pump FZ

/1|

7

f "1
T

Size selection

Selecting the correct size

Example:

How rate Q,=30m=/h
Total head H=24m
Step 1:

select the pump size whose curve is above to the operating point of the plant.

FZ sizes

Hm.

S0

/
L
TN

_\_\-‘_‘—\—\_
™
prs

//

20

AN
N

W

Selected pump size: FZ 22

2

2U

S [M¥h
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H I Power consumption
of the pump
41
o
e
-‘Hh
30 K_‘
L rnirirnurn flkowe rote
& iyt
d: 1*\
a0
.
N
.
10
2
& [/
1] 2 10 an 30 40 a0
Note:

The performance of FZ pumps can be adjusted to the required operating point only by
throttling the flow (see page 21/22) or variation of the speed (see page 23). It isnot
possible to modify the impeller diameter.



Centrifugal pumps

Multistage
centrifugal pump FM

Step 2:
Find the power consumption of the pump at the point in the diagramm where the power
curve meetsthe design flow rate. Select the motor with the next higher power rating.

B[R]

10 -y

[y
Y
O EEF e
-"h-
3 S
-hq
1
€t [rm/h]

0oz 10 20 @ 40 50

From the diagram: N = 6.7 kW, selected motor: 7.5 kW

The selection is carried out the same way as single- stage centrifugal pumps FP are selected
(See page 28).



Positive
displacement
pumps

Positive displacement pumpsare hydrostatic machines. They operate with a positive transfer Features and

and should not work against a closed system. operating principle of
apositive displace-
All rotary pumpsare designed after the same principle. Two rotorsare arranged on parallel ment pump

shaftsand driven by an external synchronous gear box.

Therotorsrotate in opposite directionsto each other. Small radial and axial clearences assure
that they have no contact with each other, or the pump body. The rotorsare designed to
form a barrier between the suction and pressure side of the pump in any position. The
sealing is only maintained by narrow gaps. There are no additional sealsor valves.

The increasing cavity between the rotorson the suction sideisfilled with the product. The
product isdisplaced in a circumferential direction and discharged on the pressure side as
the cavity between the rotorsis collapsing. Thisgeneratesa constant flow from the suction

to the discharge side of the pump.

Operating scheme

Suction and filling Displacement of Discharge of the Displacement of
of the upper the product product present the product
chamber and present in the in the upper present in the
simultaneous upper chamber chamber and upper chamber
displacement of and smultaneous simultaneous and smultaneous
the product suction and filling displacement of discharge of the
present in the of the lower the product product present in
lower chamber chamber present in the the lower

lower chamber chamber

Rotary pumpsensure agentle fluid transfer with minimum stressor damage to the product.
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With positive displacement pumpsthe flow rate Qislinear dependent on the pump speed n.

On atest stand the flow rateisdetermined for various speedsand total head. In order to
allow a comparison between the various pump designsand types, these testsare always
carried out with water.

Oncetheflow rate Qand the total head H have been determined, a pump speed n that
correspondsto thisoperating point will result from the diagram.

The positive displacement pump isusually operated with afixed speed drive. The flow rate is
constant.

The flow rate can be adjusted to the various operating conditions by changing the pump
speed.

The viscosity of the product must be alwaystaken into consideration for the design and
selection of the pump type.

Huidswith higher viscositiesrequire more timeto enter the displacement chamber. In those
cases the pump speed must be adjusted accordingly to avoid cavitation which reducesthe
volumetric efficiency and increasesthe wear. A pump operating with cavitation createsa
considerable noise level.

Regardless of the low clearance between the rotor and the pump body, a dip from the
pressure side back to the suction side will be generated when waterlike productsare
transfered.

In case of circumferential piston pumpsthe dip stopsat a product viscosity of about
200 mPa sand at about 500 mPa sin the case of rotary lobe pumps.



Positive
displacement
pumps

Fristam suppliestwo different positive diplacement pump designs depending on the applica- Designs
tion.

* Fistam circumferential piston pumpsFK and FKL
The circumferential piston pumpstype FK and FKL have a very narrow clearancein the
pump chamber and a gland sealing allover. Due to these design features circumferential
piston pumps have an outstanding suction performance and are suitable for high
differential heads.

e Fristam rotary lobe pumps FL
Dueto the gland/line sealing, rotary lobe pumpstype A are mainly used for flooded
suction conditions. They reach dightly lower differential headsthan the circumferential @
piston pumps especially at low viscous products, but can run at higher speeds.

Gircumferential piston pumps and rotary lobe pumps can be used for hot products Design versions
e upto approx. 90 °Cusing rotors with standard dimensions
e uptoapprox. 150 °Cusing rotors with high temperature dimensions.

They are suitable for automatic cleaning (CIP process) and sterilisation (SIP process).

The pumps can be supplied with horizontal or vertical ports. Varioustypes of connections
such asflanges, clampsor different threadsare available.
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pumps

Selection of design

Circumferential piston
pumps K, FKL

The design selection depends amongst other:

no |z & =ef-priming YEE
pump required?

Friztam rotary lobe pump Frisiam circumferential piston pump
FL FK: FKL

An additional selection criteriaisthe difference in pressure performance of the varioustypes.

* Fristam rotary lobe pumpsFL, maximum total head 120 m (12 bar)
* Fristam circumferential piston pump FK, maximum total head 200 m (20 bar)
* Fristam circumferential piston pump FKL, maximum total head 250 m (25 bar)

The Fristam circumferential piston pumpsare manufactured with very close clearances. Thus
they can generate a small vacuum in the suction pipeline. Due to the atmospheric pressure
or system pressure the product isforced into the pump chambers.




Example:
How rate Q=230001/h
Total head H=120m

Pump to be used for productswith different viscosities.

K pump basic selection diagram
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displacement
pumps

Case 1: viscosity
nUlmPas

BExample:

Q=3000I/h
H=120m O p=12bar
n=1mPas

Step 1:

read speed n [1/min]
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resulting from the diagram: speed n = 380 1/min
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pumps
Step 2: Case 1: viscosity
define viscosity factor nUlmPas

FK
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Viscosity factor V=1.8
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pumps

Case 1: viscosity
nUlmPas

Step 3:
Calculate the power N [kW] required for the pump drive.

p = pressure [bar]

V = viscosity factor

n = speed [1/min], stated in the diagram
C=flow ratef/revolution [l/rev]

R 25 2520 4 40/ 45 42 11

50j75

C 0,07 0,11 0,26 0,26 o7 1.1

1,27

N = [2 » 12 + 1.68% » 360 » D.26

BExample:
1000

= 25kW




Example:

Q= 3000 I/h
H=120m Op=12bar
n =10 mPas

Step 1:
speed correction

oar Fressure correction diagram

FIK 256 - B0/75
with viscosities of 1-200 mPog
o o function of the presurs

Excirnpole:
120m~12 bar, viscosity of 10 mPos
recd pump speed of 2.8 ba

stated in the diagram: p = 3.8 bar.

Define now the speed required for the corrected pressure.

Positive
displacement
pumps

Case 2:
viscous product
n up to 200 mPa s
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pumps

Case 2: Step 2:
viscous product  read speed n [1/min]
n upto 200 mPas
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stated in the diagram: speed n = 300 1/min




Step 3:
define viscosity factor

Fi
W viscosity factfor W W
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stated in the diagram: viscosity factor V=2.0

Positive
displacement
pumps

Case 2:
viscous product
n up to 200 mPas



Positive
displacement
pumps

Case 2:
viscous product
n upto 200 mPas

Step 3:

Calculate power consumption N [kW] to select the pump drive.

N_(2><p+V)><n><C

1000

p = pressurein bar 00 H/10

V = viscosity factor

n = speed with H=38 m

C=flow ratef/revolution [l/rev]

R 25 25{20 4] 40/ 45 o2 50 5075
C 0.07 011 0.26 0.26 0.7 1.1 1.27
Example:
o[22 12425 %300 % 026 _ oo,

1000




Bxample:

Q=3000 I/h
H=120m O p =12 bar
n = 10,000 mPas

Step 1:
read speed with H= 0, N > 200 mPa's

Fk. 40

=l n

e

GO0k

SO0

400

000

200

100

Stated in the diagram: n = 220 1/min

Positive
displacement
pumps

Case 3:
viscous product
n = 200-100,000 mPa s




Positive
displacement
pumps

Case 3: Step 2:
viscous product  read viscosity factor V.
n = 200-100,000 mPa s

FK
viscosity factor W
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stated in the diagram: V=9.0
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Step 3:
Calculate the absorbed power N [kW] to select the pump drive.

N_(2><p+V)><n><C
1000

p = pressure [bar] O H/10

V = viscosity factor

n = speed [1/min], stated in the diagram
C=flow ratef/revolution [l/rev]

Bxample:

2k {2 4 9.0) x 220 » D26

: 1000

= 1.9KW

Positive
displacement
pumps

Case 3:
viscous product
n = 200-100,000 mPa s
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pumps

Rotary lobe pump FL

Example:
How rate Q=20001I/h
Total head H=60m

Selection Pump to be used for productswith different viscosities.

FL - basic selection diagram
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How rate Q=20001/h

Total head H=60m
n =1 mPas(water).

Step 1:
read speed n [1/min] .
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read: speed n = 380 1/min
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Positive
displacement
pumps

Case 1: viscosity
ndlmPas
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Positive
displacement
pumps

Case 1: viscosity
nUlmPas

Step 2:
define viscosity factor

FL
W viscoeity factar v W

1 3 10 a0 100 00 1000 000 10000 0000 100 000

A vECCEITY 7 MPAs

stated in the diagram: viscosity factor V= 1.8



Step 3:

Calculate the absorbed power N [kW] to select the pump drive.

N_(2><p+V)><n><C
1000

p = pressurein bar [0 H/10

V = viscosity factor

n=speed withH=0

C=flow ratef/revolution [l/rev]

FLF 555 S5L 155 5L 1005 0oL 1205 120L
C 0106 0152 0222 0.2239 0.63 1.07 1.20 254
Bxample:
2x6+ 1B x 360 » 0.369
M = [ ’ = 2.04 kw

1000

Positive
displacement
pumps

Case 1: viscosity
nUlmPas



Positive

displacement
pumps
Case 2: How rate Q=2000 I/h
viscous product  Total head H=60m
nupto500 mPas  Viscosty n =10 mPas

Step 1:
define correction for the speed

@ H=60m [ 6 bar

@ bar Pressure correction diagram
127

™ FL B5-130
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read speed at H= 33 m (equal to p = 3.3 bar)



Step 2:
read speed at H= 33 m (O 3.3 bar)

FL #al

0 100 200 3 ﬁgt 500 BOC T n[dan;

read: speed n = 300 1/min

Positive
displacement
pumps

Case 2:
viscous product
n up to 500 mPa s



Positive
displacement
pumps

Case 2:
viscous product
n upto 500 mPas

Sep3:
define viscosity factor

FL
W vigooaty factory W
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stated in the diagram: viscosity factor V=2.0



Step 4:
Calculate absorbed power N [kW] to select the pump drive.

N_(2><p+V)><n><C
1000

p = pressurein bar [0 H/10

V = viscosity factor
n=speedat H=0

C=flow ratef/revolution [l/rev]

FLF 555 S5L 155 5L 1005 0oL 1205 120L
C 0106 0152 0222 0.2239 0.63 1.07 1.20 254
Bxample:

N_fExE+E}KSDDxD.SBE

= 1.683 kKW
1000

Positive
displacement
pumps

Case 2:
viscous product
n up to 500 mPa s



Positive

displacement
pumps
Case 3: How rate Q=2000 I/h
viscous product  Total head H=60m (O 6 bar)
n = 500-100,000 mPa's  viscosity n = 10,000 mPa's

Step 1:
read speed at H=0m, asn > 500 mPa s

FL FEL

C 10c 200 o 400 s0C &0 P00 n[l drain

read: n =90 1/min



Step 2:
define viscosity factor

FL
W viscoeity factor v W

0 T T T TTTT T T TT 7T T T

TTTT T L TTTT T
1 a 1 all L) ol juin pL LTI IR TL ]

T T TTTT
LRI NTTRTIT]

visCCsity 5 MPas

Viscosity factor V= 9.0

Positive
displacement
pumps

Case 3:
viscous product
n = 500-100,000 mPa s



Positive

displacement
pumps

Case 3:
viscous product
n = 500-100,000 mPa s

Step 3:
calculate absorbed power N [kW].

N_(2><p+V)><n><C
1000

p = pressurein bar 00 H/10

V = viscosity factor
n=speedat H=0

C=flow ratef/revolution [l/rev]

FLF 555 S5L 155 5L 1005 0L 1205 120L
C 0.106 0152 0222 0.2%39 0.53 1.07 1.20 2.549
Example:

(2 xE+8)x 080« 0389

= 074 KW
1000




Mechanical sealsare devicesto seal machinesbetween rotating parts(shafts), and stationary
parts (pump housing).

There are two types of mechanical seals:
 single mechanical seals
» double mechanical seals

Mechanical seals consist of two surfaceswhich dide against each other The surfacesare
pressed together by a spring. Between these two surfacesa fluid film isgenerated by the
pumped product.

Thisfluid film preventsthat the mechanical seal touchesthe stationary ring. The absence of

thisfluid film will result in frictional heat and the destruction of the mechanical seal (dry run
of the pump).

Spring Rotating ring Stationary ring
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Mechanical seal
selection

Mechanical seal

Single mechanical
seals



Mechanical seal
selection

Double mechanical
seals

The spring isin the product. The product pressure actsadditional to the spring on the
rotating seal part.

Therefore standard mechanical sealsare used only for a pressure up to 10 bar. For higher
pressures, balanced mechanical seals are used.

In thiscase two mechanical sealsare arranged in series. The inboard or, “primary seal” keeps
the product in the pump housing. The outboard or, “secondary seal” prevents leakage of the
flush liquid into the atmoshere.

The double mechanical seals can be provided by Fistam in two different arrangements:
» Backto Back
+ Faceto Face

These mechanical seal arrangementsare used,

+ if afluid product leakage needsto be avoided,

» when aggressive media are used or at high pressuresand temperatures,

+ for many polymerising, sticky media and media which tend to sedimentation,
+ for vacuum applications.



Mechanical seal

selection
Two rotating seal ringsare arranged facing away from each other “Back to Back”. The “Back to Back”
lubricating film isgenerated by the barrier fluid. arrangement

The barrier pressure in the case of a “Back to Back” arrangement should be 1.5 up to 2.0 bar
above the product pressurein the seal area.

Stationary Rotating ring Stationary
ring ring

7 |

//‘a:

77

Spring

Mechanical sealswith a “Back to Back” arrangement are mainly used in the chemical
industry. In case of aleakage, the barrier liquid penetratesthe product.



Mechanical seal
selection

“Face to Face” The spring loaded rotary seal facesare arranged face to face and dide from the opposite
arrangement direction to oneor two stationary seal part(s).

Stationary
seal ring

Spring Rotating seal ring

The mechanical sealswith a "Face to Face" arrangement are often used in the food industry
in particular for productswhich tend to stick and for vacuum applications. The barrier

pressuresare very low (0.2 bar). In the case of leakage the product penetratesthe barrier
liquid.

In the case of hot productsthe barrier liquid also actsasa cooling agent for the mechanical seal.



Fristam hasmany yearsof experience in the manufacture of mechanical sealsand isableto
provide the best mechanical seal for any application.

Standard mechanical sealsin conformity with DIN 24 960 can be mounted without prob-

lems.

Maleral

1. Carbons
#ynithetic esin,
irnpreg nated

z. Melak
Chrormiv mn -Mickel -
by bdenurr

3. Meial carbides
3.1 Tungsten carbide

32 Silion carbide

4. Cemnmis

Properties

Good antifictional pmoperties, high termpe mtue
stahility. Chernical stability & 1o ba tested.

Good cherrical stability,

Lo therre | conduct trity, but high bamdness and wear
MEesista nee,

Ham ress greater thanwith tungsten carbide,
outsanding chernical stz bil iy, good antifrictional
prope rties and thermel conduct iity, but wery brittle,

Highquality alurniniurn ceide, high wear esistance,
good chernical stability, low themmal conductivity,
sere itive 1o themal s hocks

Mechanical seal
selection

Mechanical seal
designs

Seal face materials



Mechanical seal
selection

BElastomers Material Range of Properties
Emperatues

1. Nitnke =30 up to+ 100 Resistant to water, vapour, rirem | and
wegetable shortening (af] and ails, aleokol, zalt
solutions, Mot esidznt to amonatic and
chlorine kyd mocarbone, acids and alkaline
salutiore.

2 EPFDIM -Soupto+ 150 Good themal propeties, can be used for
alkokalic solutiors, diluted acids and
concentrated allaline solutions, Mot ezista ot o
rnire @l and vegetabke shortaning [fat] ard oik,
and kyd moca rbore .

3 Viton [RKM -25 upto+ 20070 Good themnal esitivity, water msitant, w@pour
resistant, s Etanee o mireml ard wegetable
fat and oik, 1o akohal, toacid: ard alkaline
solutions, sk solutions, Mot Esisant 1o
ketone: suchas acetone and ester,

4 PTH —20upto+ 20000 Best chernical and themmal esistivity o all
aggressie liquids, eksticity ercured thmough
uze of Witon-caou tchoue or EP- core material.



Thetransfer of hygienic, high quality productsrequiresa clean pump. Therefore at the end
of aproduction processthe pumpsmust be cleaned immediately. The plant needsto be
clean and free from germsbefore starting a new production cycle.

Cleaning isthe operation to remove all tracesof product from the plant. A properly cleaned
surface isfree from visible, perceptible or chemically detectable dirt deposits (residue).

The standard cleaning processfor plantsisthe CIP - (Cleaning in Place). Thisimplies clean-
ing without dismantling of the plant by meansof CIPfluids.

In the food industry a CIP processrequiresthe following steps:
 preliminary rinsing with water

» flushing with alkaline solution

* intermediate rinsing with water

 flushing with acid

* rinsing with clean water

To clean the unit efficiently aturbulent flow of the CIPfluid isrequired. A minimum flow
velocity in pipesisusually 2 m/s.

Viscousfluidsare often transferred by positive displacement pumpsat low flow velocities. In
order to obtain the flow rate required for CIPit may be necessary to fit an additional clean-
ing pump such asa centrifugal pump.

Fristam pumpsare fully CIP capable. They are characterised by:
» welded and ground joints

» round edges and angles

* smooth joining

* no narrow gaps and dead legs

o O-ringsimmersed in the pump housing

* smooth, nonporousinternalswith a high surface finish

Pump cleaning

Cleaning

CIP

CIP plant cleaning

CIP compatible design



Pump cleaning

SIP After CIP cleaning an additional sterilisation in place process (SIP) may be required when
highly sensitive productsare handled, inactivating any micro- organisms which might be till
present in the pump.

The sterilisation can be carried out by meansof chemicals, hot water or steam. In the dairy
industry the sterilisation temperature isapproximately 145° C.



Termr Sy kol Unit used in Cokerernt unit
practice
Flow rate ¥ relh [’k
Tota | head H ri m
M P=H 3l hF=H i I
Poser oors u rmption h (A Mrrys
Purnp eff iciency 1 Sl -
Spead n 1frmin 1)z
Presum p Pa e
Dereity p kajdrE kalrE
Fluid floww vekoe ity y s rrfs
Local grvitationa | accek mtion g rifs= rifsz
Used indices: geo = total discharge head

S =suction side

D =discharge side

E =inlet crosssection

A = discharge cross section

V  =loss
Termr L nit
Frezump Pazical Fa, 100 kFa=1 kar
Tota| head e ter 1 =04 kar
Dy nzrnic Hisooe ity mfa 1mPaz=1¢ck

*) valid only for water

Units of measure
and conversion

Units of measure

Conversion
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OPERATING MANUAL FPE

1. Disassembly

AN

= Disconnect the pump from
the power supply so that it is de-
energised.

1.1 General

« [f fitted, close the shut-off valve
in the suction pipe and discharge

pipe.

» Undo the suction/discharge
connections and remove the
pump from the system.

« In the case of dangerous pum-
ping media, legal and works
safety directions must be ob-
served.

For highly polished surfaces:
When tightening or untightening the
impeller nut please use softer
material tool inlets (copper sheet)
in order to prevent surface da-
mage.

1.2 Impeller and shaft seal

« Unscrew the cover and drain the
pump, clean it, if necessary.

* Undo the impeller nut.

= Pull off the impeller from the shaft
and remove the feather key.

« Carefully dismantle the shaft
seal parts in accordance with the
order-related documentation.

1.3 Complete disassembly

= Undo the clamping screw resp.
hex-screws between casing and
lantern (only for 1051/2, 1151/2,
1231/2, 1251/2, 101/102-200,
101/102-250).

« Pull off the casing.

» Undo the screws between the
motor flange and clamping disc/
lantern.

« Pull off the clamping disc/lantern.

» Undo the screws of the shrink-fit
ring.

= Release the tensioning rings from
the clamping ring.

« Pull off the pump’s hollow shaft
from the motor shaft.

« Pull off the shrink-fit ring from the
pump’s hollow shaft.

2. Assembly

2.1 General

Before assembling the pump, the
following has to be done:

= The parts have to be cleaned.

» The sealing area has to be
cleaned.

= All parts have to be checked for
precision fit and, if necessary,
reworked, with the exception of
the sliding surfaces of the shaft
seal.

= Worn parts have to be replaced.

« O-rings and gaskets always have
to be replaced before assembly.

2.1.1 Setting the gap

The gap size of the pump must be
reset in accordance with Tab 1.

b;
T

impeller cover
< —

cover height
| —

Pump Type Axial gap

Impeller/ | Impeller/

cover casing
711/712
721/722
741/742 0.5 mm
3401/3402
3521/3522
3531/3532 0.5 mm 1.0 mm
3541/3542
3451/3552
1.0 mm

3551/3552
751/752
1051/1052 0.7 mm 0.6 mm
1151/1152 2.0 mm
1231/1232

1.0 mm 1.5 mm
1251/1252
101/102-200

0.5 mm 1.2 mm
101/102-250

Tab. 1: Gap sizes




2.1.2 Screw tightening torque

The screw tightening torque in
the tables below must be complied
with.

M6 | M8 IM10{M12|M16|M 20

N

m| 10 | 25 | 49 | 85 | 210 420

Tab. 2: Class 8.8 steel screws

M6 | M8 IM10{M12|M16|M 20

N

m| 73 (17,5 35 | 60 | 144 | 281

Tab. 3: Stainless steel screws

A2-70 and A4-70

2.2 Pump assembly

1.

Remove the feather key from
the motor shatft.

. Degrease the motor shaft and
bore of the hollow shaft.

. Insert half feather key into
the motor shaft (only for bigger
motors above >30 kW).

. Seal the motor shaft around
the shaft shoulder with a sealing
gel (e.g. Stucarit sealing gel
309).

. Push the hollow shaft with
shrink-fit ring onto the motor
shaft up to the shaft shoulder.

. Tighten the hexagon socket
screws of the shrink-fit ring
in diagonally opposite sequen-
ce (see Tab. 4).

Hexagon Tightening
socket screw torque
M5 6Nm
M6 12Nm

Tab. 4: Tightening torque for the

7

fastening screws of the shrink-
fit ring

. Check the hollow shaft for con-
centricity and align.
Concentricity tolerance:
max. 0,06 mm for motors
below 30 kW
max. 0,08 mm for motors
above 30 kW

8.

10.

11.

12.

13.

14.

15.

AW

N
Ly

Screw the clamping disc/lantern
to the motor flange.

. Insert the shaft seal housing

or stationary ring with O-ring into
the pump casing and secure

(in accordance with the order-
related documentation).

Screw pump casing and clam-
ping disc/lantern together so as
to be fingertight.

Fit the front seal set of the
shaft seal. Cut the Nylon lock
ring and put it into the pre-
pared groove behind the thread
of the shatft.

Insert the O-ring into the im-
peller nut. Push the impeller on
to the pump shaft. Secure

the impeller against twisting
and tighten the impeller nut
with 100 Nm.

Set the gap size of the cover,
impeller and casing by shifting
the pump casing within the
clamped joint, resp. measure
the gap size and adjust by fit-
ting shims between casing and
lantern (only for 1051/2, 1151/2,
1231/2, 1251/2, 101/102-200,
101/102-250) (see Tab. 1: Gap
sizes).

Tighten the clamping screw
with the following torque:

— M 10 with 45Nm

- M12 with 75Nm

or hex-screws with torque spe-
cified.

Place the cover with O-ring
onto the casing and tighten.

2.3 Pumps with double shaft seal

1. Remove the feather key from

the motor shaft.

. Degrease the motor shaft and

bore of the hollow shatft.

AN

For pumps in FPE execution
radial gasket needs to be fitted
onto a speedy - sleeve.

. Use a piece of pipe (length bet-

ween 120 to 150 mm) to push
the sleeve onto the shaft. Inner
diameter of pipe 23 mm (for

22 mm shaft), 36 mm (for 35 mm

shaft).

For pumps in FPE execution
with 22 mm shaft only: Sealing
cover with radial gasket to be
fitted to pump housing. Flushing
pipes in vertical direction,

then threaded pins to be fixed
manually.

. Insert half feather key into the

motor shaft (only for bigger mo-
tors above 30 kW).

. Seal the motor shaft around the

shaft shoulder with sealing gel
(e.g. Stucarit sealing gel 309).

. Push the hollow shaft with

shrink-fit ring onto the motor
shaft up the shaft shoulder.

. Tighten the hexagon socket

screws of the shrink-fit ring
in diagonally opposite sequence
(see Tab. 4).

. Check the hollow shaft for con-

centricity and align.
Concentricity tolerance:
max. 0,06 mm for motors
below 30 kW

max. 0,08 mm for motors
above 30 kW



OPERATING MANUAL FPE

10.

11.

12.

13.

14.

15.

. Screw the clamping disc/

lantern to the motor flange.

For pumps in FP...V execution
only: Push rear mechanical seal
unit onto the shaft (according
to the order-related documen-
tation).

Insert the shaft seal housing or
stationary ring with O-ring into
the pump casing and secure (in
accordance with the order-re-
lated documentation).

Screw pump casing and clam-
ping disc/lantern together so as
to be fingertight.

Flushing pipes to screw into
the sealing cover to be sealed
with sealing paste.

Fit the front seal set of the
shaft seal. Cut the Nylon lock
ring and put it into the pre-
pared groove behind the thread
of the shaft.

Insert the O-ring into the im-
peller nut. Push the impeller on
to the pump shaft. Secure

the impeller against twisting and
tighten the impeller nut with
100 Nm.

Set the gap size of the cover,
impeller and casing by shifting
the pump casing within the
clamped joint, resp. measure
the gap size and adjust by fit-
ting shims between casing and
lantern (only for 1051/2, 1151/2,
1231/2, 1251/2, 101/102-200,
101/102-250) (see Tab. 1: Gap
sizes).

16.

17.

Tighten the clamping screw
with the following tightening
torque:

— M 10 with 45Nm

— M 12 with 75 Nm

or hex-screws with torque
specified.

Place the cover with O-ring on-
to the casing and tighten.

AN

Each time the impeller is as-
sembled, a check must be
made to ensure that it does not
chafe at any point, and the
Nylon lock ring has to be re-
placed.
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FRISTAM Pumpen

F. Stamp KG (GmbH & Co.)
P.O. Box 800880

21008 Hamburg (Germany)

Phone +49(0)40/7 2556-0
Fax +49(0)40/7 2556-166
E-Mail info@fristam.de

Please see www.fristam.de for addresses and further information.

Great Britain New Zealand Ukraine

Fristam Pumps (UK) Ltd. Fristam Pumps Ltd. Fristam Kiev Ltd.

Hailsham Cambridge Kiev
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Fristam Pumps, Inc.
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Fristam Pumpen R.A.
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Scandinavia
Fristam Pumper A/S
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South/East Asia

Fristam Pumpen (S.E.A.)

Pte.Ltd.
Singapore
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English translation of the original operating instructions
Assembly Instructions

Centrifugal Pump
FP Series

Pump Type:

Pump No.:




Copyright

z © Copyright 2010 Fristam Pumpen KG (GmbH & Co.)
ﬁilgwi’s’ All rights reserved. The contents, including graphic images and layout of this operat-

ing instructions manual are subject to copyright protection and to other laws for the
protection of intellectual property. The publication and modification of the contents
are not authorised. Moreover, you may not copy, publish and alter the contents
therein for commercial purposes, or transmit the information to a third party.

The German version is the original version of the operating instructions manual. Other languages are
translations of the original operating manual.
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1 Introduction

1.1 Foreword

This operator's manual describes all FP centrifugal pump sizes,
models, and versions.

Information on the model, size, and version of your pump can
be found on the rating plate on your pump and in the "Order-Re-
lated Documents" in the attached documents.

1.2 Manufacturer
FRISTAM Pumpen KG (GmbH & Co.)
Kurt-A.-Kérber-Chaussee 55

21033 Hamburg

GERMANY

Tel.: +49-40-72556-0

Fax: +49-40-72556-166

E-mail: info@fristam.de

1.3  Scope of Supply

The package includes the following items:

- Pump with motor = pump unit
optional: without motor

- Covers for pipe fittings

- Optional: assembly kit

- Fristam accessories (if applicable)

- Documentation

» Check the shipment for completeness and damage. Immedi-
ately notify Fristam of any missing items or damage.

1.4 Pump Without Motor (Optional)

The pump can optionally be supplied without a motor. In this
case, continue reading up to and including Chapter 3, "Design
and Function," page 7, and then skip to Chapter 11, "Appendix 2 -
Assembly Instructions (Optional),” page 33.

1.5 Scope of Documentation
The documentation includes the following items:
- This operator's manual

- Appendix 1 with maintenance, lubrication, and tighten-
ing torque tables

- Appendix 2 with assembly instructions
- Attached documents:
— Order-Related Documents

— Supplier Documentation (motor, coupling, etc.)

A PUMPS

- Documentation on Fristam accessories (if applicable)
- Certificates (materials certificates, etc.), if applicable

- Declaration of Conformity or Declaration of Incorporation

1.6 Display Conventions
List items are preceded by dashes:
- Part1
- Part2

Handling instructions that must be performed in a specified or-
der are numbered:

1. Turn device on.
2. Turn device off.

Handling instructions that do not need to be performed in a
specified order are preceded by triangular bullets:

» Action

» Action

1.6.1 Safety Instructions

A DANGER

A safety instruction with the signal word "Danger" indicates per-
sonal hazards causing death or serious injury.

A WARNING

A safety instruction with the signal word "Warning" indicates
personal hazards that may lead to death or serious injury.

A CAUTION

A safety instruction with the signal word "Caution" indicates per-
sonal hazards that may lead to mild to moderate injuries.

NOTICE

A safety instruction with the signal word "Note" warns of the
possibility of material damage.

Fristam
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2 Safety

2.1 Basic Safety Instructions

» Please read this operator's manual completely before using
the pump and keep it available at the pump installation loca-
tion.

» Heed the applicable national regulations of the owner's
country and the company's work and safety regulations.

» All work described here may only be performed by qualified
experts with caution.

» Danger of contamination: Heed legal and operational safety
regulations when pumping dangerous media.

2.2 Intended Use

The standard FP centrifugal pump versions are designed for use
in the food industry, the pharmaceutical and biotechnology in-
dustry, and CIP process technology.

They can be used to pump liquids with dynamic viscosities of up
to 1200 mPa s and media temperatures of up to 150°C. The me-
dium can contain a slight amount of air or gas, be homoge-
neous, or contain a small amount of additives.

Each pump is designed according to customer requirements.
The seal materials have been selected for the respective medi-
um. The pump may only be used to pump the medium it was
designed for (see Order-Related Documents in the attached doc-
uments).

2.3 Improper Use

The standard FP centrifugal pump versions may not be used in
explosive atmospheres. Special explosion-proof versions are
available for this.

Pumping of media other than those specified can destroy the
pump.

Standard pump units from Fristam are described in this opera-
tor's manual. If nonstandard items or extras are installed, the op-
erator assumes the responsibility for operation.

2.4 Warning and Instruction Labels
» Do not alter or remove the labels on the pump.

» Immediately replace damaged or lost labels with ones that
are true to the originals.

2.4.1 Direction of Rotation

L X\

Fig.1  "Impeller Direction of Rotation" label

This label shows the direction of rotation of the impeller. It is lo-
cated at the front on the pump cover.

2.4.2 HotSurface

Fig.2  Safety label: "Hot Surface"

This label indicates that parts can become hot during operation
or, if applicable, that hot media is being pumped. Only touch
the pump if you are wearing suitable gloves.

2.4.3 NoDryRunning

g |k

Fig.3  Safety label: "No Dry Running"

This label indicates that the pump cannot be run dry. There
must always be medium in the suction line and the pump when
the pump is started. Otherwise, the pump will be damaged.

2.4.4 RatingPlate
1

[ <€ Frists /o |
/C € ri. m Km—A—Kamer—EmV

10 A—PUMPEN 121033 Harburg
‘ Typ ‘ /
9 SN |
T TTT— woh H :/
ny [, Jtmin p [ Ik

O Mgl / Tk s=¢ s .
6

_

2
3
4

_ |

= 3

L_O

8 7
Fig.4  Pump unit rating plate

Manufacturer

—_

Type: pump series, pump size, model, version
SN: serial number of the pump

H: discharge head [m]

P: motor output [kW]

Year of manufacture

mttl: mass (total) [kg]

NR: rated speed [1/min]

Q: flow rate [m*/h]

CE mark

O VW 0O N O UL AW N

—_

2.5 Noise Emissions

» The local noise exposure regulations must be complied with.
For noise emission values for the pumps, please see
Chapter 10.1, "Specifications," page 27.




A CAUTION

Noise Generated by Running Pump

Hearing damage.

» Wear ear protectors when using pumps with specified sound

pressure levels of greater than 80 dBA.

2.6 Disposal

2.6.1 Disposal of Transportation Package

» Recycle the transportation package.

2.6.2 Models KF and L 1: Disposal of Grease

» Dispose of grease and objects saturated with grease in an

environmentally friendly manner in accordance with applica-

ble regulations.

2.6.3 ModelsL 2,L 3, andL 4: Disposal of Lubricating Oil

» Dispose of oil and objects saturated with oil in an environ-
mentally friendly manner in accordance with applicable reg-
ulations.

2.6.4 Disposal of Pump

1. Carefully clean the pump. Dispose of residues in an environ-
mentally friendly manner in accordance with applicable reg-
ulations.

2. Dismantle the pump into its constituent parts.

3. Dispose of the pump parts in an environmentally friendly
manner in accordance with applicable regulations.

2.6.5 Disposal of Electrical and Electronic Scrap

» Dispose of electrical and electronic scrap in accordance with
applicable directives.

A PUNMIPS

3 Design and Function

3.1 Principles of Design

A B C
-— P P <P

Fig.5  Principles of design of pumps illustrated using the FPE model

A Pump head

Lantern

C  Electric motor

3.1.1 Pump Head (A)

1

12
14 \13
Fig.6  Pump head

11  Discharge line connection

12 Shaft seal

13 Impeller

14  Pump cover

15 Suction line connection

16  Pump casing

Shaft Seal (12)

Two seal types are available for use:
- Single shaft seal

- Double shaft seal

With the double shaft seal, there are two additional connec-
tions for the sealing liquid on the pump casing. These con-
nections are not shown in the following figures.

Fristam
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Impeller (13)

Open impellers are standardly used in the FP pump series.

Pump Cover (14)
The connection for the suction line is located on the pump cov-
er.
Pump Casing (16)
The connection for the discharge line is located on the pump
casing. The impeller and the shaft seal are built into the pump
casing.
3.1.2 Lantern (B) and Electric Motor (C)

17 18

1

20 19

Fig.7  Lantern and electric motor

17 Lantern

18 Electrical connection

19  Electric motor

20 Pump shaft

Lantern (17)
The lantern is present in all models except the special motor.

The lantern connects the pump casing to the motor. Two differ-
ent versions are possible, depending on pump size:

— The pump casing is screwed to the lantern via a flange con-
nection.

- The pump casing is inserted into the lantern and mounted
with a clamp.

Models with lanterns:
- FPEandFP...V

- KF
An additional bearing for the pump shaft is located inside
the lantern with base.

- L
An additional bearing for the pump shaft is located inside

the lantern with base. The pump shaft is connected to the
motor via a coupling.

Electric Motor (19)

The following motor types can be mounted:

- |EC standard motor with key and shaft pin in the following
models:

- IM B3: model with base
- IM B5: model with flange
- IM B3/5: model with flange and base

With the IEC standard motor, a Fristam pump shaft is
clamped to the motor shaft pin.

- Special motor with Fristam pump shaft

With the special motor, the Fristam pump shaft is already in-
tegrated and connected permanently to the motor.

3.2 Models

The model is indicated on the rating plate. See Chapter 2.4.4,
"Rating Plate," page 6.

The following are shown as examples:
- Lantern clamp-mounted

- Without enclosure
See Chapter 3.4, "Versions," page 9.

3.2.1 Model FP

Fig.8 Model FP

Motor: Special motor

Design:  Without lantern

3.2.2 Model FPE or FP...V

Fig.9  Model FPE or FP..V

Motor: |IEC standard motor, model B3/B5

Design:  With lantern

Fig. 10 Model KF
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Motor: |IEC standard motor, model B5

Design:  Compact bearing support with base

3.2.4 ModellL

/[ \

Fig. 11 Model L

Motor: IEC standard motor, model B3

Design:  Bearing block with coupling, coupling protec-

tion, base frame

3.3 Pump Key

FP H 722 A
P NN
21 22 23 24

Fig. 12 Type designation example

21 Pump type

22 Supplementary character 1

23  Pumpsize

24 Supplementary character 2

(21) Pump Type
FP  Special motor with extended motor shaft
FPE Attached pump shaft

FP..V  Extended insert shaft as pump shaft

(22) Supplementary Character 1

S Open impeller with large clearance to casing

R Semiopen impeller with large clearance to
cover

H High-pressure pump
X Impeller for high pressures

Z Casing with circulation line

(24) Supplementary Character 2

A,B,C,D Versions; see Chapter 3.4, "Versions," page 9:

KF  Compact bearing support with base
L1,L2,L3 Bearing block with coupling

V  Stainless steel lantern, double shaft seal,
@75mm at lantern neck

A PUMPS

H Pump casing with heating jacket

h  Pump cover with heating jacket

3.4 Versions

Version Spherical Cap Motor Foot
Legs

A With With Without
B Without Without With
C Without With Without
D With Without With

Table 1 Versions

Note: If the (optional) pump without motor is supplied, please
first read Chapter 11, "Appendix 2 — Assembly Instructions (Option-
al)"on page 33.

4 Transportation

4.1 Transportation
Transportation may only be performed by trained personnel.
The pump can be moved using an industrial truck or a crane.

Always move the pump in the installation condition.

4.1.1  Safety Instructions
» Danger of injury from falling or unsecured parts.

- Only use suitable means of conveyance and hoists. Infor-
mation on pump weight can be found on the pump's rat-
ing plate as well as in the Order-Related Documents in the
attached documents.

- Before moving the pump secure it to prevent it from tip-
ping over. Secure the pump to the pallet with tie-down
straps, or screw the pump to the pallet.

- Do notleave the pump in a raised position for longer
than necessary.

» Damage to pump by contamination, impact, or moisture.
- Remove the protective film just prior to installation.

- Remove the pipe fitting covers just prior to connection to
the pipes.

4.1.2 Moving With Industrial Trucks

Preparation

» Ensure that the pump is adequately secured to the pallet.

Procedure

1. Pick up the pallet with the forks on the industrial truck.




//FPPUMP SERIES///

2. Carefully move the pallet to the designated location and set
down.

Fig.13 Moving with industrial truck

4.1.3 Moving With Crane

A WARNING

Falling Parts
Death from crushing, pinching of extremities, material damage.

» Do not lift the pump at the eyebolts on the motor and pump
casing to move because these eyebolts are not designed for
the total weight.

» Only use hoists that are designed for the total weight of the
pump.

» Ensure that the area below the pump is clear of people.

A WARNING

Swinging Parts
Crushing and serious injuries.
» Start and stop the crane with pump smoothly.

» Ensure that the danger zone of the pump is clear of people.

Auxiliary Equipment

Hoists: round slings tested in accordance with DIN EN 1492-1
and 1492-2

Preparation

» Remove load-securing devices.

Procedure

1. Wrap the round sling twice around the back end of the mo-
tor. Do not lay over the fan shroud (see Fig. 14 Moving with
crane).

2. Lay the other end of the round sling between the lantern
and the pump casing. Do not lay the round sling over any
sharp edges or corners.

3. Guide both loops to the crane hook and rotate by 180° to en-
sure that the belt will not slip on the hook.

4. For double shaft seal:

Note: Round sling compresses sealing water tubes. Material
damage to double shaft seal.

» Do not lay the round sling on the sealing water tubes.

5. Position the center of gravity to ensure that the pump is lift-
ed horizontally.

6. Lift the pump.

Fig. 14 Moving with crane

5 Storage

5.1 Safety Instructions

» Corrosion: Condensation can build up under a tarp and de-
stroy the pump.

- Ensure adequate ventilation.

5.2 Storage Conditions
» Store the pump as follows:
- Dry, in low humidity

- Protected against frost and heat, optimally at a tempera-
ture of 20°C to 25°C

- Ventilated

— Dust-free

5.3 Long-Term Storage

For a storage time of longer than six months, heed the follow-
ing:

» The shaft seals must be specially treated before long-term
storage:

- For single shaft seal

The impeller nut must be loosened so that the seal can
relax and the elastomers do not stick together.

- For double shaft seal

Remove the complete shaft seal and store separately to
prevent the elastomers from sticking together.

Information on the shaft seal can be found in the Order-Re-
lated Documents.

10
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» All movable pump parts must be rotated every three
months.

5.3.1 Storage of Elastomers

Storage Conditions

- Storage temperature between +5°C and +20°C
— Relative air humidity below 70%

- Nodirect sunlight

- Deformation-free storage

5.4 Recommissioning

» After long-term storage and before commissioning, check
seals, bearings, and lubrication.

6 Installation

6.1 Safety Instructions
» Danger of injury from falling parts.

- Wear safety shoes.

— Check load capacity and attachment of hoists.
» Danger of injury from unstable assembly.

- Tighten screws to the specified tightening torque (see
Chapter 10.1.1, "Tightening Torques for Screws and Nuts,"
page 27).

- Use atorque wrench or an impact driver with adjustable
torque.

» Material damage from swinging during adjustment of spher-
ical cap feet.

- Use spherical cap base plates.

6.2 Installation Location

For standard pumps, the installation location must meet the fol-
lowing requirements:

- Nonexplosive atmosphere
- Dust-free environment
- Ambient temperature: —20°C to +40°C

— Moisture and salt contents in ambient air:
The values are given in the motor supplier documentation. It
can be found in the attached documents.

- Foundation sized adequately for the pump weight

- Horizontal and level installation surface, adequate installa-
tion surface strength for pump mass

- Adequate clearance for maintenance work

- Adequate air supply for motor cooling

A PUMPS

6.3 Reduction of Noise and Vibration

6.3.1 Primary Measures
» Operate the pump in the optimum working range.

- Do not starve the pump. Avoid throttling too much. Only
operate with a low flow rate if necessary for regulation
purposes.

- Do not operate with very high flow rates. Optionally in-
stall a flow controller in the discharge line.

- Operate the pump without cavitation (see Chapter 6.4.1,
"Installation of Pipes," page 12).

» Decouple the suction and discharge lines from vibrations.
- Support lines.
- Align lines.

- Install vibration isolators.

6.3.2 Secondary Measures
» Take structural measures such as the following:
- Acoustic paneling

- Enclosure in housing

6.4 Pump Fixation

Models FP/FPE/FP...V

» Versions Aand C:
Set up the pump on the spherical cap bearings and align.

» Versions B and D:
Screw the pump on the motor foot to the foundation.
Model KF

» Versions Aand C:
Set up the pump on the spherical cap bearings and align.

» Versions B and D:
Screw the pump on the compact bearing support with base
to the foundation.

Model L

» Versions Aand C:
Set up the pump on the spherical cap bearings and align.

» Versions B and D:
Screw the pump on the base frame to the foundation.
Carriage (Optional)

1. Set up the pump at the installation location. Lock the locks
on the rollers (if present) or secure the carriage with chocks.

2. Ground the carriage to dissipate electrostatic charge.

3. Position hose line to ensure that it cannot be damaged.
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6.4.1 Installation of Pipes
» Lay and connect pipes as follows:

- Keep the pipe resistance as low as possible: Avoid unnec-
essary installation of valves, elbows, and abrupt pipe
transitions.

) &)

R — S —

&

<« -

Fig.15 Pipe transitions

- Design pipe cross section so that no unnecessary pres-
sure losses or cavitation occurs in the suction area and so
that the condition

NPSH, > NPSH,
is fulfilled.
Verify this in the project planning stage.

- Always lay the suction lines so that they are continuously
rising: Rule out the possibility of air pockets and dips in

pipes.

I

Fig.16 Air pocket

&)

Fig.17 Dipin pipe

i

- Pipe bends upstream of suction connection: Heed mini-
mum clearance and minimum bend radius:

s

Fig. 18 Laying of the suction line

- Connect the pipes to the pump so that they are free of
tension and compression to ensure that no stresses are
applied to the pump.

- Secure pipes to ceilings, walls, or floor using pipe clamps.

- Align pipes flush with pump connections using a bracket.

6.5 Electrical Connection

Electrical connection may only be performed by a qualified elec-
trician.

1. Heed the connection values on the motor's rating plate. The
specified voltage must not be exceeded.

2. Connect the motor according to the circuit diagram in the
terminal box of the motor.

3. Protect cable feedthroughs against penetration by moisture.

4. Turn on the motor for 2 to 3 seconds. Compare the direction
of rotation of the motor fan wheel against the direction indi-
cated by the arrow on the pump head.

5. Reverse the polarity if necessary.

6.6 Connection of Sealing or Quenching Liquid
(Optional)

For versions with double shaft seals, the gap must be flushed
with sealing or quenching liquid.

» Use a suitable medium, e.g., water, as a sealing or quenching
liquid.

» Install and seal the supplied flushing tubes.

» Install the sight glass in the drain line.

6.7 Cleaning

Only use cleaning agents that comply with the hygiene guide-
lines for the respective pumping medium.

1. Before sealing the pump ensure that there are no foreign ob-
jects inside the pump or pipes.

2. Seal the pump.
3. Connect the pipes.

4. Thoroughly clean the pump and the pipe system before ini-
tial use.

12
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7 Operation

7.1  Safety Instructions

» Danger of burning: Pumping of hot media can cause the

pump to become very hot. Check the temperature before
touching the pump.

Noise emissions: The A-weighted sound pressure level of the
pumps can be greater than 80 dBA. Always wear ear protec-
tors in the vicinity of the running pump.

Danger of bursting: If the allowable pressure and tempera-
ture ranges are exceeded, the pump may burst or become
leaky. The pressure and temperature ranges for the pump
must be complied with; see Order-Related Documents in the
attached documents.

Danger of bursting: Cold extinguishing agents used to extin-
guish a pump fire can cause the hot pump to burst. Do not
cool the pump down excessively when extinguishing the
fire.

Pump running in reverse direction despite emergency shut-
off: If the pump is shut off using the emergency shut-off
function, it will run in reverse direction due to the pumping
medium in the discharge line. Install a check valve in the dis-
charge line.

Destruction of shaft seal when pump runs in reverse direc-
tion. Reverse running destroys the springs in the shaft seal.
Always operate the pump in the direction of rotation. See
Chapter 2.4.1, "Direction of Rotation," page 6.

7.2 Commencement of Operation

NOTICE

Damage to Shaft Seals

If the pump runs without a pumping medium, the mechanical
seal will be damaged.

» Ensure that the pumping medium always reaches the upper

edge of the outlet side before and during operation.

NOTICE

Damage to Double Shaft Seals

If the pump runs without a sealing medium, the shaft seal will
be damaged.

Ensure that during operation:

The sealing liquid flows with the necessary pressure through
the double shaft seal.

The temperature of the sealing liquid T is maintained at <
70°C.

. Open the valve in the suction line.

Close the valve in the discharge line.

A PUMPS

Fill the pump and the suction line up to the upper edge of
the pump with pumping medium. Allow any air pockets that
are present to escape.

Turn on the motor. The pump now pumps against the closed
valve in the discharge line. This will limit the starting current.

Slowly open the valve in the discharge line and adjust to the
working point.

7.3 Monitoring of Operation

During operation heed the following points:

» Damage to shaft seal: Regulation of the pump output via the

suction-side valve can lead to damage of the pump and the
shaft seals. Regulate the pump output only by means of the
discharge-side valve.

Damage to pumping medium: If during operation the valve
in the discharge line is closed abruptly or for a long period of
time, water hammers can occur in the pump and lead to
damage to the pump and/or the pumping medium. During
operation do not close the valve in the discharge line abrupt-
ly or for a long period of time.

Damage to pump: Exceeding of the output can lead to dam-
age of the pump and the shaft seals. Do not exceed the max-
imum speed of 3,600 rpm.

Damage to motor during operation with frequency convert-
er: If the speed is too low, the motor will overheat.

Please refer to the motor supplier documentation in the at-
tached documents.

7.4 Stopping of Operation

1.
2.

Turn off the motor.

Close the valve in the suction line to prevent dry running of
the pump.

Close the valve in the discharge line.

7.5 Pump Decommissioning

© N o U A~ W N

Turn off the motor.

Close the valve in the suction line.
Close the valve in the discharge line.
De-energize the pump.

Empty the pump.

Clean the pump.

Dry the pump.

Protect the interior of the pump from moisture, e.g., with sili-
cagel.

Seal the pipe connections with caps to prevent penetration
of dirt and foreign objects.

10. Please see Chapter 5, "Storage," page 10 for additional steps.
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7.6 Cleaningin Place

7.6.1 CIP Process

The FP series pumps are suitable for the CIP (Cleaning In Place)
process. The following guidelines apply to the CIP process:
Example of a Cleaning Cycle

1. Perform preliminary flush with water.

2. Perform caustic flush with lye (NaOH; see Table 2 CIP clean-
ing).

3. Perform intermediate flush with water.

4. Perform acid flush with nitric acid (HNO3; see Table 2 CIP
cleaning).

5. Flush with water.

m Process Temperature [°C]

NaOH (approx. 1%-2%) 80-85
HNO3 (approx. 1%) 60-65

Table 2 CIP cleaning

The pump's differential pressure should be 2-3 bar so that ade-
quate flow rates are reached.

If values deviate from these specifications, please contact Fris-
tam.

7.6.2 SIP Process

The FP series pumps can only be used with the SIP (Sterilization
In Place) process with the prior approval of Fristam.

Suitability depends on the selected elastomers.

The maximum process temperature is 145°C.

8 Faults

For information on faults, possible causes, and remedies, please
see Chapter 10.4, "Troubleshooting Table," page 28.

8.1 Safety Instructions

» Danger of burning: Pumping of hot media can cause the
pump to become very hot. Check the temperature before
touching the pump.

» Pump running in reverse direction despite emergency shut-
off: If the pump is shut off using the emergency shut-off
function, it can continue to run in reverse direction due to
the pumping medium in the discharge line. Install a check
valve.

9 Maintenance

For information on maintenance intervals, please see
Chapter 10.2, "Maintenance Intervals," page 27.

9.1 Safety Instructions

» Rotating parts: Danger of injury. Before removing the cou-
pling guard and guard plate, turn off the pump motor and
prevent it from being able to be turned on accidentally.

» Danger of burning: Pumping of hot media can cause the
pump to become very hot. Check the temperature before
touching the pump.

» Electric shock: Liquids flowing through the system result in
buildup of electrostatic charge. Ground the pipes and the
pump.

» Uncontrolled outflow of liquids: Before maintenance or ad-
justment of the pump:

- Close the suction and discharge valves in front of and be-
hind the pump.

- Block off the sealing or quenching liquid line.

» Leaking liquids: Acid burns and contamination. Before open-
ing the pump completely empty the pump casing.
» Tension cracks: Do not rapidly cool the pump. Material dam-

age from scratching of polished surfaces. For a polished sur-
face, use a copper socket wrench socket.

9.2 Replacement Parts

» Use of replacement parts that are not approved by Fristam
Pumpen KG (GMBH & Co.) can lead to serious personal injury
and material damage. If you have any questions regarding
approved replacement parts, please contact Fristam.

» Fristam registers all shipped pumps. For ordering replace-
ment parts from Fristam, you require the following informa-
tion:

Serial number: see
- rating plate or

- number stamped into pump casing.

9.3 Inspection of Sealing and Quenching Lig-
uid (Optional)

For pumps equipped for "sealing liquid" or "quenching liquid,"
the sealing liquid head must be checked daily.

» Check the sealing liquid head and compare with the speci-
fied value.

The specified value can be found in the Order-Related Docu-
ments on the "Sectional Drawing" of the shaft seal. The Order-
Related Documents are attached to this operator's manual.

» The sealing liquid is heated by hot pumping medium and by
operation of the pump.

14
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Ensure that the temperature T of the sealing liquid is < 70°C
during operation.

9.4 Lubrication of Motor Bearings

» Lubricate the motor bearings in accordance with the motor
manufacturer's specifications (see "Motor Supplier Documen-
tation").

9.5 Lubrication of Shaft Bearing

9.5.1 Models FP, FPE, and FP...V

The models FP, FPE, and FP...V do not have additional shaft
bearings, and hence no shaft bearing lubrication is necessary.

9.5.2 ModelsL2,L3,andL4

For the models L 2,L 3, and L 4, the oil must be changed at regu-
lar intervals.

1. Turn on the motor and let it run until the normal operating
temperature is reached.

2. Turn off the motor and prevent it from being able to be
turned on accidentally.

3. Place asuitable oil collection container under the oil drain
plug.

4. Caution! Danger of burning from hot oil.
» Wear suitable protective gloves.
» Loosen and remove the oil drain plug.

5. Drain the oil completely and dispose of oil in accordance
with local regulations.

6. Clean and remount the oil drain plug and seal.

7. Fill with new oil (see Chapter 10.3, "Lubricant Table," page 28).
For the required amount, please see Table 3 Oil volumes.

L2 1 liter
L3 3 liters
L4 5 liters

Table 3 QOil volumes

9.5.3 ModellL1

» Do not relubricate the deep groove ball bearing, but replace
it completely.

- At constant operating conditions, the raising of power con-
sumption, noise level or vibration indicates that wear has oc-
curred. Replace the deep groove ball bearing consequently.

L1 109

Table 4 Bearing grease amount: model L1

A PUMPS

Prerequisites
- Pump head has been removed.

- Motor with coupling has been removed.

Procedure

7

@

S 25

Fig. 19 Removing bearing block cover

1. Take the cover (25) off of the bearing block (26).

Fig.20 Model L1, pump shaft, pump-side

2. Remove the bearing cap (27) on the pump side.

Fig.21 Model L1, pump shaft, motor-side

3. Remove the bearing cap (28) on the motor side.
4. Force out the shaftin the direction of the pump head.

Note: All parts that are gray in the above two figures remain
on the shaft.

5. Clean the surfaces of all parts and check for damage. Replace
if necessary.

15



//FPPUMP SERIES///

6. Relubricate the angular contact ball bearing. See Table
4 Bearing grease amount: model L1.

7. Press the pump shaft with the bearing into the bearing
block.

8. Mount the bearing cap on the motor side.
9. Mount the bearing cap on the pump side.
10. Mount the cover (25).

9.5.4 Model KF

» Do not relubricate the deep groove ball bearing, but replace
it completely.

- At constant operating conditions, the raising of power con-
sumption, noise level or vibration indicates that wear has oc-
curred. Replace the deep groove ball bearing consequently.

» Grease the cylindrical roller bearing with bearing grease.

KF 1 209
KF 2 404
KF 3 609

Table 5 Bearing grease amounts: model KF

Prerequisites

- Pump head has been removed.
- Motor has been removed.
Procedure

1. Remove the bearing cap (31).

2. Force out the pump shaft (29) with the bearing toward the
motor side.

29 30

Fig.22 Model KF, shaft bearing

3. Remove the bearing nut (32) and the guard plate (33).
4. Remove the outer race of the cylindrical roller bearing.

Note: All parts that are gray in the above figure remain on
the shaft.

5. Clean the surfaces of all parts and check for damage. Replace
if necessary.

6. Relubricate the cylindrical roller bearing (29). See Table
5 Bearing grease amounts: model KF.

7. Put the outer race back onto the shaft.

8. Place the guard plate and the bearing nut on the shaft, and
tighten the bearing nut.

9. Press the pump shaft with the bearing back into the lantern.
10. Mount the bearing cap (31).

9.6 Motor Replacement

Special Motor

1. Turn off the motor and prevent it from being able to be
turned on accidentally.

2. Remove the pump head (see Chapter 9.8, " Pump Head Re-
moval," page 17).

3. Replace the special motor.

4. Replace the mechanical seal if necessary, and mount the
pump head (see Chapter 9.10, "Pump Head Attachment,”
page 19).

IEC Standard Motor for FPE and FP...V

1. Turn off the motor and prevent it from being able to be
turned on accidentally.

2. Remove the pump head (see Chapter 9.8, " Pump Head Re-
moval,"page 17).

Take the lantern off of the motor.
Remove the shaft.

Replace the motor.

o v o> W

Mount the shaft and align (see Chapter 9.11, "Models FPE and
FP...V: Mounting and Alignment of the Pump Shaft," page 25).

N

Mount the lantern.

8. Only for flange connection: Check the clearance if necessary
(see Chapter 9.9, "Checking of the Clearances," page 18).

9. Replace the mechanical seal, and mount the pump head (see
Chapter 9.10, "Pump Head Attachment," page 19).
IEC Standard Motor for Model KF

1. Turn off the motor and prevent it from being able to be
turned on accidentally.

2. Take the motor off of the compact bearing support with
base.

3. Dispose of the motor in an environmentally friendly manner.
See Chapter 2.6.5, "Disposal of Electrical and Electronic Scrap,"
page 7.

4. Insert the key of the old motor into the new motor.

5. Screw the motor to the compact bearing support with base.

IEC Standard Motor for Model L

1. Turn off the motor and prevent it from being able to be
turned on accidentally.

2. Remove the coupling guard.
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3. Detach the motor from the base frame or the foundation.
4. Take the coupling parts off of the motor.

5. Dispose of the motor in an environmentally friendly manner.
See Chapter 2.6.5, "Disposal of Electrical and Electronic Scrap,”
page 7.

6. Mount the coupling parts onto the replacement motor (pro-
ceed as described in Chapter 9.12, "Model L: Coupling Replace-
ment," page 25 to replace the coupling).

7. Place the replacement motor on the base frame or the foun-
dation.

8. Check the parallel and angular misalignment of the shafts.

SR N e—
M

Fig. 23 Parallel misalignment

D—

B

Fig. 24 Angular misalignment

9. Minimize deviations from the angular and parallel misalign-
ment. Realign the shafts if necessary.

10. Screw the motor to the base frame or the foundation.

11. Mount the coupling guard.

9.7 Shaft Seal Replacement
The shaft seal must be replaced if:

— Pumping medium or sealing or quenching liquid flows out of
the pump on the atmosphere side.

- Sealing liquid leaks into the pumping medium.

Procedure

1. Remove the pump head (see Chapter 9.8, " Pump Head Re-
moval," page 17).

2. Replace the mechanical seal, and mount the pump head (see
Chapter 9.10, "Pump Head Attachment,” page 19). Perform the
following tasks according to the given shaft seal:

» Preassemble the seals on the shaft.
Preassemble the pump casing.

Mount the pump casing on the lantern.
Mount the mechanical seal.

Mount the impeller.

vV V. v v VY

Screw on the pump cover.

A PUMPS

9.8 Pump Head Removal

9.8.1 Preparation

1. Turn off the motor and prevent it from being able to be
turned on accidentally.

2. Close the valve in the discharge line.
3. Close the valve in the suction line.

4. Completely empty the pump.

9.8.2 Procedure

Fig.25 Pump cover

1. Loosen the nuts (34) on the pump cover.

2. Remove the nuts, the washers, the pump cover (35), and the
cover seal (36).

37 38 39 40
Fig.26 Impeller

3. WARNING: Risk of injury when stopping the impeller by
hand. Block the impeller (40) with a wooden wedge.

Loosen the impeller nut (37), and remove with the O-ring
(38).

4. Take the snap ring (39), the impeller (40), and the key (41)
off of the shaft.

5. Only for pumps with double shaft seals: Remove the flushing
tubes for sealing or quenching liquid.
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TIP: For large pump casings, there is an M 12 thread on the
top of the casing. An eyebolt can be screwed into the thread
for suspension of the pump head from a crane.

6. Pull the pump head with the pump-side shaft seal off of the
shaft as follows:

6a. Clamp connection variant
1. Loosen the clamp bolt.
2. Slightly spread the clamp connection with a wedge.
3. Pull the pump casing out of the clamp connection.
6b.Flange connection variant
1. Loosen the fastening screws on the flange and remove.
2. Remove the pump casing.

7. Take the shaft seal out of the pump casing.

9.9 Checking of the Clearances

The position of the impeller is determined by the position on
the shaft.

The clearances are set through the position of the pump casing
with respect to that of the impeller.

Prerequisites

— Pump casing is connected firmly to the lantern.

— Pump cover has been removed.

- The impeller has been mounted and the impeller nut tight-
ened.

9.9.1 Measurement of the Impeller-Pump Cover Clear-
ance

1. Measure the height H of the pump cover (42) using vernier
calipers.

42

/

H
Fig.27 Height

2. Measure the clearance A between the pump casing (43) and
the impeller (44) using vernier calipers.

43

44

A
Fig.28 Clearance
3. Calculate the clearance (clearance = A-H).

4. Compare the clearance with Table 6 Clearances.

9.9.2 Measurement of the Impeller-Casing Clearance

1. Measure the clearance between the impeller and the casing
using a leaf feeler gauge (Fig. Impeller-casing clearance).

2. Compare the clearance with Table 6 Clearances.

Fig.29 Impeller-casing clearance

Clearances in mm

m Impeller-Pump Cover

Impeller-Casing

711/712 0.5 0.5
721/722 0.5 0.7
741/742 0.5 0.5
751/752 1.0 1.0
3401/3402 0.5 0.5
3521/3522 0.5 0.5
3531/3532 0.5 1.5
3541/3542 1.0 1.0
3451/3452 1.0 1.0
3551/3552 1.0 1.0
1151/1152 2.0 2.0

Table 6 Clearances
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Clearances in mm

m Impeller-Pump Cover

Impeller-Casing

1231/1232 1.0 1.5
1251/1252 1.5 1.5
101/102-200 0.5 1.2
101/102-250 0.5 1.2

Table 6 Clearances

9.10 Pump Head Attachment

The pump assembly is dependent on the respective pump size
and model as well as the respective shaft seal (see Order-Related
Documents in the attached documents.

NOTICE

Incorrect Elastomers
Pump leakiness.

» Ensure that the elastomers are appropriate for the condition
of the pumping medium. Please refer to the Order-Related
Documents.

Preparation

» Clean all pump parts and check for damage and accuracy of
fit.

» If necessary, rework or replace pump parts.

» Assemble in clean conditions, carefully, and using little force.
The seals could be permanently deformed or break in part.

» Replace all O-rings.

» To reduce friction, wet the O-rings and the sliding faces with
water, alcohol, or silicone grease.

» Clean the sealing surfaces of the mechanical seals with a de-
greaser, e.g., OKS 2610 Universal Cleaner. Do not allow the
sealing surfaces to come into contact with oil or grease and
do not touch with your fingers afterwards.

Tip: The joint retaining compound "Euro Lock A64.80," e.g., is
suitable for gluing in bearings and bushings.

Tip: The screw retaining compound "Euro Lock A24.10," e.g., is
suitable for gluing in set screws.

9.10.1 Clearance Setting for Flange Connection

Note: For pumps with flange connections, the clearance is set
using shims. To determine the exact number and thicknesses of
shims needed, first mount the impeller nut, the impeller, and
the key as follows and then remove again.

1. Slide the pump casing (45) and the shims (46) over the shaft
to the flange (47) and screw on.

Fig.30 Setting the clearance for the flange connection

2. Slide the seal driver onto the shaft.

3. Slide the key and the impeller onto the shaft.
4. Tighten the impeller nut.
5

. Check the clearances (see Chapter 9.9, "Checking of the Clear-
ances," page 18).

6. Remove the impeller nut, the impeller, and the key.
7. Remove the pump casing.
8. If the clearance is incorrect:

» Adjust the clearance using the appropriate shims.

9.10.2 Mounting of Seals

The shaft seal built into the respective pump is given in the at-
tached documents in the Order-Related Documents in the form
of a Sectional Drawing and a Replacement Parts List.

The assembly of standard shaft seals is described in the follow-
ing sections with the application cases A to F. The version for
your order can deviate from this.

If anything is unclear or if you require further information,
please contact Fristam.

Applica-
tion Case
A FP/FPE Single 340/350/700/1150/1230

B FP/FPE Single 1250
C FPE

With quench 340/350/700, with clamp

connection: @ 60 mm

D FPE With quench 340/350/740, with clamp
connection: @ 100 mm
1150/1230/750, with flange

connection

E FP/FP..V  Double 340/350/700/1150/1230
F FP/FPE Double 1250

Table 7 Standard shaft seals
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Application Case A

] !
- Ll L

Fig.31 Application case A

In the above figure, parts are grouped according to assembly
steps:

| Preassembly of the pump casing

Il Completion of assembly on the shaft

93-1.60

101

Fig.32 Application case A, preassembly of the pump casing

To preassemble the pump casing (1):

1. Glue the cylindrical pin (562.60) into the mechanical seal
chamber (47-2.60) with a retaining compound.

Note: Glue in the cylindrical pin so that it will later not touch
the shaft but still completely engage in the slot on the sta-
tionary seal ring (475.60).

2. Place O-rings (412.60) and (412.61) into the mechanical seal
chamber.

3. Guide the preassembled mechanical seal chamber into the
pump casing (101).

4. Place the thrust collar (474.63) on the pump casing and se-
cure with snap ring (93-1.60).

Preassembly of the pump casing is now finished.

5. Equip the stationary seal ring (475.60) with an O-ring
(412.65).

6. Guide the stationary seal ring into the mechanical seal cham-
ber.

Note: Guide in so that the cylindrical pins on the mechanical
seal chamber engage in the slots on the stationary seal ring.

Preassembly of the mechanical seal chamber is now fin-
ished.

7. Mount the preassembled pump casing (101) on the shaft as
described in Chapter 9.10.3, "Mounting of the Pump Casing,"
page 24.

412.62 412.64 474.60 472.60

485.60 478.60 412.63

Fig. 33 Application case A, completion of assembly on the shaft

To complete assembly on the shaft (ll):

8. Equip the rotating seal ring (472.60) with an O-ring
(412.63).

9. Equip the seal driver (485.60) with O-rings (412.62) and
(412.64).

10. Slide the rotating seal ring with the thrust collar (474.60),
the spring (478.60), and the seal driver onto the shaft. Let
the folded end of the spring snap into the rotating seal ring.

11. Finish the assembly of the shaft seal by attaching the impel-
ler; see Chapter 9.10.4, "Mounting of the Impeller," page 24.
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Application Case B

412.10
412.62 412.60

474.50 47-1.60

o —D
=D
iy 3
914.60
562.60
101
477.50
54-3.60

Fig. 34 Standard shaft seal: application case B

To preassemble the pump casing:

1. Glue the cylindrical pin (562.60) into the mechanical seal
chamber (47-1.60) with a retaining compound.

2. Insert the O-ring (412.60) into the mechanical seal chamber.

3. Use socket screws (914.60) to fasten the mechanical seal
chamber to the pump casing (101).

4. Equip the stationary seal ring (475.50) with an O-ring
(412.52) and guide into the mounted mechanical seal cham-
ber on the pump side.

Note: The cylindrical pins on the mechanical seal chamber
must engage in the slots on the stationary seal ring.

To complete assembly on the shaft:

5. Slide the rotating seal ring (472.50) with the O-rings
(412.51), (412.62), and (412.10), the thrust collar (474.50),
the spring (477.50), and the seal driver (54-3.60) onto the
shaft. Let the folded end of the spring snap into the rotating
seal ring.

6. Finish the assembly of the shaft seal by attaching the impel-
ler; see Chapter 9.10.4, "Mounting of the Impeller," page 24.

Application Case C

Fig. 35 Application case C

A PUMPS

In the above figure, parts are grouped according to assembly
steps:

| Preassembly on the shaft

Il Preassembly of the pump casing

Il Completion of assembly on the shaft

421.60 41269 904.60 471.60 524.60

Fig.36 Application case C, preassembly on the shaft (I) and preassembly of the
pump casing (Il)

To preassemble on the shaft (l):

1. Caution! Cutting injuries from sharp-edged shaft protective
sleeves. Wear suitable protective gloves.

» Slide the shaft protective sleeve (524.60) onto the shaft
using an assembly tool (auxiliary pipe). Position on the
shaft: See Sectional Drawing.

Preassembly of the shaft is now finished.
To preassemble the pump casing (Il):

2. Insert an O-ring (412.69) into the groove on the pump cas-
ing (101).

3. Insert the rotary shaft seal (421.60) into the seal cover
(471.60).

Note: Heed the installation direction for the rotary shaft seal.
See Sectional Drawing.

>

Slide the seal cover onto the pump casing on the motor side.
Align the drill holes for the sealing liquid connections verti-
cally.

b

Apply a screw retaining compound to the set screws
(904.60) and fasten the seal cover.

Preassembly of the pump casing is now finished.

543.60 478.60 474.60 472.60 412.65

412.62 412.64 412.63  475.60

Fig. 37 Application case C, completion of assembly on the shaft (lIl)

To complete assembly on the shaft (1ll):

6. Apply a retaining compound to the cylindrical pin (562.60),
and glue cylindrical pin into the spacer bushing (543.60).
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Note: Glue in the cylindrical pin so that it will later not touch
the shaft but still completely engage in the slot on the sta-
tionary seal ring (475.60).

7. Use aretaining compound to glue the spacer bushing into
the seal chamber of the pump casing (101).

8. Mount the pump casing. See Chapter 9.10.3, "Mounting of the
Pump Casing," page 24.

9. Equip the stationary seal ring (475.60) with an O-ring
(412.65).

10. Slide the stationary seal ring onto the shaft so that the cylin-
drical pin on the spacer bushing engages in the slot on the
stationary seal ring.

11.Equip the rotating seal ring (472.60) with an O-ring
(412.63).

12. Equip the rotating seal ring with the thrust collar (474.60)
and the spring (478.60) and slide onto the shaft. Let the
folded end of the spring snap into the slot on the rotating
seal ring.

13.Equip the seal driver (543.60) with O-rings (412.64) and
(412.62) and slide onto the shaft.

14. Finish the assembly of the shaft seal by attaching the impel-
ler; see Chapter 9.10.4, "Mounting of the Impeller," page 24.

Application Case D

Fig. 38 Application case D

In the above figure, parts are grouped according to assembly
steps:

| Preassembly on the shaft

I Preassembly of the pump casing

Il Completion of assembly on the shaft

To preassemble on the shaft (l):

1. Caution! Cutting injuries from sharp-edged shaft protective
sleeves. Wear suitable protective gloves.

» Slide the shaft protective sleeve (524.60) onto the shaft
using an assembly tool (auxiliary pipe). Position on the
shaft: See Sectional Drawing.

Preassembly of the shaft is now finished.

101

Fig.39 Application case D, preassembly on the shaft (I) and preassembly of the
pump casing (Il)

To preassemble the pump casing (Il):

2. Glue the cylindrical pin (562.60) into the mechanical seal
chamber (47-2.60) with a retaining compound.

Note: Glue in the cylindrical pin so that it will later not touch
the shaft but still completely engage in the slot on the sta-
tionary seal ring (475.60).

3. Install O-rings (412.60) and (412.61) from the outside and a
rotary shaft seal (421.60) from the inside of the mechanical
seal chamber.

Note: Heed the installation direction for the rotary shaft seal.
See Sectional Drawing.

4. Equip the stationary seal ring (475.60) with an O-ring
(412.65).

5. Guide the stationary seal ring into the mechanical seal cham-
ber and install together in the pump casing (101).

Note: The cylindrical pins on the mechanical seal chamber
must engage in the slots on the stationary seal ring.

6. Place the thrust collar (474.63) on the assembly in the pump
casing and secure with snap ring (93-1.60).

Preassembly of the pump casing is now finished.

7. Mount the preassembled pump casing (101) on the shaft as
described in Chapter 9.10.3, "Mounting of the Pump Casing,"
page 24.
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485.60 478.60 412.63

—

Fig. 40 Application case D, completion of assembly on the shaft (lll)

To complete assembly on the shaft (ll1):

8. Equip the rotating seal ring (472.60) with an O-ring
(412.63).

9. Equip the seal driver (485.60) with O-rings (412.62) and
(412.64).

10. Slide the rotating seal ring with the thrust collar (474.60),
the spring (478.60), and the seal driver onto the shaft.

Note: Let the folded end of the spring snap into the slot on
the rotating seal ring.

11. Finish the assembly of the shaft seal by attaching the impel-
ler; see Chapter 9.10.4, "Mounting of the Impeller," page 24.

Application Case E

-

Fig. 41 Application case E

In the above figure, parts are grouped according to assembly
steps:

| Assembly of the shaft seal on the shaft on the motor side

1l Assembly of the shaft seal on the shaft on the pump side

A PUMPS

475.61 472.61 47461 550.62  50-3.60

[AWATLINELS
Hduoedd

412.67 412.66 479.60

Fig.42 Application case E, assembly of motor-side shaft seal (1)

To assemble the shaft seal on the motor side (l):

1. Only for FP...V: Secure the set collar (50-3.60) to the shaft us-
ing set screws (904.61).

Apply a screw retaining compound to the set screws. Posi-
tion on the shaft: See Sectional Drawing.

g

Slide the washer (550.62) onto the shaft.

w

Equip the rotating seal ring (472.61) with an O-ring
(412.66).

4. Slide the spring (479.60) with the thrust collar (474.61) and
the rotating seal ring (472.61) onto the shaft. Let the folded
end of the spring snap into the slot on the rotating seal ring.

5. Mount the pump casing; see Chapter 9.10.3, "Mounting of the
Pump Casing," page 24.

6. Insert the O-ring (412.67) into the stationary seal
ring (475.61) and insert into the mechanical seal
chamber (47-2.60).

Assembly of the shaft seal on the motor side is now finished.
To assemble the shaft seal on the pump side (l1):

7. To assemble the shaft seal on the pump side, proceed as de-
scribed in Chapter, "Application Case A," page 20.

Application Case F

003

]

Fig. 43 Standard shaft seal, application case F

| Pump-side shaft seal

IV Motor-side shaft seal

To assemble the motor-side shaft seal (IV) on the shaft:
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41253 47551 47251 41254 47451 479.50

Fig.44 Motor-side shaft seal (IV), application case F

» Slide the spring (479.50) with the thrust collar (474.51), the
O-ring (412.54), the rotating seal ring (472.51), the station-
ary seal ring (475.51), and the O-ring (412.53) onto the
shaft. Let the folded end of the spring snap into the rotating
seal ring.

To assemble the pump-side shaft seal (I):

» Assemble the pump-side shaft seal (l) as described in
Chapter, "Application Case B," page 21.

9.10.3 Mounting of the Pump Casing

Pump With Flange Connection

Fig.45 Mounting of the pump casing with a flange connection

» Slide the preassembled pump casing (48) with the shims
(49) over the shaft to the flange (50) and screw on (see
Chapter 10.1, "Specifications," page 27).

Pump With Clamp Connection

1. Slightly spread the clamp connection with a wedge.

2. Only for double shaft seal: Slide the motor-side seal set onto
the pump shaft.

3. Install the entire shaft seal housing with seals into the pump
casing and secure to prevent slippage.

4, Slide the pump casing over the pump shaft into the clamp
connection and slightly tighten the clamp bolt.

5. Slide the pump-side seal set onto the shaft.

6. Insert the key, the slotted plastic ring, and the impeller.

7. Insert the O-ring into the impeller nut, block the impeller to
prevent it from twisting, and tighten the impeller nut.

M16 100 Nm

M24 200 Nm

Table 8 Tightening torques for impeller nuts

8. Adjust the clearances by sliding the pump head inside the
clamp connection (see Chapter 9.9, "Checking of the Clearanc-
es," page 18). Align the surface of the outlet side (discharge
line connection) horizontally while doing so.

9. Tighten the clamp bolt:

Special motor M10 36 Nm
Standard motor M10 45 Nm
M12 75Nm

Table 9 Tightening torques for clamp connection

10. Continue with Chapter 9.10.5, "Pump Sealing," page 25.

9.10.4 Mounting of the Impeller

55

Fig.46 Mounting of the impeller

1. Force open the plastic snap ring (53) and insert into the shaft
groove.

2. Slide the key (55) and the impeller (54) onto the shaft.
3. Caution: Risk of injury when stopping the impeller by hand.
» Block the impeller with a wooden wedge.

4. Screw the impeller nut (51) with the O-ring (52) onto the
shaft and tighten (tightening torque = 100 Nm).
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9.10.5 Pump Sealing

Fig.47 Pump cover

» Slide the pump cover (58) with the O-ring (59) onto the
pump casing and screw on with washers (57) and nuts (56).

9.11 Models FPE and FP...V: Mounting and
Alignment of the Pump Shaft

Note: After the IEC motor has been replaced the pump shaft
must be mounted and aligned.

A CAUTION

Rotating Parts
Bruising and serious injuries.

» Turn off the motor and prevent it from being able to be
turned on accidentally.

1. Take the key out of the motor shaft pin.

2. For electric motors with outputs higher than 30 kW: Insert
the supplied half-key.

w

Degrease the motor shaft pin and the drill hole on the pump
shaft using a cleaner, e.g., OKS 2610 Universal Cleaner.

4. Grind the motor shaft pin and the edges of the key slot with
grinding paper to eliminate unevenness and burrs.

5. Apply a sealing gel, e.g., Stucarit 309, to the motor shaft pin
in the region of the shaft shoulder.

o

Slide the pump shaft with the shrink ring onto the motor
shaft pin up to the shaft shoulder.

7. Tighten the screws crosswise on the shrink ring:

Tightening Torque

M5 6 Nm
M6 12Nm
M8 30 Nm

8. Place a dial gauge onto the pump shaft to check the runout
tolerance.

9. Check the runout of the pump shaft as a function of motor
output.

- Motor < 30 kW: max. runout tolerance = 0.06 mm
- Motor > 30 kW: max. runout tolerance = 0.08 mm

10. Straighten the pump shaft if necessary.

9.12 Model L: Coupling Replacement

Only use couplings approved by Fristam. The coupling must be
appropriate for the characteristic curve of the pump. If you have
any questions, please contact Fristam.

Procedure

1. Turn off the motor and prevent it from being able to be
turned on accidentally.

2. Remove the coupling guard.
3. Remove the coupling tire.

4. Detach the motor from the base frame or the foundation and
remove.

5. Dispose of the old coupling parts in an environmentally
friendly manner.

6. Place new coupling parts (tires, flanges, possibly clamping
rings) on the drive shaft and on the gear shaft.

7. Place the motor on the base frame or the foundation and
slightly tighten the fastening screws.

8. Check the parallel and angular misalignment of the shafts.

S e—
e

Fig. 48 Parallel misalignment

Fig. 49 Angular misalignment
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9. Minimize deviations from the angular and parallel misalign-
ment. Realign the shafts if necessary.

10. Screw the motor to the base frame or the foundation.

11.For information on the spacing between the two coupling
flanges, please see the coupling installation manual. See
"Supplier Documentation”in the attached documents.

12. Fasten the coupling flanges with the given spacing onto the
shaft.

13.Fasten the coupling tire. Tighten the screws uniformly and
crosswise. Heed the given tightening torques in the coupling
installation manual.

14. Mount the coupling guard.
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10.1.2 Noise Emissions

Noise Level
10.1 Specifications dBA
711/712 75
10.1.1 Tightening Torques for Screws and Nuts 721/722 71
Material: Steel, Strength Class: 8.8 741/742 79
751/752 78

Thread M6 M8 M10 M12 M16 M20

3401/3402 71
Tightening 11 27 54 93 230 464
Torque [Nm] 3521/3522 74

3531/3532 79
Material: Stainless Steel, Strength Class: 70 3541/3542 78
Thread M6 M8 M10 M12 M16 M20 3451/3452 81
Tightening 7.4 17.5 36 62 150 303 3551/3552 81
Torque [Nm]

1151/1152 89
Material: Stainless Steel, Strength Class: 80 1231/1232 79
Thread M6 M8 M10 M12 M16 M20 1251/1252 2
Tightening o 24 49 80 203 393 101/102-200 80
Torque [Nm] 101/102-250 82

10.2 Maintenance Intervals

Table 10 Noise emissions

The specified values apply to operation of the pump at the best
efficiency point (see "Pump Characteristic Curve"). The noise level
can differ greatly at other working points.

L I T S

Check the sealing or quenching lig- See Chapter 9.3, "Inspection of Sealing and Quenching Liquid

All with "Sealing and Quench-  Once a day

ing Liquid" option

L2,L3,L4 Once a day

KF 2, KF 3 5,000 h

KF 1 6,000 h

L2 8,000 h

L3 8,000 h

L4 8,000 h

L1 19,000 h

All When necessary
All When necessary
FPE/FPV When necessary
All According to

manufacturer's
specifications

Table 11 Maintenance intervals

uid.

Check the oil level.
Lubricate the shaft bearing.
Lubricate the shaft bearing.
Change the oil.

Change the oil.

Change the oil.

Lubricate the shaft bearing.
Replace the shaft seal.
Replace the motor.

Replace the shaft.

Lubricate the motor bearings.

(Optional)," page 14.

See Chapter 9.5, "Lubrication of Shaft Bearing," page 15.
See Chapter 9.5.4, "Model KF," page 16.

See Chapter 9.5.3, "Model L1," page 15.

See Chapter 9.5.2, "Models L 2, L 3,and L 4," page 15.
See Chapter 9.5.2, "Models L 2, L 3, and L 4," page 15.
See Chapter 9.5.2, "Models L 2, L 3, and L 4," page 15.
See Chapter 9.5, "Lubrication of Shaft Bearing," page 15.
See Chapter 9.7, "Shaft Seal Replacement," page 17.

See Chapter 9.6, "Motor Replacement," page 16.

See Chapter 9.11, "Models FPE and FP...V: Mounting and Align-
ment of the Pump Shaft," page 25.

See Chapter 9.4, "Lubrication of Motor Bearings," page 15.

For information on motor maintenance intervals, please see the motor operator's manual.
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10.3 Lubricant Table

KF bearing support Aralub HTR2 Energrease HTG ~ Paragon EP 2 GRX 500
Cylindrical roller bear-

ing

L1 Aralub HTR2 Energrease HTG Paragon EP 2 GRX 500
Bearing block

L2 Vitam DE 46 Energol HLP-D Actis HLPD 46 Elfolna HLPD
Bearing block

L3, L4 Turboral 30W Energol HD-S30 Cronos Super ELF Perfor--
Bearing block SAE 30 mance XR 30

Table 12 Lubricant table

Other brand-name lubricants with equivalent qualities and viscosities may also be used.

10.4 Troubleshooting Table

HT Grease 275 Mobiltemp Darina Grease 2
SHC 100
HT Grease 275 Mobiltemp Darina Grease 2
SHC 100
HLPD-Oel 46 HLPD 46 Hydrol DO 46
Essolube Delvac 1300 Rotella MX
HDX plus 30

Pump either does not pump or pumps irregu-
larly.

Suction line blocked/clogged.

Open/clean suction line.

Suction filter contaminated.

Clean suction filter.

Discharge-side shut-off valve closed.

Open discharge line.

Pump not completely filled with
liquid.

Install pipe system so that casing is still filled with
liquid when pump is off.

Pump with geodesic suction head'; liquid level
falls at standstill.

Install foot valve in suction line.

Suction line leaky (drawing in air).

Seal suction line.

Foot valve blocked or contaminated.

Reestablish proper function of foot valve; clean.

Suction head too high.

Lower pump;
reduce suction head.

Air pocket in suction line.

Lay suction line at steady incline.

Excessive air or gas in pumping medium.

Install vent valve.

Air ingress at shaft seal.

Check shaft seal installation.
Replace elastomers.

Cavitation at impeller inlet;
resistance in suction line too high;
suction head too high.

NPSHa values not adapted to pump.

Optimize suction line;
increase inlet height;
lower media temperature;
contact Fristam.

Flow rate too high.

Discharge-side valve opened too wide.

Throttle valve.

Discharge line diameter too large.

Reduce nominal pipe size;
insert orifice plate.

Impeller diameter too large.

Trim impeller outside diameter.
Reduce speed with frequency converter.
Contact Fristam.

Table 13 Troubleshooting table
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Flow rate too low; discharge head too low.

Selected pump too small.

Contact Fristam.

Selected impeller diameter too small.

Contact Fristam.
Replace impeller.

Direction of rotation of motor incorrect.

Exchange connections on motor terminal box.

Speed too low
(voltage incorrect).

Correct connection according to motor rating
plate.

Nominal pipe sizes too small.

Use larger pipe diameters.

Pipe resistances in suction and/or
discharge line too high.

Optimize pipe system;
reduce elbows and valves.
Contact Fristam.

Pipe clogged or full of deposits.

Clean pipes.

Foreign objects/deposits in impeller.

Remove impeller and clean.

Impeller incorrectly adjusted.

Check impeller clearance and readjust.

Density of pumping medium too high.
Viscosity of pumping medium too high.

Contact Fristam.

Metal noise.

Foreign objects in pump interior.

Disassemble, inspect, and repair.

Impeller catching.

Readjust impeller clearance;
tighten impeller nut using
torque wrench.

Pump/shaft seal running dry.

Immediately supply pumping medium;
open suction valve.

Flow noise. Operation contrary to design in overload Adjust working point to design.
or part-load range.
Flow losses in suction line too high. Increase nominal sizes;
shorten line;
prevent outgassing.
Cavitation. Check condition for NPSH rating;
contact Fristam.
Vibrations. Suction and discharge lines stressing pump Support pipes so that

impermissibly.

pump is not stressed; possibly
install vibration dampers;
keep water hammers away from pump.

Excessive heating of shaft bearing.

Bearing damage.

Replace bearing.

Motor power consumption too high.

Flow rate too high.

Throttle discharge line or

reduce speed with frequency converter.

Impeller diameter too large.

Trim impeller diameter;
contact Fristam.

Viscosity and/or density of
pumping medium too high.

Contact Fristam.

Massive damage to shaft bearing;
shaft deformed.

Disassemble, inspect, and
have repaired by Fristam.

Table 13 Troubleshooting table
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Leakage at shaft seal.

Impeller nut loose.

Remove impeller; inspect shaft shoulder.

Check shaft seal; tighten impeller nut to required
torque;

possibly replace part.

Shaft seal or rotary shaft seal mechanical damage/
wear.

Replace shaft seal and elastomers; possibly switch
materials.
Contact Fristam.

Shaft seal running dry;
suction head too high;
pumping media temperature too high.

Increase pump inlet pressure;
decrease suction head;

use double shaft seal;
contact Fristam.

Sealing water head too high.

Adjust using throttle valve.

Sealing water head too low.

Replace rotary shaft seal.

Water tubes clogged
(resulting in damage to rotary shaft seal);
sealing water not clean.

Clean water tubes;

adjust water inlet and outlet;

use drinking water-quality water with tempera-
ture of max. 70°C.

Temperature of pumping medium too high.

Contact Fristam;
convert to double shaft seal.

Table 13 Troubleshooting table

"The "geodesic suction head" is the vertical distance between the suction-side liquid level and the center of the impeller.
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The number key is for the attached Sectional Drawing. When ordering replacement parts, please specify the Part Number and the Name.

Part
Number
801

Part
Number

Part
Number
479

101 Pump casing Left spring Flange motor
108 Stage casing 481 Bellows 87-1 Gearbox
160 Cover 482 Bellows support 87-2 Gear cover
13-1 Back casing panel 484 Spring retainer 87-3 Gear cap
13-2 Housing insert 485 Seal driver 87-4 Gear base
130 Casing part 500 Ring 839 Contact
132 Spacer 50-1 Split lock washer 872 Gearwheel
154 Intermediate wall 50-2 V-ring 89-1 Filler piece
156 Outlet side 50-3.60 Set collar 89-2 Spherical cap frame
18-1 Spherical cap bearing 504 Spacer ring 89-3 Motor Foot
18-2 Vibration damper 520 Sleeve 89-4 Handle
182 Base 523 Shaft sleeve 89-5 Protective cap
21-1 Synchronizing shaft 524 Shaft protective sleeve 89-6 Wheel
213 Drive shaft 525 Spacer sleeve 89-8 Flat bar steel
23-1 Rotor 54-1 Cover bushing 89-9 Motor bracket
26-1 Bracket for mechanical seal cham- 54-2 Bushing 89-10 Motor bracket
ber 54-3 Stationary bushing 89-11 Spherical cap base support
230 Impeller 540 Bushing 892 Base plate
32-1 Angular contact ball bearing 543 Spacer bushing 894 Console
32-2 Cylindrical roller bearing 55-1 Serrated lock washer 897 Guide piece
32-3 Deep groove ball bearing 550 Washer 90-1 Stud bolt
32-4 Tapered roller bearing 551 Spacer washer 90-3 Tapered pin
321 Radial ball bearing 554 Washer 90-4 Half-length taper grooved pin
322 Radial roller bearing 561 Grooved pin 90-5 Eyebolt
325 Needle bearing 56-1 Roll pin 9200 Screw
330 Bearing support 56-2 Grooved pin with round head 901 Hex cap screw
331 Bearing block 560 Pin 902 Threaded stud
3 Drive lantern 562 Cylindrical pin 903 Screw plug
344 Bearing support lantern 59-2 Dished-type lock washer 9204 Set screw
350 Bearing housing 59-3 Shrink ring 9209 Adjusting screw
360 Bearing cap 59-4 Lantern 91-1 Slotted cheese head screw
40-4 Half-length taper grooved pin 59-5 Membrane 913 Bleed screw
400 Flat seal 642 Oil level sight glass 914 Socket screw
410 Profile seal 680 Enclosure 92-1 Star knob nut, long
m Gasket 68-1 Support plate 92-2 Star knob nut, short
412 O-ring 68-2 Foam strip 92-3 Cap nut
421 Rotary shaft seal 68-3 Bracket for enclosure 92-4 Rotor nut
422 Felt ring 68-4 Orifice plate 92-5 Forcing screw
433 Mechanical seal 68-5 CF guard plate 92-6 Rotor fastener
45-1 Thrust ring 681 Coupling guard 92-7 Nut with flange
451 Stuffing box housing 701 Bypass line 920 Hex nut
454 Stuffing box ring 710 Pipe 921 Shaft nut
471 Spring with washer 71-1 Connection pipe 922 Impeller nut
47-2 Mechanical seal chamber 715 Hose pipe 923 Bearing nut
47-3 Wedge seal 722 Flange adapter 93-1 Snap ring
47-5 Ring nut 723 Flange 930 Retainer
an Seal cover 724 blind flange 931 Retaining washer
472 Rotating seal ring 733 pipe clamp 932 Snap ring
474 Thrust collar 751 Valve housing 940 Key
475 Stationary seal ring 755 Valve bolt 941 Woodruff key
476 Stationary seal ring support 756 Valve spring 950 spring
477 Mechanical seal spring 759 Valve plate
478 Right spring 800 Motor
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10.6 EC Declaration of Conformity

The manufacturer: Fristam Pumpen KG (GmbH & Co.)
Kurt-A.-Kérber-Chaussee 55
21033 Hamburg
GERMANY

hereby declares that the following product:

- Centrifugal pumps types: FP, FPE, FP...V, FPH, FPEH, FPH...V,
FSPE, FSP...V, FM, FZ, FC, CF, CFE

- Positive Displacement pumps types: FK, FKL, FL, FL2, FL3
- Powder mixer typ: PM
— Serial number: see title page of the operating instructions

conforms to the requirements of the Machinery Directive (2006/
42/EQ).

The machine also complies with all requirements of the Low
Voltage Directive (2006/95/EC) and the EMC Directive (2004/
108/EQ).

The following harmonized standards have been applied:
- DIN EN 12100-1 Safety of machinery

Basic concepts, general principles for design, Part 1: Basic
terminology, methodology

- DIN EN 12100-2 Safety of machinery

Basic concepts, general principles for design, Part 2: Techni-
cal principles

Authorized documentation representative:Horst Helms
Phone.: +49(040) 72556-107
Address: see address of the manufacturer

Hamburg, 27. January 2011

/.

Horst Helms / Head of Quality Management
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11 Appendix 2 - Assembly Instructions
(Optional)

11.1 Safety Instructions

These assembly instructions are addressed solely to specialized
employees.

11.2 Scope

These assembly instructions apply to pumps supplied without
motors (optional) and preassembled.

Fig. 50 Incomplete machine: pump without motor, coupling, or base frame illus-

trated using models KF and L

The following specifications in the "Original Operator's Manual"
for complete machines do not apply in this case:

— Chapter 10.6, "EC Declaration of Conformity," page 32,
— Chapter 10.1.2, "Noise Emissions," page 27
— Chapter 2.4.4, "Rating Plate," page 6.

11.3 Rating Plate

61
62
63

O - Fristam  Purmpen
r’ m Ka GmbH & Co)
Kurt-A-Kérber-Chaussee 55

AP UMPEN 0-21033 Hamburg

N

Typ |

68 | SNr |

67 QS mh H m/
Ny 1/min P kW

om kg s=¢ ?64

_ |

66 65

Fig.51 Rating plate for pump without drive

60 Manufacturer

61 Type: pump series, pump size, model, version

62  SN:serial number of the pump

63  H:discharge head [m]; without drive: no indication

64 P:motor output [kW]; without drive: no indication

65  Year of manufacture

66 m:mass (pump without drive) [kg]

67 nR:rated speed [1/min]; without drive: no indication

68  Q:flow rate [m*/h]; without drive: no indication

A PUMPS

11.4 Moving Without Motor
Transportation may only be performed by trained personnel.
The pump can be moved using an industrial truck or a crane.

Always move the pump in the installation condition.

11.4.1 Safety Instructions

Falling or Unsecured Parts

Severe crush injuries.

» Always wear gloves when performing transportation-related
work.

Incorrect Positioning of Pump for Transportation

Leakage of caustic, toxic, or contaminating liquids. Personal in-
jury and material damage from contamination.

» Always move the pump in the installation condition.

Open, Unsealed Pipe Fittings

Material damage from contamination, impact, or moisture in the
pump.

» Remove the pipe fitting covers just prior to connection to
the pipes.

11.4.2 Moving With Industrial Trucks

A WARNING

Unsecured Parts

Serious injuries from crushing, pinching of extremities, material
damage.

» Before moving the pump secure it to prevent it from tipping
over. Secure the pump to the pallet with tie-down straps, or
screw the pump to the pallet.

Preparation
Ensure that the pump is adequately secured to the pallet, for ex-
ample, with straps; see Fig. 52, "Moving with pallet truck," page 33.

Procedure

1. Pick up the pallet with the forks on the industrial truck.

2. Carefully move the pallet to the designated location and set
down.

\%

Fig. 52 Moving with pallet truck
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11.4.3 Moving With Crane

A WARNING

Falling Parts
Death from crushing, pinching of extremities, material damage.

» Only use suitable means of conveyance and hoists that are
designed for the total weight of the pump.

Information on the pump weight can be found on the
pump's rating plate as well as in the Order-Related Docu-
ments in the attached documents.

» Do not leave the pump in a raised position for longer than
necessary.

» Ensure that the area below the pump is clear of people.

A WARNING

Swinging Parts
Crushing and serious injuries.
» Start and stop the crane with pump smoothly.

» Ensure that the danger zone of the pump is clear of people.

Auxiliary Equipment

— Hoists: round slings tested in accordance with DIN EN 1492-1
and 1492-2

- Eyebolt and suitable eyebolt lifting devices

Fig.53 Moving with crane

Preparation

» Remove load-securing devices.
To move the KF pump with the round sling:

Procedure

1. Wrap the round sling twice around the lantern neck (see
Fig. 53, "Moving with crane," page 34).

2. Guide the other end of the round sling to the crane hook and
hook on.

3. Position the center of gravity to ensure that the pump is lift-
ed horizontally.

4, Lift the pump.

To move the L pump with the round sling:

Procedure

1. Wrap the round sling twice around the back end of the bear-
ing block (see Fig. 53, "Moving with crane," page 34).

2. Lay the other end of the round sling around the suction port
on the pump cover. Do not lay the round sling over any
sharp edges or corners.

3. Guide both loops to the crane hook and rotate by 180° to en-
sure that the belt will not slip on the hook.

4. Position the center of gravity to ensure that the pump is lift-
ed horizontally.

5. Lift the pump.

11.5 Installation Location

Please see the operator's manual Chapter 6.2, "Installation Loca-
tion," page 11 for the basic installation location requirements.

11.6 Pump Installation

11.6.1 Model KF

Prerequisites (Customer-Side)

- Suitable motor

NOTICE

Incorrectly Designed Motor

Destruction of pump.

» Only use motors that have been adapted to the pump char-
acteristic curves. If you have any questions, please contact
Fristam.

Procedure
1. Insert the key into the slot on the motor.
2. Slide the motor shaft into the compact bearing support.

3. Screw the motor to the compact bearing support. Tighten
SCrews crosswise.

11.6.2 ModellL

Prerequisites (Customer-Side)
- Suitable gear motor
- Adequately sized coupling

- Common installation surface for gear motor and pump so
that pump shaft can be aligned with gear motor shaft
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NOTICE

Incorrectly Designed Motor and Coupling

Destruction of pump and coupling.

» Only use motors and couplings that have been adapted to

the pump characteristic curves. If you have any questions,
please contact Fristam.

Note: Please see the coupling supplier documentation for refer-
ence dimensions for the coupling.

Procedure

1.

Mount the coupling parts on the pump shaft and the gear
shaft.

Place the pump on the base frame or the foundation so that
the pump shaft can be connected to the gear shaft with the
coupling.

Screw the threaded fastener slightly into the pump base.

Check the parallel and angular misalignment of the pump
and gear shafts.

Minimize deviations from the angular and shaft misalign-
ment. If necessary, realign or add shims.

Screw the pump and gear to the base frame or the founda-
tion.

Fasten the coupling according to the coupling manufactur-
er's specifications.

Install a noncontact, barrier-providing protective device
(coupling guard) in accordance with Section 1.4, entitled "Re-
quired Characteristics of Guards and Protective Devices," of the
Machinery Directive 2006/42/EC.

The pump is now installed. Do not commission the pump
unless the requirements of the EC Machinery Directive are
met for the complete machine.

Note: Continue with Chapter 4, "Transportation,” page 9.

Fristam

A PUMPS
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TOTHE OWNER

ThisInstruction Manual isyour guide when dealingwith
your GL& V/Celleco equipment.

GL& V/Céleco recommendsyou study it carefully, and
ensureitsavailability to thosewho install, maintain and
operate the equipment on adaily basis. Thisdocument
will be of novaluetoyouif itislocked away whenyour
personnel need it!

Furthermoreit isimportant that you:

» keepthisingtruction manual and other documentation
for thelife of the equipment,

* incorporate any amendmentsinthetext, and

» passthe documentation onto any subsequent holder
or user of the equipment.

GL&V/Céleco will not be responsible for any
breakdown of theequipment caused by theowner’s
failuretofollow theinstructionsin thisdocument.

ThisInstruction M anual describestheauthorized
way tousetheequipment. GL& V/Cdlecowill take
no responsibility for injury or damage if the
equipment isused in any other way.

Cleanpac 350-350C Bank

NOTICE ON SAFETY PRECAUTIONS

Before attempting to unpack, install and operatethisunit,
please read through the relevant parts of the manual.
Pay particular attentionto al dangers, warnings, cautions
and notes. Failureto do so could result in seriousinjury
to personnel or damage to the equipment.

Useof Danger, War ning, Caution and Notes:

Danger, Warning, Caution and Notes used in this ma-
nua havethefollowing significance:

Danger
Failure to observe this information could result in
immediate danger tolife.

Warning
Failureto observe thisinformation can result in major
personal injury or loss of life.

Caution
Failureto observethisinformation can result in minor
injury or damageto equipment.

Note
I nformation that requires special emphasis.
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1 Order Specification

Customer:

Order No:

Product:
Application:

Main Spec.:
Dimension Drawing:
Foundation Drawing:
Flow Sheset:

Motor Voltage:

Other Notes:

Cleanpac 350-350C Bank 4
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2 Principleof Operation

The Cleanpac 350 isa5" diameter hydrocyclone. The  Thebank unitscomeinhorizontal and vertica assemblies,
cleanershave o-ringsthat seal thefeed andtheaccept.  which may have one, two or four rows of cleaners. For
The regject outlet is equipped with a sight glassthat  safety reasonsthere areretainer clamps, which ensure
enables observation of theregject flow. Thelower cone  that the cleaner cannot be blown out of the unitin case
isequipped withaservicevavethat enablesunplugging  of over pressure dueto afaulty startup.

whilethe cleanersare operating.

= > __éé___ N
disisistss ) ‘
|n g%‘gﬁ%% | -
< G .

| — Fig.1 WhiteWater Level

The capacity of the CLP 350 cleaner is dependent on the pressure drop between the feed and accept headers:

PressureDrop Capacity

(Fp-Ap) Standard Inlet Head High Flow Inlet Head
100 kPa (14 psi) 3651/min (96 USGPM) 4301/min (114 USGPM)
120 kPa (17 psi) 4001/min (106 USGPM) 4701/min (125 USGPM)
150 kPa (21 psi) 4501/min (118 USGPM) 5251/min (139 USGPM)

Max. accept pressure allowed for astandard performance CLP 350 Bank is 150 kPa.
Max. accept pressure allowed for areinforced performance of CLP 350 Bank is 300 kPa.

Min. and recommended accept pressure for CLP 350 Bank, that is not connected to aRCC unit, is 35 kPa.

Cleanpac 350-350C Bank 5
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2 Principleof Operation
CLEANPAC 350 BANK CLEANER

A ACCEPT OUTLET

% O-ring

Inlet head

Upper mantle

O-ring Detection hole
Upper cone
Nut
Seal ring
Lower mantle
\
AN .
Y Detection hole
Lower cone l“
Plug
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| (> Plug
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|‘ Sight glass
|‘ Rubber hose
Hose clamps
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3 Installation

Plant erection should be done in accordance with
instructions stated on the certified drawings. Notethat a
control valveisto beinstalled on each header serving
several banks gpart from possible bank isolation vaves.
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I solation valves

Control valves

Do not use pipe connectionsfor lifting purposes. When  If theplant isplaced morethan 5 meters abovethewhite
lifting ahorizontal bank, usetheholesontheframework.  water level, avacuum bresker valve should beinstalled.
Whenlifting avertical bank, ropes should betied to the

interconnecting plates.

Cleanpac 350-350C Bank 7



GL& V/Celleco

Technical Manual

All cleaner units should be equipped with pressuretrans-
mitters on the feed, accept and reject headers. The
cleaner unitsaresupplied with 1" diameter pipe couplings
to accept Paper M achine Component (PM C) pneumatic
pressure transmitters. If another type or brand of trans-
mitter isused, they should beinstalled adjacent to the
existing PM C couplings. Pressure transmitters should
be connected to a gauge panel that is close to each
cleaner stageto aid in adjusting the correct operating
pressures.

Thelocation of the pressure transmitters are specified
onthe certified drawings provided by GL& V/Celleco.
No attempt should be madeto locate these transmitters
elsawhere and correct for elevation asthisonly leadsto
confusion and instrument error.

All instruments should be of thetransmitter-receiver (1:1
repeater) typeto isolate the gauges fromthe vibration
commoninmost piping installations.

Each PM C transmitter should haveaclean, dry regulated
air supply set at 35 kPa above the calibrated range of
thetransmitter. For example, a0-100 kPatransmitter
should have a 140 kPa air supply. GL& V/Celleco
strongly recommend against the use of improperly sized
PMC transmitters due to their consistent inaccurate
readings. For example, a0-700 kPatransmitter should
not be used witha 140 kPaair supply to cover a0-100
kPagauge.

Cleanpac 350-350C Bank

3 Installation

Theuse of alocally mounted digphragm stock gaugesis
not recommended by GL& V/Celleco. Asidefromthe
vibration problem, most of these are found to be
temperature sensitive, whichinturnleadstoinaccurate
pressure readings on thistype of gauge.

If thefinal stageisequipped withaRCC unit, or if the
final stage does not require acontrol valve, thenareject
pressuretransmitter is not required on the reject line of
that stage.



GL& V/Celleco

Technical Manual

Tools

The following tools are provided for mounting abank
cleaner:

A standard flat head screwdriver is used for the hose
clamps.
Mounting Procedure

1. Put both O-ringsonthe feed and accept connections
of the cleaner head and lubricate with silicone.

Caution

Notethat only siliconelubricantsshould
beused. Other lubricantsmay contain
petroleum distillates, which will cause
deterioration of the O-ringsand seals.

Cleanpac 350-350C Bank

3 Installation

Tool No. 1 isusedfor securing theinlet head to ease
removal of the upper cone.
Part No. 6088 5662-01

Tool No. 2 isused for loosening of the upper shell
and the lower nut. Thelower nut should only be hand
tightened.

Part No. 6088 3650-01/6088 3557-01
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3 Installation

2. Mount the rubber hosesto the reject pipe
connections on the reject header.

3. Lubricate the feed and accept pipe connections
on the headers and insert the accept end of the
cleaner into the accept connection on the accept
header.

Make surethat the o-ring does not roll over.

4. Presstheinlet part of the cleaner into thefeed
connection of the feed header.

5. Insertthesight glassinto the rubber hose mounted
on the reject header.

Cleanpac 350-350C Bank 10
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3 Installation

6. Pressthecleanerinto final position making sure
that the lug heel fitsinto the notchin the support
plate. For types 2 and 4 the outer cleaners

should fit into the corresponding slots on the
inner cleaner.

7. Ingtal theretainer clamp and tighten the wing nut.

Notethat theretainer clamp isasymmetrical.

8. Tightenthe clamps onthe rubber reject
hoses.

Cleanpac 350-350C Bank 11
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4 Replacing theLower Cone

1. Loosenthelower nut. Use Tool No. 2 if needed.

2. Loosenthehose clamp onthe sight glass.
3. Lift out thelower part of the cleaner.

4. Unscrew the sight glass of thelower shell and
remove theinner cone fromthe outer blue shell.

5. Replacewornout parts.

6. Cleanout Plug Design Fix theinner coneinthe blue shell by inserting the
Before mounting the cleanout plug, insert the sightglassinto thereject opening. Thesight glassshould
new inner lower coneinto the outer blue shell be hand tightened only! Install the seal on the upper part
making surethat the sight glasso-ringisin of the cone and mount the cleanout plug.
place.

Cleanpac 350-350C Bank 12
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Continued from page 12.

4 Replacing theLower Cone

Ball Valve Design

Place the end cap into the blue shell. Drop
down the ball so that the shaft is coming

out of the hole. Insert the new inner lower
cone making surethat the sight glass o-ringisin
place. Fix theinner coneinthe blue shell by
Inserting the sight glassinto the reject opening
according to picture C. The sight glassisto be
hand tightened only! Mount the handle and the
washer. Lock the nut. Install the seal onthe
upper part of the cone.

Cleanpac 350-350C Bank

0.

M ount the complete lower cone by inserting the
sight glassinto the rubber reject hose. Alignthe
lower cone with the upper cone being sure that
the seal does not roll over. Hand tighten the
lower cone nut to the upper cone.

Tighten the hose clamps on the reject hose.

13
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5 Replacing theUpper Coneor Inlet Head

1. Removethe cleaner fromthebank by
loosening the finger nut and remove
the retainer clamp securing the cleaner to
the unit. Loosen the hose clamp onthe
sight glass. Remove the cleaner fromthe
bank structure.

2. Mount Tool No. 1inaviceor weld to awork
table. Remove the head from the upper
cone using Tool No. 2.

3. Loosenthelower nut by hand (or withTool
No. 2).

4.  Inspect the cleaner head and make sure
itisclean.

5. Reassemble with the new head or upper
head. Make sure that the o-ring is
in place.

14
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6 Maintenance

Thecleaner ingtallationisto beinspected regularly every
shift.

Check the cleaner for plugging by observing the flow
through the sight glass. If plugged, seeinstructionsin
Section7.

The operating pressures of the cleaner system should
not be adjusted on ashift-to-shift or day-to-day basis.
The primary stage provides the efficiency and capacity
needed to satisfy the stock flow and cleanlinessto the
head box. The second, third and successive stages
recover the fiber rejected from the primary stage and
minimize sewer losses.

Oncethe pressures have been set by aGL& V/Celleco
representative, the pressure control valves should beleft
alone. The system should be tested (feed, acceptsand
rejects) for consistency and operating pressures should
be recorded at least once aweek.

There are detection ventsin the outer blue shell of the
upper and thelower cones. When the upper or thelower
conewears out, water will leak through the outer blue
shell and through the detection vents.

A red plugwithasealing o-ringis provided to beinserted
into the detection vent to prevent stock spills and to
"flag" the cleaner for maintenance during the next
shutdown.

Be observant of possible leakage at the o-ring
connections.

At service, inspect the o-rings with regard to aging,

attacksof chemicalsand deformation (stiffness). Change
when necessary.

Cleanpac 350-350C Bank 15
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The most common problems encountered are:

A. aplugged cleaner,
B. premature upper cone wear,
C. prematurelower conewear,
D. low reject rate causing premature
conewesr.
Plugged Cleaner

Shutting the bank down to unplug a cleaner is not
necessary. It is very probable that the personnel
unplugging the cleaner will get wet with water and stock.
Take care to protect the personnel with proper
protective gear. Thisisespecialy important since stock
can reach temperaturesthat causes burns. Employ pro-
per safety precautions since chemicalsinthe stock are
harmful. Tounplug thelower cone, performthefollowing:

1. Prepareacleanout lance by connecting a 1/4"
O.D. tubeto a400 kPawater source. Thetube
should be about 45 cmIong and should contain
avalvefor control.

2. Unscrew the plastic plug on the bottom of the
plugged cleaner. Removing the plastic plug may
cause the cleaner to clear itself and splash stock
onpersonndl. Wear rain suitsand other protective
gear. If the cleaner does clear itself, allow the
rejectsto flow out of the cleaner for afew seconds.
Replace the plug and see that rejects move
through the sight glassnormally.

3. Ifthecleanerisstill plugged, insert the clean-
out lanceinto the opening at the bottom of the
cleaner. Turn onthewater and lance out the
material that plugsthe cleaner. Gently work the
lanceinto the cleaner about 3cmat atime
turning thewater on and off to loosen the plug.
Watch theflow through thergject sight glass.
When the flow resumes, remove thelanceand
replacethe plastic plug.

Cleanpac 350-350C Bank

7 Trouble-shooting

If the cleaner plugs again shortly after unplugging
it, there may be some debrisin the cleaner that
islarger thanthe reject opening or the bottom
plug opening. Thislarge piece of debris cannot
get out without removing thelower cone. Mark
this cleaner and remove the lower coneand clean
out the debris on the next scheduled shutdown.
Remember that the longer acleaner operates
plugged, thefaster it wearsout.

16
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Upper Cone Wear

Premature cone wear in the upper cone is caused by
running the cleaner with the lower cone plugged. Small
bits of metal, concrete, tile, nuts, bolts, welding rods,
dag, etc. ared| capable of gettinginto the systemduring
congtruction. Thismaterid will settleonwhitewater chest
and silo floors. Every time apump is restarted, more
debrisiskicked up fromthe chest or silo floor and gets
into the cleaners. Once inside the cleaner, this debris
will plug thergject opening. Thelower conewill become
completely filled with sand. This plugwill extend into
andfill part of the upper cone. The upper conewill then
start to wear dueto the swirling action and abrasiveness
of thesand.

To prevent premature wear in the upper cone, check
for plugged cleanersonaregular shift-to-shift basisand
unplug any cleanersthat do not show flow inthe sight
glass.

Lower Cone Wear

Premature cone wear in the lower cone is caused by
foreign material that issmall enoughto enter the cleaner,
but larger than the cleaner'sreject opening.

Inside the cleaner, thisdebriswill either plug thergject
opening and cause wear in the upper cone, as mentio-
ned earlier, or spininside the lower cone thus causing
wear. Usually, agrooved or ring wear pattern will be
evident.

Cleanpac 350-350C Bank

7 Trouble-shooting

To prevent premature wear inthe lower cone, flushthe
piping and clean out all whitewater chests before start-
up. To prevent any further debrisfromthe stock entering
the cleaners, atrash screen should be installed on the
thick stock line between the machine and blend chests,
and onthe brokeline.

Low Reject Rate

Other than foreign material, avery low reject rate can
cause premature cone wear dueto holdingthe debrisin
the cleaner longer thanit is necessary. Low reject rate
will dsoimpair efficiency.

17
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8 Blank-off Unit

Blank-off unitsare provided when all of the cleanersin Blank-off unit, Part No. 6088 5629-05
asinglestage are not needed. Theunitissupplied intwo
different designs, one for blank-off of cleaners (part
No. 6088 5629-05) and one for blank-off of the feed
and accept connectionsin the bank structure (part No.
6091 1941).

Installing a Blank-off Unit with
Part No. 6088 5629-05:

1. Blank thefeed orifice using the small hooked
bolt and one nylon disc. Install two nuts
making sure that they will not vibrate loose.

2. Theaccept orificeisblanked by using thelong
bolt and two nylon discs. Put one disc onthe
bolt and positionthe bolt inthe way that the bolt
head and one disc areinside the cleaner. Put the
other disc onto the threaded end keeping this
discontheoutsideof thecleaner. Install with
two nuts making surethat thesewill not vibrate
loose.

3.  Thergectorificeiseasily blanked by usinga
filled rgect plugin place of the normal clear

sight glass. *Detailed drawing on page 19.

Cleanpac 350-350C Bank 18
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8 Blank-off Unit
Details for Blank-off Unit, Part. No. 6088 5629-05

Hook with washer

SEEi—

®),

Tierod with 2 washers

Plugged slght glass

-

Cleanpac 350-350C Bank 19
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8 Blank-off Unit

Blank-off unit, Part No. 6091 1941

|
1T |
REE 77+7
1 |
2 /
3
1. Plug
2. Plate
3. Bolt
4. Reect Plug

Cleanpac 350-350C Bank 20
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9 Safety Instructions

CAUTION

No parts of the cleaner may be dismounted during opera-
tion, except for the cleaning plug inthe lower part of the
Cleaner.

At temp. above 450C (1139F), be aware of the burning
danger.

Do aways use safety gloves and safety glasses when
cleaning during operation.

Because O-rings and gaskets age, especialy at high
working temperatures, leakage can arise; therefore, the
plant should not be placed closeto any busy passagein
thefactory.

Cleanpac 350-350C Bank 21
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Advertencia: es importante que antes de realizar el montaje del manémetro verifique la
idoneidad de su utilizacién, ya que al tratarse de un elemento de presiéon y pese a los
elementos de seguridad incorporados, estos no cubren las deficiencias de la instalaciéon o su
correcta especificacion.

Antes de realizar el montaje del instrumento, se deben tener en cuenta una serie de precauciones en
lo relativo a su uso:

Cuando esta sometido a ligeras vibraciones mecanicas debe elegirse un modelo lleno de glicerina
para amortiguar la aguja y el mecanismo de transmision y obtener una lectura mas precisa, si las
vibraciones son intensas, debe montarse en una zona alejada de las mismas mediante el uso de un
tubo capilar.

En el caso de que las vibraciones sean dinamicas ( producidas por pulsaciones leves en el seno del
fluido) procederemos a la colocacion de un amortiguador de pulsaciones, fijo o regulable segun las
caracteristicas de la instalacion.

Ante la posibilidad de golpes de ariete que puedan superar el rango marcado como final de escala
deberemos acoplar un limitador de presion para protegerlo de las mismas o como medida de
seguridad.

Cuando la temperatura del fluido supera los 65 °C, aconsejamos el uso de un tubo sifén y en casos
de altas temperaturas un enfriador de aletas.

Cuando se trabaje con fluidos peligrosos, riesgo de explosion o toxicos, como medida de seguridad
recomendamos la instalacion de un limitador de flujo, de forma que por si por alguna incidencia se
produjera un escape, fisura o rotura del tubo Bourdon, el limitador Gnicamente permitiria la fuga de un
caudal fijo y conocido de fluido.

Si el fluido de proceso es viscoso, con solidos en suspension, agresivo 6 alimentario, debe acoplarse
un separador ( o sello quimico) , cuyo disefio y materiales sean adecuados al fluido y proceso.

El montaje de todos estos elemento puede realizarse “ in situ” en el proceso y no requiere
intervencién de nuestro personal, a excepcion de cuando los mandmetros estan montados en
separador, que por tener un liquido interno de transmision, deben realizarse en fabrica.

La posicion del manémetro siempre debe ser vertical, a menos que en el momento del pedido y de su
fabricacion se haya especificado otra posicion ( esta vendra indicada en la esfera ). Hay que tener en
cuenta que la calibracion del instrumento se realiza en posicion vertical, por lo que un cambio en la
orientacion afectaria a la precision de la lectura..
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El conexionado debe realizarse con el debido cuidado para no dafiar las roscas. Se debe tomar el
instrumento con la mano y ajustarlo a la conexién de la instalacion dando dos o tres giros. En este
momento, asegurandonos de que rosca adecuadamente, debemos acabar de apretarlo con una llave
segun se indica en las figuras 1.2 y 1.3, nunca con las manos o con una llave que no actue sobre el
racor del instrumento ( figura 1.1)

Fig. 1.1 Fig. 1.2 Fig. 1.3

En el caso de conexion GAS con tuerca loca ( figura 1.2) , apretar con una llave la tuerca loca y con
otra el racor del instrumento procurando que esté en la orientacion que deseamos y siendo la tuerca
la que gire . Tener en cuenta que para rosca BSP la estanqueidad se obtiene por el asiento del racor,
por lo que se debe montar una junta plana para su cierre.

Para conexiones NPT, el cierre estanco se obtiene por el ajuste de las roscas para lo que se recubrira
la conexién del racor con cinta teflén ( u otro material segun las caracteristicas de la instalacion y
fluido ) y el montaje debe realizarse segun la figura 1.3

En el caso de que el mandmetro esté montado en un panel ( tipos 40 6 60) o sobre montaje mural (
tipo 30) la conexidn se realizard mediante dos llaves ( segun la figura 1.2) para no aplicar esfuerzo de
apriete sobre el dispositivo de fijacion del aparato

En caso de ir lleno de glicerina, una vez instalado el manémetro en la linea, se procedera a
referenciar la presion interior del manédmetro a la presion exterior. Para ello debera cortarse un tetén
que viene previsto para tal fin y que se encuentra habitualmente en la parte superior del manémetro.
De no realizarse esta operacion la presion generada en el interior de la camara por el efecto de los
cambios de temperatura ambiente podrian afectar a la precision de lectura del instrumento o hacer
saltar la valvula pudiendo entrar elementos extrafios que ensucien la glicerina o dafen el mecanismo
de transmision.

Es importante que cuando un instrumento tenga acoplado un elemento separador o sello quimico,
con o sin capilar, el proceso de acoplamiento a la instalacion se realice actuando Unicamente sobre la
tuerca de la parte inferior del separador, segun indica la figura 3.2
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Fig. 3.1 Fig. 3.2

La presion se transmite de la membrana al tubo Bourdon mediante un liquido transmisor estanco, que
si pierde su estanqueidad a causa de la manipulacién de la unién roscada entre el separador y el
capilar o instrumento, este no funcionara.

Contactos eléctricos:

Conexionado segun esquemas de HT 08.01, asegurandose de que los voltajes e intensidades son
adecuados a los mismos.

Debe asegurarse de que las caracteristicas de proteccion eléctrica de los contactos son las
adecuadas al fluido y condiciones ambientales de la instalacion.

La regulacién de los puntos de alarma se realizara con la llave que se suministra, presionando y
girando los contactos hasta la posicion deseada.

Consultar normas aplicables en la hoja técnica.
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MANTENIMIENTO

El mantenimiento que precisa este tipo de instrumentos se reduce al liquido de llenado, elementos de
seguridad y correcto funcionamiento.

- Cambio de aceite de amortiguacion cuando esté sucio y no permita la correcta vision de la
aplicacion. MEI suministra este aceite como recambio.

- Comprobar que el tapon de seguridad esté en perfecto estado, ya que los agentes externos
pueden endurecer la goma y ésta no actuar a la presion prefijada. Asi mismo es importante
cambiar el visor si por alguna circunstancia se agrieta o rompe.

- Su correcto funcionamiento se puede detectar a primera instancia comprobando que la
posicion de la aguja es la légica de la escala en relacion al proceso (cuando la aguja esta en
cero o en una posicion fija).

Para corregir estos errores debemos reparar o recalibrar el instrumento. Si se posee banco de
calibracion y se trata de un error uniforme a lo largo de toda la escala, el ajuste se puede realizar
mediante la colocacién de la aguja en su posicion correcta (mediante el tornillo de regulacién que
poseen algunas agujas, girando en sentido horario se desplazara en sentido ascendente y viceversa,
0 sacando y volviendo a poner la aguja —para ello se requieren herramientas especiales).

Si no posee banco de calibracién o la descalibracion detectada no es constante en toda la escala,
debe remitir el aparato a fabrica..

En cualquier caso debe remitirse el aparato a fabrica con su accesorio cuando se trata de
separadores, amortiguadores o limitadores.

Recomendamos que los instrumentos se verifiquen como minimo una vez al afo, segun condiciones
de trabajo.

Mantenimiento especifico para los contactos eléctricos: regularmente debe comprobarse el
funcionamiento simulando su actuacion.

Mediante la llave de regulacién, llevar la pata del contacto hasta sobrepasar la posicidon de la aguja
indicadora de presion para que cambie el contacto.

En caso de detectar fallos, aunque sean intermitentes, aconsejamos cambiar el contacto, ya que se
trata de un elemento de seguridad.
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AVERIAS FRECUENTES:

La aguja indicadora no vuelve al origen al eliminar la presién del circuito.
Este problema se presenta habitualmente por tres razones:

El mandmetros ha recibido un golpe que ha hecho que el engranaje, utilizado en el mecanismo
multiplicador que transforma la deformacién del elemento sensible en giro de la aguja indicadora,
salte uno de los dientes del engranaje, o bien que la inercia de la masa del manémetro a deformado
el elemento sensible.

El mandmetro a sufrido una sobrepresidn que ha deformado el elemento sensible.

Hemos de pensar que ese elemento ha de deformarse elasticamente y de forma proporcional a la
presion recibida y que por esa razon la forma del elemento y sus espesores son de vital importancia.

Por ejemplo en los tubos Bourdon, la seccion del tubo es eliptica y el tubo tiene una forma de C.
Cuando la presién aumenta el tubo tiende a cambiar su forma de C en | para de esa forma aumentar
su volumen , pero si eso no es suficiente el siguiente paso es cambiar la seccién de elipse a
circunferencia para obtener el mismo objetivo.

Lamentablemente hay un punto de deformacién de la C, a partir del cual el muelle ya no recobra su
forma original y por lo tanto pierde sus caracteristicas elasticas, lo mismo le pasa si varia la elipse de
su seccion..

Hay que tener en cuenta que la sobre-presion ejercida por un golpe de ariete (incremento o
decremento brusco de la presion) puede llegar a ser de 20 veces la presion nominal de la linea, por lo
que al cerrar o abrir una valvula o bomba, la presion de una linea a 10 bar de presion puede llegar a
200 bar y por lo tanto deformar permanentemente el elemento de medida.

Para eliminar estos problemas podemos poner antes del manémetro un amortiguador de la presion,

un limitador o restringir de alguna manera el acceso de la presion al mandémetro.

El orificio de conexion se obtura o el fluido en el interior del manémetro deja de comportarse como un
fluido compresible (empieza a solidificarse)
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La gran variedad de mandmetros existentes en el mercado, se ha originado por sus innumerables
aplicaciones en la industria. Sin embargo el tipo mas utilizado es el mandmetro de Bourdon y sus
variantes, aunque es necesario tener presente el intervalo de presiones en el que se trabaja y la
exactitud que se requiera.

Mandémetro Bourdon

El principio de medida en el que se basa este instrumento es el sensor conocido como tubo Bourdon.
El sistema de medida esta formado por un tubo aplanado de bronce o acero, cerrado , en forma de
“C” de % de circunferencia para la medicién de bajas presiones, o enrollado en forma de espiral para
la medicion de bajas presiones y que tiende a enderezarse proporcionalmente al aumento de la
presion; este movimiento se transmite mediante un elemento transmisor y multiplicador que mueve la
aguja indicadora sobre una escala graduada. La forma , el material y el espesor de las paredes
dependen de la presidon que se quiera medir.

El conjunto de medida esta formado por un tubo Bourdon soldado a un racord de conexién, Por lo
general este conjunto es de latén, pero en el caso de altas presiones y también cuando hay que medir
presiones de fluidos corrosivos se hacen de aceros especiales.

La exactitud de este tipo de mandmetros depende en gran parte del tubo, por esa razén sélo deben
emplearse tubos fabricados con las normas mas estrictas y envejecidos cuidadosamente por los
fabricantes

El elemento de transmision incorpora una biela para su ajuste.
La norma aplicable para los manémetros Bourdon es la UNE-EN 837-1

El almacenamiento y transporte del aparato debera realizarse con el normal cuidado al tratarse de
elementos muy sensibles a los golpes y vibraciones.

Los mandmetros industriales pueden dividirse segun distintas caracteristicas:

Por su diametro, es decir por el tamafio de la esfera en la que puede leerse la indicacion de la
presion para la que esta disefiado el aparato. Los mas corrientes son los siguientes didametros
nominales en mm.: 40, 50, 63, 80, 100,160 y 250 mm.

Los diametros 40 y 50 mm. Son habitualmente utilizados en conducciones para presiones
comprendidas entre 2,5 bar y 60 bar, y en modelos muy econdmicos con conexiones en laton, cajas
protectoras en ABS y precisiones del 2,5%, aunque es posible su fabricacion en otros rangos de
presion, materiales y precisiones. Industrias tipicas que utilizan estos mandmetros son: reguladores
de presion, neumatica, industria contra incendios, etc.

El diametro 63 mm. Es habitual en la industria para conexiones de Vi, y el diametro 100 para
conexiones de 2. Es corriente su utilizacién en todos los materiales dependiendo de la aplicacién a
cubrir, desde aparatos en caja de ABS o acero, hasta manémetros fabricados integramente en acero
inoxidable, pasando por los manémetros llenos de glicerina con conexiones en latén y caja protectora
en acero inoxidable.

Los diametros 160 y 250 mm. Son habitualmente utilizados para aplicaciones de laboratorio y lo mas
comun es que se fabriquen en acero inoxidable y/o en precisiones elevadas (0,5%, 0,25%,...etc.)

Pero insistimos en que cualquier variacion de medidas, materiales, precision y rango son en principio
posibles, otra cosa es que sean tan poco frecuentes que se conviertan en prototipos.
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Por su elemento sensible, es decir por el componente mecanico elastico utilizado como elemento
que genere la deformacién proporcional a la presion.

Habitualmente la eleccién de ese componente esta en funcion del rango de presion a medir

Capsula o membrana para presiones comprendidas entre 5 mbar y 600 mbar

Fuelle : formado por un fuelle metalico con o sin resorte, y utlizado para medir presiones
relativamente bajas ( hasta 7 bar) y presiones absolutas

|m1‘l\‘\\®’

[’“]F”“

Tubo bourdon para presiones comprendidas entre 1 bar y 60 bar

s

Tubo helicoidal para presiones superiores o guales a 100 bar

= el

i

T E[
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Sistema de medida en laton y el resto en los materiales mas baratos posibles tales como ABS o acero

Mixtos con sistemas de medida en latén y cajas protectoras en acero inoxidable, habitualmente
utilizados llenos de glicerina para amortiguar las vibraciones mecanicas

Inoxidable: con sistemas en Inoxidable AISI 316 y cajas protectoras en acero inoxidable llenas o no
de liquido amortiguador ( glicerina* )

* cuando los mandmetros llevan contactos eléctricos suele utilizarse como liquido amortiguador la
silicona que no es conductiva.

Por si llevan liquido amortiguante: en este caso se diferencia entre manémetros secos ( sin liquido
amortiguante) y mandémetros con glicerina .

Manémetros de columna liquida:

Este tipo de mandmetros es la forma mas sencilla de dispositivo para medir presiones, donde la
altura, carga o diferencia de nivel, a la que se eleva un fluido en un tubo vertical abierto conectado a
un aparato que contiene un liquido, es una medida directa de la presién en el punto de unién y se
utiliza con frecuencia para Mostar el nivel de liquidos en tanques o recipientes.

Puede utilizarse el mismo principio con indicadores de tubo en U, en el cual, conocida la
densidad del liquido empleado en él, la carga o altura constituye una medida de la presion
relacionandola con la correspondiente a la atmosférica. La figura 1a muestra el mandémetro
fundamental de tubo en U. Otro dispositivo equivalente (figura 1b) , cuando es necesario ( como en el
caso de la presién de un gas) que la presién se mida por la altura o carga de algun fluido distinto de
aquel cuya presion se busca.

1

|
i N

I
|

11}
1

Figura 1a. Man6mefros abiertos
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Figura 1b. Tubo diferencial en U

La mayoria de estos manémetros pueden ser utilizados como manémetros abiertos o como
manometros diferenciales, cuando indican la diferencia entre dos presiones diferentes de la
atmosférica. El fluido manométrico que forma la columna liquida en estos indicadores puede ser
cualquier liquido que no se mezcle con el fluido a presion. Para altos vacios o presiones elevadas y
grandes diferencias de presién el liquido del medidor debe ser de una gran densidad por esto casi
siempre se utiliza como fluido manométrico el mercurio y para las bajas presiones liquidos de menor
densidad como el agua, alcohol, kerosén, etc.

Los manometros abiertos dan lecturas en altura, cm. de mercurio o altura de fluido
manomeétrico, luego para el calculo de la presion manométrica del fluido de proceso ( punto A de la
figura 1a) se recurre a formulas como la siguiente:

daz(Hmdm_Kdm)g/gc
Donde :

d, es la densidad del fluido A

dm es la densidad del mercurio

K es la distancia entre el fluido manométrico y el fluido cuya presion se quiere averiguar.
g es la aceleracion local debida a la gravedad

dc €s una constante adimensional

Figura 3. Tubo diferencial invertido,
enlU

Dentro de los mandmetros diferenciales tenemos el tubo en U diferencial, el cual mide la diferencia de
presiones entre los orificios de toma A y B ( figura 3) en altura de fluido manométrico , luego la
diferencia de presion se expresa mediante la siguiente ecuacion
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donde

ka, ko son las distancias verticales de la superficie del fluido manométrico por encima de A y B
respectivamente.

d, , dy son las densidades de los fluidos en Ay B.

Otro tipo, es el tubo en U diferencial invertido ( figura 3), en el que el fluido que llena el tubo
en U puede ser un gas o un fluido ligero, y el cual es frecuentemente usado para medir diferencia de
presiones en liquidos cuando las columnas abiertas liquidas son extraordinariamente elevadas, o
cuando el liquido a presion no puede exponerse a la atmosfera.

Vacio
P

s
T

Figura 4

Por dltimo estan los mandmetros de columna liquida que miden directamente la presion
absoluta del fluido, siempre que el espacio encima del mercurio sea el “vacio total o el vacio
perfecto”, luego en una medida con referencia a una presion nula, como los tubos en U cerrados (
figura 4) o el barémetro de mercurio que registra directamente la presion absoluta de la atmdsfera en
funcién de la altura de la columna de mercurio ( figura 5). La presion barométrica normal es 760 mm
Hg a 0°C ( equivalente a 14,7 Ib/pulg® 0 a 1 atm )

Vacio

\

O, Iy i s L e I g

Figura 5. Barémetro de Mercurio

Cuando la presién se mida en términos de una altura de columna de liquido, que no sea de
mercurio o de agua ( para los cuales ya se conoce el valor de la presién estandar o normal) es facil
convertir la altura de un liquido a otro por medio de las siguientes expresiones:

Esta publicacion no pretende sentar las bases de un contrato y la empresa se reserva el derecho de modificar sin
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en donde;

d = densidad del liquido
h = altura de la columna

Obteniendo la relacién de esta expresion para dos sustancias diferentes se tendra la relacion
entre las alturas de las dos columnas de liquido.

Altura fluido 1/ altura fluido 2 = densidad fluido 2 / densidad fluido 1.

Figura 10. Tubo en U inclinado

Una variante de este tipo de mandmetros son los mandémetros de columna inclinada usados para
medir diferencias de presiones muy pequenas, ya que estos tienen la ventaja sobre los mandémetros
de columna de liquido por la amplificacion de la lectura. El tubo en U inclinado ( figura 10) se utiliza
porque la longitud de la altura o carga puede multiplicarse varias veces por la inclinacién de la
columna liquida y la escala serd mas ancha. Si la lectura R se toma como se indica y R, es la lectura
cero. H, estara dado por H,, = (R — Ry ) sen O-y el calculo de ( dy — dg ) es de la misma forma que

para el tubo en U vertical
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Flanged seals with flush diaphragm S-P

g 8
& o
5 5
T 2
7 & g Remote connection with: 4% 29
z w= smart and analog
E_E a pressure and differential
£ 28 pressure transmitters I
% Z § Z gauges: )
82 Kg @63, 2100, 160 3
zz zZ Y
o2 ol
34.5
\ Length of cover:
54 mm for capillary <3 m
84 mm for capillary >3 m
) Capillary from 1to 3 m
} (special versions up to 6 m)
Direct connection wiith:
40 smart and analog pressure and
differential pressure transmitters
gauges: @63, 3100, @160
d
Diaphragm seal dimensions
Version Diaphragm | Contact face | Diameter of External Thickness Diameter Number
diameter diameter bolt circle diameter of holes of holes
Dm d1 K D d L
DN50 PN40/ 59 102 125 165 22 18 4
2”ANSI 150 59 92 120,5 150 20 20 4
DN80 PN40 88 138 160 200 24 18 8
3” ANSI 150 75 127 152,5 190 24 20 4
DN100 PN40 88 162 190 235 24 22 8
4” ANSI 150 89 158 190,5 230 24 20 8
Application

The diaphragm seal is a pressure-transmitting, diaphragm-type device. The pressure signal is sent to the cooper-
ating pressure measuring device (pressure transmitter, pressure gauge) through manometric liquid filling the
space between the separating diaphragm of the seal and the pressure measuring device. The diaphragm seal
task is to isolate the pressure measuring device from damaging impacts caused by either medium or installation:

— low or high temperature, increased viscosity, impurities;

— vibrations of the installation (remote diaphragm seal).
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Recommended minimum measuring range (bar),
depending on the type of the set: pressure measuring device - diaphragm seal

Pressure Diaphragm Diaphragm seal version
measuring device seal type DN50 / 2” | DN80/ 3” | DN100/4”
Smart direct 0.25 0.1 0.1
transmitters*
PCE-28
PC-50
. drect | 4/ 1 ] 1 |
263 gauge direct 1 1 1
. drect | .6 [ 1 ] 1 |
2100 gauge direct 1 1
. drect | .6/ 1 ] 1 |
2160 gauge direct 1 1
* The ranges given in the table for the smart transmitters should be taken as set ranges.

Recommendations
The essential metrological problem at diaphragm seals operational use is an absolute thermal zero error, resulting from the
thermal expansion of the manometer liquid. The expansion effect must be compensated for with the separating diaphragm
flexibility.
To minimise this effect, it is advisable to:
— use capillaries as short as possible, in this way the volume of manometer liquid will be reduced;
— use the greater diameter seals, in order to maximise the separating diaphragm flexibility;
— locate the capillaries in the places, in which the temperature fluctuations will be minimal.

Additional absolute zero error resulting from ambient temperature fluctuations,
depending on the type of the set: pressure transmitter - diaphragm seal
Diaphragm seal type | Absolute zero error per 10°C for the diaphragm seal | An additional zero error, resulting from temperature

DN50 / 2” DN80/ 3” DN100 / 4” fluctuations in a medium, depends on the tempera-
- ture gradient in the oil-based diaphragm sealing sys-
direct - 0.5 mbar 0.4 mbar 0.4 mbar tem.gThe error value is, in an)’/J cage, signiﬁgarzltly
remote (2 m capillary) 3 mbar 1 mbar 1 mbar smaller than the error value shown in the table.
Temperature range of measured medium
Remote diaphragm seal Direct diaphragm seal
Manometric liquid Underpressure measurements | Overpressure measurements
high-temperature (DC) -10...150°C -10...315°C -30...150°C
low-temperature (AK) | not recommended for measurement -60...200°C
of pressures < 0.5 bar ABS
Note: When operating with an ambient temperature of < -15°C, heating of capillaries filled with DC fluid is recommended.

Special versions

Maximum pressure for PN40 — 40 bar - Other standard ANSI or DIN
Maximum pressure for ANSI 150 — 150 psi - Filled with edible oil (medium temp. -10...150°C)
- Direct diaphragm seal for medium temp. over 150°C

Material of diaphragm and flange 316Lss
- Others

Important:
- contact face in diaphragram seal DN50 have a milled slot for a gasket (acc. to DIN 2512 FormN). Version without any
slot available on request. (acc. to DIN 2526 FormE)
- standard outlet capillary from flange:
direct mounted diaphragm seal - axial
remote mounted diaphragm seal - radial

Ordering procedure

direct diaphragm seal: pressure measuring device / S-P — DN..... / special version (description)

remote diaphragm seal: pressure measuring device / S-PK — DN..... /K= ..... m/ ... I special version (description)

Type of manometric liquid —
DC (high-temperature),
AK (low-temperature)

Transmitter or gauge Diaphragm seal version
— see the code in the
appropriate catalogue sheet

Capillary length

Example: PCE-28 pressure transmitter, EEx version, measuring range 0 + 1 bar, cable connection,

direct flanged seal with flush diaphragm
PCE-28 / EEx /0 + 1 bar / PK/ S-P — DN50

49



€|PLISEN >°

Differential pressure transmitter PRE-28

Black (-) /'ﬂ'\ Red (+)

t 76...9 cable

|

) ©
[ PD type 8 ccoa
DIN 43650 connector o 'é S é =
3 Degree of h 2 o5 2
i - 1o} E L 9£=©
PK type .CJ‘FUSEN ;:f protection IP-65 8 PL'SENS" % g § E %
Electrical cable connection P . | 8 3 g&
Degree of protection IP-67 JERETE v NgTec©
The cable electrical connection, contact ;:;“‘”“tr“‘:;""""‘;" . o '%E é 8
] : il 1 vk réznizyeiig ko)

with the atmosphere through the capillary "“‘P"m"?'":*v ha) e \:m 3%3Y
inside the cable. The cable length 3m ihwjstiony 4 i pomiar vyl N o woQ

(other cable lengths available, if required) hria - visaiony 41

Four holes 1
M10 (standard)
Example connection of impulse line or 7/16"UNF
Flat seal
Swa7 2 15 _
Connector to weld j L —
w CV)"
= % T
S
=

94.5

Transmitter PRE-28
Process connection P type
Static pressure limit 40 bar

Transmitter PRE-28 — version with type C process
connection to be mounted together with a valve manifold
Static pressure limit 250 or 320 bar

v Overloads up to 320 bar total static pressure ¥ ATEX Intrinsic safety ( Gas and Dust)

v Accuracy 0.25%

v" Any range from 0...16 mbar up to 0...25 bar

Application
The PRE-28 transmitter is applicable to the measurement of
dofferential pressure of gases, vapours and liquids.

Construction

The active element is a piezoresistance silicon sensor sepa-
rated from the medium by separating diaphragm and a
specially selected type of manometric fluid. The special
desing of theactive sensing element ensures withstanding
the pressure surges and overloads of up to 320bar. The
electronics is placed in a casing with a degree of protection
IP65, IP67, depending on the type of electrical connection
applied.

Calibration
Potentiometers can be used to shift the zero position and
the range by up to  10%, without altering the settings.

v' Marine certificate DNV

NeW

Installation
The transmitter with P type process connection is not heavy,
so it can be installed directly onto impulse lines. For fitting in
any desired position on a ¥25 pipe the Aplisens mounting
bracket (Fi25 mounting bracket, page 65) is recommended.

The version with C type process connection can be fitted
directly to a 3- or 5-valve manifold. The factory-mounted
transmitters with VM type valve manifold (page 52) are
recommended. A transmitter without a valve manifold can be
fitted in any position on a 2" pipe or on a wall using the C-2"
mounting bracket (page 65).

When the special process connections are required for the
measurement of levels and pressures (e.g. at food and
chemical industries), the transmitter is provided with an
Aplisens diaphragm seal. The differential pressure transmit-
ters with diaphragm seals are described in detail in the
further part of the catalogue.

Technical data

Materials: Wetted parts: type P process conn. 316Lss  Hysteresis, repeatability 0.05%
type C process conn. 316ss Thermal compensation range: 0+70C
Diaphragm Hastelloy C 276 Operating temperature range: -25+80 C
Casing 304ss Medium temperature range: -25+120 C (direct measurement)

Over 120C — measurement with the
use of impulse line or diaphragm seals

Option: 316ss

CAUTION: the medium must not be allowed to freeze in the impulse line or close to the process connection of the transmitter.
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Technical data

Any measuring range 0...16 mbar + 0...25 bar

Measuring Range

100 mbar | 1bar | 2 bar | 25 bar

Overpressure Limit .
Static Pressure Limit (40 barzfi(r) g?;égp;gc]::szsoc%ar‘:r{ection)
(repeated, without hysteresis)
Accuracy 0.4% 0.25%
Long term stability 0.2% / year 0.1% / year

Typically 0.3% / 10°C Typically 0.2% / 10°C
Thermal error max 0.4% / 10°C max 0.3% / 10°C
Zero shift error for static pressure* 0.1% /10 bar

* Zeroing the transmitter in conditions of static pressure can eliminate this error.

4...20 mA, two wire transmission
0...10 V, three wire transmission

10.5..36 VDC (EEx 12...28 V)

Output signal

Power supply

— two wire transmission

15...30 V DC - three wire transmission

Error due to supply voltage changes 0.005% (FSO)/V

Uy, [VI-10.5V

Electrical diagrams

PD type PZ type

PD type

+ —

Loadresistance R[Q]< 0.85 T
(for current output) 0.02A Power supply
4-20 mA output signal Power supply .
Loadresistance R >5kQ 0-10 V output signal
(orsupely et Ordering procedure
Model Code Description
PRE-28 Differential pressure transmitter.
Versions * JEEXI. ..o Ex 11 1/2G Ga/Gb Ex ia [IC T4/T5/T6,1 M1 Ex ia I,
111D Ex ia D20 T105C (only for transmitters with 4..20mA output)
’) Torg than,‘l’n;l version for oxygen service ( sensor filled with Fluorolube fluid).
option is avafiable Marine Certificate DNV

Measuring range /

Measuring range in relation to 4mA and 20mA (or 0 and 10V) output.
Units: bar, MPa, kPa, etc.

= | (without marking)............ccccccecercercveveecveeennns

4...20mA (power supply 10,5+36VDC)

Electrical connection,

(if other length of cable is required,
please specify it /K=....[m])

Output signal 1040V 0..10V DC (power supply 15:30VDC)
J(Other)......ociiiiiiiic e other output signal and power supply (e.g for NE or NN version)
= Housing 1P65 with DIN43650 connector PG-11 packing gland.
Casing, 304SS housing, 1p66, packing gland M20x1,5.

316SS housing, 1p66, packing gland M20x1,5.
Housing IP67 with thread M12x1 and connector
304SS housing, IP67, cable electrical connection, 3m of cable

Process connections

/code of diaphragm seal..............

Thread 1/4NPT F on the cover flanges, diaphragms material Hastelloy C
276, cover flanges material SS316L. Allows mounting with a valve
manifold.

Thread M20x1,5 (male) with @9hole, diaphragms material Hastelloy C 276,
wetted parts SS316L

Diaphragm seal (see chapter of diaphragm seals) mounted on Hi side of
transmitter, Lo side 1/4NPT Female

Accessories

= | /C-2"..

/RedSpaw C.....cccoovvvieeinnnnns

/Red d/P V2" ...

Mounting bracket for 2” pipe (to C process conn.), mat. zinced steel
Mounting bracket for 2” pipe (to P process conn.), mat. stainless steel
Connector to weld impulse pipes dia. 12 and 14 mm, material 15SHM(SO)
or SS 316(S) . Only process connection P type,

Connector to weld impulse pipes dia. 12 and 14 mm, material 15HM. Only
process connection C type.

Adapter for differential pressure transmitters with C type process
connection, output thread 1/2NPT F. Material 316 LSS

Other specification

Description of required parameters

The most typical specification i

s marked by “=" mark.

Example: Differential pressure transmitter, version EExia, measuring range 0..160mbar, output signal 4..20mA, C type process
connection, electrical process connection with DIN43650 connector

PRE-28/EExia/0-160mbar/PD/C

0-10V

35
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Smart differential pressure transmitter with two
diaphragm seals model
APR-2200ALW or APRE-2200

v Several applications, including hydrostatic measurement of:
levels in pressure tanks, density and phase boundaries
Ability to configure measuring range locally

Digital PROFIBUS PA signal

4...20 mA output signal + HART protocol

Accuracy 0.1%

ATEX certificates (intrinsic safety, explosion proof)

Fully welded active measuring element which guarantees
tightness of oil system for many years.

LA Al
| g " o' 2 ¥ FERVARV

COMMUNICATION PROTOCOL

DN N N NN

Transmitter
with two remote
diaphragm seals

Diaphragm seals

Differential
pressure transmitter

Coiled
excess capillary

} V4

Capillary outlet
in the axis of the
diaphragm seal

P

s/

N

Example of a filter loss measurement

Recommendations

The version of the transmitter with two remote dia-
phragm seals is recommended for the measurement of
pressure differences when the hydrostatic pressure of
the manometric fluid in the capillaries (which depends on
the vertical spacing of the seals) is significantly less than
the measuring range of the transmitter. The best metro-

logical results are obtained when the applied capillaries are
identical, as short as possible, and terminated with identi-
cal seals. At such a configuration additional temperature
errors, related to the remote sealing, affect both of the
measurement chambers of the differential pressure trans-
mitter in the same way, and thus cancel each other out.
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Transmitter with two types of diaphragm
seal: one — direct diaphragm seal and the

other — remote diaphragm seal

Upper remote diaphragm seal

Capillary outlet at the side
of the diaphragm seal

Capillary fastened to a guide

Coiled
excess of the capillary

Differential
pressure transmitter /

Lower direct seal

Example of measurement of the level in a pressure tank

Recommendations

The transmitter with a direct diaphragm seal (connected to the
positive measurement chamber) and a remote diaphragm seal
(connected to the negative chamber) is recommended for hy-
drostatic measurements of: levels, densities, phase boundaries
and pressure differences (with differentiated height of pulse
source points*).

In such a configuration, at ambient temperature changes, two
opposite phenomena appear concurrently.

Thermal expansion causes the change in the volume (and
hence also the change in density) of the manometric fluid in the
capillary, which results in a change of the hydrostatic pressure
related to the vertical spacing of the seals. This phenomenon is

counteracted by the elastic reaction of the diaphragm of the
upper diaphragm seal, which is displaced by the change in
volume of manometric fluid. Based on tests and experiments,
the Aplisens transmitters are provided with carefully selected
seal diaphragms, which guarantee compensation of the errors
resulted from the ambient temperature changes.

The best metrological results are obtained using assembly,
which include DN 80, DN 100, A 109 and S-Comp diaphragm
seals or S-Mazut, S-DIN and S-Clamp diaphragm seals with a
diameter of at least 65 mm, where the length of the capillary is
(1...1.3) x (vertical spacing of seals). It is recommended using
identical diaphragm seals at the both upper and lower connec-
tion points.

* The difference in height of pulse source points, at which the hydrostatic pressure of the manometric fluid is comparable to or greater than the range of the transmitter.
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Example versions

T :H
11} |
[
S-CompK
diaphragm seal
M20x1.5 or 51 [
[
|1
‘ 1

Aluminium casing with

M20x%1.5 packing gland
Degree of protection IP 66
Type APR-2200ALW

I transmitter with two
| ] types of diaphragm
|| seal: one — direct
gi;[:"r:'ra';m w1 diaphragm seal and the
250, 265, 280 | | other — remote
diaphragm seal.
I The example with S-T

Type APRE-2200PD Type APRE-2200PZ
‘ | Angle electrical Field casing with
\ S-ChK connector DIN 43650 a packing gland M20x1.5
| diaphragm seal ‘ Degree protection IP 65 Degree of protection IP 65
‘ DN50, DN80 |
| I \
— 6...9 cable

263

S-TK H @5...10 cable
diaphragm seal —
DN50, DN80,

DN100, A 109

34‘.5‘ transmitter with two
g.‘PKh | remote diaphragm seals.
DNEO, DNEO, Example with S-PK
DN100, A 109 DN50 diaphragm seals

Note: The appropriate configuration of the complete set of pressure transmitter, diaphragm seals and capillaries, as well as the proper selection
of manometric fluid, depends on several factors, including the physical and chemical properties, temperature range of the medium, the vertical
spacing of the diaphragm seals, the measuring range, static pressure range, range of ambient temperatures and the technical specifications for
mechanical connection of the diaphragm seals to the pressure devices.



Application and construction

The differential pressure transmitter is applicable to the
measurement of pressure differences of: gases, va-
pours and liquids in cases where it is necessary to use
seals and the pressure pulse source points may be
several metres apart. Typical applications include the
hydrostatic measurement of: levels in closed tanks,
densities and phase boundaries, and the measurement
of a filter loss, pressure differences between media in
pasteurisers etc. The available range of the diaphragm
seals allows measurement at great majority of media.
The active element is a piezoresistant silicon sensor
separated from the medium by a distance sealing sys-
tem. The special design of the measuring unit means
that it can withstand pressure surges and overloads of
up to 40 bar. The electronic circuits are enclosed in a
casing with a degree of protection IP 65 or IP66.
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Configuration
The settings of the following metrological parameters can be
changed:
¢ the units of pressure in which the range is configured,
¢ start and end points of the range, time constant,
¢ inverted characteristic (output signal 20 + 4 mA).

Communication

The transmitter is configured and calibrated using a KAP-03
communicator, some other communicators (HART) or a PC using
an RS-HART converter and Aplisens RAPORT-02 configuration
software.

The data interchange with the transmitter enables the users the
transmitter identification, as well as reading of the currently meas-
ured differential pressure value, output current and percent of
range width.

Measuring ranges

Nominal Minimum set range | Vertical spacing Maximum set range width, Static
measuring range of diaphragm considering the actual vertical spacing pressure limit
(FSO) seals of the diaphragm seals (m)
-160...160 mbar 0.1 m H>O < 1.7m [1.6 + (vertical spacing of seals x 0.94)] m H>O 40 bar
-0.5...0.5 bar 0.5 m HO <6 m [5 + (vertical spacing of seals x 1.04)] m H,O 40 bar
-1.6...2 bar 1.5 m H0O <15 m [20 + (vertical spacing of seals x 1.04)] m H,O 40 bar
-1.6...16 bar 1 bar <15 m 16 bar 40 bar

CAUTION: The maximum vertical diaphragm seal spacing shown in the table applies to level measurement, ensuring that it is possible to
set the zero point of the transmitter when the tank is empty. For measurements of density or phase boundaries (in the sugar, chemical or
refinery industries) the vertical spacing of the diaphragm seals can be larger.

Metrological parameters
Accuracy <+0.1% (FSO)
The other parameters as given in the sheet for the
smart differential pressure transmitter
APR-2000ALW/APRE-2000.
Sealing effect errors — as given in the relevant dia-
phragm seal sheet in chapter Ill (Diaphragm Seals),
concerning the distance seal.
NOTE: The additional absolute zero error due to ambi-
ent temperature can be compensated by configuring
the transmitter, seals and capillaries in accordance with
the recommendations on pages 38 and 39.

Electrical parameters - as given in the sheet
for the APR-2000ALW/APRE-2000 differential pressure
transmitter.

Operating conditions
Operating temperature range (ambient temperature) -25...85°C
APR-2200ALW/EEx and APRE-2200/EEx -25...80°C

Medium temperature range — as given in the appropriate
diaphragm seal sheet (remote seal)

Special versions, certificates:

EExia — ATEX Intrinsic safety

EExd — ATEX explosion proof

100 bar, 160 bar — static pressure limit — 100 bar or 160 bar
Non-standard basic range

Others

Electrical diagrams for transmitters with HART protocol
APRE-2200PD

APRE-2200PZ

- mA
Milliammeter

Power supply

Version: APR-2000ALE
with 0...5 or 0...20mA output signal

APR-2200ALW

RS-HART converter

or communicator Power supply

Milliammeter

I Power supply

Power supply I

RS-HART converter
or communicator

RS-HART converter
or communicator

'NORE)

1s3i+ v (@0

JHIM €
1ndino
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SMART DIFFERENTIAL PRESSURE TRANSMITTER APR-2200AL/Profibus PA/W

Construction
The transmitter electronic system performs the digital processing of
measurement and generates the output signal with the communica-
tion module according to Profibus PA standard. The transmitter func-
tion performance bases on profile 3.0 of Profibus PA standard.

The casing is made of high-pressure casting of aluminium alloy, IP-65
rated. The casing design allows using a local liquid crystal graphical
display, 90° turn of display, 0-355° turn of casing relative to the sen-
sor, and the choice of direction at cable insertion.

The measuring ranges, according to the table, page 41.

Communication
The communication with the transmitter is achieved in two ways:
¢ cyclic — the transmitter sends primary measured value (4 bytes
IEEE754) and status containing the information on the current state
of transmitter and measurement validity (1 byte).
¢ acyclic — this way of communication is used to device configuration
and to read both primary measured value and the status.

Configuration
Full configuration of transmitter settings, adjustment of the display
mode, transmitter zeroing and calibration in relation to pressure stan-
dards proceeds with the PDM (Process Device Manager) software,
by Siemens. The EED program library, worked out by Aplisens for
cooperation with this transmitter, is helpful in the configuration.

Other commercial configuration software (e.g. Commuwin by Endress
and Hauser, DTM/FDT tools) make transmitter configuration possible
in the range of basic commands.

Enclosed to APR-2200AL/Profibus PA is GSD file comprising the
description of the transmitter basic properties such as transmission
rate, type and format of input data, list of additional functions. GSD
file is necessary for the software serving as a device for network con-
figuration and makes the correct connection the appliance to Profibus
network possible. The universal file GSD, designed for standard
pressure transmitters made according to profile at revision 3 Profibus
standard, may also be applicable to APR-2200AL/Profibus PA.

The pressure transmitter APR-2200AL/Profibus PA does not have the
hardware address switch This address may be adjusted with acces-
sible configuration software.

Electrical diagrams

Measurements in the areas under explosion

hazard
For pressure measurements in the areas under explosion
hazard the Atex intrinsically safe transmitters, @II 112G
EExia IIB/T5 are available

Metrological parameters
Accuracy < £0.1% (FSO)
Other parameters: as for APR-2200ALW.
Sealing effect errors: as given on the relevant diaphragm seal
sheet in chapter Diaphragm Seals, in relation to the distance
seal
NOTE: The additional absolute zero error due to ambient
temperature can be compensated by configuring the trans-
mitter, diaphragm seals and capillaries in accordance with the
recommendations on pages 38, 39.

Electrical parameters

Power supply (from DP/PA coupler )

10,5 +28V DC

12.05 +28V DC - when display illumination
switched on
Power supply from intrinsically safe coupler according to
FISCO requirements.

Vi=17,5VDC

1i=0,38A for IIB

1i=0,36A for IIC
Current consumption 14mA

Output parameters
Digital communication signal Profibus — PA
(according to EN 50170)
PA function slave

Output signal

Physical layer IEC61158-2
Transmission range  31,25kBit/S
Modulation Manchester II

Operating conditions
Operating temperature range (ambient temp.): —25..85°C
EEx version: -25..65°C
Medium temperature range: as given on the appropriate
diaphragm seal

Ordering procedure

PA-PA- PA+PA+

EEET

Inside
earthing
clamp

(See next page)

Examples:

Ordering code to APRE-2200:

Smart differential pressure transmitter APRE-2200, nominal measuring range
-1,6+2 bar, on the (+) side a DN80 PN40 direct diaphragm seal, 100mm tube,
on the (-) side a DN80 PN40 remote diaphragm seal, capillary length 8m.

APRE-2200PD / -1,6+ 2 bar/ (+) S-T DN80; T=100mm/ (-)S-PK DN80; K=8m

Ordering code to APR-2200ALW:

Smart differential pressure transmitter APR-2200ALW with display, nominal
measuring range -0,5+ +0,5 bar, with two remote diaphragm seals, capillaries
length 2x K=2,5m

APR-2200ALW / -0,5+ 0,5bar/ (+) S-PK DN80; K=2,5m/ (-)S-PK Dn80/
K=2,5m

Ordering code to APR-2200AL/ProfibusPA:

Smart differential pressure transmitter APR-2200AL/ProfibusPA, nominal
measuring range -0,5+ +0,5 bar, with two remote diaphragm seals, capillaries
length 2x K=2,5m

APR-2200AL/Profibus PA / -0,5+ 0,5/ (+) S-PK DN80; K=2,5m/ (-)S-PK
DN80; K=2,5m
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Ordering procedure APR-2200ALW

Model Codes Description
APR-2200 Smart differential pressure transmiter.
Casing,
Output signal, ALW .. Aluminum housing, IP66/IP67, with display, output 4-20mA + Hart
=
ALE ...

Aluminium housing, IP66/IP67, with display, output 4—20mA + Hart
0 — 20mA+ Hart, 0 — 5mA+ Hart,

Aluminium housing, IP66/IP67, without display, output Profibus PA

Aluminium housing, IP66/IP67, with display, output Profibus PA

316ss stainless steel housing, IP66/IP67, with display, output 4—20mA +
Hart

Versions, Certificates*

*) more than one option is
available

/160bar...

Ex 11 1/2G Exia lIC T5 ( not available for ALE version)

Ex Il 1/2G Exia/d IIC T5/T6 . )
Ex Il 1/2D ExiaD 201D A21T85/T100 ( Not available for ALE version)

Static pressure limit — 100bar
Static pressure limit — 160bar

Range min set range
Nominal measuring range -160+160mbar..........ccouveiiiiieieae -160+160mbar (-16+16kPa) 0,1 mH,0
= | -0.5+0.5bar -0.5+0.5bar (-50+50kPa) 0,5mH,0
(* not-standard ranges available | -1.6+2bar... -1.6+2bar ( -160+200kPa) 1,5mH,0
on request) -1.6+16bar -1.6+16bar (-160+1600kPa) 1bar
Measuring set range /...+...[required units]...................... Start and end of calibrated range in relation to 4mA and 20mA output
Process connections J(H) e Direct diaphragm seal or remote diaphragm seal mounted on the (+) side of
the transmitter- code as given in the relevant diaphragm seal sheet
J(-) e Remote diaphragm seal mounted on the (-) side of the transmitter — code as

given in the relevant diaphragm seal sheet ( chapter Ill — seals)

Electrical connection

Packing gland M20x1,5
Thread 1/2NPT Female

Accessories

Mounting bracket type FI25 for 2" pipe, material 304ss

Other specification

Description of required parameters

Ordering procedure APRE-2200

Model Codes Description
APRE-2200 Smart differential pressure transmiter.
Casing, S P Housing IP65 with DIN43650 connector, without display,
Output signal, output 4-20mA +Hart, packing gland M20x1,5.
PZ... 304SS housing, IP66/IP67, without display, output 4-20mA + Hart
packing gland M20x1,5
PZIB16. i 304SS housing, IP66, without display, output 4—20mA + Hart
i ifi * JEEXI@. ... 111/2G
Versions, Certificates @ GalGb Ex ia IIC T4/T5/T6
IM1Exial
*) more than one option is I 1D Ex iaD 20 T110°C
available J100DAT. ..

/160bar

Static pressure limit — 100bar
Static pressure limit — 160bar

Range min set range
Nominal measuring range -160+160mbar -160+160mbar (-16+16kPa) 0,1 mH,0
= | -0.5+0.5bar -0.5+0.5bar (-50+50kPa) 0,5mH.0
(* not-standard ranges available S1.6E2bar. -16—2bar(-160—200kPa) 1,5mH,0
on request) “1.8+16bar. ..., -1.6+16bar (-160+1600kPa) 1bar
Measuring set range [...+... [ required units]..................... Start and end of calibrated range in relation to 4mA and 20mA output
Process connections Direct diaphragm seal or remote diaphragm seal connected to the (+) side of

the transmitter- code as given in the relevant diaphragm seal sheet

Remote diaphragm seal connected to the (-) side of the transmitter — code as
given in the relevant diaphragm seal sheet ( chapter Il — seals)
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To simplify the mathematical operations we introduce the density coefficient of the medium Xp.

Xp — pmedium [g/0m3 ]3
pwaterat4°C [glcm ]
Since the density of water at 4°C is 1 g/lcm®, the density coefficient Xp is numerically equal to the density of the me-
dium expressed in g/cms. To determine the hydrostatic pressure of a column of liquid in mm H20, it is sufficient to multiply
the height of the column h [mm] by the density coefficient of the liquid Xp. Since it is easy to determine the hydrostatic
pressure in mm HO and the transmitter can be configured in those units, in the descriptions of measurement methods
given below we will make use of pressures expressed in mm H,O and the density coefficient Xp.

Configuration of the transmitter to measure the level of liquid in a tank

The measurement task: 4. On the configuration menu select the “Reranging” pro-
To convert a variation in the level of a liquid with density cedure.

p=0.87 g/o::m3 between 0 and hmax to a variation in the 5. On the “Reranging” menu:

output signal from 4 to 20 mA. a) change the units of measurement to mm H,O at 4°C;

b) enter the values for the start (Xp x hmin [Mm]) and
/\ end (Xp x hmax [mm]) of the measurement range,

| i namely 0 and (0.87 hmax [Mm]) respectively;
c) to compensate for the hydrostatic pressure of the
manometric fluid, the start of the measurement range

should be set using regulated pressure; when sub-

H- ver'ticalf ject to the action of only the manometric fluid (empty
ZE):CA?S Om T tank) the transmitter will shift the start and end-points
seaF:s 9 of the range, compensating for the value of that

O<heh A p pressure.

- - max
p =0.87 g/cm?

When the transmitter has been configured in this way it is
< ready to be used to carry out the given measurement task.

If it is not possible to empty the tank to configure the
transmitter, the hydrostatic pressure of the manometric
y fluid should be calculated by multiplying the vertical spac-

4.20mA|I -

AP[FH ' | . g e
ing of the diaphragm seals by the density coefficient of the
\_/ oil in the capillaries. This pressure should be taken into
account when entering the values for the start and end of
1. Install the transmitter in its working position on an the range:
empty tank. Start [mm H2Q] = —H [mm] x Xpoi
2. Make the electrical connections of the transmitter, End [mm H20] =
providing for the ability to use HART communication. = hmax [MM] % Xpmeasured liquid — H [Mm] x Xpoil
3. Connect the KAP-02 communicator, identify the
transmitter and select the “configuration” function. poil for DC-550 oil is equal to 1.068 g/cm3

poil for AK-20 oil is equal to 0.945 g/cm?®

Configuration of the transmitter to measure density of liquids

The measurement task:

To convert a variation in liquid density from pmin = 0.6
g/cm3 to Pmax = 1.2 g/cm3 to a variation in the output signal
| I\ from 4 to 20 mA, with the vertical spacing of the dia-
phragm seals equal to H = 3000 mm. The sealing sgstem
is filled with DC-550 oil with density poi = 1.068 g/cm”.

H=3000 mm
06<plglcm’]<1.2
Poil = 1.068 g/cm?3

25 1. Calculate the value of the start of the range as follows:
Himm) % (Xpmin — Xpoi) =
= 3000 x (0.6 — 1.068) = —=1404 [mm H>0]

2. Calculate the value of the end of the range as follows:
H[mm] X (Xpmax - Xpoil) =
=3000 % (1.2 — 1.068) = 396 [mm H»0]

4.20mAlT - 3. Set the zero point of the transmitter with the diaphragm

APT—LI Y seals positioned at the same level.

4. Install the transmitter in its working position.

5. Make the electrical connections to the transmitter, pro-
viding for the possibility of using HART communication.




6. Connect the KAP-02 communicator, identify the
transmitter and select the “configuration” function.

7. On the configuration menu select “Reranging” proce-
dure.

8. On the “Reranging” menu:
a) change the measurement units to mm H,O at 4°C;
b) enter the calculated values for the start (—1404) and

end (396) of the range.

When the transmitter has been configured in this way it is
ready to be used to carry out the given measurement
task.

Note: If it is possible to fill the space between the seals
with a liquid whose density corresponds to the start of the
measurement range, the start of the range of the trans-
mitter can be set using regulated pressure.

Measurement of phase boundary

The height of the phase boundary of liquids of different
densities is determined by measuring the average den-
sity of the medium between the seals.

Example:

Calculate the measurement range start and end points
for an APRE-2200 transmitter configured to measure
phase boundary height in the range 0—1000 mm between
liquids of density p1=0.7 g/cm3 and p2=1.0 g/cm3,
where the vertical spacing of the seals H= 1600 mm.
The sealing system uses DC-550 oil with a density of
1.068 g/cm”.

H=1600 mm

0<h <1000 mm
p; =0.7 g/cm? T
p, = 1.0 g/cm?®
Poil = 1.068 g/cm?® P1

4.20 AT /T-]
AP[+H !
P2

To determine the start of the measurement range, calcu-
late the pressure difference at the transmitter when the
tank is filled with the lighter liquid only:

1600 [mm] x (0.7 — 1.068) = —588.8 [mm H,0]

To determine the end-point of the range, add the increase
in pressure resulting from the appearance of a 1 metre
column of the heavier liquid:
—588.8 [mm H.O] + (1.0 — 0.7) x 1000 [mm] =
=—-288.8 [mm H,0]

€|PLISEN >"

Additional remarks

The settings of the transmitter can be adjusted with ref-
erence to laboratory results from density measurements
carried out on samples of the liquid being measured. This
is most often necessary when the measurement takes
place in a pipeline segment where the flow velocity of the
measured liquid reaches several m/s.

Increasing the vertical spacing of the diaphragm seals
widens the range and often improves measurement ac-
curacy.

In planning the spacing of the diaphragm seals, ensure
that the pressure difference at the transmitter lies within
the basic range.

The maximum vertical spacing of the diaphragm seals
(H) depends on the transmitter’'s basic range and the
boundary values for the density of the measured liquid

(pmin; pmax)-

If Pmin < Poil < Pmax, the seal spacing H should satisfy the
following conditions:

- lower boundary of range [mm H,O]

H[mm] <
Xpmin - Xpoil
H [mm] < upper boundary of range [mm H,QO]
Xpmax - Xpoil
Example:

Determine the maximum vertical spacing of the seals for
the APRE-2200/-10...10 kPa transmitter when measur-
ing the density of liquid between 0.6 and 1.2 g/cm®. The
sealing system uses AK-20 silicone oil with a density of
0.945 g/cm®.

The lower boundary of the range of the transmitter is
—10 kPa = -1020 mm H,0O

-1020 -1020
7=~ m <
0.6-0.945
H [mm] < 2957

H [mm] <

The upper boundary of the range of the transmitter is
+10 kPa = 1020 mm H,0

H [mm]gﬁ = H [mm]sﬁ
1.2-0.945 0.255

H [mm] <4000

In the example, both conditions are satisfied when the
spacing of the seals is not more than 2957 mm.
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