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Instruction and Maintenance Manual 
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III. DISCLAIMER

Whilst every effort has been made to ensure the accuracy of the information provided in this
document, Divex makes no guarantees therefore.

Misuse of the equipment described in this manual could result in injury. It is the responsibility
of the user to ensure that the equipment is used and maintained correctly and in accordance
with the instructions provided in this manual in order to ensure safety of life and to prevent
injury.
vii
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IV. CONFIDENTIAL INFORMATION

This document is confidential and is the property of Divex It may not be distributed to
persons or organizations other than the intended recipient without the prior written consent of
the owner.
ix
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V. WARRANTY

Divex Ltd warrants that its Mini Water Heater Electric (Type MHE-02), conforms to the
current product specification at the date of delivery and that the product will be free of patent
defects in materials or workmanship for a period of twelve months from the date of delivery
or for the first 3,000 operating hours, whichever occurs first.

Any component or sub-system which is established by Divex to be patently defective will, at
Divex’s option, be repaired or replaced on condition that such defective equipment is
returned to Divex’s manufacturing facility in Cape Town, South Africa, freight pre-paid. On
completion of any repair or replacement, the equipment will be returned to the customer FOB
Cape Town, South Africa. By agreement and upon prepayment by the customer of any
transportation, on-site accommodation and subsistence expenses, Divex may dispatch
personnel to perform on-site repairs.

The product specification and warranty terms are subject to alteration without prior notice
and do not form part of any contract made between Divex and its customer.

This equipment should only be operated by suitably qualified persons conversant with the
operation and maintenance of diver hot water systems. Before operating the equipment, the
user must be fully acquainted with the instructions contained in this manual, as well as the
individual component manufacturer’s operating and maintenance information provided in the
Appendixes.

Only genuine manufacturer's spare parts may be used in this Divex product. Use of other
manufacturer’s parts may cause degradation of performance or failure and will invalidate the
warranty.

The following information is required by Divex when ordering spare parts:

• Customer’s / owner’s name
• Equipment serial number
• Spare part type / description
• Part number
xi
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CHAPTER 1 GENERAL DESCRIPTION

1.1 INTRODUCTION

The Divex Electric Powered Mini Water Heating Module, (MHE-02), has been designed for
use in professional diving systems. The system will heat sea water and control the heated
sea water within a temperature rise range of 0 to 42ºC (0 to 74ºF). The system incorporates
a positive displacement pump, electric heaters and all electrical controls necessary to
provide a complete water heating system for deep diving.

1.1.1 BASIC DESCRIPTION

The MHE-02 assembly Includes a motor, pump, heater tank, pipework and a control panel.
These components are mounted into a robust stainless steel frame. The system requires a
constant supply of sea water and runs from a 380V, 3-phase, 50 Hz power supply. The
output is heated sea water at pressures up to 68 bar and 30 litres/min. 

1.2 SPECIFICATIONS

Shipping Weight 385 kg

Dry Weight 315 kg

Power Requirements 380 VAC, 3-phase, 50 Hz, 94.5 kW, 140 A

Input Fluid Fresh Water or Sea Water

Input Pressure 3.4 to 10 bar

Input Flow Rate 30 litres / min minimum

Output Pressure Up to 68 bar

Output Flow 30 litres / min

Temperature Rise Control 
Range

0 to 42oC (0 to 74oF)

Temperature Control ± 1ºC (± 2ºF)
1
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1.3 THEORY OF OPERATION

1.3.1 BASIC CONTROL

The temperature control system of the MHE-02 has been designed to be simple and
effective. The unit heats water in the heater tank using three banks of heater elements.
These heater banks are controlled with three switches, mounted on the electrical enclosure.
The banks of heaters are configured to deliver a variety of heating capacities depending on
the combination of banks selected. When all three heater circuits are on, the total rated
heater output is 94.5 kW. The appropriate heater circuits must be selected manually
according to the relative temperature rise required. A schedule is attached to the front of the
control panel door indicating the heater banks to be used for the required temperature rise.

Example: Heater bank selection for required temperature rise through the MHE 

The above example shows that if a bottom temperature of 38ºC is required with a
temperature drop through the hose to the diver of 8ºC and an inlet water temperature of
10ºC. The temperature required at outlet from the MHE would be 46ºC. The required
temperature rise through the unit would be 36ºC. The heater selection table shown in Table
3.1 indicates that heater banks 1, 2 and 3 should be used for the required temperature rise
through the unit.

Once the correct configuration of heater banks has been selected and the required setpoint
entered into the temperature controller, the controller will regulate the temperature of the
outlet by adjusting the flow rate of water through the heater tank. This is achieved by
controlling the electric actuator on the bypass valve. The valve is connected in such a way
that it will dump a proportion of the heated water overboard thereby increasing the flow rate
through the heater tank. A higher flow rate through the heater reduces effective temperature
rise and maintains the desired set point temperature at the outlet. The temperature controller
monitors the temperature at the fluid outlet manifold using a PT100 temperature sensor and
adjusts the control valve position to achieve the set point temperature.

Td - Required outlet water temperature, at diver = 38ºC

TΔh - Temperature drop (Hose from deck to diver = 8ºC

Ti - MHE Inlet water temperature is = 10ºC

To - MHE Required outlet water temperature = (Td + TΔh)

- = (38 + 8)ºC

- = 46ºC

ΔT - Required temperature rise through the MHE = (To - Ti) 

- = (46 – 10)ºC

- = 36ºC (Use heater banks 1, 2 and
3)
2
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1.3.2 FLUID SYSTEM

The MHE-02 may function with either salt water or fresh water as the heating medium. The
unit is provided with two inlets for fluid, one for fresh water and one for sea water. The fresh
water line is typically used for flushing the system after use. The freshwater line is fitted with
a check valve to prevent salt water contamination of the fresh water supply. The unit uses
small inexpensive immersion heater elements mounted in the flange plate of the stainless
steel heater tank to heat the fluid. The flow rate of the fluid through the heating tank is
governed by the action of the bypass valve.

The flow rate of fluid from the heater tank to the divers is determined by the motor speed and
the ratio of the pulley set used to couple the motor to the pump. The pump is a positive
displacement pump and is designed and supplied with a pulley arrangement to provide a
flow rate of 30 litres/min.

The fluid to be heated enters the unit at the assigned inlet and flows through a manifold and
a quarter-turn hand valve. The manifold is equipped with analogue temperature and
pressure gauges to provide operator feedback on the fluid supply. The fluid is then piped to
two separate inlet filters. The two filters may be isolated using hand valves on the inlet and
outlet of each filter. Only one filter should be used under normal operation with the other on
standby and ready to be put into operation. These filters clean input water of particulate
matter down to 50µm in order to protect the piston pump and umbilical coupling from being
damaged and prevent clogging of the heating water tubes in the diver suits. The inlet filters
are each fitted with pressure gauges in order to monitor pressure drop across the filter and
indicate the condition of the filter cartridge. A pressure regulating valve fitted after the filter

IMPORTANT

The calculated required temperature rise may be indicated on the heater bank
selection schedule as a maximum for one configuration and a minimum on the
subsequent selection of heater banks. In this case practical application will dictate
which configuration should be used. The higher capacity configuration is usually
used to allow for better control.

If the bypass dump valve remains fully open during normal operation, indicating
heating over-capacity then the lower kW heater configuration should be used to
improve control and unit performance.

If the bypass valve remains fully closed during normal operation, indicating heating
under-capacity or a possible heater bank fault then a higher kW configuration
should be used to improve control.

IMPORTANT

Fluid supply to the unit by the vessel must be maintained above 30 litres/min at 3
bar for correct operation.
3
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outlet ensures that fluid is supplied from filters to heater tank at a consistent and safe
pressure.

The fluid flows through the heater tank which houses immersion heater elements where fluid
is heated. A float switch housed in the level control tank mounted on top of the heater tank is
used to ensure the heater elements and pump are not run without sufficient supply. If the
level in the tank drops the level switch shuts down the system. From the level control tank,
the fluid is distributed to the temperature control valve, manual temperature control valve and
pump. The manual control valve controls the process in the same way as the automatic
control valve and is provided to control outlet temperature if automatic control is inactive. The
pump supply is directly coupled to the level control tank.

The pump is a positive displacement pump and provides consistent supply flow rate. An
accumulator is fitted to reduce the effect of pulsation caused by the pump. The fluid from the
pump flows through a pressure relief valve which may be set between 7-70 bar and is
sufficiently sized to allow full flow bypass if a downstream blockage occurs. During normal
operation, the hot water flows through a flexible reinforced hose to the outlet via the outlet
manifold. The outlet manifold is fitted with both pressure and temperature gauges to provide
operator feedback.

A full flow diagram and system drawings are provided in the Appendix.

Fig 1.1 MHE-02 Fluid Connections
4
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1.3.3 ELECTRICAL SYSTEM OVERVIEW

The MHE-02 electrical system is comprised of a 380 VAC power circuit and a 24 VDC control
circuit. The power circuit is the electrical supply for the heaters, pump motor and DC power
supply unit. The control circuit provides power supply to all control, indication and safety
circuits. 

1.3.4 ELECTRICAL SYSTEM DETAIL (CONTROL LOGIC AND COMPONENT 
IDENTIFICATION)

The main isolator located in the electrical panel is used to switch the main power of the unit
on and off. As detailed in the heater power circuit in APPENDIX C, power is then distributed
to the heater and pump circuit breakers and the DC power supply unit. The control system
wiring diagram is detailed in APPENDIX C. 

DANGER

HIGH VOLTAGE – HIGH CURRENT

This is a high voltage / high current system and only trained,
competent personnel should attend to installation, service
and maintenance requirements. All relevant safety
procedures must be followed.
5
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1.3.5 HEATER SYSTEM AND HEATER SELECTION

The heaters are arranged into heater banks comprised of groups of heater elements. Each
heater bank is controlled by a switch mounted in the control panel. The switch supplies 24V
to the coil of the contactor/s of the relevant bank. The following table shows the control
structure of the heater banks and the composition of the heater groups.

Table 1.1 Heater Component Identification

The grouping of the heater elements into banks allows the sequential switching of the banks,
reducing the instantaneous load on the supply. As heater banks have separate control
circuits and protection, the failure of any single bank of heaters will not effect the operation of
the other banks.

Bank 
No.

Switch 
No.

Element 
Grouping No.

Circuit 
Breaker 
ID

Contractor 
ID

Element 
Grouping 
kW

Element Grouping Com-
position

1 1 Heater 1.1 MCB2 C2 13.5 kW 3 x 4.5 kW Elements

2 2 Heater 2.1 MCB3 C3 27.0 kW 3 x 4.5 kW Elements and

Heater 2.2 3 x 4.5 kW Elements

3 3 Heater 3.1 MCB4 C4 27.0 kW 3 x 4.5 kW Elements and

Heater 3.2 3 x 4.5 kW Elements

Heater 3.3 MCB5 C5 27.0 kW 3 x 4.5 kW Elements and

Heater 3.4 3 x 4.5 kW Elements

NOTE: Bank 3 provides a total of 54 kW of heating.
6
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1.3.6 CONTROL SYSTEM

The 24 VDC control circuit is used to control the contactors, relays, timer and the safety
circuits in the system. The contactors, controlled by switches mounted in the control panel
door, switch the high voltage to the heaters and the pump. 

The temperature of the output fluid is regulated by dumping excess capacity thereby
increasing the flow rate of fluid through the heater tank and lowering the output temperature
of the fluid outlet. The amount of fluid dumped is controlled by an electronic controller that
operates the actuator on the control valve. The amount to which the valve is opened is
determined by the controller based on feedback received from the PT100 temperature probe
mounted into the outlet manifold.

Several safety interlocks are incorporated into the control system which provide protection
against low fluid level in the heater tank, over-temperature and motor overload trip. The
control circuit also includes indication via illuminated rotary switches and the controller
display for operator feedback. Fig 1.1 below shows the control panel layout and part
identification.

Fig 1.2 Control Panel Layout
7
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The following table identifies the major control components, and outlines their function within
the control circuit.

COMPONENT COMPONENT ID FUNCTION DESCRIPTION

Contactor 1 C1 Pump contactor coil

Contactor 2-5 C2-C5 Heater contactor coils

Hour Meter H1 The hour meter records the running hours of the 
pump and is wired through the auxiliary contact 
on the pump contactor C1/1.

Run Light 
(Green)

Motor On

L1 LED indicating the pump motor contactor is 
operational and power is supplied to heater 
switches. Wired to the motor start switch S2NO 
and the auxiliary C1/1 of the motor contactor C1.

Run Light 
(Green)

Heater Bank On

L2-L4 LED indication of heater bank power on. (Supply 
to heater contactor coil.)

Run Light 
(White)

Control Power 
On

L5 LED indicating 24 VDC power to control circuit.

Fault Light (Red)

Pump Trip/
Overload 

L6 LED indicating pump fault/overload trip. Wired to 
normally open contact of overload O/L1.

Fault Light (Red)

Over 
Temperature

L7 LED indication of system over-temperature. 
Wired to the normally closed contact R1/2 of 
relay R1.

Fault Light (Red)

Low Level

L8 LED indication of low water level. This fault is 
wired to the normally closed contact R2/2 of the 
low level relay R2.

Fuse

Transformer 
Supply

F1- F2 Fuses for short circuit protection or overload of 
the supply to the power supply unit.

Fuse

Control Circuit

F3 Fuse for short circuit protection or overload of 
the supply from the power supply unit to the 
control circuit.
8
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Pump Overload O/L1 This overload trips if the pump draws a current 
of over 12 Amps. The normally open contact of 
the overload supplies the pump run indication. 
The normally closed contact of the overload is 
used in the safety circuit.

Fault Relay

Over 
Temperature

R1 Relay de-energizes during fault when the 
contacts R3/1 of the controller over temperature 
relay R3 or the thermostat contacts are open. 
The over temperature relay is interlocked with its 
normally open R1/3 contact. This circuit requires 
fault reset.

Fault Relay

Low Water Level

R2 The fault relay de-energizes during fault when 
the normally closed contact T1/1 on the float 
level de-bounce timer is open. The timer is 
triggered by the normally closed contact of the 
float switch. This arrangement is used to reduce 
nuisance faults attributed to level switch 
vibration or bouncing.

The normally open contact R2/1 is used in the 
safety circuit to remove power from the pump 
and heaters during fault.

The normally closed contact R2/2 is used to 
supply power to low level indication LED.

The normally open contact R2/3 is used to 
interlock the low level relay.

To reset the fault circuit fault reset must be 
pushed.

Fault Relay 
(controller)

Over 
Temperature

R3 This relay is activated by the controller. The 
normally closed contact R3/1 of the relay is used 
in the over-temperature relay R1 circuit.

Switch Push 
Button

Motor Start

S2NO This normally open contact supplies power to 
the pump contactor C1.

Switch Push 
Button

Motor Stop

S2NC This de-energizes the motor control circuit and 
heater switch supply. Controller and safety 
circuits will remain energized.

COMPONENT COMPONENT ID FUNCTION DESCRIPTION
9
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Table 1.2 Control component identification

Switch Rotary

Heater Selection

S3, S4 & S5 The two position heater ON/OFF switches 
control the switching of the power to the coils of 
the respective heater contactors C1-C5. (See 
Table 3.1).

Switch 
Mushroom

Emergency Stop

S1 This switch contact de-energizes the motor and 
heater control circuits. The pump and heaters 
are switched off. The controller and safety 
circuits remain energized. This switch is latched 
with a twist release.

Switch

Fault Reset

S6 The fault rest switch unlatches the over-
temperature and low level fault interlock circuits 
and allows normal function.

Switch

Float

FS The float switch mounted in the level control 
tank is used to prevent the system function if the 
water level in the heater tank is too low. The 
contact is used to activate the de-bounce timer.

Timer T1 The de-bounce timer is used to eliminate 
nuisance faults due to the bouncing of the float 
switch in the level control tank. The normally 
closed contact T1 is used to de-energize the low 
level relay R2. Timer is factory set to 2 seconds.

COMPONENT COMPONENT ID FUNCTION DESCRIPTION
10
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CHAPTER 2 INITIAL SET UP

2.1 INSTALLATION

2.1.1 GENERAL MOUNTING AND UNIT PLACEMENT

The Electric Powered Hot Water Heating Module, MHE-02, is built into a robust stainless
steel frame, which ensures that all the required systems and controls can be securely
mounted inside a single convenient assembly. The unit should be securely mounted in an
area that is protected from environmental elements. The unit mounting should allow free
access on three sides of at least 0.5 to 1 m for service and maintenance.

2.1.2 FLUID CONNECTIONS

The MHE-02 requires both salt and fresh water supply with a minimum flow rate of 30 lit/min
at 3 bar. (NOTE: This is the minimum required for Cat pump supply, up to approximately
another 30 ltr/min may be required for adequate temperature control). The recommended
minimum tubing size is 3/4”. The fluid input connections are made by attaching the pipes to
the relative 3/4” NPT penetrator of the unit. Flexible hoses with suitable connections may
also be used to facilitate the integration of the unit into an installation. The maximum
acceptable water inlet pressure is 10 bar.

The MHE-02 Hot Water outlet is a 3/4″ NPT stainless steel penetrator. This may supply a
valve manifold or a single pipe connection depending on the installation requirements. The
plumbing used should be capable of withstanding the maximum working pressure of 68 bar.
All valves, fittings, tubing and manifolds connected to the hot water system must be capable
of working at this pressure. If the system is not required to deliver this pressure, the relief
valve may be set to a lower setting, and all the attached hot water delivery plumbing may be
selected to suit this reduced pressure.

A 1″ pipe must be connected to the overboard dump fitting allowing unrestricted flow of 

bypass or dumped fluid from the unit. 

DANGER

DUMP LINE BLOCKAGE

To ensure safe operation of the unit the dump line must
always be open. Shutting off the dump line will compromise
the system safety and could lead to severe injury.
11
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The 1″ dump pipe may be connected to any water dump system that has minimal back
pressure. The volume of water being dumped during manual and/or automatic control may
vary however in the event of complete restriction of the hot water outlet line and the resultant
rise of the outlet pressure above the relief pressure the full flow will have to be dumped via
the relief valve.

2.1.3 ELECTRICAL INSTALLATION

The electrical requirements of the system are 380 VAC @ 50 Hz with a maximum current of
140A. The unit is fitted with a 160A rated isolator and power supply cable must be suitably
rated armoured cable, to an approved marine standard specification.

The mains power input to the system should be fitted to the bottom right hand side of the
stainless steel electrical enclosure. The mains power cable should be installed through a
suitable gland and correctly grounded to the armour. Mains cable connections to the isolator
terminals must be tightened and checked.

After the mains power cable is installed, check for acceptable grounding and continuity. Do
not start up the system until these tests have been conducted.

CAUTION

DUMP LINE RESTRICTION

To ensure correct machine operation, the dump line should
never restrict flow of dumped water.

DANGER

POWER CONNECTION

Ensure that the power supply is turned off before connecting
any wiring.
12
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2.2 INITIAL SYSTEM CHECK

2.2.1 FLUID SYSTEM PRIMING PROCEDURE

After the electrical and pipe work installations have been completed, purge the piping system
of air in order for the pumps to function properly and for the electric heater elements to be
fully immersed. 

Use the following procedure to correctly prime the system:

1. Open the salt or fresh water input valve slightly to allow water to flow into the system.
Water supply should be at sufficient pressure (±3 bar).

2. Check that all the ball valves on the filters are open.

3. With the vent valve on top of the level control tank open, leave the water supply on until
water flows out of the vent tube.

4. Close the vent valve and wait for water to flow through the pump and out of the HP
water outlet fitting.

5. Allow the water to run for 5 to 10 minutes in this mode.

6. Confirm that the heater tank is full by opening the tank vent valve to purge any residual
bubbles in the heater tank.

7. To complete priming shut the vent valve and supply valve(s).

CAUTION

LOW WATER LEVEL OPERATION

The equipment may be severely damaged if heaters are
supplied with power when there is no water in the system.
13
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2.2.2 START UP AND FUNCTION CHECK

After installation is complete the MHE-02 must be thoroughly checked prior to being put into
service. The following procedure outlines the steps used in conducting a comprehensive
start-up and functional check.

1. Power Supply - Turn on the mains power to the unit. Input power must be within
specification (3-phase, 380 V, 50 Hz) and supply must be adequately rated.

2. Pump Oil Level - Check the oil level in the pump crankcase (level with dot on sight
glass).

3. Pump Rotation - To check the rotational direction of the motor push the start button
and then stop button. This will momentarily power the pump motor. Confirm the correct
rotation of the pump as indicated by the rotation arrows on the both sides of the pump.
Pulley rotation should be clockwise when viewed from the control panel side of the unit.
Incorrect rotation may be solved by interchanging any two phases of the supply to the
motor.

4. Controller Setup and check - To power up the controller ensure that the main isolator
and all the circuit breakers are switched on. Check the controller settings before
function testing. As shown in Fig 2.1 the controller display indicates the Measured
Value (PV), Set Value (SV) and run indication for the Auto tuning (AT), Output 1 and 2
(OUT1, OUT2) and Alarm 1 and 2 (ALM1, ALM2). The display is used during setting to
show parameters and functions.

Changing Set Point - Press the Set key to enter the SV Setting Mode. To change the
controller set point, use the <R/S key to select the digit to be changed and the arrow
keys to change the digit.

Parameter Setting Mode - Press the Set key for 2 seconds to access the Parameter
Setting Mode. Use the Set key to page through the Parameters. The Mode key is used
to select a parameter and the arrow keys to change the parameter setting. Use this
procedure to check the following parameter settings:

CAUTION

FAULT INDICATION

The system will be prevented from being started if faults are
indicated. Press the fault reset button to clear any fault
indication. 

If fault indication is not reset or the fault recurs refer to
troubleshooting for corrective action.
14
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Press Set key and return to Main Display.

NOTE
These are factory settings and should not need to be adjusted. Refer to
APPENDIX E for a full copy of the controller operator manual.

Fig 2.1 Controller Display

5. Fill Umbilical – Connect umbilical to HP water outlet port and open the salt water inlet
valve. Allow water to flow through the system until it flows out of the umbilical. Salt
water or fresh water may be used depending upon which is available.

6. Pump Motor Start - Push the pump Start button, the pump will start running and
system pressure will rise to balance the pressure drop down the length of umbilical.
The flow rate will be approximately 30 lit/min.

7. Pump Flow Rate - The pump is a positive displacement type and the flow rate may
only be limited by an under-supply of water to the pump. To check flow rate, use an
inline flow meter on the outlet or collect the water from the output in a container of
known volume and measure the time it takes to fill this know volume.

8. Heater Bank Selection - Determine the temperature rise required through the unit to
provide the correct temperature of fluid at the user. Use the heater selection table, (See
Table 3.1), mounted on the panel door to determine which heater banks should be

Alarm 1 (AL1) = 10

Proportional Band (P) = 5.6

Integral Time (I) = 241

Derivative Time (D) = 60
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used to achieve calculated temperature rise. Switch on the required heater bank
switches sequentially. Refer to trouble shooting if any fault lights illuminate during this
operation.

9. Monitor Performance - Monitor the unit inlet and outlet temperature and the
differential temperature rise. The outlet temperature should rise until the set point is
reached. As the outlet temperature approaches the set point the controller begins to
govern the process by activating the automatic dump valve. The process should
stabilize and accurately maintain the temperature differential provided that the inlet
flow rate and temperature is sustained and consistent. The inlet water pressure should
be a minimum of 3 bar and should be maintained during dumping of excess hot water.

10. Filter Check - Two water filters are provided to clean inlet water. One for operation and
the other for stand-by. The pressure drop across each filter should be between 0.5 – 1
bar. Check the pressure drop after running the unit for a 4 to 5 hour settling-in period.
The filter will trap all contaminants introduced into the system during installation and
should be regularly checked after set-up. Replace the filter elements (DSA Part No.
04793) when the pressure drop rises above 1.2 bar.

11. Current Drawn - Check input current and voltage to make sure acceptable limits are
maintained.

12. Process Control - When the unit is set-up and operating properly with the correct
heater selection and supplies it will deliver water heated to within ± 1ºC of the controller
set point. Confirm that the unit controls the process as specified.

CAUTION

SYSTEM FLUSHING

When the system is not in use it should be thoroughly
flushed with fresh water and completely drained according to
the Shutdown Procedure detailed in Section 3.1.3.

IMPORTANT

When diving in dirty water it may be necessary to pre-filter the water supply to the
mini water heater to 100 micron to ensure satisfactory performance and
manageable filter element changeovers.
16
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CHAPTER 3 OPERATION

3.1 GENERAL

The Divex Electric Powered Mini Water Heating Module has been designed to run with the
minimum amount of operator input. The temperature controller governs the process based
on the set point and feedback from the PT100 probe giving the measured output temperature
(PV). The operator is required to input the set point to the controller and switch on the
appropriate heater banks to provide the required capacity.

Before running the unit the operator must determine the required heating capacity for the
application. The following steps outline the procedure for the determining this capacity.

The following information is required:

• Approximate length of umbilical in water (LU)
• Approximate operating temperature of fluid desired at bottom (Tb)
• Inlet water temperature (Tin)

Step 1 - Determine total outlet temperature.

Using the graph in Fig 3.1 to determine the temperature loss along the umbilical
hose, select the length of the umbilical hose on the vertical y-axis and move
horizontally to the right until the line is intersected then move vertically upward to
the horizontal x-axis. The value on the x-axis will yield the approximate temperature
loss (Tloss) through the specified length of umbilical.

Add the temperature loss through the umbilical to the temperature required at the
diver. This will give the total outlet temperature (Tout) required. This value must be
entered into the controller as the control set point value (SV).
17
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Fig 3.1 Graph of Temperature Loss vs. Umbilical Length

NOTE
The above graph is based on the approximate temperature loss through a ½” Synflex
or equivalent, used in conditions with 2-5°C (35-45°F) water temperature.

Step 2 - Determine temperature rise required.

To determine the required temperature rise (Trise) through the unit subtract the inlet
temperature (Tin) from the required total outlet temperature calculated in Step 1.

Step 3 - Heater bank selection.

After calculating Trise use the table in Table 3.1 to determine the heater banks to be
used. Locate the temperature rise in the left column. Read across to determine
which heaters are required to achieve the temperature rise. A dot indicates that a
heater bank should be switched on.
18
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Table 3.1 Heater Selection Table for Required Temperature Rise

The Temperature Controller set-point (SV) should be set to the Outlet Temperature (Tout).

The Temperature rise through the MHE = Trise = Tout - Tin = 46 – 10 = 36ºC

380 VOLT TEMP 
RISE

HEATER ON (●)

ºC ºF HEATER 1 HEATER 2 HEATER 3 kW

0-5 (0-9) ● 13.5

5-10 (9-18) ● 27.0

10-15 (18-27) ● ● 40.5

15-22 (27-39) ● 54.0

22-29 (39-51) ● ● 67.5

29-35 (51-62) ● ● 81.0

35-42 (62-74) ● ● ● 94.5

IMPORTANT

The required temperature rise shown in Table 3.1 indicates the differential between
inlet and outlet temperatures that will be achieved for the specified heater bank
selection.

Example: Temperature rise calculation

Umbilical Hose Length 105 m

Desired Temperature at Bottom (Tb) 35ºC

Inlet Water Temperature (Tin) 10ºC

From graph 1: Tloss for 105 m = 11ºC

Where: Tout = Tb + Tloss = 35 + 11 = 46ºC
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As indicated in the selection chart in Table 3.1 for a 35–42ºC temperature rise, heater banks
1, 2 and 3 should be switched on.

The above heater selection will supply the approximate heating capacity required to produce
the specified temperature rise through the unit. The controller will accurately control the
outlet temperature to achieve the required set point.

3.1.1 OPERATOR CONTROLS

Operator control of the MHE-02 is achieved using the controller keypad to change the set
point and switches for heater bank selection. The MHE-02 is also equipped with several
analogue gauges displaying fluid temperature and pressure throughout the system. The
layout of the operator interface is shown in Fig 1.2 .

Fig 3.2 General Arrangement

IMPORTANT

Table 3.1 is intended only as a general guide and due to variations in installations,
operating conditions and working environments it is important to monitor the
function of the unit to ensure that the process is correctly controlled. If the control
valve is constantly open this indicates over-heating and a lower heater selection
may be used. If the control valve is constantly closed this indicates under-heating
and a higher heater selection may be used.
20
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3.1.2 OPERATING START-UP PROCEDURE

1. Pre-operation checks should be done on the following:
• Machinery is secure – No damage to mountings, brackets, pipe connections etc.
• Belt drive – In a good condition, belts correctly tensioned and belt guard secure.
• Pipe work and valves – Secure with no leaks. 
• Filter units – Check that clean cartridges are fitted to the units
• Water supply and drain – Drain line unrestricted and supply operating correctly.
• Electrical connections – Electrical fittings and cables are secure and undamaged.
• Switches – Electrical breakers and isolator are switched to the on position.
• Emergency switch – Check that the switch is de-activated

2. Open sea water supply valve and allow water to flow through the system. If the
indicated pressure drop across the inlet filters exceeds 1 bar the filter cartridge may
need to be changed to maintain optimum performance. 

3. Check inlet water temperature and determine required temperature settings. See
section 3.1.

4. Press the pump start button. The pump should start and no the fault indicator lights
should be illuminated. If any faults are present refer to section 5.1 and section 5.2 for
troubleshooting.

5. Enter the required outlet temperature into the controller as the control set point value
(SV). (See section 2.2.2 step 4.).

6. Turn on the appropriate heater banks as deduced in the procedure outlined in section
3.1. 

The system should now be operating and all systems functioning correctly. Allow the outlet
temperature to rise to the set point and monitor the control of the process to confirm correct
heater bank selection and temperature output. 

IMPORTANT

The supply inlet pressure should be maintained above 3 bar with a sufficient flow
rate to supply the unit with a minimum of 30 lit/min. The positive displacement
pump will generate an output pressure equivalent to the differential pressure drop
through the hose or umbilical while maintaining a constant flow rate.
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3.1.3 SHUTDOWN PROCEDURE

1. Turn off all electric heaters.

2. Push Pump Stop Button.

3. Turn off main power switch.

Shut sea water valve and open fresh water valve to flush the entire system with fresh water
for at least 15 to 20 minutes after each usage. This will flush out the heating system,
plumbing, valves, umbilical and most important, the breathing gas heat exchanger and the
hot water suit. If required, run the pump to ensure adequate flushing of the system pipe work
with fresh water.

4. Shut fresh water valve off. Open the drain valve and tank vent valve and allow water to
drain from the system. 

IMPORTANT

During the flushing process ensure that the entire system is flushed out by
momentarily opening the venting valve and both dump valves.

CAUTION

Drain System

To prevent damage due to freezing of water in the system it is
important to drain all the water before storing the unit. In
warmer climates draining the system may not be necessary.
However, flushing the unit remains necessary prior to
storage, especially to prevent corrosion of stainless steel
components by stagnant sea water.
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CHAPTER 4 MAINTENANCE

4.1 ROUTINE MAINTENANCE

Good maintenance practices are essential to ensure satisfactory operation and extend the
service life of the equipment. All steel and painted parts should be periodically cleaned and
repainted where necessary.

4.1.1 PERIODIC MAINTENANCE

Periodic maintenance of the unit should be conducted in order to identify and replace worn
components. The following are components that must be inspected:

• Belts – The drive belts should be checked for wear periodically depending on how often
the machine is operated. Belts may need to be replaced due to wear after periods of
high duty or due to deterioration after long periods spent out of service. Following
periods where the unit has been out of service, the pulley grooves should be checked
for corrosion and all moving parts should be thoroughly inspected. Belt tension should
be checked regularly.

• Inlet Filters – The inlet water filter elements should be checked following the first few
hours of operation in a new installation and after long periods spent out of service.
Under normal working conditions the filters should be changed when the pressure drop
across the filter units rises above 1 bar. The pressure drop across the filters is deduced
by subtracting the outlet pressure indicated on the filter gauge from the inlet pressure
gauge. The two filters are arranged with valves to allow the isolation of each filter for
service. The unit is designed to run using a single filter.

• Anode Plugs – Three zinc anodes are mounted in the heater tank. These provide
sacrificial corrosion protection to the system and will deteriorate. They should be
inspected regularly and replaced when necessary.

• Heater Elements – Heater element cover plates should be removed to check for leaks
and, if necessary, check element insulation. To remove any elements use WHE-03
element socket, Divex part no. 05547.

IMPORTANT

Heated sea water is extremely corrosive and heater elements will not last
indefinitely. Always keep sufficient spare elements available.
23
KI-OM-776 R1 Chapter 4



4.2 PUMP MAINTENANCE

4.2.1 HELPFUL INFORMATION

(Refer to the Pump Specific Fault Diagnosis and Maintenance table in section 5.1. Refer to
APPENDIX H for the detailed pump manual)

Interpreting Pressure Readings – Abnormal pressure readings that are out of the specified
range during normal operation may indicate a fault or problem with the pump.

Before servicing the pump it is prudent to carry out checks on the following: 

• Inlet plumbing for size
• Restriction and/or air leaks
• Restricted or worn orifice
• Condition of the by-pass valve
• Condition of the pressure gauge
• Shut-off valves in the inlet or discharge plumbing to be sure they are fully open

Pump Service – Divex advises that the service of the CAT pump on the MHE-02 unit should
be carried out by an approved CAT service agent or Divex regional office.

Filter Inspection – The most common cause of low pump pressure is damage due to foreign
matter carried in the fluid being pumped. Small abrasive particles in the fluid may damage
the pump valves, valve seats, cylinder walls, cups and block the filter screens. It is essential
to ensure that the fluid being pumped is properly filtered to increase the service life of the
pump. The inline filter cartridges of the MHE-02 should be inspected and replaced at regular
intervals as required. The unit should not be run with blocked or damaged filter cartridges or
without filter cartridges in the filter housings as this may cause damage the pump.

IMPORTANT

Pressure irregularities are not a definitive diagnosis of pump faults and it is
essential to carry out full fault finding in order to maintain the unit operation.
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4.2.2 PUMP SPECIFICATIONS

MHE-02 SETUP SPECIFICATION

Flow Rate (Max) 30 l/min 45 l/min [Max]

Pressure Range 7 to 155 bar 7 to 155 bar

Inlet Pressure Range 1.4 to 4 bar 1.4 to 4 bar

Speed (Maximum Allowable) 767 rev/min 1150 rev/min [Max]

Maximum Fluid Temperature 71ºC 71ºC

Crankcase Capacity 1.26 ltr 1.26 ltr

Inlet Ports 3/4" NPTF 3/4" NPTF

Discharge Ports 1/2" NPTF 1/2" NPTF

Pulley Mounting Either Side Either Side

Shaft Diameter 30 mm 30 mm

Weight 19.9 kg 19.9 kg
25
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CHAPTER 5 TROUBLESHOOTING

The tables in this section are designed as a troubleshooting guide to aid in the identification
of faults and outline possible corrective action.

5.1 PUMP SPECIFIC FAULT DIAGNOSIS AND MAINTENANCE

PROBLEM POSSIBLE CAUSE SOLUTION

Pulsation Faulty Pulsation Damper. Check pre-charge of pulsation 
Damper; if low, recharge or 
install a replacement 
component.

Low Pressure Belt slippage. Tighten or replace; use correct 
belt.

Air leak in inlet plumbing. Disassemble, reseal, and re-
assemble.

Pressure gauge inoperative or 
not registering accurately.

Check with new gauge; 
replace faulty gauge.

Relief valve stuck, partially 
plugged or improperly 
adjusted, valve seat worn.

Clean and adjust relief valve; 
check for worn and dirty valve 
seats. Replace worn parts.

Inlet filter clogged or 
improperly size.

Clean. Use 50 micron filter 
element. Check more 
frequently.

Worn packing. Abrasives in 
pumped fluid or severe 
cavitation. Inadequate water 
supply.

Install proper filter. Check fluid 
supply available to the pump.

Low Pressure Fouled or dirty inlet or 
discharge valves

Clean inlet and discharge 
valve assemblies.

Worn inlet or discharge valves. Replace worn valves, valve 
seats and/or discharge hose.

Leaking discharge hose.

Pump runs 
extremely rough, 
pressure very low

Restricted inlet or air entering 
the inlet plumbing.

Size inlet plumbing correctly; 
check for air tight seals.

Inlet restrictions or stuck inlet 
or discharge valve.

Clean out foreign material.

Leaking HP seals. Replace worn seals.

Water leakage from 
under the inlet 
manifold

Worn packing. Install new packing.

Worn male and female 
adaptor.

Install new male and female 
adaptor.
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Oil leak between 
crankcase and 
pumping section

Worn crankcase piston rod 
seals.

Replace crankcase piston rod 
seals.

Oil leaking in the 
crankshaft area

Worn crankshaft seal or 
improperly installed oil seal 
retainer o-ring.

Remove oil seal retainer and 
replace damaged o-ring and/or 
seals.

Worn bearing. Replace bearing.

Excessive play on 
the crank shaft 
pulley

Worn main bearing from 
excessive tension on drive 
belt.

Replace bearing. Properly 
tension belt.

Water in crankcase May be caused by humid air 
condensing into water inside 
the crankcase.

Change oil at 3 month or 500 
hour intervals using Divex part 
no. DO03764.

Leakage of packing seals. 
Over-pressure or faulty 
pressure regulator.

Replace packing. Check 
pressure regulator.

Oil leaking from 
underside of 
crankcase

Worn crankcase seals. Replace seals.

Oil leaking at the 
rear portion of the 
crankcase

Damaged or improperly 
installed oil gauge or 
crankcase rear cover o-ring, 
and drain plug o-ring.

Replace oil gauge or cover o-
ring and drain plug o-ring.

Oil leaking from 
drain plug

Loose drain plug or worn drain 
plug o-ring.

Tighten drain plug or replace 
o-ring.

Loud knocking 
noise in pump

Pulley loose on crankshaft. Check key and tighten set 
screw.

Broken or worn bearing. Replace bearings.

Frequent or 
premature failure of 
the inlet manifold 
seals

Scored plungers. Replace plungers.

Over pressure to inlet 
manifold.

Reduce inlet pressure per 
instructions.

Damaged or worn plungers. Replace the plungers.

Abrasive material in the fluid 
being pumped.

Install proper filtration on 
pump inlet plumbing.

Excessive pressure and/or 
temperature of fluid being 
pumped.

Check pressures and fluid inlet 
temperature; be sure they are 
within specified range.

Over pressure of pumps. Reduce supply pressure.

Running pump dry. Do not run pump without 
water.

PROBLEM POSSIBLE CAUSE SOLUTION
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5.2 GENERAL TROUBLESHOOTING CHART

Strong surging at 
inlet and low 
pressure on 
discharge side

Foreign particles in the inlet or 
discharge valve or worn inlet 
and/or discharge valves.

Check for smooth lap surfaces 
on inlet and discharge valve 
seals. Discharge valve seals 
and inlet valve seals may be 
lapped on a very fine oil stone.

PROBLEM POSSIBLE CAUSE SOLUTION

Low output 
pressure

Leaking Relief Valve. Check relief valve function, repair or 
replace.

Water inlet to system low 
or turned off.

Turn inlet water on. Check water supply 
and hose sizing.

Insufficient flow in water 
feed lines to system.

Check inlet hose diameter is sufficient 
and is not restricted or crushed.

Low pressure in 
umbilical line or system.

This is expected. As the system’s output 
depends upon the flow resistance, if 
there is low resistance the pressure will 
be low but the flow rate will be 
maintained.

Water will not 
heat

Circuit breakers tripped 
in heating circuits.

Switch off - reset breaker(s). If 
breaker(s) trip again when switched on, 
investigate cause. (In an emergency 
faulty element banks may be switched 
off, leaving other banks operational).

Manual overboard dump 
valve open.

Close manual overboard dump valve.

Temperature control 
valve is stuck in the fully 
open position due to 
valve or actuator failure.

Check the actuator function by 
manipulating the actuator manually. If 
the valve cannot be turned manually 
service or replace the control valve. If 
the actuator does not return when 
released from manual disturbance repair 
of replace the actuator.

Relief valve will 
not close

Dirt lodged in seat of 
relief valve.

Clean seat of relief valve, reset and test.

PROBLEM POSSIBLE CAUSE SOLUTION
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Motor fault - will 
not run

Fault in wiring to 
contactor, control circuit 
or main control circuit is 
broken.

Trace wiring; make sure there is no 
broken circuit to wiring. If there is, 
correct malfunction. If main power 
control circuit is open, it may be due to 
some other fault in system such as low 
water, over temperature relay created 
open circuit, or float switch indicating low 
water. If any of these fault indicators are 
avtiveated, corrective action is required.

Overload relay tripped. Reset overload relay and make sure that 
relay is set in the “automatic” position.

Defective pump motor 
contactor.

Remove and replace.

Burned out motor. Replace motor.

Pump chattering 
loudly

Low inlet water pressure 
with restricted flow.

Increase inlet water pressure and flow 
rate to unit.

Pump “pressure 
reducing” regulator 
malfunction.

Clean regulator and reassemble. If unit 
will not regulate pressure on pump to 
between 2.5 and 4 bar, replace 
regulator.

EMERGENCY CORRECTIVE ACTION
Bypassing the regulator will allow 
operation in an emergency but this is not 
recommended as this will put increased 
load and wear on pump as well as 
causing seals to leak and allow water 
into crankcase. Refer to Pump Specific 
Troubleshooting, section 5.1.

Sea water mixing 
with fresh water

Faulty check valve in 
sea water circuit.

Remove, clean reassemble or replace.

Hot water output 
will not maintain 
control

Too many or too few 
heaters on.

Check graphs and table to determine 
amount of heat necessary.

Temperature Control 
valve faulty.

Clean and check or replace.

EMERGENCY CORRECTIVE ACTION
Shut temperature control valve off by 
depressing the button on the side of the 
valve actuator housing and turn the lever 
fully clockwise to close the valve. Then 
use the manual bypass valve to 
manually control output temperature.

PROBLEM POSSIBLE CAUSE SOLUTION
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Large flow in 
overboard dump 
line

Leaking relief valve. Clean relief valve and reset. If valve 
continues to leak, replace.

Large flow in 
overboard dump 
line

Overboard dump valve 
left open.

Close valve.

Too many heaters on for 
load on system.

Refer to table to determine proper 
number of heaters on or shut one heater 
off and monitor temperature.

System will not 
run, fault light is 
on

No water is coming to 
system. Float switch 
shut off.

Supply water to system and purge. Make 
sure that water is flowing out of system 
through umbilical hose.

Faulty float switch. Repair or replace float switch.

Overheated water in the 
heater tank.

Make sure that water is flowing through 
the system.

No water in heater tank. Re-prime system, making sure that 
water is flowing through system.

Over temperature 
control needs 
adjustment.

Readjust over temperature controls, 
whichever one is turning the system off if 
temperature of water is low.

Faulty over temperature 
switch.

Determine which over temperature 
switch is open circuited and replace. 
Refer to the electrical schematics for 
wiring details.

System will not 
run, pump 
overload fault 
light is on

Pump overload relay has 
tripped.

Possible low voltage, single phase or 
incorrect frequency. Check the input 
voltage and frequency. Measure the 
current on the pump motor to see if it's 
within rating. Reset overload and start 
system again.

Faulty fault indicator 
relay, R1/R2.

Replace.

Faulty overload relay. Replace.

Inlet pressure to 
pump is low

Faulty pressure 
regulator.

Replace.

Low pressure to system, 
below 3.5 bar.

Increase pressure and flow rate to the 
system.

Pump varies in 
speed

Belts slipping. Check tension on belts. If tension is 
loose, tighten belt by adjusting tension 
bolts on motor mount.

Check belts condition. If belts are torn, 
ragged, or in poor condition, replace.

PROBLEM POSSIBLE CAUSE SOLUTION
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Water 
temperature will 
not rise 
adequately

Insufficient number of 
heaters on for load.

Turn on one additional heater. Check 
Heater Selection Table 3.1.

Contactors 
buzzing

Dirt, debris or rust on 
pole pieces of 
contactors.

Disassemble contactor and sand pole 
pieces and clean.

Low frequency on 
system.

Check frequency. If frequency is below 
50 Hz, see if frequency can be 
increased.

Faulty contactor. Replace.

Contactors will 
not close

Open circuit in wiring to 
holding coil.

Check wiring and if required replace 
broken wire.

Faulty holding coil. Replace.

Faulty contactor. Replace.

System will not 
start

Input power off. Check input power. Check fault indicator 
lights to see if any lights are on. If any 
fault lights are on, remedy fault. 
Example: low water. Water to system 
shut off and float switch will open thus 
keeping system off.

Main power switch not 
turned on.

Turn switch on.

Control Circuit Breaker 
tripped.

Check, reset. If faulty replace.

Faulty main power 
contactor.

Replace.

Pump turns on 
and off rapidly

Faulty overload relay. Replace.

Motor shorted. Replace.

Pump will not run 
for long periods 
of time without 
overloading

Low voltage to system. Check voltage. If voltage is not a 
minimum of 420 V, pump will overload.

Pump is corroded or 
jammed inside and very 
difficult to turn.

Check pump to see if there are any 
mechanical problem with it. If there is, 
the pump must be repaired. See Pump 
Troubleshooting, section 5.1.

Heater shuts off 
with water less 
than 70oC 
(160oF)

Over temperature switch 
set incorrectly.

Reset over temperature switch to 70ºC 
(160ºF).

PROBLEM POSSIBLE CAUSE SOLUTION
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Contactors will 
not open

Faulty contactor. Replace.

Shorted wire on holding 
coil.

Check out wiring for short and repair.

System 
inoperable, no 
fault indicator

Burned out fault light. Replace.

Faulty fault relays, R1 
and R2.

Replace.

No 24 VDC 
control power

Control transformer 
faulty.

Check output of power supply. If it is not 
24 V on the feed with 380 V on the 
supply, replace power supply unit.

Control power fuse F3 
burned out.

Replace.

Fault lights will 
not come on

Faulty fault relays. Replace.

Burned out fault lights. Replace.

PROBLEM POSSIBLE CAUSE SOLUTION
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APPENDIX A PART IDENTIFICATION

Fig A.1 MHE-02 General Arrangement - Isometric View

ITEM DESCRIPTION DIVEX PART NO.

1 Control Panel -

2 HP Hose Assembly DO 06035

3 Ball Valve, ½” NPT, (Heater Tank Bleed Valve) XV500P-8-02

4 Ball Valve, ¾”, Brass, (Fresh Water Inlet Shut-off Valve) XV500P-12-02

5 Check Valve ¾” DO 02780

6 Sea Water In Manifold DO 05955

7 Ball Valve ¾” NPT. Brass, (Sea Water Supply Shut-off) XVP500P-12-02

8 Hot Water Manifold DO 05957

9 Dump Manifold DO 05956

10 Heater Tank Assembly DO 05969
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Fig A.2 MHE-02 General Arrangement - Side View

ITEM DESCRIPTION DIVEX PART NO.

11 Pressure Reducing Valve 5360 ¾ DO 02359

12 Ball Valve ¾” NPT, (Filter Isolation Valves) XV500P-12-02

13 Ball Valve ¾” NPT, (Filter Isolation Valves) XV500P-12-02

14 Filter Housing ¾” NPT, (With 50μ Filter Element DSA No. DO 04793) DO 04768

15 Motor, 4kW – 4 pole DO 06051

16 Accumulator CAT S/S DO 02724

17 Pump CAT DO027221

18 Pressure Regulator CAT DO 02723

19 Control Ball Valve/ Rotary Actuator ¾” NPT DO 02788

20 Fresh Water Inlet Connection ¾” NPT -

21 Gauge, Temp., 0-100°C Swivel Brkt. (Inlet Water Temperature Gauge) DO 06068
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22 Gauge Pressure 0-10 bar Back Entry (Inlet Water Pressure Gauge) PBBV63BB02QJ2A

23 Sea Water Inlet Connection ¾” NPT -

24 Gauge, Temp., 0-100°C Swivel Brkt. (Inlet Water Temperature Gauge) DO 06068

25 Gauge Pressure 0-100 bar Back Entry (Outlet Water Pressure Gauge) PBBV63BB02QJ3A

26 Hot Water Outlet Connection ¾” NPT -

27 Dump/Drain Connection 1” NPT -

ITEM DESCRIPTION DIVEX PART NO.
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Fig A.3 MHE-02 General Arrangement – Front View

ITEM DESCRIPTION DIVEX PART NO.

28 Hour Meter 10-80VDC DO 03903

29 Controller Temperature RKC DO 03900

30 Control Power On Indication Lamp DO 04991

31 Fault Reset Push Button DO 04838 + DO 02889 + DO 02889

32 Emergency Stop DO 03260 + DO 02891 + DO 04827

33 Start/Stop Switch (Pump) DO 04823 + DO 02891 + DO 02889 + DO 06033

34 Heater Bank Rotary Selector Switchs (3 off) DO 06031 + DO 02889 + DO 06032

35 Belt SPB x 1260 (2 off, Matched Pair) DO 05040

36 Pump Overload Indication DO 04992

37 Over Temperature Indication DO 04992

38 Gauge Pressure 0-10 bar Bottom Entry

(Filter Outlet Pressure Indication Gauge)

PBBA63BB02QJ2A

39 Isolator 160A 3-Pole OT160 DO 03347

40 Low Water Level Indication DO 04992
38
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APPENDIX B RECOMMENDED SPARE PARTS LIST

DESCRIPTION QTY DIVEX SA PART 
NO.

SHOWN AS

HP Hose Assembly 1 DO 06035 Item 2, Fig A.1

Valve Ball, ½” NPT Brass 1 XV500P-8-02 Item 3, Fig A.1

Valve Ball, ¾”NPT, Brass 3 XV500P-12-02 Item 4, Fig A.1

Valve Check Brass ¾” Euro Stop 1 DO 02780 Item 5, Fig A.1

Manifold MHE-2 Sea Water In CZ121 - DO 05955 Item 6, Fig A.1

Manifold MHE-2 Hot Water CZ121 - DO 05957 Item 8, Fig A.1

Manifold MHE-2 Dump CZ121 - DO 05956 Item 9, Fig A.1

Valve Pressure Reducing ¾” Brass 1 DO 02359 Item 11, Fig A.2

Filter Housing ¾” NPT, - DO 04768 Item 14, Fig A.2

50μ Filter Element, 10” 4 DO 04793 Item 14, Fig A.2

Motor Electric 4kW 4 pole 380v 3phase 1 DO 06051 Item 15, Fig A.2

Accumulator CAT S/S 1 DO 02724 Item 16, Fig A.2

Pump CAT 1 DO 027221 Item 17, Fig A.2

Valve, Pressure Regulator 1 DO 02723 Item 18, Fig A.2

Valve 2 Way Proportional Actuated ¾” NPT 1 DO 02788 Item 19, Fig A.2

Gauge, Temp., 0-100°CDial Every Angle 1 DO 06068 Item 21 & 24, Fig A.2

Gauge Pressure 0-10 bar Back Entry 1 PBBV63BB02QJ2A Item 22, Fig A.2

Gauge Pressure 0-100 bar Back Entry 1 PBBV63BB02QJ3A Item 25, Fig A.2

Hour Meter 10-80VDC 1 DO 03903 Item 28, Fig A.3

Controller Temperature RKC 1 DO 03900 Item 29, Fig A.3

Light Pilot LED Cluster 24VAC/DC White 1 DO 04991 Item 30, Fig A.3

Fault Reset Push Button 1 DO 04838 Item 31, Fig A.3

Contact Element N/O Contact Block 3 DO 02889 Item 31, 33, 34

Actuator E-Stop Latching Mushroom RED - DO 03260 Item 32, Fig A.3

Contact Element N/C Contact Block 2 DO 02891 Item 32, 33

Legend, Emergency Stop - DO 04827 Item 32

Switch Start/Stop c/w Pilot Light Switch 1 DO 04823 Item 33, Fig A.3

Indicator LED Module White 18-30 VAC/DC 1 DO 06033 Item 33

Switch Selector Illuminated  GRN 1 DO 06031 Item 34, Fig A.3

Indicator LED Module Green 18-30 VAC/DC 3 DO 06032 Item 36, 37, 40

Belt SPB x 1260 2 DO 05040 Item 35, Fig A.3

Light Pilot LED Cluster 24VAC/DC RED 3 DO 04992 Item 36-38, Fig A.3

Gauge Pressure 0-10 bar Bottom Entry 1 PBBA63BB02QJ2A Item 38, Fig A.3
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(* Item not shown in document)

Isolator Mains 160A 3-Pole - DO 03347 Item 39, Fig A.3

Element 4.5kW 1-1/4”BSP, 380VAC 15 DO 05159 *

Switch Level SS 1” NPT Ball/Lever 1 DO 02779 *

PT100 55mm Probe 1 DO 03901 *

Thermo pocket 316 SS 20mm PKT, ½” NPT x M20 - DO 06369 *

Thermostat Mechanical RS11 11” Long 1 DO 02374 *

Pocket Thermostat 1 ¼” BSP Brass Boss - DO 03961 *

Anode ½” NPT Brass + 100mm Zinc 6 DO 02369 *

Gasket Flange WHE-3 1 DO 04692 *

Neoprene Gasket 2mm thk 364mm Dia 1 DO 02760 *

Valve Relief ½”MNPT 3-50 PSI Brass 1 DO 02304 *

Valve Globe ¾”NPT Brass 1 DO 03326 *

Oil Divex CAT Pump Lubeb [litres] 0.5 DO 03764 *

Circuit Breaker  Miniature  50A 6kA 3pole 2 DO 05934 *

Circuit Breaker  Miniature  20A 6kA 3pole 2 DO 05932 *

Circuit Breaker  Miniature  32A 6kA 3pole 1 DO 05933 *

Contactor  11kW 3pole 24V 2 DO 05936 *

Contactor  7.5kW 3pole 24V 2 DO 05935 *

Diode  Safety Back EMF  24-48V 5 DO 05937 *

Overload  Thermal  10-15A 1 DO 05938 *

Power Supply  340-550V  24VDC 5A 1 DO 03904 *

Timer  On-Delay  24VDC 1 DO 04840 *

Relay  Base  Socket  Din Rail Mount 1 DO 04173 *

Relay  Miniature  24VDC Coil  4 C/O 3 DO 04171 *

Module  Diode  Plug-In  6 - 220 VDC 3 DO 03910 *

Terminal  Din Rail  Earth  0.5 - 4mm - DO 02936 *

Terminal  Din Rail  0.5 - 4.0mm - DO 02901 *

Terminal  Fuse  5x20mm - DO 03902 *

Fuse  Glass 5 x 20  5 Amp 10 DO 03914 *

Fuse  Glass  5 x 20  1 Amp 10 DO 03913 *

Label Heater Selection MHE-02 - DO 06358 *

DESCRIPTION QTY DIVEX SA PART 
NO.

SHOWN AS
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APPENDIX C WIRING DIAGRAMS
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APPENDIX D PIPING AND FLOW SCHEMATIC
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APPENDIX E RKC CB100 DIGITAL CONTROLLER MANUAL



 

 ® RKC INSTRUMENT INC.All Rights Reserved, Copyright  2012, RKC INSTRUMENT INC. 

  Digital Controller 

CB100/CB400/CB500/CB700/CB900 
INSTRUCTION MANUAL 

IMCB34-E1 
Thank you for purchasing this RKC product. In order to achieve maximum performance 
and ensure proper operation of your new instrument, carefully read all the instructions in 
this manual. Please place the manual in a convenient location for easy reference. 

 
 
 

 To prevent injury to persons, damage to instrument and equipment, 
a suitable external protection device shall be required. 
 All wiring must be completed before power is turned on to prevent 
electric shock, fire or damage to instrument and equipment. 
 This instrument must be used in accordance with the specifications 
to prevent fire or damage to instrument and equipment. 
 This instrument is not intended for use in locations subject to 
flammable or explosive gases. 
 Do not touch high-voltage connections such as power supply 
terminals, etc. to avoid electric shock. 
 RKC is not responsible if this instrument is repaired, modified or 
disassembled by other than factory-approved personnel. 
Malfunction can occur and warranty is void under these conditions. 

 
 
 This product is intended for use with industrial machines, test and 
measuring equipment. (It is not designed for use with medical equipment 
and nuclear energy.) 

 This is a Class A instrument. In a domestic environment, this instrument 
may cause radio interference, in which case the user may be required to 
take additional measures. 

 This instrument is protected from electric shock by reinforced insulation. 
Provide reinforced insulation between the wire for the input signal and 
the wires for instrument power supply, source of power and loads. 

 Be sure to provide an appropriate surge control circuit respectively for 
the following: 
- If input/output or signal lines within the building are longer than 30 meters. 
- If input/output or signal lines leave the building, regardless the length. 

 This instrument is designed for installation in an enclosed instrumentation 
panel. All high-voltage connections such as power supply terminals must be 
enclosed in the instrumentation panel to avoid electric shock by operating 
personnel.  

 All precautions described in this manual should be taken to avoid 
damage to the instrument or equipment. 

 All wiring must be in accordance with local codes and regulations. 
 All wiring must be completed before power is turned on to prevent 
electric shock, instrument failure, or incorrect action. The power must be 
turned off before repairing work for input break and output failure 
including replacement of sensor, contactor or SSR, and all wiring must 
be completed before power is turned on again. 

 To prevent instrument damage as a result of failure, protect the power line and 
the input/output lines from high currents with a suitable overcurrent protection 
device with adequate breaking capacity such as a fuse, circuit breaker, etc. 

 Prevent metal fragments or lead wire scraps from falling inside 
instrument case to avoid electric shock, fire or malfunction. 

 Tighten each terminal screw to the specified torque found in the manual 
to avoid electric shock, fire or malfunction. 

 For proper operation of this instrument, provide adequate ventilation for 
heat dispensation. 

 Do not connect wires to unused terminals as this will interfere with 
proper operation of the instrument. 

 Turn off the power supply before cleaning the instrument. 
 Do not use a volatile solvent such as paint thinner to clean the 
instrument. Deformation or discoloration will occur. Use a soft, dry cloth 
to remove stains from the instrument. 

 To avoid damage to instrument display, do not rub with an abrasive 
material or push front panel with a hard object. 

 When high alarm with hold action is used for Alarm function, alarm does 
not turn on while hold action is in operation. Take measures to prevent 
overheating which may occur if the control device fails. 

NOTICE 
 This manual assumes that the reader has a fundamental knowledge of 
the principles of electricity, process control, computer technology and 
communications. 

 The figures, diagrams and numeric values used in this manual are only 
for purpose of illustration. 

 RKC is not responsible for any damage or injury that is caused as a 
result of using this instrument, instrument failure or indirect damage. 

 RKC is not responsible for any damage and/or injury resulting from the 
use of instruments made by imitating this instrument. 

 Periodic maintenance is required for safe and proper operation of this 
instrument. Some components have a limited service life, or 
characteristics that change over time. 

 Every effort has been made to ensure accuracy of all information 
contained herein. RKC makes no warranty expressed or implied, with 
respect to the accuracy of the information. The information in this 
manual is subject to change without prior notice. 

 No portion of this document may be reprinted, modified, copied, transmitted, 
digitized, stored, processed or retrieved through any mechanical, 
electronic, optical or other means without prior written approval from RKC. 

1. PRODUCT CHECK 

 
 
 
 
(1) Control action 

F: PID action with autotuning (Reverse action) 
D: PID action with autotuning (Direct action) 
W: Heat/Cool PID action with autotuning (Water cooling) 1 
A: Heat/Cool PID action with autotuning (Air cooling) 1 

(2) Input type, (3) Range code: Refer to “9. INPUT RANGE TABLE.” 
(4) First control output [OUT1] (Heat-side) 

M: Relay contact T: Triac V: Voltage pulse 
8: Current (4 to 20 mA DC) G: Trigger for triac driving 

(5) Second control output [OUT2] (Cool-side) 
No symbol: When control action is F or D. M: Relay contact 
T: Triac V: Voltage pulse 8: Current (4 to 20 mA DC) 

(6) Alarm 1 [ALM1], (7) Alarm 2 [ALM2] 
N: No alarm H: Process high alarm 
A: Deviation high alarm J: Process low alarm 
B: Deviation low alarm K: Process high alarm with hold action 
C: Deviation high/low alarm L: Process low alarm with hold action 
D: Band alarm P: Heater break alarm (HBA) [CTL-6] 2 
E: Deviation high alarm S: Heater break alarm (HBA) [CTL-12] 2 
 with hold action R: Control loop break alarm (LBA) 3 
F: Deviation low alarm V: SV high alarm 
 with hold action W: SV low alarm 
G: Deviation high/low alarm with hold action 

(8) Communication function 
N: No communication function 5: RS-485 (2-wire system) 

(9) Waterproof/Dustproof 
N: No Waterproof/Dustproof 1: Waterproof/Dustproof 

(10) Case color 
N: White A: Black 

(11) Version symbol 
No code: For Japanese domestic market /Y: For International market  

1 No self-tuning function is provided in the W or A control action type. 
2 Heater break alarm (HBA) cannot be specified in case of ALM1. Also, it isn’t 

possible to specify when control output is current output. 
3 As control loop break alarm (LBA), only either the ALM1 or ALM2 is selected. 
 

Check that power supply voltage is also the same as that specified 
when ordering. 

 
 
 
 
 

2. MOUNTING 
 
2.1 Mounting Cautions 
(1) This instrument is intended to be used under the following environmental 

conditions. (IEC61010-1) 
 [OVERVOLTAGE CATEGORY II, POLLUTION DEGREE 2] 
(2) Use this instrument within the following environment conditions: 

 Allowable ambient temperature: 0 to 50 C  
 Allowable ambient humidity:  5 to 95 % RH 
(Absolute humidity: MAX. W. C 29.3 g/m3 dry air at 101.3 kPa) 

 Installation environment conditions: Indoor use, Altitude up to 2000 m 
(3) Avoid the following conditions when selecting the mounting location: 

 Rapid changes in ambient temperature which may cause condensation. 
 Corrosive or inflammable gases. 
 Direct vibration or shock to the mainframe. 
 Water, oil, chemicals, vapor or steam splashes. 
 Excessive dust, salt or iron particles. 
 Excessive induction noise, static electricity, magnetic fields or noise. 
 Direct air flow from an air conditioner. 
 Exposure to direct sunlight. 
 Excessive heat accumulation. 

(4) Mount this instrument in the panel considering the following conditions: 
 Provide adequate ventilation space so that heat does not build up. 
 Do not mount this instrument directly above equipment that generates large 
amount of heat (heaters, transformers, semi-conductor functional devices, 
large-wattage resistors.)

 If the ambient temperature rises above 50 C, cool this instrument with a forced air 
fan, cooler, etc. Cooled air should not blow directly on this instrument. 

 In order to improve safety and the immunity to withstand noise, mount this 
instrument as far away as possible from high voltage equipment, power lines, and 
rotating machinery. 

High voltage equipment: Do not mount within the same panel. 
Power lines: Separate at least 200 mm. 
Rotating machinery: Separate as far as possible. 

 For correct functioning mount this instrument in a horizontal position. 
(5) In case this instrument is connected to a supply by means of a permanent 

connection, a switch or circuit-breaker shall be included in the installation. This 
shall be in close proximity to the equipment and within easy reach of the 
operator. It shall be marked as the disconnecting device for the equipment. 

 Mounting frame (CB100):  1 (KCA100-526) 
 Mounting brackets (CB400/500/700/900): 2 *(KCA400-532) 
 Instruction manual (IMCB34-E1): 1 
* For CB900 waterproof/dustproof (optional): 4 pieces 

CAUTION 

CB100
CB400 
CB500 
CB700 
CB900

-  - / /Y

<Accessories>

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)(11)

WARNING 
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2.2 Dimensions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*1 Rubber (optional) 
*2 Up to four mounting brackets can be used. 

 For mounting of the instrument, panel thickness must be between 1 to 10 mm. 
(When mounting multiple instruments close together, the panel strength should be 
checked to ensure proper support.) 

 Waterproof and Dustproof are not effective when instruments are closely spaced. 

2.3 Mounting Procedures 
 CB100 

<Mounting Procedures> 
1. Prepare the panel cutout as specified in 2.2 Dimensions. 
2. Insert the instrument through the panel cutout. 
3. Insert the mounting frame into the mounting from the rear of the instrument. 
4. Push the mounting frame forward until the frame is firmly secured 

to the panel. (Fig.1) 
5. Fix the instrument to the panel by using the two screws. (Fig.2) 
 
 
 
 
 
 
 
 

The optional waterproof/dustproof on the front of the instrument conforms to 
IP66 when mounted on the panel. For effective waterproof/dustproof, the 
gasket must be securely placed between instrument and panel without any 
gap. If the gasket is damaged, please contact RKC sales office or the agent. 

 
<Removal Procedures> 
1. Turn the power OFF. 
2. Remove the wiring. 
3. Loosen the screw of the mounting frame. 
4. Remove the mounting frame from the case. (Fig.3) 
 
 

 CB400/500/700/900 
<Mounting Procedures> 
1. Prepare the panel cutout as specified in 2.2 Dimensions. 
2. Insert the instrument through the panel cutout. 
3. Insert the mounting bracket into the mounting groove of the instrument. 

Do not push the mounting bracket forward. (Fig. 1) 
4. Secure the bracket to the instrument by tightening the screw. Take 

care to refrain from moving the bracket forward. 
5. Only turn about one full revolution after the screw touches the panel. 

(Fig. 2)  
If the screw has been rotated too tight, the screw may turn idle. In such 
a case, loosen the screw once and tighten it again until the instrument is 
firmly fixed. 

6. The other mounting bracket should be installed in the same way as 
described in 3. to 5. 

 
 
 
 
 
 
 
 
 

When the instrument is mounted, always secure with two mounting brackets 
so that upper and lower mounting brackets are positioned diagonally. 

 

The optional waterproof/dustproof (CB900: mounting bracket 4 pieces) 
on the front of the instrument conforms to IP65 when mounted on the 
panel. For effective waterproof/dustproof, the gasket must be securely 
placed between instrument and panel without any gap. If gasket is 
damaged, please contact RKC sales office or the agent. 

 
<Removal Procedures> 
1. Turn the power OFF. 
2. Remove the wiring. 
3. Loosen the screw of the mounting bracket. 
4. Hold the mounting bracket by the edge ( ) and tilt it ( ) to remove 

from the case. (Fig. 3) 
5. The other mounting bracket should be removed in the same way as 

described in 3. and 4. 
6. Pull out the instrument from the mounting cutout while holding the 

front panel frame of this instrument. (Fig. 4) 
 
 
 
 
 
 
 
 
 

Fig.3

Fig.1 Fig.2 
When using the mounting
screws, only turn one full 
revolution after the screw 
touches the panel. 

Screw 

Mounting 
frame 

n: Number of controllers (2 to 6)

9.2 

8.2 100 

(Unit: mm) 

1 (*1) 

48 

CB100 Individual Mounting

L1 48 n 3 

25 45 
0.6 
0 25

Close vertical mounting

L1 0.6
0

25 45 0.6 
0

L1 

(Unit: mm) 

CB400 Individual Mounting 

Close vertical mounting

n: Number of controllers (2 to 6) 
L1 48 n 3 

 
 

0.6
0

9.2 

8.2 
1 

100 
(*1) 

48 

(Unit: mm) 

CB700 

n: Number of controllers (2 to 6) 

Individual Mounting 

Close vertical mounting

25 

L1 

68 
0.7 
0

L1 72 n 4 

0.7
0

9.2 

8.2 100 
1 (*1) 

72 

30 92 0.8 
0

(Unit: mm) 

CB500 

n: Number of controllers (2 to 6)
L1 48 n 3  

Individual Mounting 

Close vertical mounting
92 0.8 

0

96 

9.2 

8.2 100 
1 (*1) 

n: Number of controllers (2 to 6)
L1 96 n 4 

0.8
0L1 

(Unit: mm) 

CB900 Individual Mounting 

Close vertical mounting

25 92 
0.8
0

96 

*2 

9.2 

8.2 100 
1 (*1) 

Fig.2Fig.1

Fig. 3 Fig. 4

Front panel 
frame 

Pull out 

Panel 
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3. WIRING 
3.1 Wiring Cautions 
 For thermocouple input, use the appropriate compensation wire. 
 For RTD input, use low resistance lead wire with no difference in resistance between the three lead wires. 
 To avoid noise induction, keep input signal wire away from instrument power line, load lines and power lines of other electric equipment. 
 For the current input specification, an external resistor (250  0.02 %, 0.25 W or more, 10 ppm/ C) must be connected between the input 

terminals. For external resistor (shunt resistor), use the KD100-55: sold separately (RKC product). If this resistor is installed, close horizontal 
mounting is not possible. 

 Signal connected to Voltage input and Current input shall be low voltage defined as “SELV” circuit per IEC 60950-1. 
 If there is electrical noise in the vicinity of the instrument that could affect operation, use a noise filter. 

- Shorten the distance between the twisted power supply wire pitches 
to achieve the most effective noise reduction. 

- Always install the noise filter on a grounded panel. Minimize the wiring 
distance between the noise filter output and the instrument power 
supply terminals to achieve the most effective noise reduction. 

- Do not connect fuses or switches to the noise filter output wiring as 
this will reduce the effectiveness of the noise filter. 

 Allow approximately 4 seconds for contact output when the instrument is turned on. Use a delay relay when the output line is used for an 
external interlock circuit. 

 Power supply wiring must be twisted and have a low voltage drop. 
 This instrument with 24 V power supply is not provided with an overcurrent protection device. 

For safety install an overcurrent protection device (such as fuse) with adequate breaking capacity close to the instrument. 
- Fuse type: Time-lag fuse (Approved fuse according IEC60127-2 and/or UL248-14) 
- Fuse rating: Rated current: 0.5 A 

 For an instrument with 24 V power supply input, supply power from "SELV" circuit defined as IEC 60950-1. 
 A suitable power supply should be considered in end-use equipment. The power supply must be in compliance with a limited-energy circuits 

(maximum available current of 8 A). 
 Use the solderless terminal appropriate to the screw size. 

- Screw size: M3 x 6 
- Recommended tightening torque: 0.4 N m [4 kgf cm] 
- Specified solderless terminals: With isolation 
- Applicable wire: Solid/twisted wire of 0.25 to 1.65 mm2 

 Make sure that during field wiring parts of conductors can not come into contact with adjacent conductive parts. 
 
 
3.2 Terminal Configuration 
 Alarm outputPower supply

Control output 

Input 
Communication

NO: Normally open 
NC: Normally closed 

7
8
9

10
11
12

13
14
15
16
17
18

1
2
3
4
5
6

100 to 240V

AC

24V

DC

24V

AC

22

11

2

1L

N

L

N

13

14

15

T/R(A)

T/R(B)

SG

RS-485

(Optional)

CT input 
Current 
transformer input

18

17
CT1

TC

TC input 

11

12

A

B

B

RTD

10 
RTD input 

11

12

IN

Voltage input 
0 to 5 V DC
1 to 5 V DC

11

12

11

12

Current input
0 to 20 mA DC
4 to 20 mA DC

W, A action types

Relay contactVoltage pulse
Current

Triac

NO

OUT2

NO

OUT1

3

4

5

6

OUT2

OUT1

3

4

5

6

OUT2

3

4
Triac out

5

6

OUT1

Triac out

Relay contactVoltage pulse 
Current

TriacTrigger 

F, D action types 

NC
NO

OUT1
4

5

6
OUT1

6

5
Triac out

OUT1

5

4
OUT1

T2

T1

G

4

6

5

CB100 

* Cautions for Communication terminal wiring  : 
Make sure that lugs or unshielded cables of the communication terminals are not touched to the screw heads, lugs, or unshielded 
cables of the power supply terminals to prevent electric shock or instrument failure. Use additional care when two lugs are 
screwed to one communication terminal. 

It is recommended that the host computer communication line be isolated from the power supply and earth. 

! 

External 
resistor

(Optional)

(Optional)

Alarm 1

Alarm 2
NO

ALM1

ALM2

7

8

9

NO

 
 Power supply

Control output 
NO: Normally open 
NC: Normally closed 

100 to 240V

AC

24V

DC

24V

AC

22

11

2

1L

N

L

N

Communication

13

14

15

T/R(A)

T/R(B)

SG

RS-485

Alarm output

Input

TC

TC input 

11

12

A

B

B

RTD

10
RTD input

11

12
IN

Voltage input 
0 to 5 V DC
1 to 5 V DC

11

12

11

12

Current input
0 to 20 mA DC
4 to 20 mA DC

W, A action types

Relay contactVoltage pulse
Current

Triac

NO

OUT2

NO

OUT1

3

4

5

6

OUT2

OUT1

3

4

5

6

OUT2

3

4
Triac out

5

6

OUT1

Triac out

Relay contactVoltage pulse 
Current

TriacTrigger 

F, D action types 

NC
NO

OUT1
4

5

6
OUT1

6

5
Triac out

OUT1

5

4
OUT1

T2

T1

G

4

6

5

CB400 

The terminal arrangement of CB500 is as shown in  
the following diagram, but the terminal configuration  
of CB500 is the same as that of CB400. 

1
2
3
4
5
6
7
8

10
11

9

12

13 
14 
15 
16 
17 
18 
19 
20 

22 
23 

21 

24 

13 14 15 16 17 18 19 20 21 22 23 24

1 2 3 4 5 6 7 8 9 10 11 12

 

CT input 
Current
transformer input

24

23
CT1

External 
resistor

(Optional)

(Optional)

(Optional)

Alarm 1

Alarm 2
NO

ALM1

ALM2

7

8

9

NO

 

OUT

Minimize
distance

Instrument
power 
terminals

IN 

Twist these leadwires 

Shorten distance between
pitches 

Instrument power 

Noise filter

 3.2 MIN
 5.5 MAX

4 mm 
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External 
resistor

Power supply

Control output 

NO: Normally open 
NC: Normally closed

100 to 240V

AC

24V

DC

24V

AC

22

11

2

1L

N

L

N

Communication
7

8

9

T/R(A)

T/R(B)

SG

RS-485

CT input 
Current
transformer input

15

14
CT1

Input

TC

TC input 

17

18

A

B

B

RTD

16
RTD input

17

18
IN

Voltage input
0 to 5 V DC
1 to 5 V DC

17

18

17

18

Current input
0 to 20 mA DC
4 to 20 mA DC

Relay contactVoltage pulse 
Current

TriacTrigger 

F, D action types 

NC
NO

OUT1
4

5

6
OUT1

6

5
Triac out

OUT1

5

4
OUT1

T2

T1

G

4

6

5

CB700 

W, A action types

Relay contactVoltage pulse
Current

Triac

NO

OUT2

NO

OUT1

3

4

5

6

OUT2

OUT1

3

4

5

6

OUT2

3

4
Triac out

5

6

OUT1

Triac out

1
2
3
4
5
6
7
8
9

10 
11 
12 
13 
14 
15 
16 
17 
18 

Alarm output 

Alarm 1

Alarm 2

(Optional)

(Optional)

(Optional)

NO

ALM1

ALM2
10

NO
11

12

 
 

1
2
3
4
5
6
7
8

10
11

9

12

13
14 
15 
16
17
18
19
20 

22
23 

21 

24

Power supply

Control output 

NO: Normally open 
NC: Normally closed 

100 to 240V

AC

24V

DC

24V

AC

22

11

2

1L

N

L

N

Communication
13

14

15

T/R(A)

T/R(B)

SG

RS-485

CT input 
Current
transformer input

24

23
CT1

Alarm output

Input 

TC

TC input 

11

12

A

B

B

RTD

10 
RTD input 

11

12
IN

Voltage input 
0 to 5 V DC
1 to 5 V DC

11

12

11

12

Current input
0 to 20 mA DC
4 to 20 mA DC

Relay contactVoltage pulse 
Current

TriacTrigger 

F, D action types 

NC
NO

OUT1
4

5

6
OUT1

6

5
Triac out

OUT1

5

4
OUT1

T2

T1

G

4

6

5

CB900 

W, A action types

Relay contactVoltage pulse
Current

Triac

NO

OUT2

NO

OUT1

3

4

5

6

OUT2

OUT1

3

4

5

6

OUT2

3

4
Triac out

5

6

OUT1

Triac out

External 
resistor

(Optional)

(Optional)

(Optional)

Alarm 1

Alarm 2
NO

ALM1

ALM2

7

8

9

NO

 
 
 

 Specifications 
Input:  
Input type: 

Thermocouple: K, J, R, S, B, E, T, N, PLII, W5Re/W26Re, U, L 
Input impedance: Approx. 1 M  

RTD: Pt100, JPt100 
Voltage: 0 to 5 V DC, 1 to 5 V DC, 0 to 10 V DC (Z-1010) 
Current: 0 to 20 mA DC, 4 to 20 mA DC 

Sampling cycle: 0.5 seconds 
Input range: Refer to Input range table 
 
Control method: PID control 
 ON/OFF, P, PI, or PD actions is available 
 
Control output: 

Relay contact output:  
 250 V AC, 3A (Resistive load) 
 Electrical life: 300,000 times or more (Rated load) 
Voltage pulse output: 
 0/12 V DC (Load resistance 600  or more) 
Current output: 4 to 20 mA DC (Load resistance 600  or less)  
Trigger output for triac driving: 

 Zero cross method for medium capacity triac  
 driving (100 A or less) 
 Load voltage used: 100 V AC line, 200 V AC line 
 Load used:  Resistive load 
Triac output: Output method: 
  AC output (Zero-cross method) 
 Allowable load current: 
  0.5 A (Ambient temperature: 40 C or less) 
 Load voltage: 75 to 250 V AC 
 Minimum load current: 20 mA 
 ON voltage: 
  1.6 V or less (at maximum load current)  

Alarm output: 
Relay contact output: 
 250 V AC, 1A (Resistive load)  
 Electrical life: 50,000 times or more (Rated load) 

Performance: 
Display accuracy (at the ambient temperature 23 C  2 C): 

Thermocouple:  
 (0.3 % of display value  1 digit) or  2 C [4 F] 

Whichever is greater 
R, S and B input: 0 to 399 C [0 to 799 F] 
 Accuracy is not guaranteed. 
T and U input: 199.9 to 100.0 C [ 199.9 to 158.0 F] 
  Accuracy is not guaranteed. 

RTD:  (0.3 % of display value  1 digit) or  0.8 C [1.6 F] 
Whichever is greater 

Voltage/Current: 
 (0.3 % of Input span  1 digit)   

Memory backup: 
Backed up by Nonvolatile Memory 
Number of write times: Approx. 1,000,000 times 
Data storage period: Approx. 10 years 

 
Power: 
Power supply voltage: 

85 to 264 V AC (Power supply voltage range), 50/60 Hz 
 Rating: 100 to 240 V AC 
21.6 to 26.4 V AC (Power supply voltage range), 50/60 Hz 

Rating: 24 V AC 
21.6 to 26.4 V DC (Power supply voltage range) 
 Rating: 24 V DC  

Power consumption: 
 7 VA max. (at 100 V AC) 10 VA max. (at 240 V AC) 
 5 VA max. (at 24 V AC) 160 mA max. (at 24 V DC)  
Weight: 
 CB100: Approx. 170 g CB700: Approx. 290 g 
 CB400/CB500: Approx. 250 g CB900: Approx. 340 g 
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4. PARTS DESCRIPTION 
 

(1) 

CB100 

CB100 

PV 

SV 

AT 

R/S SET OUT1 OUT2 ALM1 ALM2 

(2) 
(3) 

(4) (5) (6) (7) 

AT OUT1

R/S

PV

SET

CB500

SV

OUT2 ALM1 ALM2

(2)

CB500 

(1) 

(3)

(4) (5) (6) (7)

PV 

SV 

AT OUT1
ALM1 ALM2 

OUT2 

CB400 

R/S SET 

(1) 

(3) 

(4) (5) (6) (7) 

CB400 

(2) 

PV

SV

AT OUT1 

R/S SET

OUT2 ALM1 ALM2

CB900

(1)

(3)

(2)

(4) (5) (6) (7)

CB700, CB900 

 
 
 

 
 
 
 
 
 
 

 
 
 

 
 

 

5. SETTING 
5.1 Operation Menu 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Display returns to the PV/SV display 
mode if no key operation is performed 
within 1 minute. 

 
 Input type and input range display 

This instrument immediately confirms the input type symbol and input range following power ON. 
Example: When sensor type of input is K thermocouple. 
 
 
 
 
 
 
 

(1) Measured value (PV) display [Green] 
Displays PV or various parameter symbols. 
 
(2) Set value (SV) display [Orange] 
Displays SV or various parameter set values (or 
CT input value). 
 
(3) Indication lamps 
Alarm output lamps (ALM1, ALM2) [Red] 
 ALM1: Lights when alarm 1 output is turned on. 
 ALM2: Lights when alarm 2 output is turned on. 
Autotuning (AT) lamp [Green] 

Flashes when autotuning is activated. (After 
autotuning is completed: AT lamp will go out) 

Control output lamps (OUT1, OUT2) [Green] 
OUT1: Lights when control output is turned on.*
OUT2: Lights when cool-side control output is 
 turned on.* 
* Lamp indication becomes as follows for  
  current output. 

For an output of less than 0 %: Extinguished 
For an output of more than 100 %: Lit 
For an output of more than 0 % but less than
100 %: Dimly lit. 

 
(4)       (Set key)  
Used for parameter calling up and set value 
registration. 

SET

(5)       (Shift & R/S key)
Shift digits when settings are changed.
Select the RUN/STOP function. 
 
(6)      (DOWN key) 
Decrease numerals. 
 
(7)      (UP key) 
Increase numerals. 

R/S  

To avoid damage to the 
instrument, never use a 
sharp object to press keys.

 

Symbol 

PV 

SV 

PV 

SV 

Unit for input and SV display  
(Celsius: C, Fahrenheit: F, Voltage/Current input: no character shown)

Input type symbol * 

Input range high 

Input range low 

Automatically 

Power ON 

PV/SV Display Mode 

The controller will display the Measured
value (PV) and the Set value (SV). 
The controller can be switched to RUN or
STOP mode (Factory set value: RUN). 

PV/SV monitor  
(RUN mode) 

PV 
SV 

Press and hold the <R/S key  
for 1 second. 

 
SV 

STOP character display 
(STOP mode) 

SV Setting Mode 

SV setting 
PV 
SV 

This is the mode used to set the SV. 

Factory set value:  0 C [ F] or 0.0 C [ F] 

Press the SET key 

Press and hold 
the SET key 
for 2 seconds. 

Press  
the <R/S key  
while 
pressing the 
SET key. 

Input type and Input range Display 

Automatically (in 4 seconds) 

Parameter Setting Mode 

This mode is used to set the parameters such as alarms, PID constants, etc. (Refer to page 6.) 
The following parameter symbols are displayed as the SET key is pressed. 

SET key

Current transformer  
(CT) input value 1 
monitor 

Control loop break 
alarm (LBA) time 

LBA deadband 

Alarm 1 set value
(ALM1) 

Alarm 2 set value
(ALM2) 

Heater break alarm 
(HBA) 1 set value 

Autotuning (AT) 

Self-tuning (ST) 

Proportional band 

Integral time 

Derivative time 

Anti-reset windup

Heat-side proportioning
cycle 

Cool-side proportioning
band 

Deadband 

Cool-side proportioning
cycle 

PV bias 

Set data lock 

Return to the first parameter

SET key

SET key

SET key

SET key

SET key SET key 

SET key

SET key

SET key

SET key

SET key

SET key

SET key 

SET key 

SET key 

SET key 

SET key 

Parameters which are not related to existing functions on the controller are not displayed. 

(CT1) 

(AL1) 

(AL2) 

(HbA1) 

(LbA) 

(Lbd) 

(ATU)

(STU)

(P) 

(I) 

(D) 

(Ar) 

(T) 

(Pc) 

(db) 

(t) 

(Pb) 

(LCK) 

Communication Setting Mode 

This mode is used to set the communication parameters when specified. For details on protocol, identifiers
and communication setting mode, refer to the Communication Instruction Manual (IMCB03-E ). 

P = 0 (0.0): 
ON/OFF action

( ): This input type is not displayed in the Z-1021 specification. 

* Input Type Symbol Table 

Symbol 

Thermocouple (TC) 
W5Re/
W26Re U  L 

Voltage
(Current)JPt 

100 
Pt 
100 K J R S B E T N

( )

Input type
RTD 

( )
PL II
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5.2 Parameter List 
Parameter symbols which are not related to existing functions on the controller are not displayed. 

  
Symbol Name Setting range Description Factory set value

 Current transformer 
(CT) input value 1  
monitor 

0.0 to 100.0 A 
[Display only] 

Display input value from the current 
transformer. [Displayed only when the 
instrument has the Heater break alarm (HBA)] 

 

 Alarm 1 set 
value (ALM1) 

TC/RTD inputs: 
Deviation alarm, Process alarm,  
SV alarm: 

 1999 to +9999 C [ F] or 
 199.9 to +999.9  C [ F] 

Set the alarm 1 set value and alarm 2 set 
value. 

For the alarm action type, refer to page 
10 and 11. 

TC/RTD inputs: 
 50 (50.0) 
 
Voltage/Current inputs:
 5.0 

 Alarm 2 set 
value (ALM2) 

Voltage/Current inputs: 
Deviation alarm: 

 Input span to +Input span (Within 9999)
Process alarm, SV alarm:  

 Same as input range 

Alarm differential gap: 
TC/RTD inputs: 2 or 2.0 C [ F] 
Voltage/Current inputs: 0.2% of Input span 

 

 Heater break 
alarm (HBA) 1 
set value 1 

0.0 to 100.0 A 
 See *1. 

Alarm value is set by referring to input 
value from the Current transformer (CT).  
Used only for single-phase. 

0.0 

 Control loop 
break alarm 
(LBA) time 2 

0.1 to 200.0 minutes 
 See *2. 

Set control loop break alarm (LBA) set 
value. 

8.0 

 LBA  
deadband 3 

TC/RTD inputs: 
 0 to 9999 C [ F] 
Voltage/Current inputs:  
 0 to 100 % of Input span 
 See *3. 

Set the area of not outputting LBA. 
No LBA deadband functions with 0 set. 
 Differential gap : 
 TC/RTD inputs:  0.8 C [ F ] 
 Voltage/Current inputs: 0.8 % of Input span 

0 

 Autotuning  
(AT) 

0: AT end or cancel 
1: AT start or execution 

Turns the Autotuning ON/OFF. 0 

 Self-tuning  
(ST) 

0: Self-tuning OFF 
1: Self-tuning ON 

Turns the Self-tuning ON/OFF. 0 

 Proportional  
band 

TC/RTD inputs: 
 1 (0.1) to  
 Input span or 9999 (999.9) C [ F] 
Voltage/Current inputs: 
 0.1 to 100.0 % of Input span 

0 (0.0): ON/OFF action 

Set when PI, PD or PID control is performed. 
Heat/Cool PID action: Proportional band 
setting on the heat-side. 

ON/OFF action differential gap: 
 TC/RTD inputs: 2 (0.2) C [ F ] 
 Voltage/Current inputs: 0.2 % of Input span 

TC/RTD inputs: 
 30 (30.0) 
 
Voltage/Current inputs:
 3.0 

 Integral time 1 to 3600 seconds  
(0 second: PD action) 

 

Set the time of integral action to eliminate 
the offset occurring in proportional control. 

240 

 Derivative time 1 to 3600 seconds  
(0 second: PI action) 

 

Set the time of derivative action to improve 
control stability by preparing for output 
changes. 

60 

 Anti-reset 
windup (ARW) 

1 to 100 % of heat-side proportional 
band  
(0 %: Integral action OFF) 

Overshooting and undershooting are 
restricted by the integral effect. 

100 

 Heat-side 
proportioning  
cycle 

1 to 100 seconds 
(Not displayed if the control output is 
current output.) 

Set control output cycle. 
Heat/Cool PID action:  
Heat-side proportioning cycle 

Relay contact output: 20 
Voltage pulse output/ 
Trigger output for triac 
driving/Triac output: 2 

 Cool-side  
proportional 
band 

1 to 1000 % of heat-side proportional 
band. 

Set cool-side proportional band when 
Heat/Cool PID action. 

100 

 Deadband TC/RTD inputs: 
 10 to +10 C [ F] or  
 10.0 to +10.0 C [ F] 
Voltage/Current inputs: 
 10.0 to +10.0 % of Input span 

Set control action deadband between 
heat-side and cool-side proportional bands. 
Minus ( ) setting results in overlap. 

0 or 0.0 

 Cool-side 
proportioning 
cycle 

1 to 100 seconds 
(Not displayed if the control output is 
current output.) 

Set control cool-side output cycle for 
Heat/Cool PID action. 

Relay contact output: 20 
Voltage pulse output/ 
Triac output: 2  

 PV bias TC/RTD inputs: 
 1999 to +9999 C [ F] or 
 199.9 to +999.9 C [ F] 

Voltage/Current inputs:  
 Input span to +Input span 

Sensor correction is made by adding bias 
value to Measured value (PV). 

0 or 0.0 

 Set data lock  
(LCK) 

 
 

 

 

 

Performs set data change enable/disable. 0000 

  

Parameters other than SV and Alarms
 0: Unlock 1: Lock 
Alarms 
 0: Unlock 1: Lock 
SV 
 0: Unlock 1: Lock 
Initialization mode 
 0: Lock 1: Unlock 
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1 Heater break alarm (HBA) function 
The HBA function monitors the current flowing through the load 
by a dedicated Current transformer (CT), compares the measured 
value with the HBA set value, and detects a fault in the heating 
circuit. 
 
Low or No current flow (Heater break, malfunction of the 
control device, etc.): 
When the control output is ON and the current transformer input 
value is equal to or less than the heater break determination point 
for the preset number of consecutive sampling cycle, an alarm is 
activated. 
Over current or short-circuit:  
When the control output is OFF and the current transformer input 
value is equal to or greater than the heater break determination 
point for the preset number of consecutive sampling cycle, an 
alarm is activated. 
 

Precaution for HBA setting: 
 Displayed only for when HBA is selected as Alarm 2. 
 HBA is not available on a current output.  
 Set the set value to approximately 85 % of the maximum 
reading of the CT input. 

 Set the set value to a slightly smaller value to prevent a false 
alarm if the power supply may become unstable. 

 When more than one heater is connected in parallel, it may be 
necessary to increase the HBA set value to detect a single 
heater failure. 

 When the current transformer is not connected, the HBA is 
turned on. 

 
2 Control loop break alarm (LBA) function 
The LBA function is used to detect a load (heater) break or a 
failure in the external actuator (power controller, magnet relay, 
etc.), or a failure in the control loop caused by an input (sensor) 
break. The LBA function is activated when control output reaches 
0 % (low limit with output limit function) or 100 % (high limit with 
output limit function). LBA monitors variation of the measured 
value (PV) for the length of LBA time. When the LBA time has 
elapsed and the PV is still within the alarm determination range, 
the LBA will be ON. 
 

Precaution for LBA setting: 
 Displayed only for when LBA is selected as Alarm 1 or Alarm 2. 
 No LBA function can be used at Heat/Cool PID control action. 
 The LBA function can not be activated when AT function is 
turned on. 

 The LBA function is activated when control output reaches 0 % 
or 100 %. The time required for the LBA output to turn on 
includes both the time from the initial occurrence of loop failure 
and the LBA setting time. Recommended setting for LBA is for 
the set value of the LBA to be twice the value of the Integral 
time (I).  

 If LBA setting time does not match the controlled object 
requirements, the LBA selling time should be lengthened. 
If setting time is not correct, the LBA will malfunction by turning 
on or off at inappropriate times or not turning on at all.  

 
3 LBA deadband function 
The LBA may malfunction due to external disturbances. To 
prevent malfunctioning due to external disturbance, LBA 
deadband (LBD) sets a neutral zone in which LBA is not activated. 
When the Measured value (PV) is within the LBD area, LBA will 
not be activated. If the LBD setting is not correct, the LBA will not 
work correctly. 
 
 
 
 
 
 
 
 
 
 
 

5.3 Changing Parameter Settings 
Procedures to change parameter settings are shown below. 
 

To store a new value for the parameter, always press the SET 
key. The display changes to the next parameter and the new 
value will be stored. 
 A new value will not be stored without pressing SET key after 
the new value is displayed on the display. 

 After a new value has been displayed by using the UP and 
DOWN keys, the SET key must be pressed within 1 minute, or 
the new value is not stored and the display will return to the 
PV/SV monitor screen. 

 
 

 Change the Set value (SV) 
Change the Set value (SV) from 0 C to 200 C 
1. Select the SV setting mode 
Press the SET key at PV/SV monitor screen until SV setting 
screen is displayed. 
 

 

SV

CB100

PV

AT

SET R/S

OUT1 OUT2 ALM1 ALM2

PV/SV monitor display 
(PV/SV display mode) 

SV 

CB100 

PV 

AT 

SET R/S 

OUT1 OUT2 ALM1 ALM2

SV setting display 
(SV setting mode)  

 
2. Shift the high-lighted digit 
Press the <R/S key to high-light the hundreds digit. 
The high-lighted digit indicates which digit can be set.  
 

 

SV

CB100

PV

AT

SET R/S

OUT1 OUT2 ALM1 ALM2

 

SV 

CB100 

PV 

AT 

SET R/S 

OUT1 OUT2 ALM1 ALM2

 

 
3. Change the set value 
Press the UP key to change the number to 2. 
 

            

SV

CB100

PV

AT

SET R/S

OUT1 OUT2 ALM1 ALM2

 

SV 

CB100 

PV 

AT 

SET R/S 

OUT1 OUT2 ALM1 ALM2

 

 
4. Store the set value 
Press the SET key to store the new set value. The display returns 
to the PV/SV monitor screen. 
 

 

SV

CB100

PV

AT

SET R/S

OUT1 OUT2 ALM1 ALM2

 

SV 

CB100 

PV 

AT 

SET R/S 

OUT1 OUT2 ALM1 ALM2

PV/SV monitor display 
(PV/SV display mode)  

 
 

 Change parameters other than the Set value (SV) 
The changing procedures are the same as those of example 2 to 
4 in the above "  Change the Set value (SV)". Pressing the SET 
key after the setting end shifts to the next parameter. When no 
parameter setting is required, return the instrument to the PV/SV 
display mode. 
 
 
 
 

* TC and RTD inputs: 0.8 C [ F] (fixed) 
Voltage/Current inputs: 0.8 % of input span (fixed) 

A: During temperature rise: Alarm area 
 During temperature fall: Non-alarm area 
B: During temperature rise: Non-alarm area

B: During temperature rise: Non-alarm area 
 During temperature fall: Alarm area 

LBD differential gap* 

Alarm area Alarm areaNon-alarm area 

Set value (SV) LBD set value 
Low High 

A B 
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6. OPERATIONS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6.1 Operation Procedures 
1. Prior to starting operation, check that the mounting and wiring 

have been finished, and that the SV and various parameters 
have been set.   

2. A power supply switch is not furnished with this instrument. It 
is ready to operate as soon as the power is turned on. 
(Factory set value: RUN).  

This instrument holds the conditions that exist just before 
the power is turned on. For example, if the power is turned 
off in STOP mode, the instrument starts in STOP mode 
when the power is turned on again. 

 
 RUN/STOP 

Each time the <R/S key is pressed for 1 second, RUN/STOP 
mode changes from RUN to STOP or STOP to RUN. If the 
instrument is switched to STOP mode, its display, output, etc. 
become as follows.  

 Display: The PV display shows        (STOP). 
 Output: Control output OFF, Alarm output OFF 
 Autotuning: AT canceled (The PID constants are not updated.)  
 RUN/STOP display (Z-1018 specification) 

When operation is changed to the STOP mode by RUN/STOP 
selection, a parameter symbol to indicate the STOP mode is 
displayed on the SV display. Pressing the SET key with the STOP 
mode displayed can also check and change the Set value (SV).  
 
6.2 Set Data Lock (LCK) Function 
The set data lock restricts parameter setting changes by key 
operation. This function prevents the operator from making errors 
during operation. There are 8 set data lock levels. (refer to below)  

Set value Parameters which can be changed 
0000 All parameters [Factory set value] 
0001 SV, Alarms (ALM1, ALM2)   
0010 All parameters except for Alarms (ALM1, ALM2)   
0011 SV 
0100 All parameters except for SV 
0101 Alarms (ALM1, ALM2)   
0110 All parameters except for SV and Alarms (ALM1, ALM2) 
0111 No parameters (All Locked)   

 HBA, LBA and LBD can be locked when any of 0001, 0011, 0101 and  
 0111 is set.  

Set data lock can be changed in both RUN and STOP 
mode. 
Parameters protected by Set data lock function are still 
displayed for monitoring. 

 
 
6.3 Autotuning (AT) Function 
Autotuning (AT) automatically measures, computes and sets the 
optimum PID and LBA constants. The following conditions are 
necessary to carry out Autotuning and the conditions which will 
cause the Autotuning to stop. 

Caution for using the Autotuning (AT) 
When a temperature change (UP and/or Down) is 1 C or 
less per minute during AT, AT may not be finished 
normally. In that case, adjust the PID values manually. 
Manual setting of PID values may also be necessary if the 
set value is around the ambient temperature or is close to 
the maximum temperature achieved by the load. 

 
 Requirements for AT start 

Start the Autotuning when all following conditions are satisfied: 
 Prior to starting the AT function, end all the parameter settings 

other than PID and LBA. 
 Confirm the LCK function has not been engaged. 

When the Autotuning is finished, the controller will 
automatically returns to PID control. 

 
 Requirements for AT cancellation 

The Autotuning is canceled if any of the following conditions exist. 
 When the Set value (SV) is changed. 
 When the PV bias value is changed. 
 When the RUN/STOP mode is changed to the STOP mode. 
 When the PV becomes abnormal due to burnout. 
 When the power is turned off. 
 When power failure longer than 20 ms occurs. 
 When the AT does not end in 9 hours after autotuning started.  

If the AT is canceled, the controller immediately changes to 
PID control. The PID values will be the same as before AT 
was activated.  
When AT is completed, the controller immediately changes 
to PID control. If the control system does not allow the AT 
cycling process, set each PID constant manually to meet 
the needs of the application. 

 
 
6.4 Self-tuning (ST) Function 
The ST function is used to automatically calculate and set 
adaptive PID constants anytime the power is turned on, the SV is 
changed or the controller detects unstable control conditions. 
 

The ST function should be turned off when the controlled 
system is affected by rippling that occurs due to periodic 
external disturbances. 

 
The power to the controlled system must be turned on 
before the power to the instrument is turned on or SV is 
changed. This is required when ST function is on. 

 
To activate the ST function, the following parameters must 
not be set to zero: P 0, I 0, D 0, ARW 0. 

 
When Heat/Cool PID action is selected, the ST function can 
not be activated. 
 
When the AT function is activated, the ST function can not 
be turned on. 

 
When the ST function is activated, the PID and ARW 
settings can be monitored, but not changed. 

CAUTIONS 
 All mounting and wiring must be completed before the power is turned on. If the input signal wiring is disconnected or 

short-circuited (RTD input only), the instrument determines that burnout has occurred. 
 Displays: 

 Upscale: Thermocouple input, RTD input (when input break) 
 Downscale Thermocouple input (specify when ordering), RTD input (when short-circuited), Voltage input (1 to 5 V DC),  
 Current input (4 to 20 mA DC) 
 For the voltage (0 to 5 V DC, 0 to 10 V DC*) or current (0 to 20 mA DC) input, the display becomes indefinite (display of about 
zero value). 
* Z-1010 specification 

 Outputs: 
 Control output: OFF (Heat/Cool control: the control output on both heat-side and cool-side is turned off) 
 Alarm output: Both of the Alarm 1 and Alarm 2 outputs of this instrument are turned on when burnout occurs regardless of any of 

the following actions taken (High alarm, low alarm, etc.). In addition, when used for any purposes other than these 
alarms (event, etc.), specify the Z-124 specification (not to be forcibly turned on).  

 A power failure of 20 ms or less will not affect the control action. When a power failure of more than 20 ms occurs, the 
instrument assumes that the power has been turned off. When power returns, the controller will retain the conditions that 
existed prior to shut down.  

 The alarm hold action is activated when not only the power is turned on, but also the SV is changed. 
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7. INITIAL SETTING 

 
 

Parameters in the Initialization mode should be set according to the application before setting any parameter 
related to operation. Once the Parameters in the Initialization mode are set correctly, no further changes need to 
be made to parameters for the same application under normal conditions. If they are changed unnecessarily, it 
may result in malfunction or failure of the instrument. RKC will not bear any responsibility for malfunction or 
failure as a result of improper changes in the Initialization mode. 

 

7.1 Go to Initialization Mode 
1. Turn on the power to this controller. The instrument goes to 

the PV/SV display after confirming input type symbol and 
input range. 

2. Press and hold the SET key for 2 seconds to go to the 
Parameter Setting Mode from the PV/SV display. 

3. Press the SET key until “LCK” (Set data lock display) will be 
displayed. 

4. The high-lighted digit indicates which digit can be set. Press 
<R/S key to high-light the thousands digit. (The    section in 
each image of the controller shows the digits which are not 
high-lighted.) 

 

Set data lock function display 

SV 

CB100 

AT 

SET R/S 

OUT1 OUT2 ALM1 ALM2 

PV 

 
5. Press the UP key to change 0 to 1. 

 

SV 

CB100 

AT 

SET R/S 

OUT1 OUT2 ALM1 ALM2 

PV 

 
6. Press the SET key to store the new set value. The display 

goes to the next parameter, and the Initialization mode is 
unlocked. 

 

CT1 input value display 

SV 

CB100 

PV 

AT 

SET R/S 

OUT1 OUT2 ALM1 ALM2 

 
7. Press the <R/S key for two seconds while pressing the SET 

key to go to the Initialization mode. When the controller goes 
to the Initialization mode, “Cod” will be displayed. 

 

Initialize code selection display 
of initialization mode 

SV 

CB100 

PV 

AT 

SET R/S 

OUT1 OUT2 ALM1 ALM2 

CT1 input value display 

SV 

CB100 

PV 

AT 

SET R/S 

OUT1 OUT2 ALM1 ALM2 

 
 

Cod SL1 (Input type selection)  Refer to P. 10

0000 SL2 (Temperature unit and cooling type selection) Refer to P. 10

 SL4 (Alarm 1 type selection)  Refer to P. 10

 SL5 (Alarm 2 type selection)  Refer to P. 10

 SL11 (SV alarm type selection)  Refer to P. 11

Cod SLH (Setting limiter [high])  Refer to P. 11

0001 SLL (Setting limiter [low])  Refer to P. 11

 PGdP (Decimal point position)  Refer to P. 11

7.2 Exit Initialization Mode 
When any parameter setting is changed in the Initialization 
mode, check all parameter set values in SV setting mode 
and Parameter setting mode.  

1. Press the <R/S key for 2 seconds while pressing the SET key 
from any display in the Initialization mode. The controller goes 
back to the operation mode and the PV/SV display will be 
displayed. 

2. Press and hold the SET key for 2 seconds in the PV/SV display. 
3. Press the SET key until “LCK” (Set data lock display) will be 

displayed. 
4. The high-lighted digit indicates which digit can be set. Press 

<R/S key to high-light the thousands digit. (The    section in 
each image of the controller shows the digits which are not 
high-lighted.) 

5. Press the DOWN key to change 1 to 0. 
 

Set data lock function display 

SV

CB100

AT

SET R/S 

OUT1 OUT2 ALM1 ALM2 

PV

 
6. Press the SET key to store the new set value. The display 

goes to the next parameter, and the Initialization mode is 
locked. 

 

CT1 input value display 

SV

CB100

PV

AT

SET R/S 

OUT1 OUT2 ALM1 ALM2 

  
7.3 Initial Setting Menu 
The “Cod” display will be displayed when the controller goes to 
the Initialization mode. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

Set value 
0: Initialization mode 

locked 
1: Initialization mode 

unlocked 

The parameter displayed 
varies on the instrument 
specification. 

WARNING! 

The parameter displayed 
varies on the instrument 
specification. 

Do not change to any parameter in the Initialization mode 
which is not described in the initial setting menu above. 
It may result in malfunction or failure of the instrument. 

: Press the SET key, or press the SET key several times. 
: Press the <R/S key while pressing the SET key for 2 seconds. 

Press the <R/S key while pressing the SET 
key for 2 seconds with the unlocked. 

PV/SV display mode or Parameter setting mode 

Initialization code selection To PV/SV display mode

To PV/SV  
display mode

Set Cod to 0000. Set Cod to 0001.
(Cod) 

Setting limiter low

(SLH) 

(SLL) 

Setting limiter high

Decimal point 
position 

(PGdP) 

Initialization code selection

Alarm1 type selection 

Input type selection 

(SL1)

(SL4)

(SL5)

Alarm2 type selection 

(SL11)

SV alarm type selection 

Temperature unit and 
cooling type selection 

(SL2)
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7.4 Input Type Selection (SL1) 
When any parameter setting is changed in the Initialization 
mode, check all parameter set values in SV setting mode 
and Parameter setting mode.  

Factory set value varies depending on the input type. 
Set value Input type 

0000 K 

Thermocouple 1 

(TC) 

0001 J 
0010 L 
0011 E 
0100 N 
0111 R 
1000 S 
1001 B 4 
1010 W5Re/W26Re 4 
1011 PL II 
0101 T 
0110 U 
1100 Pt100  (JIS/IEC) 

RTD 1 1101 JPt100  (JIS) 
1110 0 to 5 V DC 

Voltage 1 1110 0 to 10 V DC 2 
1111 1 to 5 V DC 
1110 0 to 20 mA DC 

Current 1, 3 1111 4 to 20 mA DC 
1 Any input change in TC&RTD group is possible. Any input change in  

Voltage & Current group except for 0 to 10 V DC input is possible. No input 
change between TC&RTD group and Voltage & Current group is possible. 

2 The input type of Z-1010 specification is fixed to 0 to 10 V DC due to the 
hardware difference. 

3 For the current input specification, a resistor of 250  must be connected 
between the input terminals. 

4 W5Re/W26Re and B are not available with Z-1021 specification (Modbus 
communication). 

 
 Change Settings  

Example: Change the input type from “K” to “J” 
1. Set “Cod” to 0000, and press the SET key. The display will 

go to SL1. 
 

Input type selection Initialize code selection display 

SV 

PV 

SV 

PV 

 
2. Press the UP key to change the number to 1. 

 

SV 

PV 

 
3. Press the SET key to store the new set value. The display 

goes to the next parameter. 
 
 
7.5 Temperature Unit and Cooling Type 
 Selection (SL2) 

Inappropriate settings may result in malfunction. 
Control type between Heat Only and Heat/Cool cannot be 
changed by this parameter. 

 

Factory set value varies depending on the instrument specification. 

Set 
value 

Description 
Temperature 

unit Cooling type selection 

0000 C Air cooling (A type) or Heat only type (F, D type)
0001 F Air cooling (A type) or Heat only type (F, D type)
0010 C Water cooling (W type) 
0011 F Water cooling (W type) 

 

 Change Settings 
Example: Change the temperature unit of the Heat only type 
 from “ C (0000)” to “ F (0001)” 
1. Press the SET key until SL2 is displayed. 
2. Press the UP key to change the number to 1. 

 

SV 

PV 

SV 

PV 

 
3. Press the SET key to store the new set value. The display 

goes to the next parameter. 

7.6 Alarm 1 [ALM1] Type Selection (SL4) 
Alarm 2 [ALM2] Type Selection (SL5) 

If the alarm function is not provided with the instrument when 
shipped from the factory, no alarm output is available by changing 
SL4 and/or SL5.  

SL4 is set to 0000 in the following cases. 
 When the instrument does not have ALM1 output  
 When Control loop break alarm (LBA) is provided and 

assigned to ALM1 
 When the SV alarm is provided and assigned to ALM1   

SL5 is set to 0000 in the following cases. 
 When the instrument does not have ALM2 output  
 When Control loop break alarm (LBA) is provided and 

assigned to ALM2 
 When the SV alarm is provided and assigned to ALM2 
 When the Heater break alarm (HBA) is provided 
 When the instrument has Z-168 specification 

 
Factory set value varies depending on the instrument specification. 

Set value Details of setting 
0000 No alarm 
0001 Deviation high alarm 
0101 Deviation low alarm 
0010 Deviation high/low alarm 
0110 Band alarm 
0011 Process high alarm 
0111 Process low alarm 
1001 Deviation high alarm with hold action * 
1101 Deviation low alarm with hold action * 
1010 Deviation high/low alarm with hold action * 
1011 Process high alarm with hold action * 
1111 Process low alarm with hold action * 

* Hold action: 
When Hold action is ON, the alarm action is suppressed at start-up or the 
control set value change until the measured value enters the non-alarm range. 
 

 Alarm action type 
Both of the Alarm 1 and Alarm 2 outputs of this instrument are 
turned on when burnout occurs regardless of any of the following 
actions taken (high alarm, low alarm, etc.). In addition, when used 
for any purposes other than these alarms (event, etc.), specify the 
Z-124 specification (not to be forcibly turned on). 

 

*(Alarm set value is less than 0.) 

(   : SV    : Alarm set value : Alarm differential gap)Deviation high alarm 

Band alarm 

Process low alarm

Deviation low alarm 

OFF ON 
Low High

PV

*(Alarm set value is less than 0.) 

OFF ON 
PVLow High

OFF ON PV
Low High

OFF ON 
PV

Low High

OFF ONON PV
Low High

OFF OFF ON 
PV

Low High

OFF ON 
PV

Low High

ON OFF 
PVLow High

*(Alarm set value is greater than 0.) 

*(Alarm set value is greater than 0.) 

Process high alarm 

Deviation high/low alarm 

 

 

 

 

 

 
 

 Change Settings 
Example: Change the ALM1 type from “Deviation high alarm  
 (0001)” to “Deviation low alarm (0101)” 
1. Press the SET key three times at SL1 until SL4 is displayed. 
2. Press the <R/S key to high-light the hundreds digit. 
3. Press the UP key to change the number to 1. 

 

SV 

PV 

SV

PV

 
4. Press the SET key to store the new set value. The display 

goes to the next parameter. 
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7.7 SV Alarm Type Selection (SL11) 
For ALM1 setting, the first digit from the right is set to “0” 
in the following cases. 
 When the instrument does not have ALM1 output. 
 When the ALM1 output is used for Process/Deviation/ 

Band alarm or Control loop break alarm (LBA). 
For ALM2 setting, the third digit from the right is set to “0” 
in the following cases. 
 When the instrument does not have ALM2 output. 
 When the ALM1 output is used for Process/Deviation/ 

Band alarm, Heater break alarm (HBA) or Control loop 
break alarm (LBA). 

 When Z-168 is specified. 
 

To make SV alarm setting effective, set SL4 to “0000” 
when using ALM1 for SV alarm, or set SL5 to “0000” when 
using ALM2 for SV alarm. SL4 and SL5 have priority to 
SL11 setting. 

 
Factory set value varies depending on the instrument specification. 

Alarm Details of setting 
    0 SV alarm not provided 

Alarm 1    1 SV alarm provided 
[ALM1]   0  SV high alarm 

   1  SV low alarm 
  0   SV alarm not provided 

Alarm 2  1   SV alarm provided 
[ALM2] 0    SV high alarm 

 1    SV low alarm 
 

 SV alarm action type 

 
(   : Alarm set value : Alarm differential gap) SV high alarm 

OFF ON 

SV low alarm 
ON OFF 

SV
Low High

SV
Low High

 

 
  

 Change Settings 
Example: Change the SV alarm type of the ALM1 from “SV high 
 alarm (0001)” to “SV low alarm (0011)”  
1. Press the SET key ten times at SL1 until SL11 is displayed. 
 

2. Press the <R/S key to high-light the tens digit. Next, press 
the UP key to change the number to 1. 

 

SV 

PV 

SV 

PV 

High-light  
3. Press the SET key to store the new set value. The display 

goes to the initialize code parameter. 
 
 
7.8 Setting Limiter High (SLH) 
 Setting Limiter Low (SLL) 
For voltage or current input, set scaling within the input range. 

Refer to Input range table (P. 12) 
 

Factory set value varies depending on the instrument specification. 

Input type 
Setting range 

Setting limiter 
high 

Setting limiter 
low 

 K SLL to 1372 C 0 to SLH C
  SLL to 2502 F 0 to SLH F
 J SLL to 1200 C 0 to SLH C
  SLL to 2192 F 0 to SLH F
 R SLL to 1769 C 0 to SLH C
 S SLL to 3216 F 0 to SLH F
 B SLL to 1820 C 0 to SLH C
  SLL to 3308 F 0 to SLH F

TC E SLL to 1000 C 0 to SLH C
  SLL to 1832 F 0 to SLH F

 N SLL to 1300 C 0 to SLH C
  SLL to 2372 F 0 to SLH F
 T SLL to 400.0 C 199.9 to SLH C
  SLL to 752.0 F 199.9 to SLH F
 W5Re/W26Re SLL to 2320 C 0 to SLH C
  SLL to 4208 F 0 to SLH F
 PLII SLL to 1390 C 0 to SLH C
  SLL to 2534 F 0 to SLH F

 
Factory set value varies depending on the instrument specification. 

Input type 
Setting range

Setting limiter 
high 

Setting limiter 
low 

U SLL to 600.0 C 199.9 to SLH C
TC SLL to 999.9 F 199.9 to SLH F

L SLL to 800 C 0 to SLH C
SLL to 1600 F 0 to SLH F

RTD Pt100 SLL to 649.0 C 199.9 to SLH C
JPt100 SLL to 999.9 F 199.9 to SLH F

Voltage 0 to 5 V DC
SLL to 9999 

(Programmable 
range) 

1999 to SLH 
(Programmable  

range) 

0 to 10 V DC *
1 to 5 V DC

Current 0 to 20 mA DC
4 to 20 mA DC

* Z-1010 specification 
 

 Change Settings 
Example: When the display range is scaled to 0.0 to 400.0 for 
 a voltage input of 1 to 5 V DC. 
   1V 5 V 
 

Factory set value  0.0 100.0 
Scaling   0.0 400.0 

 

1. Set Cod to 0001, and press the SET key. The display will go 
to SLH. 

 

Setting limiter [high] displayInitialize code selection display

SV

PV

SV 

PV 

 
2. The high-lighted digit indicates which digit can be set. Press 

<R/S key to high-light the first digit from the left.  
 

SV

PV

 
3. Press the UP key to change the number to 4. 

 

SV

PV

 
4. Press the SET key to store the new set value. The display 

goes to SLL. 
5. Set SLL to 0.0. 
6. Press the SET key to store the new set value. The display 

goes to the next parameter. 
 
 
7.9 Decimal Point Position (PGdP) 
Use to select a Decimal point position of the input range (voltage 
input and current input). PGdP is displayed only for voltage or 
current input. 
 

Inappropriate settings may result in malfunction. 
 

Set 
value Description 

0000 No decimal place ( ) 
0001 One decimal place ( . ) [Factory set value]
0002 Two decimal places ( . ) 
0003 Three decimal places ( . ) 

 
 Change Settings 

Example: Change the Decimal point position from “One 
 decimal place (0001)” to “No decimal place (0000)” 
 
1. Press the SET key two times at SLH until PGdP is displayed. 
2. Press the DOWN key to change the number to 0. 

 

SV

PV

SV 

PV 

 
3. Press the SET key to store the new set value. The display 

goes to the next parameter. 
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8. ERROR DISPLAYS 

 Error display  
 

 RAM failure (Incorrect set data write, etc.) Turn off the power at once. If an error occurs 
after the power is turned on again, please 
contact RKC sales office or the agent.  

 
 Over-scale and Underscale  

Measured value (PV) 
[Flashing] 

PV is outside of input range. 

 

 
 
 
 

[Flashing] 
Over-scale: 
PV is above the high input display range limit. 
 

[Flashing] 
Underscale: 
PV is below the low input display range limit. 
 

 
 

9. INPUT RANGE TABLE 

 
 

10. REMOVING THE INTERNAL ASSEMBLY 
Usually, this instrument is not necessary to remove the internal assembly from the case. When removing the internal assembly without 
disconnecting the external wiring, take the following steps. 
 
 
 
 
 
 
 
 
 

Apply pressure very carefully when removing internal assembly 
to avoid damage to the frame.  
To conform to IEC61010-1 requirements for protection from electric 
shock, the internal assembly of this instrument can only be removed 
with an appropriate tool.  
Unlocking points (marked with “ ”) depend on the model as follows: 

 
 
 
 
 

 
 
 

 
 
 

 To prevent electric shock or instrument failure, only qualified personnel should be allowed to pull out the 
internal assembly. 
 To prevent electric shock or instrument failure, always turn off the power before pulling out the internal assembly.
 To prevent injury or instrument failure, do not touch the internal printed wiring board. 

WARNING! 

Check Input type, Input range and 
connecting state of sensor. Confirm that 
the sensor or wire is not broken. 

! WARNING 
To prevent electric shock, always
turn off the power before replacing 
the sensor. 

Slotted screwdriver 
(Tip width: 
 6 mm or less)

Lock (upper) 

Lock (lower) 
Unlock using such a slotted screwdriver.  
Gently press down on handle for the upper lock and 
lift up for the lower lock. 

CB400 CB100 
CB700 CB500

CB900 

mailto:info@rkcinst.co.jp
www.rkcinst.com/
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APPENDIX F BELIMO CONTROL VALVE MANUAL





     
   

 
  

 
    

         
















   

     

  

       

   

       

     

    

       

 

 

     

 

   
  

 

   
   
   
 

      


 




     
 

  

 

 

   

 

   

 
   

 

 

  







  

   

  

                 



  

 

  

 

  



  

 



 

  




























 

        




   













 

   
 

  

  
  

  

     
   

   

 
  

     

  

 

 

    

  
  
 
 

  

  

 

     

  
   

     
     
     
      
   

    
   
     

     
     
     

   

    
   



   

   

 

   

  
    

 

   

 

 

   


   


 
 

 


   

  

 

     

    

     
  




    




 






 

  

  

      
    

      
    

  

  



  
 

  
 

  
 

  
  




























 



 


 
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   
 

 

 
 















 



 

 

 

 

 

  

 

 

 





 

 





 

 

 







































   

 




















     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     





 



 

 



 







 



 



 

 

 

 

 











   

  

    
    

    

    

    

    

    

    

   

     

       

       

       

       

       

       

       

       

   

  




     
     
     
     

     

     

     

     




























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





         



          





       



   







   

   

   



   

   

   

   

   

 

   

   

 I  

   

  

 

   



  

  

  

  

  

  

  



 






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  



   

    









    









       

        

         


   

   

    




     









          

   





 

 

 



 

           









      





       







         



        

        

       



         

      

       

        

        



Nominal flow rates

        

      

























































































































          

      

 

      







        





        







         

        







 







 



   



 

   

         





 





 



   



        



 

          



         









 

 

 

 



 

  






















































              

    







      
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APPENDIX H CAT TRIPLEX PUMP - MANUAL - MODEL 1050
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KI-OM-776 R1 APPENDIX I

APPENDIX I PULSATION DAMPENER
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APPENDIX J PRESSURE REGULATOR
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APPENDIX K FLOW SWITCH












 

 





 



 


 
 
 
 


 





 

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






        



         





     























   



 



 



     





 



       

        

       





 

         





         









  


  

  

  

  

  

  

  

  

  

  



       

    

     

    

     

     

    

    

    

    

    






































 













 





 



















 

















 











































 





 

        





 





            















         





 

      



        


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