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Operating Instructions

USING THE ALLEN-BRADLEY PROGRAMMABLE LOGIC CONTROLLER

This publication contains pro-
cedures for the modification of
certain events in the operating
program of the dairy separators
listed below:

MSD 90-01-076

MSD 130-01-076
MSD 170-01-076
MSD 200-01-076
MSD 250-01-076
MSD 300-01-777




For future reference it is recommended that the user record pertinent information concerning
the separating system. Ensure the following is complete. This information will assist with the
ordering of replacement parts and will be requested during any inquires to the factory.

V2Yo] o]/ [07= 11 o) 4 DO
PUICRASBL .«ovirnessararsssissitisississsnszmsn i,
Purchaser P: 0. NUMBEE...usssssuossosassesinn
Installation Location...............ccoceeevcuvvennn.
Ceantrico Prajget No....ssummmsnsws
Yaar of Construclion ... cxxswssmmwmsseseses
Equipment Assembly NoO...........ccccccoveunneenn.
Separator Model & Serial No.....................
Technical Manbal Nbavsssssmsmsmmrevven 9139-9015-001

Manual Issue Date & Revision................... Oct. 15, 1991 - Rev. 1
Jan. 10, 1994 - Rev. 2

EEPROM NOonmsusmmssapmmsassnss; 004

Read and Understand the entire contents of
this manual and the separator manual before
attempting operation or maintenance.

THIS MANUAL SHALL BE CONSIDERED A PERMANENT PART OF THE
SEPARATOR SYSTEM. SHOULD THIS EQUIPMENT BE TRANSFERRED
TO NEW OWNERSHIP, THIS MANUAL (AND ALL TECHNICAL DOCUMENTATION)
SHOULD ACCOMPANY THE TRANSFER.
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FOREWORD

INTRODUCTION.

This manual is published as a guide to the start-up and operation of dairy industry separators. The proce-
dures outlined here are not dedicated to one particular separator, they are however, applicable to the major
components and operating characteristics of a number of similar separators. Any operating procedures or
machine characteristics peculiar to just one or two models that have an effect on the general operation in-
structions provided will be noted as such throughout the text of this publication.

APPLICABILITY.

The machines addressed in this manual are as fol-
lows:

a MSD 300-01-777
= MSD 250-01-076
s MSD 200-01-076
a MSD 170-01-076
= MSD 130-01-076
= MSD 90-01-076

In addition to the models listed above, accessory
packages are available to suit individual require-
ments. It is recommended that the user become fa-
miliar with the operation of the basic machine as
well as any components that were ordered.

CAUTION:

The intended use of this publication is
to assist the user in the operation of
the separator models listed. It is not fur-
nished as a substitute for the technical
instructions supplied by the manufac-
turer of the separator. Read and under-
stand the manufacturer supplied materi-
al before attempting operation or main-
tenance.

Refer to Table F-1 for a brief description of the ma-
chines and option packages covered in this manual.
Note the similarities shared by most models. The ma-
jor difference between these machines is the capacity
of product they are capable of processing. The largest
capacity machine, the MSD 300, is a belt driven sepa-
rator with a water cooled motor. The other separators
are driven through a heavy-duty gear drive and fluid
clutch,
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CHAPTER 1 - DESCRIPTION OF THE CONTROL COMPONENTS

INTRODUCTION.

This chapter discusses the control of the separation process through the components of the control cabinet.

1-1. COMPONENTS (Fig. 1-2).

The dairy separators discussed in this manual are
controlled by an Allen-Bradley Programmable Log-
ic Controller. This unit consists of 3 major compo-
nents:

= Timer-Counter-Access Terminal (TCAT).
= SLC 150 Programmable Controller
(PLC).

= SLC 100 Relay Output Expansion Unit
(EU).

To operate and control the separator, in addition to
the above, the following components are provided:

= Speed Indicator

= Speed Measuring Device

= 4.5 amp Time Delay Fuse (250VAC)
= Transformer

» Plug-in Relay

s 24 VDC Power Supply

Also provided are an assortment of push-button, in-
dicator lights, selector switches, etc., that arc re-
quired to operate the separator, Refer to chap. 3 for
the wiring diagrams and bill of material.

1-2. PURPOSE AND FUNCTION.

CAUTION:

u /f any of the process control units re-
quire replacement, it is essential that
they be replaced with a component of
the same part/model number.

= The timing unit shall be energized pri-
or to separator start-up and remain en-

ergized until the separator bow! comes
to a complete stop.

The purpose of the program is to provide a sct of op-
erating parameters (times) within which the separa-
tor and associated components may function. A sc-
lected event requires a certain amount of time (o

complete.

Different components of the system will open/close
or energize /de-energize for pre-determined periods
to accomplish the selected task. For example: With
the separator in the milk separation mode the bowl
opening/closing, filling and metering are all accom-
plished by valves, solenoids, etc. The opening and
closing of these components for specific time periods
allows water and product to flow into and out of the
separator. These time intervals were pre-programmed
at the factory, according to the operators specifica-
tions, into the EEPROM memory module (fig. 1-5,
item 10). The PLC allows the factory to store this tim-
ing information and the operator to access and modify
some of the times.

The operator may modify some time intervals through
the TCAT. When moditying the process time (ref.
para. 1-4 and chapter 2) it is imperative for the opera-
tor to be aware of the following: Some process tim-
ing may be changed to suit immediate require-

ments, this is however, un "overwrite” procedure

onfy. Should power be removed/cut off; the pre-
programmed times will replace the operators

modified times. To avoid this circumstance, the
EEPROM memory module must be removed af-

ter the modified times are entered, thus preserv-

ing the operator’s instructions. To further under-

stand the control process, the definitions of a few
terms are presented:

m Accumulated Time: As indicated through

the TCAT Data Display window (figs. 1-3 &
1-4) by timers and counters throughout the sys-
tem. The data display shows process time in
1/10th second increments starting at 0 (zero),
ascending to the pre-set time.

s Pre-set Time: As indicated thru the TCAT
Data Display window (figs. 1-3 & 1-4). This

display shows the pre-determined time span
stored in the EEPROM for any given event.

= Counter: Keeps count of the actual number
of times a process has been accomplished.
For example: A counter will monitor the
number of partial de-sludgings that occur be-
fore a full de-sludging.

1-1



1-2

= Sequencer: The sequencer controls the
"order" in which events will occur within a
process.

m Address: An address is a number as-
signed to a function or component for the
purpose of differentiating one component
from another or one process from another.

In the following example (milk separation, partial
de-sludging), the sequencer will initiate bowl clos-
ing and metering chamber filling. Refer to fig. 1-1.
The timer will close the bowl, or ensure that the
bowl is closed for 24 seconds (1) and energize the
filling valve for 8 seconds (2). Ten seconds into pro-
cess the metering valve is energized by compressed
air for 8 seconds (3). Twelve seconds into this pro-
cess, the sequencer will signal the bowl to open for
2.5 seconds using the collected water from the me-
tering chamber to eject accumulated solids (4).
(Note that this event may be modified).

0 10 20 30 40 50

1-3. CONTROL CABINET (Fig. 1-2).

The separator is controlled/operated thru a NEMA

12 stainless steel enclosure measuring 24.0 in. wide x

24.0 in. high x 8.0 in. deep. The control panel (front

cover) contains the following:

A. TCAT display

B. Illuminated graphic panel (valve position
and machine status lights)

C. Motor start/stop buttons

D. Power on/off buttons and indicators

E. CIP (clean in place) and process selector
F. Function selector (milk only)

G. Program start and manual de-sludging
H. Program stop (feed valve divert or close)
I. Flush water (whey only, program stop)

J. Speed indicator (RPM)

60 70 80 90 100 110 120

TIME IN SECONDS

|24

1\'

4 12 14,5
—

2-a 8
=0

Fud

18
g /
3 5

Figure 1-1. Sequence of Events.
(Typical)

Lastly, the sequencer will again energize the fill-
ing valve (for 40 seconds), 20 seconds into the pro-
cess (5).

In summary, the sequencer activates the control
component (valve, solenoid ctc.) in pre-determined
order and the timer regulates the time required to
complete the process. The time indicated

by [ in the above graph (and the complete
timing chart in chapter 2) indicates to the operator
the function whose timing may be changed to suit
immediate requirements. All functions indicated
by I /1ay not be altered.

The control cabinet (interior) contains the following
components:

K. SLC 150 Programmable Controller

L. SLC 100 Relay Output Expansion Unit
M. Fuse

N. Wire terminals (not all illustrated)

0. Speed measuring device

P. 24 VDC power supply

Q. Plug-in relay
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1-4. TCAT (Fig. 1-3).

NOTE:

The following paragraphs provide a
brief description of the TCAT
(Timer/Counter Access Terminal). Re-
fer to the User’s Manual (bulletin 1745)
found inside the control cabinet for a
detailed description of this component.

The TCAT is used in conjunction with the SLC 150
Programmable Controller (PLC) and the SLC 100
Relay Output Expansion Unit (EU).

With the SLC 150 PLC in the RUN mode, the
TCAT provides the operator with access to counter,
sequencer and timer data. This allows authorized
personnel to monitor this data "on-line",

Some data in the PLC may be modified to suit spe-
cific requirements. A keyswitch prevents unautho-
rized modifications. With the keyslot in the verti-
cal position the MONITOR mode is in effect. The
key may be removed. With the key inserted and
turned clockwise 90° horizontal the MODIFY
mode is selected. In this mode the key cannot be re-
moved.

To monitor or modify a function, the "address" must
be accessed through the keyboard. The address display
indicates the address number entered and the data dis-
play will show either the pre-set time or the accumu-
lated time.

For Example (Fig. 1-4):

To access address 904 the operator will depress the
ADDRESS pad (1) and the respective pads for the
904 address (2) on the keyboard (the number 9 will
automatically appear; depress 0 and 4). Depress the
ENTER pad (3). The numbers 904 will appear in the
ADDRESS INDICATOR window(4). One of the fol-
lowing indicators will light (5): TME, CNT or SEQ
indicating to the operator that the 904 address is ei-
ther a timer, counter or sequencer. The PROT will
light red (6) if the address is protected in the pro-
gram; this means that the address cannot be modified.
Shown in the DATA DISPLAY window (7) will be ei-
ther the pre-set or accumulated time, depending on
which indicator light (8) is lit. To change the indica-
tion, depress either the PRESET or ACCUM pads
(9). Pre-set time is the pre-determined time span,
stored in the EEPROM, that any given process will
run. Accumulated time is displayed in 1/10th of a sec-
ond increments starting at 0 (zero) and ascending to
the pre-set time. Refer to chapter 2 for detailed
TCAT access.

A Te—
ALLEN BRADLEY TCAT
ADDRESS DATA
ADDRESS DISPLAY DATA DISPLAY
P%or‘ TME CNT SEQ O PRESET
ISR RO RSTATUS O ACCUM DATA INDICATORS
”‘E[/ MODIFY
MR — e/l
E [:5] |__s_] [] || _— «kevsior
o m@amo]| EIETE
L1090 AT | vonmor

Figure 1-3. TCAT



Located on the back of the TCAT are listed ER-

ROR CODES which will alert the operator to spe-

cific problems in the system or operating proce-
dure. These codes are listed in the English and

French languages.

The TCAT receives operating power from the
SLC 150 PLC thru a 6.0 ft. interconnect cable.

ADDRESS DATA
+— | 904 O0% 77

PROT| TME CNT SEQ 8
s—=0 | Oes—>0 s5—0O O/ PreseT

e
SODo=N
)
EnHEeD

3

Figure 1-4. TCAT Keypad.
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1-5. PROGRAMMABLE CONTROLLER
(Fig. 1-5).

The dairy separators covered in this manual are pri-
marily controlled thru an SLC 150 Programmable
Controller (PLC). This unit contains the processor
(CPU and capacitor-backed CMOS RAM memory),
a power supply and 32 I/O ports. The number of
I/0 ports is increased to 44 through the SLC 100
Relay Output Expansion Unit (EU, discussed in
para. 1-6). The 44 I/Os are broken down to include
20 inputs (1) and 12 outputs (2) in the PLC. There
are 12 outputs in the EU, which has no input cir-
cuits but is connected to the PLC by a ribbon cable

3).

The PLC receives operating power thru #14 AWG
wires/terminals at the upper left corner of the ter-
minal strip (4). This connection is pre-wired at the
factory from the terminal strips to the PLC. Cus-
tomer connection is required from system compo-
nents to the terminal strip in the control cabinet.
Refer to chapter 3 for wiring schematics.

Located in the middle right side of the PLC is an

INPUT INDICATOR PANEL (5). This panel indi-
cates the following diagnostics or indicators:

s DC Power- Indicates the PLC is ener-
gized and DC power is being applied.

= PLC Run- Indicates the PLC is in the
RUN mode.

4 (UNDER COVER)

u CPU Fault- Indicates the PLC has detected
an error in either the CPU or memory. Oper-
ation is automatically halted.

= Battery Low- This is an option not avail-
able.

= Forced I/O- Indicates that one or more of
the I/Os have been forced to an ON or OFF
state.

Also located in the input indicator panel are the IN-
PUT STATUS INDICATORS (6) which are 20 red
LEDs, numbered 1 thru 10 and 101 thru 110. When an
input circuit is energized, the corresponding status in-
dicator will light. OUTPUT STATUS INDICATORS
(7) are 12 red LED:s identified by the numbers 11 th-
ru 16 and 111 thru 116. When a programmed output
instruction is energized (on), the corresponding out-
put status indicator will light and the corresponding
output circuit will energize.

Located in the upper left corner of the PLC may be
found the INPUT POWER FUSE (8). If line termi-
nal voltage is present, but the DC power LED is not
lit, the fuse may be blown. Refer to chapter 3 for wir-
ing schematics.

After a power loss or brown out, the PLC may be re-
started by selecting one of the following in the AU-
TO/MANUAL SWITCH (9):

a1 AUTO- Upon power-up, the PLC runs
through its normal diagnostic tests, then auto-
matically enters the RUN mode if the PLC
was in RUN when powered down.

1 (UNDER COVER)

<—— ANCHOR BOLT HOLES (4 PLCS.)

@]
0]
' ~<—— COLOR PATCH (RED)

—___._________,5

}—t
1

<——— 3 (ON SIDE OF UNIT)

1

7

12

(@]
A o]

2 (UNDER COVER)

Figure 1-5. SLC 150 Programmable Controller.



» MANUAL- Upon power-up, the PLC will
again accomplish its diagnostic tests but will
not enter the RUN mode. To enter RUN the op-
erator must select the AUTO mode.

The program designed for use in this application is stored
in the EEPROM MEMORY MODULE (10).

NOTE:
It is recommended that the software and re-

vision number be recorded for future refer-
ence.

The PLC and the TCAT are interfaced by a cable that
connects to the COMMUNICATION PORT (11). This
port may also be used to connect the PLC to a pocket pro-
grammer or a personal computer (IBM) interface con-
verter. Both of these are optional items not supplied for
this application, but are available from the PLC manu-
facturer.

Although not supplied for this application, a BACK-UP
BATTERY ASSEMBLY (12) is available to safeguard
PLC memory. A standard capacitor back-up is provided
which provides memory back-up for 2 weeks at 30 C and
I week at 60 C.

If the PLC is operated at temperatures above 50 C for ex-
tended periods, capacitor life cannot be guaranteed be-
yond 2 years. For operation under these conditions, in-
stallation of a battery back-up is recommended.

1-6. EXPANSION UNIT (Fig. 1-6).

The SLC 100 Expansion Unit is used in conjunction with
the PLC to expand the number of available I/O circuits.
Although the total number of circuits may be boosted to
112, this application requires a total of 44; 12 provided
by the use of the expansion unit. The expansion unit
(EU) has the same basic construction as the programma-
ble controller (PLC), however, it does not have input cir-
cuits. The EU receives its operating power, from the
PLC, thru wiring terminals (1) at the upper left side of
the unit. The terminals, under a flip up cover, accept 2
#14 AWG wires. The chassis ground is also located here.
Located to the right of the incoming power terminals are
6 upper output circuits (2).

The 6 lower output circuits (3) are located on the bottom
edge of the unit. These connections are pre-wired at the fac-
tory from the terminal strips to the EU. Customer connec-
tion is required from system components to the terminal
strip in the control cabinet. Refer to chapter 3 for wiring
schematics.

Located in the middle right side of the EU is a STATUS
INDICATOR PANEL. This panel illustrates the following
diagnostic indicators:

+ DC Power (5)- Indicates the PLC is energized
and DC power is being applied.

« QOutput Status Indicators (6)- 12 red LEDs num-
bered 11E thru 16E corresponding to output con-
tact wiring terminals 11E thru 16E (7). When a
programmed output instruction is energized (on),
the corresponding output status indicator will
light and the corresponding output contact will
close. Refer to Figure 1-7.

WARNING:

- Before power is turned on, ensure there is
no maintenance being performed on the sys-
tem. Lock the main power shut-off, per OSHA
requirements, if maintenance is to be per-
formed. High voltage is present in the separa-
tor system. Severe injury or death may result
from electrocution.

= Check, using a voltmeter, for any residual
electricity remaining in electrical components
to avoid electrical shock.

Located behind the front cover will be found the INPUT
POWER FUSE (8). If line terminal voltage is present but
the DC power LED is not lit, it is possible the fuse has
failed. The front cover may be removed by backing out the
two screws on either side of the cover. Refer to chapter 3
for wiring schematics.

The EU is interconnected to the PLC by a RIBBON CA-
BLE (9) entering the unit on the right side,
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Figure 1-6. SLC 100 Relay Output Expansion Unit.

Both upper and lower wiring strips are numbered This has been accomplished by assigning the upper

11E thru 16E. In order to avoid confusion it will be terminal strip the number 2 (two); the lower strip

necessary to further identify each terminal as a sep-  number 3 (three). These numbers have been written

arate entity. as in fig. 1-7. The upper terminal strip connections
are now numbered 211E thru 216E; the lower connec-
tions 311E thru 316E.

| UPPER WIRING TERMINAL STRIP (QUTPUT)
1
l LOWER WIRING TERMINAL STRIP (OUTPUT)

Figure 1-7. EU Address Block Numbering.
(tem #7 in Fig. 1-6)



1-7. SPEED INDICATOR (Fig. 1-8).

The speed indicator is used to indicate the bowl
speed. An electronic limit value device allows the
operator to monitor the separator for decreased
bowl speed. The bowl speed is indicated in RPMs
(2); UPM is a German abbreviation.

A limit speed has been pre-set at the factory. Dur-
ing operation, the pre-set speed and the actual
speed are compared. If the actual value exceeds the
pre-set limit, the output relay opens. If the actual
speed falls below the pre-set limit the output relay
closes. The LED (1) indicates the limit value and
will light up when the pre-set value is exceeded.
The speed limit value is set using buttons in the
rear of the unit. Refer to chap. 2, para. 2-19 for ad-
justment of the speed indicator.

LEGEND: 1. Light emitting diode (LED)
2. Digital display (four digit, 7 segment LED, 20 mm high)

J\

@ DIGITAL DISPLAY HFM

D
(Front View)
Figure 1-8. Speed Indicator.

1-8. SPEED MEASURING DEVICE (Fig.
1) 000000000
The Speed Measuring Device (FSU-2 or WHEM) CO00OCO00OO0
takes a signal from an N-type proximity switch in- 12 3 45 678 9
side the separator frame and relays it to the Speed S ¢ It e o |
Indicator (ref. para. 1-7) to record the RPM of the
bowl. The input pulses are converted to an output |E| |§| E@
current of 4 - 20mA for acceptance by the speed in-
dicator. - e LS ET]

10 11 12 13 14 15 16 17 18

OO0 OO0 0O OO0

OO0 000000

Figure 1-9. Speed Measuring Device.
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1-9. ILLUMINATED GRAPHICS PANEL
(Fig. 1-10).

The graphic panel provides the operator with a visu-
al "guide" to a limited number of separator system
functions. Lights within the panel illuminate as
some events occur, For example: when the process
medium is feeding into the separator, the green in-
dicator light in the feed line of the graphic panel
will illuminate. During separator start-up, the
green motor start/run light will first flash on and
off while the separator is running up to speed and
then remain illuminated after run speed has been
attained. A de-energized indicator light will indi-
cate a closed or non-functioning component. Refer
to chap. 2, para. 2-18.

FEED

BYPASS

- >
CREAM

& ...... By sl % RECOMBINE

l—|

|
@)
MOTOR CIP o - -
START/AUN o g o ¥
@]

I | -
OIS SRR =0 <
BOWLCLOSE
o ©] O |
SLIP SPEED - O
U U BOWL OPEN

Figure 1-10. llluminated Graphics Panel.



CHAPTER 2 - OPERATION

INTRODUCTION.

In Chapter 1 a description of the control system was presented. This chapter will provide the operator with
the procedures required to operate the system and monitor/modify certain events.

2-1. CONTROLS AND INDICATORS.

The system is operated through a control cabinet.
This cabinet contains most of the components that
monitor and control system functions, including the
PLC. Refer to chap. 1.

2-2. INITIAL PROCEDURES.
Perform the following before start-up of the separa-

tor:
NOTE:

Refer to the technical material provid-
ed by the manufacturer of the separa-
tor for detalled information concerning
separator installation, operation and
maintenance.

m Inspect for leaks, liquid accumulations,
loose or broken wires and missing compo-
nents.

s Check the oil sight glass of the separator
(lower section of frame). With the bowl sta-
tionary, the oil level shall be up to the upper
third of the sight glass. Use only the grade of
oil specified in the lubrication section of the
separator manual.

= Ensure the brake is not applied.

a Ensure operating water, compressed air
and product are supplied to the separator
(refer to table 2-1).

n Check directional rotation of the bowl

(clockwise when viewed from above).
s Assemble and install the separator bowl.

. TABLE 2-1.
m Check the hﬂlght and assembly of the WATER & AIR PRESS URE
bowl. No components may be omitted or re-
placed with the same components of anoth-
er bowl. Lock-rings have left hand thread. MSD 90, 130, 170, 200 & 250
All "O" marks shall be radially in line. = Operating Water Pressure with bowl closing water
Ensure a thin coat of Darina grease has ON-35 PSIG
been applied to the sliding surfaces of the = Air Pressure- 60 PSIG
hydraulic system parts and the bowl lock
ring. MSD 300-01-777
u Operating Water Pressure with bowl closing water
= Verify that all protection devices, if any, ON- 35 PSIG
are installed properly. = Air Pressure- 60 PSIG

= Motor Cooling Water - 1 GPM @ 60°F
= Ensure that all components that move are

free to do so.

m Verify that the area is clear of all unnec-
essary material and personnel.
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2-3. STARTER CABINET (Figs. 2-1 & 2-2).

Although the separator system is started and con-
trolled through the timing unit discussed in chap. 1,
all electrical power is supplied thru the starter con-
trol panel remotely located from the separator sys-
tem and briefly discussed here.

The starter cabinet for the MSD 300 machines (fig.
2-1) contains the following indicating/control com-
ponents:

s Ampere meter- Constant display of the amps
drawn during start-up and operation.

s Running Time Meter- Records the total run time
accumulated on the machine.

a Motor Overtemp Stage #1 & 2 Indicators- Time
& temperature dependent indicators that light in-
crementally to display a motor over-heat condition.

u Over Current Indicator- Will light to indicate an
excess current draw. If the draw reaches the pre-set
limit the separator will automatically shut-down.

u Starting, Accelerating & Running Indicators- In-
cremental indicators that will light sequentially
during the start-up period. The Starting and Accel-
erating indicators will extinguish when the Run-
ning indicator lights, showing the machine is fully
up to speed.

= Separator Stop Push-button- Will stop the separa-
tor.

a Alarm Silence- Will silence the malfunction
alarms.

m Alarm Re-set- Will re-set the malfunction
alarms.

= Main Power Shut-off- Energizes the entire system.

A receptacle is provided to enable the operator to
physically lock-out the system.

The starter cabinet for all other machines (fig. 2-2)
contains the following indicating/control compo-
nents:

® Running Time Meter- Records the total run time
accumulated on the machine.

m Motor Overtemp Indicator- Displays a motor over-
heat condition.

u Ampere meter- Constant display of the amps drawn
during start-up and operation.

a Main Disconnect Handle- Energizes the entire sys-

tem. A receptacle is provided to enable the operator
to physically lock-out the system.

2-4, ENERGIZING THE SYSTEM.

» Read and understand all Safety Notices
in the separator manual before opera-
tion.

s Before power is turned on, ensure
there is no maintenance being per-
formed on the system. Lock the main
power shut-off, per OSHA requirements,
if maintenance is to be performed. High
voltage is present in the separator sys-
tem. Severe injury or death may resuilt
from electrocution.

s Ensure that the electrical system, in-
cluding the separator and the starter cabi-
net, are properly grounded before apply-
ing electrical power.

CAUTION:

s Read and understand the technical
manual provided with the separator be-
fore starting the system.

s Inspect all components and electrical
connections to ensure all wiring is con-
nected properly.

1A. To power-up the MSD 300 systen, move the
MAIN POWER SHUT-OFF selector switch (1A, fig.
2-1) to the ON position (located in the green area of
the handle).

1B. To power-up all other separators place the
MAIN DISCONNECT HANDLE (1B, fig. 2-2) in
the power-on position.

2. Energize the Timing Unit (1, fig. 2-4). Ensure all
utility valves are open and the feed valve is in the
closed position.



RUNNING TIME METER
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Figure 2-1. Starter Controls for MSD
300 Machines.
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Figure 2-2. Starter Controls for MSD
90, 130, 170, 200, 250 Machines.
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2-5. ENERGIZING THE TIMING UNIT
(Run/Auto Mode, the normal operating
mode).

REQUIRED CONDITIONS:
s SLC 150 PLC in the RUN mode.
= Manual/Auto switch set at AUTO.

When the system is initially energized the
TCAT/PLC will undergo a series of diagnostic
tests and then display the lowest tim-
er/counter/sequencer address number in the pro-
gram; 901.

The example illustrated in figure 2-3 shows a typi-
cal power-up display.

Address 901 in this example is an unprotected Tim-
er. The following will occur when the unit is ener-
gized:

The TCAT/PLC will go through it’s diagnostic
tests, then automatically scan addresses 901 thru
932. The display will show 901 which is the first
(and lowest) address used.

(Either TME,CNT
or SEQ indicator
will light)

S0 ooy

Figure 2-3. TCAT Display in Run/Auto
Mode During Start-Up.

NOTE:

s The TCAT keyboard is inoperative
while the PLC is scanning to an address
used in the program.

To move to the next instruction depress the NEXT
keypad (fig. 2-5). If the NEXT keypad is activated
while the PLC is still scanning, the display will

again show the addresses. If, for example, the scan
stopped at address 929, the display would show 930,
931 and then stop at 932 (the highest address) in the
same manner as illustrated in fig. 2-3.

Any time the NEXT key is activated after the scan is
completed, the TCAT shows (in sequence) only those
instructions you used in the program. In this example,
activating the NEXT keypad would display instruc-
tions 901 thru 932,

2-6. STARTING THE PROCESS (All prod-
ucts, Fig. 2-4).

CAUTION:

The Timing Unit shall be energized prior
to start-up and will remain energized un-
til the bowl! comes to a complete stop.

NOTE:

= Various abbreviations and symbols ap-
pear in the DATA display to indicate the
timer, counter and sequencer instruc-
tions. Refer to Table 2-7 for a brief sum-
mary.

m Procedural errors (and other errors)
may occur when operating the
TCAT/PLC. Refer to table 2-6 for an ex-
planation of Error Codes. A listing of er-
ror codes also appears on the back of
the TCAT module and on the key/ID tag.

The bowl opening timer has been en-
tered into the EEPROM memory at 2 sec-
onds. The amount of the partial shoot is
controfled by the piston metering valve
in the operating water line. An increase
of water injection volume wilf increase
the amount of partial de-sludging.

1. Press Motor Start push-button (2). The start/run
light (3) will flash until the motor has come up to
speed. During the motor start period, only the motor
stop push-button may be used, All other push-buttons
and controls are disabled. When the bowl has come
up to speed (refer to the separator manual for start-
ing times and RPMs) the operating water line will
seal the bowl. The start/run indicator will now be lit
(no longer be flashing).

2. Using the Product Selector Switch (4) select Milk,
Whey or C.I.P. Using the Process Selector Switch (5),
select Sep., Stand. or Clar.

When the program is performing a de-sludging, the
Timing Unit will continue until the cycle is complet-
ed.




In the event of power failure, the Motor Run relay will
open, de-activating the motor. Once power is re-estab-
lished, the Motor Start sequence will have to be re-acti-
vated at the timing unit by pressing the motor start button

(2).

2-7. PROCESSING MILK (Fig. 2-4).
NOTE:

Milk processing will access milk partial de-
sludging sequencing. Refer to table 2-2.

1. With Product Selector Switch set to Milk. (4), push
Program Start Button (6A).

2. Program Start (6A) will initiate a partial de-sludging.
Using the Process Selector Switch (5) choose either Sep.,
Stand. or Clar. If Sep. is selected, the cream control valve
will close or divert the cream to the cream tank. If Stand.
or Clar. are chosen, the cream control valve will open, re-
combining part or all of the cream with skim (the flush
water switch is disabled).

3. Adjust the skim back-pressure for foam-free discharge
and cream back-pressure for cream concentration. In-
crease cream back-pressure for thicker cream and de-
crease the back-pressure for thinner cream.

4. For standardization (stand.), adjust surplus cream
valve to remove desired amount of cream, maintaining
standardized cream concentration.

Program Stop (6B) will close or divert the Feed and
Cream Conirol Valve and stop the de-sludging sequence.

Program Start (6A) will initiate the next de-sludging, re-
set the process timer and open the feed valve to the sep-
arator. Adjust partial de-sludging volume as required.

CAUTION:

Do not idle the separator with the bow!
open or empty of product. Gasket failure
and coating of interior bow! parts will occur.

5. Monitor separator function during process run and adjust
valving, if required, for back-pressure and cream concen-
tration.

6. Adjust time between partial de-sludgings using address
901 to clean sediment holding space. Monitor solids dis-
charge to ensure excessive solids are not building up in the
bowl.

NOTE:

Immediately de-sludge entire contents of
bowl and flush with water at the end of pro-
cessing and prior to C.I.P.

7. Refer to para. 2-13 for C.LP. and shut-down.

2-8. PROCESSING WHEY (Fig. 2-4).
NOTE:

Whey processing will access whey partial
and full de-sludging sequencing. Refer to ta-
ble 2-3.

1. Set Product Selector Switch (4) to whey. Adjust de-
sludging frequency, adjust partial de-sludging volume. Ad-
just partial/full counter (address 903, table 2-3) based upon
separable whey solids in product feed and flow rate for
whey with heaviest solids loading.

2. Depress Program Start (6A) to initiate a full de-sludging
on initial start and a partial de-sludging on subsequent
starts (until 903 pre-set is attained).

Program Stop (6B) will close or divert the feed valve, stop
de-sludging sequencing and cream displace between de-
sludgings. Pushing the Program Start button (6A) will ini-
tiate the full de-sludge again and will reset all applicable
timers and counters to zero.

3. Adjust whey back-pressure valve for foam free discharge
and cream back-pressure for cream conceniration. Increase
cream back-pressure for thicker cream. Cream is to be dis-
charged to open balance tank at separation.

4. During normal operation and between de-sludgings, the
cream control valve will briefly open for a few seconds to
discharge some cream from the separator between dis-
placement and de-sludging. Use timer (address 913, table
2-3) to adjust the occurrence interval of this process (usu-
ally 2 - 3 occurrences).
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5. Timer (address 914, cream displace ON, table 2-
3) should be adjusted to thin the whey cream to ap-
proximately 20 - 30% concentration.

6. During the partial de-sludging sequence the
cream will be displaced prior to a de-sludging
(without water flush during a partial de-sludging).
Adjust timer (address 908, table 2-3) to thin cream
to 10 - 20% concentration.

7. Adjust partial bleed timer (address 909, table 2-
3) to ensure the discharged cream is not heavier
than 45% concentration when normal CPV air pres-
sure is applied.

NOTE:

8. During full de-sludgings, adjust timer (address

925) to discharge all the cream prior to the bowl
opening. Water flush adjustment (address 928, table
2-3) may be adjusted to aid discharging the cream

and removing solids from the disc stack. The bleed
timer (address 929, table 2-3) can be adjusted to re-es-
tablish the cream concentration.

9. Monitor the operation to ensure correct operation.

NOTE:

When using warm water to remove sol-
ids from the disc stack or as an aid in
cream discharge, the water should be
approximately the same temperature as
the whey.

Immediately de-siudge entire contents of
bowl! and flush with water at the end of
processing and prior to C.1.P.

10. Refer to para. 2-13 for C.L.P. and shut-down.
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2-9. MONITORING A TIMER INSTRUC-
TION (Fig 2-5).

NOTE:

m Refer to tables 2-2 through 2-5 for a
description of separator functions and
function times.

s The index numbers on figure 2-5 re-
flect the procedural steps in para. 2-9
with the same number.

In the following example, address 905 (partial

bowl open adjustment) will be used to illustrate
how a timer may be monitored by the operator. For
this purpose address 905 will be called a timer

with a PR value of 2.0 (seconds) and is not protect-
ed in the program.

1. Energize the TCAT/PLC per para. 2-5.
2, Ensure Keyswitch is in the Monitor mode. The

Address Display will show address 901 (the lowest
in the program).

5. Depress the PRESET keypad. The TME and PRE-
SET LEDs will light. The Address Display will show
the current address of 905 while the Data Display in-
dicates the pre-set time value.

6. Depress the ACCUM keypad. The TME and AC-
CUM LED:s will light. The Address Display will
show the current address of 905 while the Data Dis-
play indicates the accumulated time value.

NOTE:

= All process timers and counters will au-
tomatically reset after 10 seconds.

s If the ACCUM keypad is depressed
twice, an error code will appear in the
data display. Refer to table 2-6 for correc-
tive action.

3. Depress the ADDR key. The 0

& 1 in the Address Display will ADDRESS DATA

be replaced with flashing dashes. 005 (4.5.8—> B

This indicates a request for the en- (2,3,4,5,6) .

try of a new address. PROTI TM E/ SEQ e {s)
4. Using the keypad, enter 0 & 5. O O O O O PRESET
Depress Enter Key. The Address ( 48] (3) @) ACCUM
Display will show address 905, the ©) (4.6)

Data Display will show .0. The
TME and ACCUM LEDs will
light. This indicates to the opera-

Do

tor that address 905 is a Timer

(TME).

If the Timing Unit is in mid-pro-
cess, the operator will have to wait
until the chosen address "comes

s
4 5 6 PRESET| = ©

around" in the cycle to monitor the
event. It is possible to bring up the
desired event by depressing the

2][ 3](“%‘ —
J

program start button (6A, fig. 2-4),

which will initiate the de-sludge
program from it’s beginning,

CANCEL

Figure 2-5. Monitoring a Timer Instruction.
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2-10. MONITORING A COUNTER IN-
STRUCTION (Fig 2-6).

NOTE:

5. Depress the PRESET keypad. The CNT and PRE-
SET LEDs will light. The Address Display will show
the current address of 901 while the Data Display in-
dicates the pre-set time value.

w Refer to tables 2-2 through 2-5 for a
description of separator functions and
function times.

a The index numbers on figure 2-6 re-
flect the procedural steps in para. 2-10
with the same number.

In the following example, address 901 will be used
to illustrate how a function may be monitored by
the operator. For this purpose address 901 will be
called a counter with a PR value of 20 (minutes)
and is not protected in the program.

1. Energize the TCAT/PLC per para, 2-5.

2. Ensure Keyswitch is in the Monitor mode. The
Address Display will show address 901 (the lowest
in the program).

3. Depress the ADDR key. The 0 &
1 in the Address Display will be re-

placed with flashing dashes. This in- ADDRESS DATA

6. Depress the ACCUM keypad. The CNT and AC-
CUM LEDs will light. The Address Display will
show the current address of 901 while the Data Dis-
play indicates the accumulated time value.

NOTE:

u All process timers and counters will au-
tomatically reset after 10 seconds.

u If the ACCUM keypad is depressed
twice, an error code will appear in the
data display. Refer to table 2-6 for correc-
tive action.

dicates a request for the entry of a

new address. E‘ D I . D

4. Using the keypad enter 1 & 4. The PROT

Address Display will show address

901, the Data Display will show 0. O
The CNT and ACCUM LEDs will

light. This indicates to the operator

that address 901 is a Counter (CNT).

If the Timing Unit is in mid-pro-
cess, the operator will have to wait

around” in the cycle to monitor the
event. It is possible to bring up the
desired event by depressing the pro- -

gram start button (6A, fig. 2-4),

which will initiate the de-sludge pro-

gram from it’s beginning.

F.

until the chosen address "comes @ .
L 4
] ]

TME CNT SEQ| _ — ©9
O PRESET

O
QO ACCUM 6

2l

PRESET 5)

_

NV
D

3 ACCUM| = ®

2=

igure 2-6. Monitoring a Counter Instruction.
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2-11. MODIFYING A TIMER INSTRUC- 6. Depress the PRESET keypad again. The 2.0 in the

TION (Fig 2-7).
NOTE:

Data Display will be replaced by flashing dashes, in-
dicating to the operator that a new pre-set value may
be entered.

m Refer to tables 2-2 through 2-5 for a
description of separator functions and

function times.

s The index numbers on figure 2-7 re-
flect the procedural steps in para. 2-11

with the same number.

7. Using the keypad, enter 2.5 (arbitrary number for
this example) and ENTER keypad. The Data Display
will show 2.5 indicating that the pre-set value has
been changed.

8. Depress the ACCUM keypad. The TME and AC-
CUM LED:s will light. The Address Display will in-

. . dicate 905.
In the following example, address 905 will be used
to illustrate how a timer function may be modified 9. Move keyswitch to monitor position. Monitor pro-
by the operator. For this purpose address 905 will cess for proper operation.

be called a timer with a PR value of 2.0 (seconds)

and is not protected in the program.

1. Energize the TCAT/PLC per para. 2-5.

NOTE:

= All process timers and counters will au-

2. Select the Modify mode at the key-switch, The tomatically reset after 10 seconds.
Address Display will show address 901 (the lowest

in the program).

If the Timing Unit is in mid-pro-
cess, the operator will have to wait
until the chosen address “comes
around" in the cycle to monitor the
event. It is possible to bring up the
desired event by depressing the pro-
gram start button (6A, fig. 2-4),
which will initiate the de-sludge pro-
gram from it’s beginning.

3. Depress the ADDR key. The 0 &
1 in the Address Display will be re-
placed with flashing dashes. This in-
dicates a request for the entry of a
new address.

4. Using the keypad, enter 0 & 5. De- (4

press Enter Key. The Address Dis-
play will show address 905, the Data
Display will show .0. The TME and
ACCUM LED:s will light. This indi-
cates to the operator that address 905
is a Timer (TME).

5. Depress the PRESET keypad. The
TME and PRESET LEDs will light.
The Address Display will indicate
905 and the Data Display will indi-
cate that the pre-set value is 2.0.

n ff the ACCUM keypad is depressed
twice, an error code will appear in the
data display. Refer to table 2-6 for correc-

tive action.
ADDRESS DATA
0 |:[ | e (23458 D < (4,56,7)
PROT| TME CNT SEQ O 5)
RESET<—
O O-é—- (4,5.8) O O ACCUM=— (84)

[7][8]@%’

r W ( PRESET |<— (56)

Ec]

Figure 2-7. Modifying a Timer Instruction.




2-12. MODIFYING A COUNTER IN-
STRUCTION (Fig 2-8).

NOTE:

= Refer to tables 2-2 through 2-5 for a
description of separator functions and
function times.

a The index numbers on figure 2-8 re-
flect the procedural steps in para. 2-12
with the same number.

In the following example, address 901 will be used
to illustrate how a counter function may be modi-
fied by the operator. For this purpose address 901
will be called a counter with a PR value of 20
(minutes) and is not protected in the program.

1. Energize the TCAT/PLC per para. 2-5.

2. Select the Modify mode at the key-switch. The
Address Display will show address 901 (the lowest
in the program).

If the Timing Unit is in mid-pro-
cess, the operator will have to wait
until the chosen address "comes

6. Depress the PRESET keypad again. The 20 in the
Data Display will be replaced by flashing dashes, in-
dicating to the operator that a new pre-set value may
be entered.

7. Using the keypad, enter 22 (arbitrary number for
this example) and ENTER keypads. The Data Dis-
play will show 22 indicating that the pre-set value
has been changed.

8. Depress the ACCUM keypad. The CNT and AC-
CUM LEDs will light. The Address Display will in-
dicate 901.

9. Move keyswitch to monitor position. Monitor pro-
cess for proper operation.

NOTE:

ADDRES

u All process timers and counters will au-
tomatically reset after 10 seconds.

u If the ACCUM keypad is depressed
twice, an error code will appear in the
data display. Refer to table 2-6 for correc-
tive action.

DATA

around" in the cycle to monitor the
event. It is possible to bring up the
desired event by depressing the pro-

501

gram start button (6A, fig. 2-4),
which will initiate the de-sludge pro-
gram from it’s beginning. O

3. Depress the ADDR key. The 0 &

1 in the Address Display will be re-

placed with flashing dashes. This in-
dicates a request for the entry of a

new address.

4, Using the keypad, enter 0 & 1. De- “
press Enter Key. The Address Dis-
play will show address 901, the Data
Display will show .0. The CNT and
ACCUM LED:s will light. This indi-
cates to the operator that address 901
is a Counter (CNT).

5. Depress the PRESET keypad. The
CNT and PRESET LEDs will light.
The Address Display will indicate
901 and the Data Display will indi-
cate that the pre-set value is 20.

PROT!

TME CNT SEQ

O @se=0O O

(O PRESET<
ACCUM=— (438)

)

) )]

JLJ

)

Figure 2.8, Modifying a Counter Instruction.

9
1/0
4 5 [ 6 ] ERESET <~ (56)

=— (2,3,4,5,8) [] -<—— (45.7)

5)

2-1
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2-13. TYPICAL C.1.P. CLEANING AND

SHUT-DOWN (Fig. 2-9).

Proceed with the following to perform a clean-in-

place of the separator system.

= Before power is turned on, ensure
there is no maintenance being per-
formed on the system. Lock the main
power shut-off, per OSHA require-
ments, if maintenance is to be per-
formed. High voltage is present in the
separator system. Severe injury or
death may result from electrocution.

= Read and understand the Warnings
and Cautions in the separator manual
before operation.

u The separator shall not be exposed to
chlorine in either a cleaning solution
or a sanitizing agent.

NOTE:

6. Upon completion of the water rinse, con-
nect the C.L.P. discharges to recirculate the
C.I.P. solution.

7. Circulate a caustic solution of 1.8 to 2.0 %
strength at a temperature of 165°F for forty-
five minutes (minimum). Perform one manu-
al de-sludge (7) after three minutes of circu-
lating time and thereafter every ten minutes,
This procedure is automatic when the timing
unit is in the C.I.P. mode (adjust timer 904,
tables 2-2 & 2-3, as required).

NOTE:

= Refer to the technical material provid-
ed by the manufacturer of the separa-
tor for detailed information concerning
separator installation, operation and
maintenance.

1. De-activate the feed valve by stopping
the program (1).

2. Make all necessary connections to per-
form a CLP.

3. Select C.I.P. (3) for either milk or whey.

4. Flush the separator and associated pip-
ing with water. If processing whey, the
rinse water should be the same tempera-
ture as the product. Make proper prepara-
tion to catch/dispose of the waste water.

5. Perform three manual de-sludgings (5)
of the separator at four to six minute inter-
vals while water rinsing the system.

Amount of solution required will vary ac-
cording to the size and capacity of the
system.

8. Rinse the caustic solution from the system
using water and perform three manual de-
sludgings (8) at four to six minute intervals.

9. Circulate an acid solution with a ph of 4.5
and a temperature of 160° F for thirty min-
utes. Perform one manual de-sludge (9) after
three minutes of circulating time and thereaf-
ter every twelve minutes (for a total of 3 man-
ual de-sludgings made during a 27 minute pe-
riod).

10. After the acid rinse has been completed,
flush the system with water making one manu-
al de-sludge (10) while rinsing.

11. De-activate all pumps used for C.I.P.
cleaning.

12. De-activate program at control cabinet

by depressing the motor stop button (13). The
bowl will open fully for ten seconds automati-
cally de-activating the run program. The bowl
will remain open.

CAUTION:

The timing unit shall be energized prior
to separator start-up and remain ener-
gized until the separator bowl comes to a
complete stop.




IN CAUTION:
Do not loosen or remove any part of When using hot water (bath or spray) to
the separator or feed and discharge clean, ensure the water temperature
lines before the bow! has stopped com- does not exceed limitations or damage to
pletely. The bow! will not be at rest un- component/material may occur.
til it can be observed as being stopped
through the inspection cover. 15. Wash the external surfaces of the separa-

tor.
14. After the bowl has come to a complete
stop; de-activate timing unit (14) at the con- 16. Turn off utilities.
trol cabinet, Use brakes to stop the bowl
only if necessary. It is recommended that
the bowl come to a stop by slowly winding
down,

POWER

FEED BYPASS

FLUSH
MOTOR START ; : POWER ON
(&

MOTOR
START/RUN
o

coone T ——1

o WATER % ‘I BOWL
CLOSE
13> OPERATING -~ <o ol

CREAM

MOTOR STOP POWER OFF

s
2
S
=%
4
m

@

WATER supspeepd U BOWL QPEN
C.LP. LARI PROGRAM START
CLARIFY PROGRAM STOP FLEIEH WATER
MILK WHEY STAND SEPAR MANUAL DESLUDGE "WHEY"
I i A
! 5,7,8,9,10 1,12
3

Legend: Indicator Light @ Push-button 'Selector Switch

Figure 2-9. Separator Controls (partial).
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2-14, TROUBLESHOOTING TCAT DIS-
PLAYS.

During initial start-up and when energizing the
Timing Unit for subsequent starts, certain errors
may be encountered.

If the Timing Unit is energized with the selector
switch in the Run/Man mode, in a mode other than
run or without a user program, the TCAT will ad-
vise the operator through indications in the Ad-
dress and Data Displays. Refer to the following
paragraphs for troubleshooting these errors.

NOTE:

Refer to table 2-6 for additional TCAT error codes
and table 2-7 for Instruction Symbols.

2-14.1. ENERGIZING THE TIMING UNIT
(Run/Man Mode).

REQUIRED CONDITIONS:
= SLC 150 PLC in the RUN mode.
» Manual/Auto switch set at MAN,

When the system is initially energized the

TCAT/PLC will undergo a series of diagnostic
tests and then display:

EI—Z_

SLL

Figure 2-10. TCAT Display in Run/Man.
Mode During Start-Up.

To clear this error code, turn the PLC AU-
TO/MAN switch to the AUTO mode (ref. fig. 1-5,
item 9). The TCAT will then automatically return
to address 901.

2-14.2. ENERGIZING THE TIMING UNIT
(In a mode other than RUN).

REQUIRED CONDITIONS:
s SLC 150 PLC in a mode other than RUN,

When the system is initially energized the
TCAT/PLC will undergo a series of diagnostic tests
and then display:

5L L

Err

Figure 2-11. TCAT Display in a Mode Other
Than RUN.

To clear this error code a Pocket Programmer (not
normally supplied) or the assistance of a trained and
qualilied service technician is required.

2-14.3. ENERGIZING THE TIMING UNIT
(Without a user program in memory).

REQUIRED CONDITIONS:

m PLC does not have a user program in memory.
» The program does not have any tim-
er/counter/sequencer instructions.

When the system is initially energized the

TCAT/PLC will undergo a series of diagnostic tests,
scan addresses 901 thru 932 and then display:

Eer||Hd - d

Figure 2-12. TCAT Display Without a
Program in Memory

To clear this error code a Pocket Programmer (not
normally supplied) or the assistance of a trained and
qualified service technician is required.



TABLE 2-6. TCAT ERROR CODES

ADDRESS DISPLAY DATA DISPLAY

Er-re  GLL|

EXPLANATION

Processor is not in the RUN
mode, or the Auto/Manual
switch is in Manual, or a pro-
cessor error has occurred.

SLLE

Communication error with the
processor.

ELHE

Error discovered during the
TCAT/PLC power-up self test.

Adr|

Invalid address (not within
the 901 to 932 range)

Hdrc

Address not found in the us-
er program.

oo

This code appears when you
attempt to modify data while
in the monitor mode or de-
press pre-set or accum twice
in succession.

SEEF

Invalid sequencer step.

1" F

Invalid I/O group number.

c-- FProt

* These errors indicate that the wrong data was entered or an invalid procedure
was attempted. Remedy: Press the cancel key, which returns the display to the

point it was before the error was made.

This error code appears
when you attempt to modify
data which is protected.
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TABLE 2-7. DISPLAY INSTRUCTION SYMBOLS.

DATA DISPLAY EXPLANATION

Retentive On-Delay timer instruction.

F‘tl:]

Retentive Off-display timer instruction.

rEF

|: t Up-counter instruction.

[ \: I:‘ Down-counter instruction.

Sequencer output instruction. Event
E D G driven. The last two digits (in this
O case, zeros) indicates the sequencer

group number.

Sequencer output instruction. Time
driven. The last two digits (in this
0O |: D |:| case, zeros) indicates the sequencer

group number.

Sequencer input instruction. Event
driven. The last two digits (in this

| I: D —l case, 07) indicates the sequencer
group number.

|: D ‘I Sequencer input instruction. Time driv-

| en. The last two digits (in this case,
07) indicates the sequencer group
number.

El |_ ’] This is a prompt message applying to
address group numbers. It asks the
operator to enter a group number.

This is a prompt message applying to
5 \: E ’:l sequencer instructions. It asks you to
enter the sequencer step number
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2-15. MALFUNCTIONS INDICATED ON  2-16. ADJUSTING SPEED INDICATOR

THE ILLUMINATED GRAPHICS PANEL  (Fig. 2-14).
(Fig. 2-13). NOTE:

The following malfunction indications may be indi-

cated on the Graphics Panel during operation: Refer to chap. 1, paras. 1-7 and 1-8 for a

description of the speed indicator and

1. Cooling water indicator - This light speed measuring device.

will flash on and off if if there is a loss or
drop in flow of the cooling water supplied
to MSD 300 separators equipped with a mo-
tor cooling system.

The speed indicator has been adjusted at the factory
to the maximum bowl speed of the separator
(according to the name plate), corresponding to a 20
mA input. To re-adjust the unit, proceed as follows:

2, Motor over-temperature indicator (TE) -
Should the separator motor experience an
over-temperature condition, this indicator
will flash on and off and shut-down the sep-
arator.

1. Switch on speed indicator.

Remove electrical power from the speed

3. Bowl Open Indicator - This indicator : : 4
measuring device before proceeding.

will flash if the bowl fails to shoot indicat-
ing that the bowl did not ¢ject some sedi-
ment causing an increase in amperage
draw. Note that the bowl close indicator
light will flash for 1 second every 59 sec-

2. Remove the measuring line of the speed
measuring device from the measuring input
of the speed indicator (+ and - ,if connected,

onds to maintain bowl close water. fig. 2-14).

4. Slip Speed - This indicator will flash if 3. Install the adjusting bridge (3) per fig. 2-

the bowl speed has dropped too low for sep- 14.

aration to occur properly. Refer to para. 2-

19. 4. Turn the course adjustment trimmer (5),
slowly, to + (plus) or - (minus) until the dig-
ital display (2) on the front panel approxi-
mates the desired speed (fig. 1-8).

FEED BYPASS

CREAM
RECOMBINE

e T—— bJDé] ..... e R — . | O
| X

1

MOTOR CIP
START/RUN 0 CREAM

|
’
OPERATING  GOOLING <= 0 & B
WL CL

O
| -
WATER .
O O O ‘
i SLIP SPEED - 6
) @ SE s BOWL OPEN

() 3

Figure 2-13. llluminated Graphics Panel (Malfunction Indications).
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1 & 2. Not illustrated. Refer to fig. 1-8 7. Limit value output

3. Adjustment Bridge 8. Auxiliary voltage 110/220 VAC {change over using
4. Measuring input 4-20 mA wire bridges.
5. Coarse adjustment trimmer 9. Limit value adjuster

6. Fine adjustment trimmer

9
0
O JusTAcE oo Em
"""""" A
5 22%5“ R IS 12315131416
it i Y I Y | ] Pi°
000 p 6| oooocoo
38| Lo Vo L
o} COURSE  FINE
| LISTAGE ANWAe!
7 8
Tl R . Y
Nt Nod O

Figure 2-14. Speed Indicator (Adjustment).

NOTE:

The speed indicator is manufactured in
Germany. The word "JUSTAGE" that ap-
pears on the back of the unit means AD-
JUSTMENT.

5. Turn the fine adjustment trimmer (6),
slowly, to + (plus) or - (minus) until the
digital display (2) on the front panel indi-
cates the desired speed value. The unit
will display "0" on the display panel (Fig.
1-8).

6. Remove the adjusting bridge and re-con-
nect the measuring line (+ and - ).

7. Set the limit value adjuster to approxi-
mately 50 - 100 RPM below the bowl speed.
Adjustment is now complete.

Deviations of the displayed value from the rated bowl
speed on the separator name plate may be corrected
by re-adjusting the trimmer of the speed measuring
device while both the separator and the measuring de-
vice are operating,



CHAPTER 3 - WIRING DIAGRAMS, SCHEMATICS & PARTS LISTS

INTRODUCTION.

The following pages provide detailed schematics
depicting the wiring of the separator system. It
must be understood that these diagrams are of the
wired connections inside the control cabinet. Mak-
ing some of these connections is the responsibility
of the operator, specifically the component to termi-
nal strip connections. Operator responsible connec-
tions are indicated as such.

Included in this chapter is the parts list (bill of ma-
terial) calling out the components used in the con-
trol cabinet.
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TABLE 3-1.
BILL OF MATERIAL
WIRING DIAGRAM 9128-5900-114

SEQUENCE DESCRIPTION MANUFACTURER PART NO. QrTy.
............................. Enclosure, Stainless Steel, NEMA 4................... Hoffman........ccvueuenn.. A24H2408SS...... L.........
............................. Back Plate, Equipment Mounting .........cccerveenno. HOffman.....cncveevcvenenn. 1A-24P24.......... L.,
|11 8 E—— PrOCESSOr. coninasiisiniiaprsssispmssissisnsisssmssssaisisis Allen-Bradley................ 1745-LP151........  —
BC nnamnamns Expansion Unit, Relay Output........cceeerereenciee Allen-Bradley ... 1745-E105 .......... § [
TCAT s Terminal, Timer/Counter ACCESS .....eeerserversrens Allen-Bradley ............... 1745 TCAT ........ T
TB s Block, Terminal.......cccoeeercrnresvsrecsencacsr Buchanan.........cocoveverienee 0528 csstimsstininannss 4.
[ 2 Block, End .... retarersseseaa et seresnesessnsanssin Buchanan .. .. 0530 1
TFU e reeeernreerns Fuse, Time Delay, 4.5 AMP, 250V ......ccccvevrnrect 1€75711 1« IO, TR-4¥%R.............. Lo
1FU..ciecnncernans Block, Fuse, Single Pole, 30A/250V .....coecvieeae Marathon .......cccverncnee F30A1S......e... i CR—
) 2 6 S Fuse, 2 AMP........... . Gould....ue e TRAZR siivinivss A —
7. ol 1 [ —— Block, Fuse, Single Pole.......vcccorvcrnsnnenceanecsennes Marathon .......ccccevevrneene. F30A1S.............. )
T L rsmsenmonn Transformer................ .. Edwards. ........... 599 Loveioern
T1/TB .cccevrnreres Block, Terminal, 2 point .. Marathon ......censienee. P2 ) -
MCR...covverrrerrens Socket, 8 Pin .oorererenseneceererens Customer connection .. 0T08-PC............. j
1 (0): S Relay, Plug-in, 120VAC, 2 pole NC/NO............ 1.9 (0 YR 60.12U ..o Lo
MOV ... SUpPressor ...oesenens . General Electric........... V120LA10.......... i e fo—
G o Panel, Graphic, Engraved (5.25 x 8.5 in.) .......... AUSHD ASSOCIALES .vucurrs reverereenmsenseasassossns Lesousne
B8 nasmssssaisiimins Laght; PHOL v s Austin AsSOCIAteS....ccers orerrenes a1
B B A T2- Lugs, Turret, Pilot Cartridge Socket........... Sylvania ....cceeoeeeeereernenanns SM2A . Lo,
2LT e T2- Lamp, Pilot Cartridge, 28 volt......cccceerevrenas Sylvania ..eeeesisenns 28PC...iiirinen -
7. 54 A T2- Lens, Pilot Cartridge (White) ..c.cceveeeecverneeene Sylvania .......eceeeenscniene. PCTLLW ........... 3 (S—
LT i T2- Lugs, Turret, Pilot Cartridge Socket........... Sylvania .. SM2A S |-

] 5 T2- Lamp, Pilot Cartridge, 28 vOlt........cceucserenneas Sylvania .....coeeeererrenene. it | oL ——— ) r—
<] ] i NE— T2- Lens, Pilot, Cartridge (green) ......ooeeeeeeneee. Sylvania .....coeevecereenns PCTLLG............ Lo
QLT i T2- Lugs, Turret, Pilot Cartridge Socket............ SYIVania s SM2A ... ) B
AL T vsnosnns T2- Lamp, Pilot Cartridge, 28 volt.......cccceeerueneee Sylvania .....coeeevvereereenees 28PC.reeeveenes L.
21 4 A T2- Lens, Pilot, Cartridge (blue) ......cccoeverecivrrnene SyIvania .....vuerrrrernesnenns PCTLLB .....c.css j —
] I3 L S———— T2- Lugs, Turret, Pilot Cartridge Socket........... Sylvania ......coccecorrereerens SM2A s i
SLT ssmesasssess T2- Lamp, Pilot Cartridge, 28 volt.......ccoererereen Sylvania .... 28PC v 1

SLT sorcemansesmn T2- Lens, Pilot, Cartridge (blue) .......ccccvvvevunenene Sylvania ...c..ceeeeeeeeseresns PCTLLB ............ Lo
5] ] T2- Lugs, Turret, Pilot Cartridge Socket............ Sylvania ....ccoceeereerenens SM2A .....covcunecs |
BLT ..o it e T2- Lamp, Pilot Cartridge, 28 volt.......cnerrrrresvnns Sylvania............ 28PC e 1

5] 05 AU T2- Lens, Pilot, Cartridge (yellow).....ccoccevcriunen. Sylvania .....cccccoeeeverrrenenn. PCTLLY ............ i CR—
] 59 T2- Socket, Pilot Cartridge .......c.coceveervevecnercaree SYIVANIA everrercriiencrerinnee. SM2A ... j [—
TL vussorsssvovssvvasan T2- Lamp, Pilot Cartridge, 28 volt.....ccoeeevenne. K37\ 7 (17 W 28PC ssasinssins j P
TLT consssmssmiasains T2- Lens, Pilot, Cartridge (green).......ccoueeveueene SylVania ....eeecnerserianees PCTLLG e L
BLT i T2- Lugs, Turret, Pilot Cartridge Socket ........... Sylvania .......ccccecorerenee. SM2A ... ) B
23 4 A T2- Lamp, Pilot Cartridge, 28 volt........cceereecree. Sylvania ....ceeeeeeeeeecunane 28PC....coveveernnes ) B
2] 4 A T2- Lens, Pilot, Cartridge (yellow) ......ccceverrrrunee Sylvania ...ovennceneenennee PETLLY v Losrsons
L] 1P L —— T2- Lugs, Turret, Pilot Cartridge Socket ........... Sylvania ......cecreeecrercennes SM2A cocnns Lasswass
LT somassmsasigancs T2- Lamp, Pilot Cartridge, 28 volt......ccccceerernene LT T I —— 28PC.. v Li..

(2] I (T —— T2- Lens, Pilot, Cartridge (red) ....cooeeveveneeranene Sylvania ......ccoveervvurerene. PCTLLR............ lonee
1] B T2- Lugs, Turret, Pilot Cartridge Socket........... Sylvania .......ccoevveenennene SM2A i : PO
T0LT .ocvvrererenevenes T2- Lamp, Pilot Cartridge, 28 volt......c.eceveranae Sylvania .....cccoveccueeenrenen. 211 N ) S—
1) B A T2- Lens, Pilot, Cartridge (clear) ... Sylvania .....cerevereerecnens PCTLLC sss Lo
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SEQUENCE DESCRIPTION MANUFACTURER PART NO. QTY.
TILT vereereecnceens T2- Lugs, Turret, Pilot Cartridge Socket ........... SYlvania ... 2] [ O —— j (-
LT .oeereninne T2- Lamp, Pilot Cartridge, 28 volt.......ccoevsurernen Sylvania ...coceeeeneienns 2BPCrnasuaspsnannns [—
3 | B —— T2- Lens, Pilot, Cartridge (clear) .....cocmerenees SYIVANIA wrvtrtiieniirsenisninas PCTLLC .coiaess i (—
3 [ZA L) | S—— T2- Lugs, Turret, Pilot Cartridge Socket ........... Sylvania ....comiessescnanns SM2A ....covvinvenne Loz
7] B L R—— T2- Lamp, Pilot Cartridge, 28 volt......oiinrians SyIVania ..eeeceeereeersenviesns 28PC.vveeersanssnies Loirerns
12LT svsmnas T2- Lens, Pilot, Cartridge (yellow) ...ccvveiriivenees Sylvania ... PCTLLY ............ ) I
AET commmnsnig T2- Lugs, Turret, Pilot Cartridge Socket........... Sylvania ....ccseeesvunns s SMPA sinsicsisinse ) [F—
B L) 5 L— T2- Lamp, Pilot Cartridge, 28 volt.......c.cccovvuvinen Sylvania o 74.] & SN 3 [—
T4LT oorrcecnnn T2- Lens, Pilot, Cartridge (clear) ....c.c..ovvennenene Sylvania ..ceeieiminscninns PCTLLC .ciiiss  [—
j 1) 5 R T2- Lugs, Turret, Pilot Cartridge Socket........... R Z:Y 1V S SMZA i Lissas
i 6] £ P— T2- Lamp, Pilot Cartridge, 28 volt......ccccevuuevreen Sylvania ....ceweenene sees 28PC e y e
3 1 £ O— T2- Lens, Pilot, Cartridge (yellow) ...cccovcviiinenees Sylvania ....cceconmmrsssesens PCTLLY ......c.e. )
VLT s Light, Pilot, 120VAC, Red (transformer type) . Cutler Hammer............ E22-H2X11........ ) OO
IPB...oereirienenns Push-button, Miniature, Flush-head, Black ...... Cutler Hammer............ E22P1 .ciiininaa j —
IPB eceereiens Block, Contact, N.O. ..c.ueereereervrecrssineninsnisensnsns Cutler Hammer............ E22B2........cccu... | —
P2 o = Push-button, Miniature, Flush-head, Red ......... Cutler Hammer............. | 9.0 o JO— j
2PB .o Block, Contact, N.C....coveeeeverererescsrseensessesesaerees Cutler Hammer............ E22B1..ceeernene Locn
21 2 - R———— Push-button, Miniature, Flush-head, Green ..... Cutler Hammer............. E22P3..cccvierrnne ) B
< ] . E——— Block, Contact; N.O, i Cutler Hammer............ E22B2 L
| Push-button, Miniature, Flush-head, Red.......... Cutler Hammer............ E22P2 -
F:3 24 = S Block, Contact, N.C... i .... Cutler Hammer........... E22Bl...ovnions Liciisinis
5] of - JVU Push-button, Mmlature Flush head Black ...... Cutler Hammer............ E22P1................. Lo
SPB e Block, Contact, N.O. . - ... Cutler Hammer............ EZ2B2mnns
6PB ..o Push-button, Mmlature Flush head Rc,d .. Cutler Hammer.... E22P2 Tooooenn
6P Bovcismnusisssgsns Block, Contact; NJCi s Cutler Hammer............ E22Bl.....cccoeunenu. loenens
7 Push-button, Miniature, Flush-head, Black ...... Cutler Hammer............ E22P1...coerriniene Lscussa
TRBssmsnmsnns Block, Contact; N.O s Cutler Hammer............ E22B 2 s ; (A
288 roierrreerrerearens Switch, Selector, Miniatuire, 3 position ............. Cutler Hammer............. E22VHI............. [P
288 e Block, Contact, N.O./N.C. ... Cutler Hammer............ E22B11...............
3SS e Switch, Selector, Miniatuire, 3 position ............ Cutler Hammer............ E22VG1............ 5 I
L Knob, YelloW.....cwiereesneressnssscnsressesesessesseses Cutler Hammer............ E22AV4 .......... Lo
388 s Block, Contact, N.O./N.C.. Cutler Hammer............ E22B11....cueunn.. 1o
288 s Block, Conitiet; N.Coomemannsmuneraanmms Cutler Hammer............ E22B1.ccnininis ) [
SAL. ... Relay, Slip Speed ....cceoneeeeeeveeenerecenernrsersseenineene PEPPET] & FUChS coonvvnts i Lopsanes
] Indicator, SPeed ......coomeneereninsremsisierensisensesenes Schlicher i veeens Luo,
PS1. o SUPPIY POWEHcumssmmmmssaorsimmiassmsenmsin GFC Power........cueee.. CHOFZ 24 ......... ) D
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APPENDIX

INTRODUCTION.

The Appendix contains information supplementa-
ry to the main body of text in this manual. Provid-
ed in the appendix are the following:

e Glossary of Terms and Abbrevia-
tions - An explanation of the abbrevia-
tions and a description of the terms or
phrases used throughout the text.

s Symbols - A listing of symbols and
their meanings as used on manual sche-
matics.

s Conversion Factors - Reference ta-
bles provided to aid the operator in cal-
culating volume, weight, metric conver-
-sions etc.
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GLOSSARY OF TERMS AND ABBREVIATIONS

Bar
A measure of pressure (14.7 lbs./sq. in.)

Bowl:
The internal, rotating section of the separator
where the separation of light phase from heavy
phase with simultaneous removal of solids takes
place.

Check Valve:

Prevents the reversal of flow direction through a
line. The pressure of the flowing medium keeps
the valve open, with a reversal of flow closing it.

Centripetal Pump:
The pump fixed to the hood of the separator which
discharges the light or heavy phase under pressure.

Clarification:
The process used to remove solids from a single
liquid.

CMOS RAM
Complimentary Metal Oxide Semiconductor Ran-
dom Access Memory

CPU

Central Processing Unit

Control Valve:
Used to regulate or throttle the medium.

Displacement Water:
Water used to displace the light phase (cream) in
the bowl prior to desludging.

Divert Valve or CIP line:
Employed where the valve is to be normally open
or completely closed to permit a straight, full flow,
no flow at all or a diverted flow.

EEPROM
Electrically Erasable Programmable Read Only
Memory

Flush Water:
Water introduced into the bowl to clean the disc set
and displace the light phase prior to a de-sludging.

GPM
Gallons Per Minute

1/O
Input/Output

KG/CM?

Kilograms per Centimeter Squared

Lb.
Pound

LED:
Light Emitting Diode

LPM

Liters Per Minute

mm:
Millimeter

N.C.
Normally Closed

N.O.
Normally Open

Operating Water:
The water used to hydraulically operate the sliding
piston for opening and sealing the bowl.

VAN

Delta pressure (differential pressure).

PSI
Pound-force per Square Inch (lb f /in 2)

PSIG

Pound-force per Square Inch Gauge



RAM

Random Access Memory

5.5.:

Stainless Steel

Sealing Lip:

The raised area of the sliding piston which seals
against the gasket and bowl top to prevent solids or
medium from escaping from the bowl.

Separating Zone:
The region between the light and heavy phase when
being separated.

Shoot (Desludging):
The action of the bowl opening and ejecting the sol-
ids during the desludging cycle.

Sliding Piston:

Situated in the bowl bottom, it rotates at the same
angular velocity as the other bowl parts but can be
moved axially. It moves downwards and opens the
discharge ports in the bowl bottom during desludg-

ll’!g.
Solids:

The solids collected in the bowl and removed via
the discharge ports during the desludging cycle.

Solids Tank:
The tank into which the separator solids are dis-
charged.

TCAT:

Timer/Counter Access Terminal



ELECTRICAL SYMBOLS

ANNUNCIATOR:

0O 00O

CONDUCTOR, ASSOCIATED OR FUTURE:

CONDUCTORS; NOT CONNECTED:

_}_

CONDUCTOR, JUNCTION OF CONNECTED

PATHS:
CONTACTOR:
2 T 2
3 B3 By
NORMALLY OPEN CONTACT:

-

NORMALLY CLOSED CONTACT:

e

NORMALLY CLOSED CONTACT WITH
TIME DELAY OPENING:

A

FUSE:

GFCI (GROUND FAULT CIRCUIT INTERRUPTER):

"O°
[0} o

s O o

GROUND:
7

COIL OPERATING INDICATING LIGHT:
O
XX
FLUORESCENT LIGHT:
o

OUTLET:

MOTOR:

OVERLOAD, THERMAL ELEMENT ACTUATING
DEVICE:

Q

P

%/TERF;TEMPERATU RE RELAY FOR MOTOR
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P.C. INPUT: ®

P.C. OUTPUT:

>

SOLENOID:

LIMIT SWITCH, NORMALLY CLOSED (N.C.):

o~—T7o"

SPACEHEATER:

| |

FLOAT SWITCH, CLOSING ON RISING LEVEL:
o
ELOAT SWITCH, OPENING ON RISING LEVEL:

¢—T°0
0

PRESSURE SWITCH, CLOSING
ONRISING PRESSURE:

S0
PRESSURE SWITCH, OPENING
ON RISING PRESSURE:

o—T10

[

FLOW SWITCH, CLOSING ON INCREASING
IN-FLOW:

cr-,____‘“

b

FLOW SWITCH, OPENING ON INCREASING
IN-FLOW:

S

TEMPERATURE SWITCH (THERMOSTAT)
CLOSING ON RISING TEMPERATURE

O\I_____o
=

TEMPERATURE SWITCH (THERMOSTAT)
OPENING ON RISING TEMPERATURE:

E 0
PUSH-BUTTON SWITCH, NORMALLY OPEN:

nlle o

o] (=2

PUSH-BUTTON SWITCH, NORMALLY CLOSED:

0._1'_0

PUSH-BUTTON SWITCH, NORMALLY CLOSED
MUSHROOM HEAD:

L1

SELECTOR SWITCH, ROTATED IN ONE OR
MORE POSITIONS:

J K L
g S
1= 2

ey i 1y Zxo00
5 6
00x

—_0 o —

SELECTOR SWITCH, WITH SPRING RETURN:

' E{Q

0io
OEO
o o

TERMINAL:

]



TERMINALBOARD:

111
FTTT I

THERMISTERS IN MOTOR:

CONTROL TRANSFORMER, SINGLE PHASE:

L7

0 b
CURRENTTRANSFORMER:

REMOTE:

YAN

RUNNING TIME METER:

RTM

VARISTOR OR RC SUPPRESSOR:

AN

CIRCUIT BREAKER, 3 POLE WITH THERMAL
AND MAGNETIC TRIP CIRCUIT:

o i o
CIRCUIT BREAKER, 3 POLE WITH
MAGNETIC TRIP CIRCUIT:

2]
|

|
|

o

LK
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CONVERSION FACTORS

Multiply To Obtain Multiply By To Obtain
Atmospheres ...... Cms, of mercury Cubic feet ......coveeevireirereernns 2.832)(104... Cubic cms.
Atmospheres .. ... Inches of mercury Cubic feet..... Cubic inches
Atmospheres ..... ... Feet of water Cubic feet..... Cubic meters
Atmospheres ..... . Kgs./sq. cm. Cubic feet.... ... Cubic yards
A‘tmospheres ..... e ... Lbs. Sq/ inch. Cubic feet.... ... Gallons
Atmospheres ......ccocvviiiees J ... Tons/sq. ft. Cubic feet.... Liters
Cubic feet.... ¢ Pints (lig.
Barrels——Ol.....oorroerrre 42............. Gallons-Oil R Ouarti; ﬁi;')
British Tharmal Units........... +Kingram-calories Cubic feet minute..........c.... 472000 Cubic cms. /sec.
British Thermal Units v FOOHIBS, Cubic feet minute........... 0.1247......... Gallons/sec.
British Thermal Units...... 3.927x1 0. Horse-power-hrs. Cubic feet minute........... 0.4720......... Liters/sec.
British Thermal Units ..... 107.5........... Kilogram-meters Cubic feet minute........... 62.43........... Lbs, of water/min.
- : 4 .
British Thermal Units...... 2.98x10 ... Kilowatt-hrs.
" i Cubic feet/second ........... 0.646317..... Million gals./day
BT.U. /MR, e essvsenne 12,9600 Foot-Ibs. /sec. Cubic feet/second ......... 448.831....... Gallons/min.
B.T.U./min., ... Horse-power . . .
B.T.U./MiNreeroreeerescns: 001757 Kilowatts Cubic inches....cccvninnrnnes Cubic centimeters
B.T.U./Min. .occernscnnens 17.57 e, Watts Cubic inches ... .. Cubic feet
Cubic inches .....cccveveneee .. Cubic meters
Centares (Centiares) .......... [ Square meters I 5
Cubic inches .....ceervevnes 2,143x107".. Cubic yards
Centigrams..........vvuerrensnnns 0.0Teeiinnrnrns Grams CubiC INCES coveeveeerrren 4.320x10°2.. Gallons
i o -0
- ; Cubic inches ......oeeeeverees 1.639x10 “.. Liters
tilitergismnmnnnsnne D T Liter8
Gentll 8 ' Cubic INCHeS -eroverereen. 0.03463....... Pints ({iq.)
Centimeters.....o.oeecreervrnnnes 0.3937 000 Inches Cubie INCDOS. commermssrarsn 7D mrn Quarts (iq.)
Centimeter......cciivinne 0.01............. Meters
Centimeter........oviiinin 10..ccerrenenns Millimeters Cubic meters ......cevevessresernns Cubic centimeters
Cubic meters.......ccoeveenes Cubic feet
Centimeters of Mercury ..... 0.01316....... Atmospheres Cubic Meters.....ueeeene Cubic inches
Centimeters of mercury. 0.4461......... Feet of water Cubic meters... ... Cubic yards
Centimeters of mercury. 136.0........... Kgs./sq. in. Cubic meters.......ooeeuee 264.2...c0e Gallons

Centimeters of mercury . 27.85........... Lbs./sq. ft.
Centimeters of mercury. 0.1934......... Lbs. /sq. inch

Centimeters/second .......... 1. Feet/min.
Centimeters /second ..... ... Feet/sec.
Centimeters/second ...... ; Kilometer/hr.
Centimeters/second ...... Meters/min.

Centimeters/second ...... 0.02237....... Miles/hr.
Centimeters/second ...... 3.278x104.. Miles/min.

Cms./sec./sec.................... 0.03281....... Feet/sec.

Cubic centimeters............... 3.531x10°.. Cubic feet
Cubic centimeters........... 6.102x10°2.. Cubic inches
Cubic centimeters.......... 10°5............. Cubic meters
Cubic centimeters........... 1 .308x104.. Cubic yards
Cubic centimeters........... 2.642x10°%.. Gallons
Cubic centimeters .......... 10 ..ooo.... Liters

Cubic centimeters..........
. 1.057x10°

2.113x10°2.. Pints {liq.)

Cubic centimeters.......... 3. Quarts (lig.)

Cubic meters ... Liters

Cubic meters ... Pints(liq.)
Cubic meters....oeenen.. 1057 Quarts (lig.)
Cubic yards ....cceveeveemenrenrens Cubic centimeters
Cubic yards . ... Cubic feet
Cubic yards Cubic inches
Cubic yards ... Cubic meters
Cubic yards ... Gallons
Cubic yards Liters
Cubic yards Pints (liq.)
Cubic yards ... Quart (lig.}
Cubic yards/min. .......... veere 0.45............. Cubic feet/sec.
Cubic yards/min. ........... 3.367........... Gallons/sec.
Cubic yards/min ............ 12.74........... Liters/sec.
Decigrams 0.1.... Grams
DeCilters cmerrisssssssserisans 0.1..cveernene.. Liters
Decimeters . O la. Meters
Degrees (angle).....c.coovene Minutes

Radians
Seconds

Degrees (angle)..
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Multiply By To Obtain Multiply By To Obtain
Degrees/sec. ......mrrrnees 0.01745....... Hadiansfsec. . e L 4_‘95,(10.-3__" Cubic yards
Degrees/sec... i Hevolutfons/mm. Gallons oo, 3,785 Liters
Degrees/Sec. .....cwenss 0.002778..... Revolutions/se GAlIONS oo seerssesses Bussseesrermnnce PIES (i)
Gallons ....ccovveeremsmsssenes $rnvvvnerenennenns Quarts {fiq.)
DeKagrams ...cewesererssesssnnas 10.0vereeeeeeee.. Grams
; ) Gallons, Imperial . 1.20095....... U.S. Gallons
Dekaliters.....cvmiiimeieeininas 10.0iisnenen, Liters Gallons U.Semeoi . 0.83267....... Imperial galions
Gallons, Milk.... 8.6 . Pounds, Milk
Dekameters 10...... Meters
. Gallons water....... . 8.3453 . Pounds of water
DIEMS .oovcnsermsesussssessransesnns 27.34375..... Grains
Drams ......... e 0.0625......... Qunces 3 .
DIAMS woveesmreersensessessasreeees 1.771845..... Grams Gallons/.min.........cccmmesseennes 2.228x10°7.. Cubic feet/sec.
Gallons/min. .......... ... 0.06308....... Liters/sec.
Fathoms B Feet Ga”ons/min. ansisssisiinneers D208 Cu. ft./hf.
Feet 30.48 Centimeters Gallons water/min............. 6.0086......... Tons water/24 hrs.
Feet 12... Inches .
Feet...coomrrrnr T 0.3048......... Meters Grains (troy)....... . Grains (avoir.)
Feel . sreeresaessessiaas 1/3..ccrcceeennn. Yards (ClCTL RN LY R—— 0.06480....... Grams
Grains (troy).....ceecesemses 0.04167....... Pennyweights (troy)
Feet of Water.......cccoveeeeeneune 0.02950....... Aimospheres Graing (roy). ..o 2.0833x10"3 Ounces (troy)
Feet of water... i Inches of mercury
Feet of water......coevvne, 0.03048....... Kgs./sq. cm. Grains/U.S. galcvevrsrciesns 17118 Parts/million
Feet of water.....cccoewuvn..... 62.43........... Ips. sq. ft. Grains/U.S. gal....ccoco 142.86......... Lbs/million gal.
Feet of water......... —— 0.4335........ Lbs./sq. inch
Grains/imp. gal. .o 14.286......... Parts/million
Feet/min. ..., 0.5080......... Centimeters/sec.
Feet/min.. .. 0.01667 ....... Feet/sec. Grams.. 980.7. Dynes
Feet/min....cwmmmricnnns 0.01829....... Kilometers/hr. Grams ..o 15.43 Grains
Feet/min. 0.3048 . Meters/min. .3
e T 0.01136....... Miles/hr. CRAM R s 1 ilograms
Grams.... 10° Milligrams
Feet/sec./sec. 30.48 .. Cms./sec./sec. Grams... ceeeee 0.03527....... Ounces
Feet/s8c.s8C. .uevinnnns 0.3048......... Meters/sec./sec. Grams 0.03215 Qunces (troy)
Grams ..o 2.205x103..._l?cunds
Foot-pounds .....c.cocerereveenens 1.286x10™.. British Thermal Units
FOOt-poUNdS ...vvesnrvasneans 505010 .. Horse-power-hrs. Grams/em, .........coorwenemns 5.600610°.. Pounds/inch
o [ ;
Foot-pounds ......ccueerieeees 3.241x107".. Kilogram-calories
. Grams/cu. cm..... 62.43 Pounds/cubic foot
Foot-pounds.......cccceunuenes 0.1383......... Kilogram-meters
P 5 - Grams/cu. M. ....ccennen ... 0.03613....... Pounds/cubic inch
Foot-pounds... .. Kilowatt-hrs.
Grams/liter .......oovererreranverse 58417 Grains/gal.
Foot pounds/min. ......... 1.286x10°2..B.T Units/min. Grams/liter..... .. 8.345 Pounds/1000 gals.
Foot-pounds/min. .......... 0.01667....... Foot-pounds/sec. Grams/liter .......coucrrneenn. 0.062427..... Pounds/cubic foot
u iter......... .. 1000 Part illi
Foot-pounds/min. .......... 3.030x10°°.. Horse-power Grams/it arts/million
Foot-pounds/min. .......... 3.241x1074 . Kg.-calories/min. Hectograms......... 100 Grams
Foot-pounds/min. .......... 2.260)(10'5.. Kilowatts . .
Hectoliters.............. 100 Liters
Foot-pounds/sec........c.... 7.717x10°2.. B.T. Units/min. HeCtometers ..o 100 . Meters
Foot-pounds/sec............ 1.818x103., Horse-power
J Hectowatts...... 00
Foot-pounds/sec............ 1.945x10 e, Kg.-calories/min. sctowalts ! Haka
Foot-pounds/sec. 1,356x10°°.. Kilowatts Horse-power .......... 42.44, B.T. Units/min.
HOrSe-poOWer .....ccceeerneneee 33,000......... Foot-Ibs./min.
Gallons . 3785 ... Cubic centimeters Horse-power ... 550. Foot-lbs, /sec.
Gallonsl e 0.1337......... Cubic feet Horse-power .......coeeeneen 1.014........... Horse-power (Metric)
Gallons.....oiiiiiienenens 231 i Cubic inches Horse-power.....

Gallons......coereeecvecvescrcnns

3.785x10°2.. Cubic meters

Horse-power ...ceines
Horse-power......c.ceevveees




Multiply By To Obtain Multiply By To Obtain
Horse-power (boiler) .......... 33,479....... B.T.U./hr. Kilowatts ......... s 56:92 i B.T. Units/min.
Horse-power (boiler) ...... 9.803........... Kilowatts Kilowatts ... . 4.425x10% .. Ft.-Ibs. /min.
. . Kilowatts ..... vee 737 Bieerrsnnn. FLIbsfsEC,
Horse-power-hours ... 2547 ............ British Thermal Units Kilowatts ... 1341, .. Horse-power
Horse-power-hours......... 1.98x10%..... Foot-Ibs. Kilowatts ..... 14.34 Kg..-calories/min.
Horse-power-hours......... 641.7........... Kilograms-calories Kilowatts 103 Watts
Horse-power-hours......... 2.737x10°... Kilogram-meters
Horse-power-hours......... 0.7457......... Kilowatt-hours Kilowatts-hours.......ccoouenees 3415,0nnees British Thermal Units
; Kilowatt-hours......coeennes 2.655x10°5... Foot-Ibs.
INChes....cconmmcreesssnnines 2540, Centimeters - 7* S Horse-power-hrs.
Kilowatt-hours................. 860.5........... Kilogram-calories
Inches of mercury..... 0.03342....... Atmospheres 5
Inches of mercury ......... 1.133.........., Feet of water Kitowatt-hours.......c..ernnee 3.671%10%... Kilogram-meters
Inches of mercury ......... 0.03453....... Kgs./sq. cm.
Inches of mereury .......... 70.73........... Lbs./sq. ft. LILErS ovvvevesmsesnsssesmssesnsrasans 10°.............. Cubic centimeters
Inches of mereury .......... 0.4912......... Lbs./sq. inch Cubic feet
1 : Cubic inches
Inches of water ......... Jevedag 0.002458..... Atmospheres -3 .
Inches of water 0.07355....... Inches of mercury (11 £ T S ———— 10~ ............ Cubic meters
Inches of water ............... 0.002540..... Kgs./sq. em. 1,308x10°2.. Cubic yards
Inches of water ............... 0.5781......... QOunces/sq. inch ..0.2642......... Gallons )
Inches of water Lbs./sq. foot .. 2.113........... Pint (liq.)
Inches of water ............... 0.03613....... Lbs./sq. inch 1.057........... Quarts (liq.)
Kilograms.......cccoveiniiiiinnee. 980,665....... Dynes Liters/min 5 10~4 bi
Sl : 2 c ft./sec.
Kilograms .....coveisvecnns 22050000000 Lbs. R/ Baax 3 QUEIC iy #56
i Liters/min. .c.ocoeeeeeneennn. 4.403x107%.. Gals. 4
KIOGIAMS ovvvveverrrersoeeen. 1.102x10°3... Tons (short) fmi 5 Qalsyjsec
Kilograms ....civemecicniines 105 e Grams Lumber Width (in.) x
Thickness (in.) ......... Length (ft.) . Board feet
Kgs./meter.....cuonnnns 06720.......... Lbs. /foot 12
Kgs./s9. CML ccveiiiniienrennnans 0.9678......... Atmospheres Meters mnsnaiursisssssssis 10t Centimeters
Kgs./sq.cm... ... 32.81........... Feet of water METErS..ccvcererinsasrisisassniens 3.281.iinene Feet
Kgs./sq. cm... v 28.96........... Inches of mercury Meters ... 39:37 i Inches
Kgs./sq. cm... ... 2048............ Lbs./sq. foot M -3 :
=] 1 - (AR R— 107 ............ Kilometers
Kgs./$Q. CM..viiiverirenns 14.22........... Lbs./sq. inch 03 Kilometer
Meters...occvrvenrrarmrrnrrnranssss 10%..... e Millimeters
- 5 Meters...... ... Yards
Kgs./sq. millimeter............. 107 i, K@s./5q. meter Meters/min..... ... Centimeters/sec.
Meters/min..... Feet/min.
Kiloliters .....cccuvvevsisiiinencasnns 10%...vvrrseen. Liters Meters/min..... Feet/sec.
Meters/min..... W Kilometers/hr.
Kilometers....... ... Centimeters MAELR0E D0 covecnorneracene Milas/hr,
Kilometers ........ococvcrmnens Feet ,

i Melers/Sec......mvmreerenenirnne 196.8......00000 Feet/min.
K!Iometers Mgters Meters/sec. .. 3.281........... Feel/sec.
Kilometers ............ - Miles Meters/Sec. .......oorvvusereens 3.6......c........ Kilometer /hr.
Kilometers ........ - Yards Meters/Sec. ......oomweeeu. 0.06...c.vuomnee. Kilometers/min.

. . Meters/sec . Miles/hr.
Kilometers/hr.........c.coce. ... Centimeters/sec. Meters/sec. .......ceerueanens 0.03728....... Miles/min.
Kilometers/hr. .. .... Feet/min.
Kilometers/hr. .. vrees KnOts
; / T o] ‘10'6 s Meter

Kilometers/hr. ..
Kilometers/hr, ..

.... Feet/sec.
... Meters./min.

Kilometers/hr. ................ . ... Miles/.hr.
Kms./ht. sec. ........ ... Cms./sec. /sec.
Kms./hr./sec. ... ... Ft./sec./sec.

Kms./hr./sec. .....oevnnnn. O, ... Meters/sec./sec.

MIIES..orer s ereeesesssssenneeeeeens 1.609%10°... Centimeters
.. 5280............ Feet
.. 1.809........... Kilometers
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Multiply By To Obtain

Miles/min.......... RV 2682............ Centimeters/sec.
Miles/min. .occovmiinnenn 88.......e0.. Feet/sec,
Miles/min. ..cveniiniinrennns 1.609.. .. Kilometers/min.
Miles/min. ...ccvceeivvervuenns 60...ereererrens.. Miles/hr.

MIRES .o ceeeoeereeeeesscerssssrsrns 10%ueersnssens KilogGrams

MilliQrams .....ouveeeenenrnrererares 103, Grams

Milliliters.....oieene

Millimeters .......covenee
Millimeters.........

Milligrams/liter ......
Million gals./day....

Miner’s inches........

Minutes (angle)......

Ounces:....iiinm
ounces ...coeennen

Ounces ...

Qunces

Qunces ...

Ounces ....cueeenen
Qunces .....coeeune

Ounces, troy ...........

Qunces, troy
Ounces, troy ....
Ounces, troy ......

Ounces, troy .........

Qunces (fluid)........
Ounces (fluid)....

QOunces/sq. inch....

ssnierss O dsssvviovenn LGRS

rreeeeeneer DY riciiisnnne... Centimeters
eeiinesniones 0.0893 7000000 Inches

sesessnnaan. Parts/million

s 154728000 Cubic ft./sec.

warsreeenennns GUbIC . /min.

e 2.000x10°% . Radians

............. 16, scveersveennr, Drams
............. 437.5........... Grains
svesrneeneen 0.0625......... Pounds
28.349527... Grams
s 0918w Ounces (troy)

ressssnns 2.790x10°5 Tons (long)

eeeseeneees 2.835%10°0 . Tons (metric)

SRR 1 s FORRoO Grains

i 200 ireiiirennn., Pennyweights (troy)
<o, 0,08333....... Pounds (troy)

e 31,103481... Grams

reeenenes 1.09714....... Ounces (avoir.)

SO 0. | 3 L. S—— Cubic inches
sy QI0PGE Liters

veesersanes 0.0625......... LDS. /5. inch

Parts /million ...ccoeeveiennniinnns 0.0584......... Grains/U.S. gal.
Parts/million o 0.07016....... Grains/Imp. gal.
Parts/million...ccoocneeinnans 8.345.....0.n.. Lbs./million gal

Pennyweights (troy) .......... 2z Grains
Pennyweights (troy) ....... 1.55517....... Grams
Pennyweights (troy) ....... 008 Qunces (troy)
Pennyweights (troy) ....... 4.1667)(10'3 Pounds (troy)

Pounds. 16... . Qunces
Pounds 256 . Drams
Pounds 7000 .. Grains’

Pounds ....covvereemseressannas 0.0005......... Tons (short)
POUNds ..covvemssnsiasisin 453.5924..... Grams
Pounds 1.21528....... Pounds {troy)
POUNAS osiisescssassizisminssinn: 14.5833....... Cunces (troy)

Multiply

To Obtain

Pounds (Iroy) e
Pounds (troy)....
Pounds (troy)....
Pounds (troy})....
Pounds (troy)....
Pounds (toy)..ccoverries 13.1657..

worennnnnnns 3:.6735x1
e $.1143x1
e 3.7324x1
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Pounds (troy).
Pounds (troy).....

Pounds (troy)............

Grains
..... Pennyweights (troy)
.. Ounces (troy)

... 373.24177... Grams
.... 0.822857..... Pounds (avoir.)

..... Ounces (avoir.)
0'4 Tons (long)
0*Tons (short)
04 Tons (metric)

Pounds of water ................ 0.01602....... Cubic feet

Pounds of water ............. 27.68...
Pounds of water ............. 0.1198.
Pounds of milk ....c.ccovuvenn

Pounds of water/min. .....

. Cubic inches
. Gallons

... 2.670x10°.. Cubic ft./sec.

Pounds/cubic foot ............. 0.01602....... Grams/cubic em.
Pounds/cubic foot.......... 16.02........... Kgs./cubic meter
Pounds/cubic foot......... 5.787x1 0‘4 Lbs./cubic inch

Pounds/cubic inch............ 27.68..0cc0eeee Grams/cubic cm.
Pounds/cubic inch......... 2,768x1 ot.. Kgs./cubic meter
Pounds/cubic inch........ 1728 . Lbs./cubic foot

Pounds/foot .....cceeniieins - RR— Kgs./meter
Pounds/inch....c.ccomiaveaes 178.6........... Grams/cm.

Pounds/sq. fl...cccvreerernerines 0.01602....... Feet of water
Pounds/sq. ft. «.ccocvreenne. 4.883)(10'4.. Kg./sq. cm.
POUNAS/sq. ft. coverrerec. 6.945x10°>.. Pounds/sq. inch

Pounds/sq. inCh...eeeveveeree 0.06804....... Atmospheres
Pounds/sq. inch «eereres FEET Of Water
Pounds/sq. inch Inches of mercury
Pounds/sq. inch............. 0.07031....... Kgs./sq.cm

Quarts (dry) ..ococeneneneneninines 67.20........... Cubic inches

Quarts {lig.} . cerecsienicsnenns 57.75. e Cubic inches

Quintal /Argentine............... 101.28......... Pounds
Quintal, Brazil.....cccecceeeen 129.54......... Pounds
Quintal, Castle, Peru...... 101.43......... Pounds
Quintal, Chile......cccvuvunne 101.41......... Pounds
Quintal, MeXico .....ccouvuue 101.47......... Pounds
Quintal, Metric 220.46 Pounds

O 8.0208......... Overflow rate(ft./hr.)

Sq. ft./gal./min.

Temp. (PC)F 273 o Tieunisvine
Temp. (°C.)+17.78......... 1.8..........
Temp. (°F.) +460 1

..... Abs. temp. (°C.)
... TeMp. (°F.)
. Abs. temp. (°F.)

.. Temp. (°C.)

..... Kilograms
Pounds

Temp. (°F.)-32 5/9
Tons {1ong) ...ovviierininiunnnns 1016.......

Tens (long) .. 2240

Tons (IoNg) .ceeessesnns 1.12000..

«s TONS (short)



Multiply By To Obtain
Tons (Metric) v, 103 .............. Kilegrams
Tons (Metric) . 2205, i Pounds
Tons (short) ..cocvvvrnnn i 2000.....c0000. Pounds
Tons (short) v, 32000.......... Ounces
Tons (short) ... 807.18486... Kilograms
Tons (short) ... ... 2430.56....... Pounds (troy)
Tons {short) ...ccoivveiiniens 0.89287....... Tons (long)
Tons {short) ....c.ccovevsinsenn. 29166.66..... Ounces (troy)
Tons (shor) ...cceeenienen. 0.80718....... TOns (metric)
Tons of water/24 hrs. ......... 83.333......... Pounds water/hr.
Tons of water/24 hrs. ..... 0.16643....... Gallons/min.
Tons of water/24 hr........ 1.3349......... Cu. ft./hr.
Watts .....vvmnverisrerermeernennes 0.05692....... B.T. Units/min.
Wattsoomonaunamansne 3826w Foot-pounds/min.
Watts.....oevrneereseresnsesess 0.7376......... FOOl-pounds/sec,

Watts....ccorvereinnes

WS oo
1"/ 1 L SRS ——

Watt-hours .....

Watt-hours ..o,
Watt-hours oo, 1.381x10°.. Horse-power-hours .

Watt-hours .....

o 1.341x10°2., Horse-power
... 0.01434....... Kg.-calories /min.

L 10°3............ Kilowatts

ceeenr. British Thermal Units
............ Foot-pounds

Kilogram-calories

Watt-hours .....ccoevinvnnnnn 367 1oiiininns Kilogram-meters

3

Watt-hours ......eeeeeeeeee 107,00 Kilowatt-hours
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~  Centrico’s policy is one of
continuous improvement;
therefore all information contained
in this manual is subject to change
without notice and without
incurring obligation.
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All components and parts may be
obtained through Centrico at the
following address. Please reference the
item part number and the project
identification information found in the
front matter of this manual. Copies of
this technical manual are also available,
at a nominal charge.

Centrico, Inc.
100 Fairway Court
Northvale, New Jersey 07647

» Telephone: (201) 767-3900
¢ Main Office Fax:
(201) 767-3416
e Parts Sales Dept. Fax:
(201) 784-4409
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