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1 INTRODUCTION 
Thank you for selecting Westland Environmental Services Inc. (Westland) to provide 

you with a reliable, proven and cost-effective system to manage your waste in an 
environmentally sound manner. This manual has been prepared to allow you to operate 
and maintain the system safely and efficiently, thereby ensuring its proper operation and 
continued use for a long period of time. 

It also contains information on the combustion process. We believe that understanding 
the basic principles would make you more knowledgeable, and hence a better operator.  
Table 1 outlines the contents of this manual, of which Sections 3 and 4 are the required 
minimum reading. 

 
Table 1 Organization of Manual  

 
Section 
Number 

Title 
Brief Description 

2 Principles of waste incineration 
What incineration or combustion process is, why waste is incinerated and the 
components of a waste, including heating value, and how waste properties affect 
incinerator operation. 

3 System Description 
The components, their designs and their functions are described 

4 Operation and Maintenance 
How to operate and maintain the system, including safety equipment to be used. 

5 Manual Mode: Operating the Incinerator without the Control System 
How to operate the system when the oxygen control system is out of order. 

6 Warranty 
Terms of the warranty 

  
 

2 PRINCIPLES OF WASTE INCINERATION 

2.1 Combustion 
Combustion, burning, incineration, and thermal oxidation all denote the same process, 

which is the reaction of a “combustible” matter with oxygen that occurs at temperatures 
higher than the ignition temperature 1 of that matter. The reaction is exothermic, meaning 
that it generates heat in the form of hot gases. 

                                                 
1 Below the ignition temperature combustion does not take place. Consider, for example, gasoline or wood: it 
has to be “ignited” for combustion to  take place. That is, the temperature in some portion of the matter must 
be brought up to the ignition temperature for combustion to start. 
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In the case of waste, it may also contain non-combustible matter which does not react 
with oxygen. In waste incineration, the non-combustible component ends up as ash and a 
small portion of it is also present in the hot gas in the form of particulate matter or dust.   

Figure 1 shows schematically the process of waste incineration.  The oxygen used comes 
from air, which contains 21% of oxygen by volume, and the hot gas is typically referred to 
as flue gas or stack gas. 

 
 

 
 
 
 
 
 
 
 
 
 

Figure 1 Schematic Diagram of Incineration Process 
 

2.2 Why incinerate waste? 
The main purpose is to reduce the mass and volume for final disposal. Another 

important reason, since the waste may contain pathogenic, infectious or toxic materials, is 
to “detoxify” it by the high temperature process. In remote areas where wildlife is present, 
scavenging can be prevented by incineration. 

In some cases, typically in large-scale operation, incineration is used to recover the 
energy contained in the waste in the form of electricity, steam, hot fluids or hot air.  In 
other cases, valuable materials can be recovered from the ash, or the ash as a whole can be 
used for soil amendment or as a construction material.  

2.3 Waste components 
There are different ways of characterizing waste, depending on the purpose for doing it.  

Here, it is sufficient to characterize the components as follows: 2 
A. Water is an important component because in incineration it has to be evaporated 
first, which requires a lot of energy, 3 which in turn, has the effect of lowering the 
temperature of the flue gas. 
B. Combustible is the component that reacts with oxygen and releases heat in the 
process. 4 The higher the combustible content in the waste, the more air per kg of 
waste is needed for incineration.  

                                                 
2 This is referred to as proximate analysis. Another method is elemental analysis, which produces the 
elemental composition (C, H, O, N, S, Cl …) of the waste. 
3 It takes ~ 2.3 MJ (2200 BTU or 90 cc of propane or 60 cc of diesel)  to evaporate 1 L or 1 kg of water.  This is 
referred to as the latent heat of evaporation. 

Incinerator 
At 

High Temperature 

Waste 

Air 

Flue  Gas 

Ash 

Particulate matter 
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This component can be further classified as:  
(i) Volatile, which is released to the gas phase when the combustible matter is 
heated without the presence of oxygen, and 
(ii) Fixed carbon which remains in the solid waste after the volatile has been 
released. This is often referred to as charcoal. 

C. Non-combustible is the component that does not react with oxygen. 5 As 
previously mentioned, this forms ash, and some of it is entrained in the flue gas in 
the form of particulate matter or dust. The higher the non-combustible content in the 
waste, the less quantity of waste that can be incinerated without removing ash from 
the combustion chamber. Note also if the waste contains  metals, such as lead and 
cadmium, these metals will be present in the ash as well as in the flue gas, in the 
form of particulate matter and vapour. 
 

2.4 Heating Value 
Heating value, calorific value and heat of combustion are synonyms that quantify the 

heat released by the combustible component in the waste upon complete combustion. An 
understanding of the concept can be gained from the hypothetical processes shown in 
Figure 2.  

  
 

 
 
 
 
 
 
 
 
 
 

 
Figure 2 The Concept of Heating Value 

 
A measured mass of dry waste and a sufficient amount of oxygen, at room temperature, 

are ignited, and the resulting hot flue gas is passed through a heat exchanger, where heat is 
extracted until the flue gas is brought back to room temperature. Let M be the mass (kg) of 
the dry waste fed, and H (MJ) the heat extracted from the heat exchanger. The heating 
value of the dry waste is H/M (MJ/kg). 

                                                                                                                                                                   
4 The term “organic” is also used, which is strictly incorrect in that some “inorganic” elements or compounds 
are combustible, such as carbon, sulphur, ammonia and carbon monoxide. 
5 The terms “ash” and “inorganic” are also used. Note that the latter is inaccurate as explained previously. 
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2.5 Different Expressions for Heating Value 
Two different values are reported in the literature (a) “high” or “gross”, and (b) “low” 

or “net”.  The former corresponds to the case where the moisture in the flue gas is 
condensed, and hence the high or gross heating value includes the latent heat of 
evaporation of the water formed in combustion (see Footnote 3). The latter excludes the 
latent heat evaporation. The low or net heating value thus represents the maximum 
available energy that can be recovered from the flue gas without condensation. 

To be noted also is the basis on which the heating value is expressed, which can be (a) 
as fired, (b) dry basis or (c) ash free. The distinction is illustrated in Figure 3. An 
understanding of the different bases can be gained by noting that heating value is a 
property of only the combustible component in the waste. Water and the non-combustible 
component simply “dilute” the heating value. In terms of incinerator operation, the 
relevant basis is “as fired”. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 Different Bases for Expressing Heating Value (HV) 
 
 

2.6 Examples of waste characteristics 
Proximate compositions and heating values of commonly found wastes are given in 

Table 2.  
 

Comb
50%

Moisture
20%

Non-Comb
30%

* HV as measured:
15 MJ/kg  “Dry Basis”

* HV of whole waste:
= (30 + 50)/100 * 15 = 12 MJ/kg “As Fired”

• HV of combustible component:
= (30 + 50)/50 * 15 = 24 MJ/kg “Ash Free”

Comb
50%

Moisture
20%

Non-Comb
30%

* HV as measured:
15 MJ/kg  “Dry Basis”

* HV of whole waste:
= (30 + 50)/100 * 15 = 12 MJ/kg “As Fired”

• HV of combustible component:
= (30 + 50)/50 * 15 = 24 MJ/kg “Ash Free”
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Table 2 Classification and Properties of Common Wastes 
 

Type* Description Components 
Weight % MJ/kg 

Moist Comb Non-C HHV 
(A/F) 

0 Trash 

Paper, cardboard, cartons wood boxes and combustible 
floor sweepings from commercial and industrial activities. 
Up to 10% by weight of plastic bags, coated paper, 
laminated paper, treated corrugated cardboard, oily rags 
and plastic or rubber scraps. 

10% 85% 5% 19.7 

I Rubbish Trash + Type 3 (up to 20%) 25% 65% 10% 15 
2 Refuse Rubbish and Garbage 50% 43% 7% 10 

3 Garbage Animal and vegetable wastes, restaurants, hotels, markets, 
institutional, commercial and club sources 70% 25% 5% 5.8 

4 Animal/ 
Pathological 

Carcasses, organs, hospital and laboratory, abattoir, 
animal pound, veterinary sources  85 10 5 2.3 

Notes:  
Moist = moisture, Comb = Combustible, Non-C = Non-combustible, HHV = High Heating Value, A/F = As Fired 
* In some cases Roman numerals are used. That is Types 0, I, II, III and IV 
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2.7 Incinerator Capacity and Load Size 
Incinerator capacity is dependent on waste composition. For a given mass, the amount 

of air required for complete combustion increases with increasing heating value.  Hence, 
for a given incinerator which delivers a given flow rate of combustion air, its capacity for 
waste burning in kg/h decreases with increasing heating value of the waste, or to put it in 
opposite way, it, increases with decreasing heating value.  

 
Another important consideration is the size of the batch loaded to the incinerator. 

The higher the heating value, the smaller (lighter) the load should be. Otherwise, the 
insufficient amount of air will generate black smoke. 

 
Unfortunately, waste composition is usually not known. Nevertheless there may be 

indications on the basis of the components present.  To assist in getting a qualitative 
estimate of the heating value of a batch of waste, the heating values of common “generic” 
waste components are shown in Table 3. 

 
Table 3 High Heating Values (Approximate) of Common Waste Components 

 
Component MJ/kg A/F * Component MJ/kg A/F * 

Kerosene, Diesel … 44 Leather 16 
Plastics 46 Wax paraffin 44 
Rubber, Latex 23 Rags (linen, cotton) 17 
Wood 18 Animal fats 39 
Paper 17 Citrus rinds 4 
Agricultural waste 17 Linoleum 25 
* A/F: As Fired 
  

Another important waste component is the volatile content in the waste.  Table 4 shows 
the proximate components of various materials and wastes.  
 
 In general, this component is responsible for smoke generation. Therefore, as in the 
case with heating value, the higher the volatile content, the smaller the load that should be 
charged to the incinerator. 
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Table 4 Proximate Composition of Various Materials  
 

Material 
Volatile Moisture FC Ash FC/V 

%wt %wt %wt %wt - 
Coal (bit.)  30 5 45 20 1.5 
Peat  65 7 20 8 0.3 
Wood  85 6 8 1 0.1 
Paper  75 4 11 10 0.15 
Sewage sludge  30 5 20 45 0.66 
MSW  33 40 7 20 0.21 
RDF  60 20 8 12 0.13 
PDF  73 1 3 13 0.04 
TDF  65 2 30 3 0.46 
PE,PP,PS  100 0 0 0 0 
Plastics + Colour 98 0 0 2 0 
PVC  93 0 7 0 0.08 

Notes: FC : Fixed Carbon; FC/V: Ratio of Fixed Carbon to Volatile 
(bit: bituminous; MSW: municipal solid waste; RDF: refuse derived fuel; PDF: packaging DF: TDF: Tire DF; 

PE: polyethylene; PP: polypropylene; PS: polystyrene; PVC: polyvinyl chloride)   
 

3 SYSTEM DESCRIPTION 
 

3.1 Nomenclature for Different Models 
This series of incinerator is designated by 

 
CY-(nn)-CA-(x)-O 

 
where nn : a number denoting the nominal capacity of the incinerator in kg/h; 
 x   : a letter denoting the auxiliary fuel used, denoted as follows: 
 D for diesel; P for propane and N for natural gas 
 
For example, CY-100-CA-D-O denotes a 100 kg/h unit using diesel as auxiliary fuel. 
  

3.2 Overview 6 
Regardless of the model of your incinerator, the main components are similar. Figure 4 

shows a schematic diagram of the incineration system. It consists of a Primary Chamber 
and a Secondary Chamber, which are connected by a “flame-port”. Combustion air to the 

                                                 
6 Bolded words correspond to those used in Figure 4 
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primary chamber is delivered by the under-fire air blower, and to the fame-port by the 
flame-port air blower. Auxiliary burners are provided for start-up and to maintain the 
minimum temperatures set in the primary and secondary chambers.  

Thermocouples are used to measure the temperatures in the primary and secondary 
chambers, the outputs of which are used by on-off Omron controllers which regulate the 
operation of the auxiliary burners. 

The oxygen concentration in the secondary chamber is measured by an oxygen probe, 
the output of which is used by a programmable logic controller (PLC) to regulate the flows 
of the under-fire and flame-port air. This control minimizes the occurrence of black smoke 
generation, and will ensure that black smoke is not generated provided the size of the 
waste load is not too large. The PLC also informs the operator when the combustion of a 
batch has been completed, and hence the next batch can be charged. 

Waste is charged manually and intermittently via the waste charging door (1), and ash 
is removed manually and batch-wise after previous operation via the ash removal door (2). 
This door is also used to rake the waste in the primary chamber after several loads have 
been charged, which is necessary to expose the fixed carbon component in the waste to the 
under-fire air. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 Schematic of the Incineration System 
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3.3 Description of system components 
For convenience, the system has been grouped into sections, as shown in Figure 5. In 

each section, the components are shown in subsequent photographs. Each component is 
coded with a number and a prefix corresponding to the section to which it belongs. 
These codes are unique and will be used in later sections on operation, maintenance and trouble 
shooting. The following Tables contain all the components in the system, their codes and 
brief descriptions of their functions. 

Information on components that are not manufactured in-house, such as blowers 
and burners, is given in the accompanying binder. Please consult the corresponding 
manuals for details of operation and maintenance. 
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Figure 5 View of the Incinerator Sections  

CONTROL PANEL 

PRIMARY 
CHAMBER (PC) 

SECONDARY 
CHAMBER (SC) 
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3.4 Primary Chamber Section 
The components are listed in Table 5, and the photographs are shown in Figure 6  and Figure 7. 

 
Table 5 Components in the Primary Chamber Section 

 
Code Component Description Function 

PC1 Primary Chamber In-house made. Inside Vol: 0.57 m3 

Refractory: 10.8 cm; Insulation 5.1 cm 
Pyrolysis and gasification 
Combustion of fixed carbon 

PC2 Charge Door In-house made. Door opening: 67 cm in 
diameter 

Load waste to primary chamber 

PC3 Ash Door In-house made. Door opening: approximately 
67 cm x 40 cm 

Raking and ash removal 

PC4a Contact Switch SquareD ZCKJ1H7 Turn off primary chamber burner when charge 
door is opened 

PC4b Same as PC4a for ash door 
PC5 Auxiliary Burner Becket WIC-201; 630,000 Btu/h; 4.5 USG/h Start-up and maintains a minimum temperature 
PC6 Under-fire Air 

Blower 
AMU 245  Combustion air supply to primary chamber 

PC7 Butterfly Valve V51E-1075 Regulate under-fire air flow 
PC8 Actuator Neptronics BBMF 2000A Adjust position of butterfly valve 
PC9 Under-fire Plenum In-house made Distribute under-fire air in primary chamber 
PC10 Thermocouple Wika (sheathed) Measure temperature in primary chamber 
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3.5 Secondary Chamber Section 
The components are listed in Table 6, and the photographs are shown in Figure 6 to Figure 7. 

 
Table 6 Components in the Secondary Chamber Section 

 
Code Component Description Function 

SC1 Secondary Chamber In-house made. Inside Vol: 0.84  m3, 

Refractory: 10.8 cm; Insulation 5.1 cm 
Combustion of combustible gases and soot generated in 
primary chamber 

SC2 Flame-port Plenum In-house made.  Mixing of combustible gases and flame-port air 
SC3 Flame-port Air 

Blower 
AMU 400  Combustion air supply to flame-port plenum 

SC4 Butterfly Valve V51E-1075 Regulate under-fire air flow 
SC5 Actuator Neptronics BBMF 2000A Adjust position of butterfly valve 
SC6 Thermocouple Wika (sheathed) Measure temperature in secondary chamber 
SC7 Oxygen Probe Marathon Measure oxygen concentration in secondary chamber 
SC8 Auxiliary Burner Becket WIC-201; 770,000 Btu/h;  

5.5 USG/h 
Start-up and maintain minimum set temperature 

SC9 Sight glass In-house made Observation of secondary chamber 
SC10 Stack In-house made Dispersal of flue gas  
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Figure 6 Components in the Primary and Secondary Chamber Sections (1) 
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SC9: Sight Glass 
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Figure 7 Components in the Primary and Secondary Chamber Sections (2) 
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SC4: Butterfly Valve 
 
SC3: Flame-port Air 

Blower 

PC3:  Ash Door 
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3.6 Control Panel Section 
The components are listed in Table 7. Figure 8 shows a photograph of the whole control panel, which has been divided 

into sub-sections marked A, B, C, D and E, each of which is shown in Figure 9 to Figure 11 
 

Table 7 Components in the Control Panel Section 
 

Code Label Function 
Sub-Section A: Indicating Lights (ON_OFF). Figure 9 

CP1 Burner Blower #1 and #3 #1: Motors for burners in primary chamber: PC5 
#3: Motor for burner in secondary chamber: SC8 

Under-fire Blower 
Flame-port  Blower 

Under-fire air blower: PC6 
Fame–port  air blower: SC3 

CP2 Primary Chamber 
Secondary Chamber 

Flames in auxiliary burners indicated on the labels 

Sub-Sections B and C: Main Controller and Controllers for Burners and Blowers. Figure 10 
CP3 Blower Timer 

Burner Timer 
Turn to connect power to blowers and burners for the specified time periods 

CP4 Blowers Start and Stop 
Burners Start and Stop 

Turn ON and OFF all blowers or burners while time has not expired in Timers CP3  
(Note: These buttons are inactive when the timers are OFF, that is, at zero time) 

CP5 Oxygen Probe Air Flow 
Rotameter 

Adjust to 40 cc/min. 

Sub-Section D: Omron Temperature Controllers and Indicators. Figure 11  
CP6 Primary Chamber T.C. 

Secondary Chamber T.C. 
Temperature displays and control of minimum temperatures in primary and secondary 
chambers by setting adjustable set points (OMRON E5CN) 

CP7 E-STOP Emergency stop:  
 Push to activate: disconnects main power 
 Twist right  to connect main power 

Sub-Section E: PLC Indicating Lights and Control Button. Figure 11 
CP8 Red Indicating Light   FLASHING: PLC is NOT ready since temperature is too low for oxygen probe 

 ON: PLC is ready 
CP9 Green Indicating Light   ON: Combustion from previous batch is complete: READY to load a new batch 

 OFF: Combustion is taking place. Do NOT load. Wait. 
CP10 Green Button  PRESS immediately after a loading: Activates PLC control  
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Figure 8 Overview of Control Panel, showing the Different Sections  
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Figure 9 Sub-Section A:  Indicating Lights 
[CP1 and CP2 in Table 7] 
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Figure 10 Sub-Sections B and C: Controllers for Burners and Blowers 
[CP3, CP4 and CP5 in Table 7] 
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Figure 11 Sub-Section D: Temperature Controllers; E: PLC Indicating Lights and Control Button 
[CP6 to CP10 in Table 7] 
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4 OPERATION AND MAINTENANCE 
The operation of the incinerator can be described by distinct sequential steps as 

shown in Figure 12. In addition there are additional necessary steps which involve 
safety, routine inspection and waste batch preparation, which will be first described. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12 Steps in the Operation of the Incinerator 
 

4.1 Safety equipment and protocol 
The following personal protective equipment should be used while operating the 

incinerator system: 
• Long sleeved shirt and long pants; 
• Long cuffed, puncture resistant gloves; 
• CSA approved, Grade 1 safety footwear; 
• CSA/ANSI approved safety glasses. 

The personal protective equipment related to specific tasks is listed below: 
• Ash removal and handling: NIOSH N85 respirator 
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• Waste charging: (i) heat protective clothing and gloves, and (2) CSA/ANSI 
approved full face shield.  

 
The hazards that could be encountered arise from the following (not in any order of 

importance): 
 Contact with waste (infectious or toxic components, or sharps); 
 Exposure to heat, from contact with hot surface or radiation from the primary 

combustion chamber when the waste charging door or ash removal door is opened. 
 

Therefore, the general precautionary actions include: 
 Not opening waste batches 
 Not touching hot surfaces, and minimum exposure to heat radiation through open 

doors (charging and ash doors while combustion is taking place). 
 Wearing appropriate personal protective equipment for charging waste and raking 

the primary chamber, AND minimize the time for those tasks. 
 

4.2 Routine inspection and maintenance 
 Check fuel lines for leak and check connections 
 Check spark arrestor to ensure no plugging  
 During ash removal (see later section): 

o  Inspect refractory for large cracks (not expansion cracks) 
o Check combustion air hole for plugging 
o Inspect door gaskets for damages 

 

4.3 Waste batch preparation 
The following cautionary notes should be followed: 

 NO explosives, aerosol cans or sealed containers containing combustible liquids 
 Make sure that every batch can go through the waste charging door easily, 

regardless of its weight. If others prepare the batches, the operator should tell them 
about the maximum batch size.  

 Do not open batches and “rearrange” the contents. 
 

4.4 Ash removal 
Typically the ash from previous operation was left to cool, and ash removal is done 

first prior to current operation. 
 Make sure combustion chamber is sufficiently cool. 7  
 (Do NOT spray water into the combustion chamber) 
 While removing ash, avoid plugging the combustion air holes and damaging the 

burner tip 
 Use non-combustible container 

                                                 
7  The use of a “remote” thermometer is recommended to check the temperatures in the various places in 
the primary chamber. 
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 Minimize dust generation 
 Light water spraying on ash in the container is recommended to minimize dust 

generation 
 Dispose of ash as specified in the guidelines or regulations 

 

4.5 Pre-operational checks 
 When diesel or propane is used:  check fuel tank to make sure enough fuel (see 

Figure 16 for estimates of fuel consumption, depending on burner size and length of 
operation) 

 Open fuel valve 
 Re-check that the combustion chamber is empty and combustion air holes are clear 
 Check power connection 
 When diesel is used, bleed the diesel lines to the burners if necessary 

4.6 Start-up: see Figure 13 
 

Note: Temperatures in Steps 8 and 9 may be regulated: If so,  
SET TO THE REGULATED VALUES 

 

 
 

Figure 13 Procedure for Start-Up 
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4.7 Waste charging: see Figure 14 
 

 
 

Figure 14 Procedure for Waste Charging 
 
Additional Notes to Figure 14:  
**   : The main danger is from exposure to heat radiation, and the waste batch catching 
fire before it is inside the primary chamber. Precautionary steps include: (a) Wear 
proper PPE, (b) Make sure waste batch can go through the charge door easily, (c) open 
door, charge waste and close door as quickly as possible. 
*** : The time for complete combustion varies, depending on batch size, weight and 
composition. More than 30 minutes would be unusual. Check burning conditions from 
ash door or charge door. Rake if necessary [Note Step 8 above].   
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4.8 Burn-Down: see Figure 15 

 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 15 Procedure for Burn Down 

4.9 Cool-down 
There is nothing to be done here, except ensuring that the incinerator is sufficiently 

cooled (approximately 6 – 8 hours) for the scheduled ash removal for the next 
operation.  

4.10 Maintenance and Inspection 
In addition to the routine inspection and maintenance previously mentioned, only 

the burner(s) and the blower(s) require maintenance, which is quite minimal; see 
manuals in the binder. The following inspection steps are recommended: 
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Table 8 Recommended Inspections 

 
How Often Component Inspection and checking 
Daily Thermocouples PC10  and 

SC6 
Check readings of CP6, Figure 11 that they are 
“close” to the estimated temperatures of the 
primary and secondary chambers 

Contact switches PC4a and 
PC4b 

Free movement, no obstruction 

Gasket/seal in charge and 
ash door PC2 and PC3 

Wear and tear; proper seating 

Actuators PC8 and SC5 Observe free movement while waste is burnt. PLC 
action is typically as follows: 
a. PC8 at minimum for a few minutes, while SC5 

goes up (and down); 
b. PC8 starts to ramp 
c. SC5 goes to a minimum 
d. PC8 goes up and down, then to minimum 

Refractory and under-fire air 
holes in primary chamber 
PC1  

No large (not expansion) cracks; repair if 
necessary No plugging of air holes; clean if 
necessary 

Weekly Air blowers PC6 and SC3 Inspect clean in-takes, clean if necessary 
Monthly External surfaces of PC1 and 

secondary chamber  SC1 
“Spotty” discoloration may indicates damage to 
refractory and/or insulation  

Refractory in SC1 No large (not expansion) cracks; repair if 
necessary 

 

4.11 Trouble Shooting 
Table 9 shows a list of operational problems that may be encountered, the possible 

causes and corrective measures. No list can cover all potential problems. Please report 
problems or unusual observations, even if you have solved them yourself. Thanks. 
 

Table 9 Trouble Shooting Guidelines 
 
Observation Possible Causes Corrective Measures 
Auxiliary burner PC5 or SC8 
not lit 

No fuel  Fuel tank is empty: fill 
 Pump not primed: prime 

As above, and also blowers 
PC6 and SC3 

No power E-stop disconnects main power: twist 
right 

Waste not igniting 
(temperature in primary 
chamber plummets 

Auxiliary burners 
PC5 not 
functioning 

 See above 
 Check set point: too low? Increase it. 

Flame pattern in burner not 
correct: “lazy”, sooting or 
detached flame 

Burner setting  Consult manual and correct 
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4.12 Auxiliary Fuel Consumption Rate 
Figure 16 shows the volumetric flow rates of propane and diesel as a function of 

burner rating. If the TOTAL burner rating is X million Btu/h, and the operating time 
from start-up to the end of burn-down is t hours, the maximum fuel needed is: 
 

V = Y * t  USG   
where Y is the fuel consumption rate for X million Btu/h rating, as shown in the graph. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 16 Consumption Rates of Propane and Diesel  
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5 MANUAL MODE: OPERATING THE INCINERATOR WITHOUT THE 
CONTROL SYSTEM 

 
The schematic in Figure 4 shows the oxygen control system and how the oxygen 

probe in the secondary chamber, the PLC, and the under-fire and flame-port air valves 
are linked. In the event that the incinerator’s oxygen control system becomes inoperable 
due to either a loss of signal from the oxygen probe, SC7, or a failure of the 24 volt 
power supply that powers the oxygen control system, the incinerator can be 
temporarily modified to allow operation to continue in a “manual mode” until the 
appropriate repair(s) is made.  

 
Manual mode operation does not affect the control of the primary and secondary 

chamber temperatures; however, the ability of the control system to indicate to the 
operator that a new waste batch can be loaded, as described in STEP5 on Figure 14, will 
be lost. Visual inspection of the waste in the primary chamber, via the feed door or ash 
door, will be required to determine when a new waste batch can be loaded. This will be 
further discussed in Section 5.2. 

 
In manual mode, the under-fire air flow into the primary chamber through the 

under-fire butterfly valve is at a low rate (10% open), and the flame-port air flow into 
the secondary chamber is at maximum. That is, the butterfly valve PC7 is set at 10% 
open and butterfly valve SC4 is set at 100% open.   

 
Section 5.1 below describes the mechanical modifications to the incinerator for 

manual mode operation. Section 5.2 describes the changes to the operational procedure 
needed for running the system in manual mode.  
 

5.1 Butterfly Valve Adjustments for Manual Mode Operation 
As indicated above, physical modification to the incinerator system to accommodate 

operation under manual mode is necessary, and requires that the under-fire butterfly 
valve PC7 be adjusted to 10% open, and the flame-port butterfly valve SC4 be adjusted 
to 100% open. 

 
Figure 17 provides a further description of the adjustments to the butterfly valves. In 

general, when modifying the butterfly valves for manual mode, the actuator power 
supply to be disconnected and the actuator is disconnected from the butterfly valve 
shaft. A flat-blade screwdriver is then used to turn butterfly valve shaft to the desired 
position. The actuator is then reconnected to the butterfly valve shaft so that it is held in 
position by the un-powered actuator. Once these adjustments have been made, the 
butterfly valve should be tagged to show that it has been modified.  
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When repairs to the incinerator’s oxygen control system have been satisfactorily 

carried out, the flame-port butterfly valve and actuator can be reconnected, that is, the 
valve shaft can be tuned back to the 10% open position, and the wire reconnected to 
resume power to the actuator. 
 

 
 

Figure 17 Butterfly Valve Adjustment for Manual Mode Operation 
 

5.2 Modification to Operation during Manual Mode 
During manual mode operation of the incineration system, there are some changes 

to the loading procedure when compared to normal operation with the oxygen control 
system in good working order. The Procedure for Startup as outlined in Figure 13 
remains the same, but the Procedure for Waste Charging as outlined in Figure 14 must 
be ignored. When the Procedure for Startup has been completed, the procedure shown 
in Table 10 should be followed for waste charging. The Procedure for Burn Down as 
outlined in Figure 15 must still be followed during manual mode operations, though the 
reference to “Indicator Light 2” can be ignored. 
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Table 10 Waste Charging in Manual Mode 

STEP PROCEDURE 
1 Confirm that the primary and secondary chambers are at their 

respective set points (see Figure 13). 
2 Open the Charging Door, quickly load the batch and close the 

door.** 
3 Wait approximately 10*** minutes and repeat Step 2. 
4 Repeat Steps 2 and 3 for three or four loads, and then proceed to Step 

5. 
5 Open the Ash Door or the Charging Door, rake the waste, and then 

close the door. 
6 Wait approximately 10 minutes for any unburned waste to be 

consumed. 
7 Repeat Steps 2 to 6 until the last waste batch has been charged. 
8 Follow the Burn Down Procedure outlined in Figure 15. 

WASTE CHARGING DONE 
** This is very hazardous, see the safety notes following Figure 14. 
*** The time varies depending on the waste being incinerated. 
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6 WARRANTY 
 

WESTLAND ENVIRONMENTAL SERVICES INC. 
 
1. Westland Environmental Services Inc. hereby warrants to the Purchaser, for a one (1) year period of time 

from the date of acceptance and upon the conditions hereinafter set forth, each new product sold by it, to be 
free from defects in material and workmanship (specifically excluding there from component parts and 
accessories manufactured, furnished, and supplied by others) under normal use, maintenance and service.  
Except for the above Warranty, it is agreed and understood that no other WARRANTY or CONDITION 
whether express, implied, or statutory is made by Westland Environmental Services Inc. 

2. The obligation of Westland Environmental Services Inc. under this Warranty shall be limited to the repair or 
replacement (not in excess of its factory labour rate) of its units; which, upon examination by Westland 
Environmental Services Inc., shall disclose to their satisfaction to have been defective in material and/or 
workmanship under normal use, maintenance, and service. 

3. The foregoing shall be the Purchaser’s sole and exclusive remedy whether in contract, tort, or otherwise; and 
Westland Environmental Services Inc. shall not be liable for injuries to persons, for damage to property or 
for loss of any kind which results (whether directly or indirectly) from such defects in material or 
workmanship, or for any other reason; and, it is agreed and understood that the Purchaser shall keep 
Westland Environmental Services Inc. indemnified against any such claim.  In no event shall Westland 
Environmental Services Inc. be liable for incidental or consequential damages, or commercial losses, or for 
any loss or damage except as set forth in paragraph 2 herein. 

4. This Warranty does not apply to, and no warranty or condition is made by Westland Environmental 
Services Inc. regarding any purchased components, parts, and accessories; manufactured, supplied and/or 
furnished by others, or any non-standard features or items specified by the Purchaser; nor does this 
Warranty expand, enlarge upon, or alter in any way, the warranties provided by the makers and suppliers 
of such component parts and accessories. 

5. The liability of Westland Environmental Services Inc. under this Warranty shall cease and determine if: 
(a) The Purchaser shall not have paid in full all invoices as submitted by Westland Environmental 

Services Inc., or affiliated companies on or before their  due dates: 
(b) Representatives of Westland Environmental Services Inc., are denied full and free right of access to 
the units: 
(c) The Purchaser permits persons other than the agents of Westland Environmental Services Inc. or 

those approved or authorized by Westland Environmental Services Inc. to effect any replacement 
of parts, maintenance, adjustments, or repairs to the units: 

(d) The Purchaser has not properly maintained the units in accordance with instructions, pamphlets or 
directions given or issued by Westland Environmental Services Inc. at the time of the sale and/or 
from time to time thereafter: 

(e) The Purchaser uses any spare parts or replacements not manufactured by or on behalf of Westland 
Environmental Services Inc.  and supplied by it, or by someone authorized by it, or fails to follow 
the instructions for the use of  the same: 

(f) The Purchaser misuses, or uses this unit for any purpose other than that for which it was intended 
or manufactured: 
(g) The defective parts are not returned to Westland Environmental Services Inc. within 15 days of 
repair. 

6. No condition is made or is to be implied, nor is any Warranty given or to be implied as to the life or wear of 
the units supplied; or that they will be suitable for use under any specific conditions; notwithstanding that 
such conditions may be known or made known to the seller. 

7. Defects in material and/or workmanship must be brought to the attention of Westland Environmental 
Services Inc. by written notification within ten (10) days of discovery, and repairs must be commenced 
within forty-five (45) days thereafter. 

8. It is agreed and understood that the Purchaser is responsible for and must pay for the transporting of the defective 
goods or of the replacement parts to the place of repair.  Premium freight charges (such as air express or air fare 
charges for transportation of personnel, tools and for replacement parts) and other expenses, apart from servicemen’s 
regular straight time travel, mileage, and regular straight time labour required to repair or replace defective parts and 
the cost of the parts, will be paid for by the customer at Westland Environmental Services Inc. regular billing rates on 
usual credit terms. 
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9. The liability of Westland Environmental Services Inc. under this Warranty is limited to the purchase price of 
the unit and in no case shall a claim be advanced for more than such amount. 

10. All repairs and replacements are made and furnished subject to the same terms, conditions, warranties, 
disclaimer or warranty and limitations of liability and remedy as applied to each new unit sold. 

11. This warranty and the Purchaser’s rights under it, is not transferable, or is it assignable. 
 

DATE IN SERVICE: 
 

 

 
MODEL NUMBER: 

 
CY - 50 - CA- “D”-“O” 

 
 

 
SERIAL NUMBER: 

 
2K8 - 780 

 

PURCHASED BY: Environment Canada, Eureka Weather Station 
 

SELLING BRANCH: Edmonton, Alberta 
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7 APPENDIX A: INFORMATION SHEETS AND MANUALS  
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�

Digital Temperature Controller E5CN

Compact and Intelligent Temperature
Controller

� Auto-tuning and self-tuning available.
Can auto-tune even during execution of
self-tuning

� Heating or heating/cooling control is
available

� Event input allows multiple SP selection
and run/stop function

� Water-resistant construction: NEMA4
(equivalent to IP66)

� Various temperature inputs:
thermocouple, platinum resistance
thermometer, non-contact temperature
sensor, and analog inputs

� Conforms to UL, CSA, IEC, and CE
�

Ordering Information
� E5CN STANDARD MODELS

Description Part number

Size Power supply
voltage

No. of
alarm
points

Output Thermocouple model Platinum resistance
thermometer model

1/16 DIN
48(W) 48(H)

100 to 240 VAC --- Relay E5CN-RMTC-500 AC100-240 E5CN-RMP-500 AC100-240
48(W) x 48(H) x
78(D) mm

Voltage output
(for driving SSR)

E5CN-QMTC-500 AC100-240 E5CN-QMP-500 AC100-240

2 Relay E5CN-R2MTC-500 AC100-240 E5CN-R2MP-500 AC100-240

Voltage output
(for driving SSR)

E5CN-Q2MTC-500 AC100-240 E5CN-Q2MP-500 AC100-240

24 VAC/VDC --- Relay E5CN-RMTC-500 AC/DC24 E5CN-RMP-500 AC/DC24

Voltage output
(for driving SSR)

E5CN-QMTC-500 AC/DC24 E5CN-QMP-500 AC/DC24

2 Relay E5CN-R2MTC-500 AC/DC24 E5CN-R2MP-500 AC/DC24

Voltage output
(for driving SSR)

E5CN-Q2MTC-500 AC/DC24 E5CN-Q2MP-500 AC/DC24

Note: 1. The suffix “500” is added to the part number of each Controller provided with a E53-COV10 Terminal Cover.
2. The heating and cooling function is available for models with two alarm points.
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� E5CN OPTION BOARDS

The E5CN provides communications or event input functionality when mounted with one of the following Option Boards.

Item Function Part number

Communications Board RS-485 communication E53-CNH03

Event Input Board Event input E53-CNHB

Note: The heater burnout alarm is available by mounting the E53-CNH03 or E53-CNHB Option Unit on the E5CN.

� ACCESSORIES

Terminal Cover (Sold Separately)

Applicable Controller Part number

E5CN E53-COV10

Current Transformer (Sold Separately)

Item Hole diameter Part number

Current Transformer 5.8 dia. E54-CT1

12.0 dia. E54-CT3
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� INPUT RANGES

Platinum Resistance Thermometer Input
Te

m
pe

ra
tu

re
ra

ng
e

1800
1700
1600
1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200
100
0
--100
--200

Pt100 JPt100

Input type

Platinum resistance thermometer input

Platinum resistance thermometer

Name

850

Set value 1 2 3 4

--200

500.0

--199.9

100.0

0.0

500.0

--199.9

100.0

0.0

0

Shaded ranges indicate default settings.

Thermocouple

Thermocouple input

ES1A Non-contact
Temperature Sensor Analog input

Usable in the following
ranges by scaling:
--19999 to 9999 or
--199.9 to 999.9

0 to 50 mV

Te
m

pe
ra

tu
re

ra
ng

e

1800
1700
1600
1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200
100
0
--100
--200

Input type

Name K J T E L U N R S B
K10 to
70°C

K60 to
120°C

K115 to
165°C

K160 to
260°C

Set value 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

--200

500.0

--20.0

1300

850

--100

400.0

--20.0

400

--200

600

0

850

--100

400

--200

1300

--200

1700

0

1700

0

1800

100

70

0

120

0

165

0

260

0

0

Thermocouple Input

Shaded ranges indicate default settings.

Applicable standards by input type are as follows:

K, J, T, E, N, R, S, B: JIS C1602-1995
L: Fe-CuNi, DIN 43710-1985
U: Cu-CuNi, DIN 43710-1985
JPt100: JIS C1604-1989, JIS C1606-1989
Pt100: JIS C1604-1997, IEC751

Note: The ES1A Non-contact Temperature Sensor will be available soon.
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Specifications
� RATINGS

Supply voltage 100 to 240 VAC, 50/60 Hz 24 VAC, 50/60 Hz/24 VDC

Operating voltage range 85% to 110% of rated supply voltage

Power consumption E5CN 7 VA 4 VA/3 W

Sensor input Thermocouple: K, J, T, E, L, U, N, R, S, B
Platinum resistance thermometer: Pt100, JPt100
Non-contact temperature sensor: K10 to 70�C, K60 to 120�C, K115 to 165�C, K160 to 260�C
Voltage input: 0 to 50 mV

Control output Relay output SPST-NO, 250 VAC, 3A (resistive load), electrical life: 100,000 operations

Voltage output 12 VDC (PNP), max. load current: 21 mA, with short-circuit protection

Alarm output SPST-NO, 250 VAC, 1 A (resistive load), electrical life: 100,000 operations

Control method PID or ON/OFF control

Setting method Digital setting using front panel keys

Indication method 7-segment digital display and single-lighting indicator

Other functions According to Controller model

Ambient temperature -10�C to 55�C (14�F to 131�F) with no condensation or icing

Ambient humidity 25% to 85% relative humidity

Storage temperature -25�C to 65�C (-13�F to 149�F) with no condensation or icing
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� CHARACTERISTICS

Indication accuracy Thermocouple:
(�0.5% of indicated value or �1�C, whichever greater) �1 digit max. (See Note.)
Platinum resistance thermometer:
(�0.5% of indicated value or �1�C, whichever greater) �1 digit max.
Analog input: �0.5% FS�1 digit max.
CT input: �5% FS�1 digit max.

Hysteresis 0.1 to 999.9 EU (in units of 0.1 EU)

Proportional band (P) 0.1 to 999.9 EU (in units of 0.1 EU)

Integral time (I) 0 to 3999 s (in units of 1 s)

Derivative time (D) 0 to 3999 s (in units of 1 s)

Control period 1 to 99 s (in units of 1 s)

Manual reset value 0.0% to 100.0% (in units of 0.1%)

Alarm setting range -1999 to 9999 (decimal point position depends on input type)

Sampling period 500 ms

Insulation resistance 20 MΩ min. (at 500 VDC)

Dielectric strength 2000 VAC, 50 or 60 Hz for 1min (between different charging terminals)

Vibration resistance 10 to 55 Hz, 10 m/s2 for 2 hours each in X, Y and Z directions

Shock resistance 300 m/s2, 3 times each in 3 axes, 6 directions (relay: 100 m/s2)

Weight Approx. 150 g Mounting bracket: Approx. 10g

Protective structure Front panel NEMA4 for indoor use (equivalent to IP66)

Rear case IP20

Terminals IP00

Memory protection EEPROM (non-volatile memory) (number of writes: 100,000)

EMC Emission Enclosure: EN55011 Group 1 class A
Emission AC Mains: EN55011 Group 1 class A
Immunity ESD: EN61000-4-2: 4 kV contact discharge (level 2)

8 kV air discharge (level 3)
Immunity RF-interference: ENV50140: 10 V/m (amplitude modulated,

80 MHz to 1 GHz) (level 3)
10 V/m (pulse modulated, 900 MHz)

Immunity Conducted Disturbance: ENV50141: 10 V (0.15 to 80 MHz) (level 3)
Immunity Burst: EN61000-4-4: 2 kV power-line (level 3)

2 kV I/O signal-line (level 4)

Approval standards UL3121-1, CSA22.2 No. 14, E.B.1402C
Conforms to EN50081-2, EN50082-2, EN61010-1 (IEC1010-1)
Conforms to VDE0106/part 100 (Finger Protection), when the terminal cover is mounted.

Note: The indication of K thermocouples in the -200 to 1300°C range, and T and N thermocouples at a temperature of -100°C or less,
and U and L thermocouples at any temperature is ±2°C±1 digit maximum. The indication of B thermocouples at a temperature of
400°C or less is unrestricted.
The indication of R and S thermocouples at a temperature of 200°C or less is ±3°C±1 digit maximum.
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� COMMUNICATIONS SPECIFICATIONS

Transmission path connection Multiple points

Communications method RS-485 (two-wire, half duplex)

Synchronization method Start-stop synchronization

Baud rate 1,200/2,400/4,800/9,600/19,200 bps

Transmission code ASCII

Data bit length 7 or 8 bits

Stop bit length 1 or 2 bits

Error detection Vertical parity (none, even, odd)
Frame check sequence (FCS): with SYSMAC WAY
Block check character (BCC): with CompoWay/F

Flow control Not available

Interface RS-485

Retry function Not available

Communications buffer 40 bytes

Note: The baud rate, data bit length, stop bit length, or vertical parity can be individually set using the communications setting level.

� CURRENT TRANSFORMER (SOLD SEPARATELY) RATINGS

Dielectric strength 1,000 VAC (1 min)

Vibration resistance 50 Hz 98 m/s2

Weight E54-CT1 Approx. 11.5 gg

E54-CT3 Approx. 50 g

Accessories (E54-CT3 only) Armature 2( y)

Plug 2

� HEATER BURNOUT ALARM SPECIFICATIONS

Max. heater current Single-phase AC: 50 A (See Note 1.)

Input current readout accuracy ±5%FS±1 digit max.

Heater burnout alarm setting range 0.0 to 50.0 A (0.1 A units) (See Note 2.)

Min. detection ON time 190 ms (See Note 3.)

Note: 1. When heater burnout is detected on a 3-phase heater, use the K2CU-F��A-�GS (with gate input terminal).
2. When the set value is “00 A,” the heater burnout alarm will always be OFF. When the set value is “50.0 A,” the heater burnout

alarm will always be ON.
3. When the control output ON time is less than 190 ms, heater burnout detection and heater current measurement will not be

carried out.
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Nomenclature
� E5CN

Temperature Unit

The temperature unit is displayed
when the display unit parameter
is set to a temperature. Indication
is determined by the currently
selected “temperature unit”
parameter set value. When this
parameter is set to “°C,” “�” is
displayed, and when set to “°F,”
“�” is displayed.

Operation Indicators
1. AL1 (alarm 1)

Lights when alarm 1 out-
put is ON.
AL2 (alarm 2)
Lights when alarm 2 out-
put is ON.

2. HB (heater burnout alarm
display)
Lights when a heater
burnout is detected.
The heater burnout alarm
remains ON by setting the
heater burnout latch. To
reset, turn the power sup-
ply OFF and then ON or
set the heater burnout
alarm value to “0.0A.”

3. OT1, OT2 (control output
1, control output 2)
Lights when control output
1 and/or control output 2
(cool) are ON.

4. STP (stop)
Lights when control of the
E5CN has been stopped.
During control, this indica-
tor lights when an event or
the run/stop function has
stopped, or this indicator
is out.

5. CMW (communications
writing control)
Lights when communica-
tions writing is enabled
and is out when it is
disabled.

No. 1 Display

Displays the process value or
parameter type.

No. 2 Display

Displays the set point, manipu-
lated variable, or set value (setup)
of the parameter.

Up Key

Each press of this key increases
values displayed on the No.2
display. Holding down this key
continuously increases values.

Down Key

Each press of this key decreases
values displayed on the No.2
display. Holding down this key
continuously decreases values.

Mode Key

Press this key to select parameters
within each level.

Level Key

Press this key to select the setup level. The
setup level is selected in this order: “operation
level” ←→ “adjustment level,” “initial setting
level” ←→ “communications setting level.”

Level + Mode Keys

This key combination sets the
E5CN to the “protect level.”



E5CNE5CN

Operation
� INITIAL SETUP
On previous Controllers, sensor input type, alarm type and
control period were set on DIP switches. These hardware
settings are now set in parameters in setup menus. The and

keys are used to switch between setup menus, and the
amount of time that you hold the keys down determines which
setup menu you move to. This section describes two typical
examples.

Note: On the E5GN, the Key is the Key.

1. ON/OFF Control
Typical Application Examples

• Changing Parameters

indicates that there is a parameter.
Keep on pressing the mode key until
the desired parameter is selected.

• Changing Set Values

Use the or keys to
change the set value displayed
in the setup menu.

Display
E5CN E5GN

No. 1 display

No. 2 display

No. 1 display

No. 2 display

Typical Example

Input type: 0 K thermocouple -200 to 1300°C
Control method: ON/OFF control

Alarm type: 2 upper limit

Alarm value 1: 20°C (For setting deviation)

Set point: 100°C

Change only the alarm value 1 and set point.
The rest must be left as default settings.

Setup procedure

Power ON

Set input
specifications

Set control
specifications

Set alarm type

Set alarm values

Start operation

Power ON

Process value/
set point

Input type�

In ON/OFF
control ����

Alarm 1
type �

Check input
type.

Check that con-
trol is ON/OFF
control.

Check alarm
type.

Press key for at least
three seconds.
Control stops.

Process value/
set point ���

Make sure that
control is running.

Press key for at
least one second.

During run
���

During stop

Alarm
value 1

Press keys
to set set point to
“100�C.”

Press keys
to set alarm value
to “20�C.”

Start operation

Set the set point

Check operation
state

Operation level

Initial setting level

Operation level
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2. PID Control Using Auto-tuning

Typical Application Example

• Changing Parameters

indicates that there is a parameter. Keep
on pressing the mode key until the de-
sired parameter is selected.

• Changing Set Values

Use the or keys to
change the set value displayed
in the setup menu.

Display
E5CN E5GN

No. 1 display

No. 2 display

No. 1 display

No. 2 display

Input type: 4 T thermocouple -200 to 400°C
Control method: PID control
ST (self-tuning): OFF
Calculate PID constants by AT (auto-tuning).
Alarm type: 2 upper limit
Alarm value 1: 30°C (For setting deviation)
Set point: 150°C

Setup procedure

Power ON

Set input
specifications

Set control
specifications

Self-tuning

Set alarm values

Start operation

Power ON

In PID control

To cancel ST

Check the
control period.

Check alarm
type.

Press key for at least one second.

Press keys
to set set point to
“150�C.”

Execute AT
(auto-tuning).

Press
keys to select
input type.

Press
keys to select
PID control.

Press
keys to set ST
to OFF.

Control period
(heat) (unit:
seconds)

Process value/
set point �	�

Press key for less than one second.

To execute AT

Press key for less than one second.

Make sure that
set point is
“150�C.”

Make sure that
control is running.

Press
keys to set
alarm value to
“30�C.”

Process value/
set point �	�

During run

Alarm
value 1

�

Start program execution

Check control period

Check alarm type

Set the set point

Set operation status

(upper-limit
alarm)

Typical Example

When set to ON,
self-tuning operates.
Recommended set-
tings: 20 seconds for
the relay output and
2 seconds for the
SSR output.

Set to �� for execut-
ing AT and to ���

for stopping AT.
AT execution

Process value/
set point

Input type �

Press key for at least three
seconds. Control stops.

Alarm 1 type �

After AT execution.

During AT execution.

While AT is being
executed, SP will flash.

PV/SP

After AT execution.

During AT execution.

Operation level

Initial setting level

Operation level

Adjustment level

Operation level
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Specification Setting After Turning ON Power
� OUTLINE OF OPERATION PROCEDURES
Key Operation

In the following descriptions, all the parameters are introduced in the display sequence. Some parameters may not be displayed
depending on the protect settings and operation conditions.

Note: 1. Of these levels, the initial setting level,
communications setting level, advanced function
setting level and calibration level can be used only
when control has stopped. Note that control is
stopped when these four levels are selected. When
switched back to the operation level from one of these
levels, control will start.

2. For the calibration mode, refer to the relevant
Operation Manual (H100 or H101).

3. On the E5GN, the Key is the Key.

Power ON

Operation level Adjustment level
+ key

1 second min.

key
1 second min.

key
3 second min.

Less than
1 second

key

Control stops

Protect level

Communications
setting levelInitial setting level

key
1 second min.

Less than
1 second

key

Advanced
function setting level

Calibration level

Password input
set value “1201”

Password input
set value “--169”

Control in progress

Control stopped

Level change

� DESCRIPTION OF EACH LEVEL
Operation Level
This level is displayed when you turn the power ON. You can
move to the protect level, initial setting level and adjustment level
from this level.

Normally, select this level during operation. During operation, the
process value, set point and manipulated variable can be
monitored, and the alarm value and upper- and lower-limit alarms
can be monitored and modified.

Adjustment Level
To select this level, press the key once for less than one
second.

This level is for entering set values and offset values for control.
This level contains parameters for setting the set values, AT
(auto-tuning), communications writing enable/disable, hysteresis,
multi-SP, input shift values, heater burnout alarm (HBA) and PID
constants. You can move to the top parameter of the operation
level or initial setting level from here.

Initial Setting Level
To select this level, press the key for at least three seconds in
the operation level. This level is for specifying the input type,
selecting the control method, control period, setting direct/reverse
action and alarm type. You can move to the advanced function
setting level or communications setting level from this initial
setting level. To return to the operation level, press the key for
at least one second. To move to the communications setting
level, press the key once for less than one second.

Protect Level

To select this level, simultaneously press the and keys
for at least one second. This level is to prevent unwanted or
accidental modification of parameters. Protected levels will not be
displayed, and so the parameters in that level cannot be
modified.
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Communications Setting Level
To select this level, press the key once for less than one
second in the initial setting level. When the communications
function is used, set the communications conditions in this level.
Communicating with a personal computer (host computer) allows
set points to be read and written, and manipulated variables to be
monitored.

Advanced Function Setting Level
To select this level, you must enter the password (“-169”) in the
initial setting level.

You can move only to the calibration level from this level.

This level is for setting the automatic return of display mode, MV
limiter, event input assignment, standby sequence, alarm
hysteresis, ST (self-tune) and to move to the user calibration
level.

Calibration Level
To select this level, you must enter the password (“1201”) in the
advanced function setting level. This level is for offsetting
deviation in the input circuit.

You cannot move to other levels by operating the keys on the
front panel from the calibration level. To cancel this level, turn the
power OFF then back ON again.
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� SPECIFICATION SETTING (AFTER
TURNING ON POWER)

Initial Setting Level
This level is used for setting basic specifications of the
Temperature Controller. Using this level, set the input type for
selecting the input to be connected such as the thermocouple or
platinum resistance thermometer and set the range of set point
and the alarm mode.

Power ON

Operation level Adjustment level
key

Less than 1 second

key
3 second min.

key
1 second min.

Communications
setting levelkey

Less than 1 second

Control stops.

Initial setting
level

key
1 second min.

Password input
set value “-169”

Password input
set value “1201”

Advanced function
setting level

Calibration level

Protect level

key
1 second min.

+

The move from the operation level to the initial setting level,
press key for three seconds or more.

The initial setting level is not displayed when
“initial/communications protection” is set to “2.” This initial setting
level can be used when “initial setting/communications
protection” is set to “0” or “1.”

The “scaling upper limit,” “scaling lower limit,” and “decimal point”
parameters are displayed when an analog voltage input is
selected as the input type.

Initial setting level

Input type

Scaling upper limit

Scaling lower limit

Decimal point

Set point upper limit

Set point lower limit

PID / ON/OFF

Standard/heating and
cooling

ST

Control period (heat)

Control period (cool)

Direct/reverse operation

Alarm 1 type

Alarm 2 type

Move to advanced
function setting level

Temperature unit

����: ON/OFF control
�
�: PID control

����: Standard
���: Heating/cooling

��: Enabled
���: Disabled

����: Reverse
operation
����: Direct
operation

To return to the operation level, press the key for longer than
one second

*Not displayed as default setting.

Note: 1. Displayed only with models provided with an alarm
function.

2. Displayed only with the E5CN provided with a two-
point alarm function.



E5CN E5CN

� INPUT TYPE

Using a Thermocouple Input Type

When using a thermocouple input type, follow the specifications listed in the following table.

Input type Specifications Set Value Input Temperature Range

Thermocouple K 0 --200 to 1300 (°C) /--300 to 2300 (°F)

1 --20.0 to 500.0 (°C) /0.0 to 900.0 (°F)

J 2 --100 to 850 (°C) /--100 to 1500 (°F)

3 --20.0 to 400.0 (°C) /0.0 to 750.0 (°F)

T 4 --200 to 400 (°C) /--300 to 700 (°F)

E 5 0 to 600 (°C) /0 to 1100 (°F)

L 6 --100 to 850 (°C) /--100 to 1500 (°F)

U 7 --200 to 400 (°C) /--300 to 700 (°F)

N 8 --200 to 1300 (°C) /--300 to 2300 (°F)

R 9 0 to 1700 (°C) /0 to 3000 (°F)

S 10 0 to 1700 (°C) /0 to 3000 (°F)

B 11 100 to 1800 (°C) /300 to 3200 (°F)

Non-contact temperature sensor ES1A K10 to 70�C 12 0 to 90 (°C) /0 to 190 (°F)

K60 to 120�C 13 0 to 120 (°C) /0 to 240 (°F)

K115 to 165�C 14 0 to 165 (°C) /0 to 320 (°F)

K160 to 260�C 15 0 to 260 (°C) /0 to 500 (°F)

Analog input 0 to 50mV 16 One of following ranges depending on the
results of scaling: 1999 to 9999, 199.9 to
999.9

Note: The initial settings are: 0: --200 to 1300�C/--300 to 2300�F.

Using a Platinum Resistance Thermometer Input Type

When using the platinum resistance thermometer input type, follow the specifications listed in the following table.

Input type Specifications Set Value Input Temperature Range

Platinum resistance thermometer Pt100 0 --200 to 850 (°C) /--300 to 1500 (°F)

1 --199.9 to 500.0 (°C)/--199.9 to 900.0 (°F)

2 0.0 to 100.0 (°C) /0.0 to 210.0 (°F)

JPt100 3 --199.9 to 500.0 (°C)/--199.9 to 900.0 (°F)

4 0.0 to 100.0 (°C) /0.0 to 210.0 (°F)

Note: 1. The initial settings are: 0: Pt100 --200 to 850�C/--300 to 1500�F.
2. The ES1A Non-contact Temperature Sensor will be available soon.
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� ALARM 1 AND ALARM 2

For the alarm 1 and alarm 2, select alarm types out of the 12 alarm types listed in the following table.

Set Value Alarm Type Alarm Output Operationy

When X is positive When X is negative

0 Alarm function OFF Output OFF

1*1 Upper- and lower-limit (deviation)
*2

2 Upper-limit (deviation)

3 Lower-limit (deviation)

4*1 Upper- and lower-limit range
(deviation) *3

5*1 Upper- and lower-limit with standby
sequence (deviation) *4

6 Upper-limit with standby sequence
(deviation)

7 Lower-limit with standby sequence
(deviation)

8 Absolute-value upper-limit

9 Absolute-value lower-limit

10 Absolute-value upper-limit with
standby sequence

11 Absolute-value lower-limit with
standby sequence

*1: With set values 1, 4 and 5, the upper and lower limit values
can be set independently for each alarm type and are expressed
as “L” and “H.”
Following operations are for cases when an alarm set point is “X”
or negative.

*2: Set value: 1, upper- and lower-limit alarm

Case 1 Case 2 Case 3 (Always ON)

*3: Set value: 4, upper- and lower-limit range

Case 1 Case 2 Case 3 (Always OFF)

*4: Set value: 5, upper- and lower-limit with standby sequence

Case 1 Case 2

Same as for the upper- and lower-limit
alarm. However, when the upper limit
and lower limit hysteresis overlaps:
Always OFF

Example

Example: When the alarm is set ON at 110�C/�F or higher.
• When an alarm type

other than the absolute-
value alarm is selected

(For alarm types 1 to 7)
The alarm value is set as a
deviation from the set point.

• When the absolute-
value alarm is selected

(For alarm types 8 to 11)
The alarm value is set as an
absolute value from the alarm
value of 0�C/F.

Alarm value

Set point
100°C/°F

Alarm value

0°C/°F
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� PARAMETERS
Parameters related to setting items for each level are marked in
boxes in the flowcharts and brief descriptions are given as
required. At the end of each setting item, press the mode key to
return to the beginning of each level.

Display

E5CN E5GN
No. 1 display

No. 2 display

No. 1 display

No. 2 display

Password input
set value “1201”

Advanced function
setting level

Calibration level

Password input
set value “-169”

Control stops.

Initial setting level

Less than 1 second
key

Communications
setting level

Power ON

Operation level

1 second min.
+ key

Protect level

Control in progress

Control stopped

Adjustment level

1 second
min.

key

1 second
min.

key

3 second min.key

Level change

Less than 1 second
key

Operation Level

PV

PV/SP

Add in the “additional
PV display” parameter.

Multi-SP

Set point during SP ramp

Heater current value monitor

Run/stop

Alarm value 1

Upper-limit
alarm value 1

Lower-limit
alarm value 1

Set either of
these parameters.

Alarm value 2

Upper-limit
alarm value 2

Lower-limit
alarm value 2

Set either of
these parameters.

MV monitor (heat)

MV monitor (cool)

Current value
monitor of HBA

Select SP.

���: RUN
����: STOP

Power ON
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Initial Setting Level

Input type

Scaling upper limit

Decimal point

Temperature unit

Set point upper limit

PID / ON/OFF

Standard/heating and cooling

ST

Control period (heat)

Alarm 1 type

Move to advanced function
setting level

Set the pulse
output cycle.

Direct/reverse operation

Alarm 2 type

Limit the set point.

Select the control system.

Self-tuning

Select the alarm
mode.

Control period (cool)

For analog input
(Input type: 16)
0- to 50-mV setting

Number of displayed digits

�: °C
�: °F

����: ON/OFF control
�
�: PID control

����: Standard
���: Heating/cooling

��: Enabled
���: Disabled

����: Reverse
����: Direct

Set point lower limit

Scaling lower limit

Adjustment Level

Hysteresis (heat)

AT execute/cancel

Communications writing

Heater current
value monitor

HBA
function

Set point 0

Set point 1

Set points used
by multi-SP

Temperature input shift 1-point shift

2-point shift

Proportional band

PID settings

Cooling coefficient

Dead band

Used in heating and
cooling control

Manual reset value

Auto-tuning

Heater burnout
detection

Set point 2

Set point 3

Lower-limit temperature
input shift value

Upper-limit temperature
input shift value

Derivative time

Integral time

Clear the offset during
stabilization of P or PD
control.

Set hysteresis.

P

I

D

Hysteresis (cool)

��: Enabled
���: Disabled
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Advanced Function Setting Level

Parameter initialize

Alarm 2 hysteresis

Alarm 2 open in alarm

Alarm 1 hysteresis

Alarm 1 open in alarm

Standby sequence reset
method

Multi-SP uses

Event input assignment 2

Event input assignment 1

Number of multi-SP uses

HBA ON/OFF

Move to calibration level

Automatic return of display mode

Manipulated variable display

Additional PV display

Input digital filter

MV upper limit

α

ST stable range

Heater burnout hysteresis

Heater burnout latch

MV lower limit

SP ramp set value

Input setting: Multiple
SP/RUN/STOP

Resets to the default value.

ON/OFF setting of alarm
output 1

ON/OFF setting of alarm
output 2

PID parameter

Limitations to MV

Displayed first in the operation level

Automatically reset to the operation level
when no key operation are performed.

For setting time constant in seconds.

For setting deviation.

Protect Level

Operation/adjustment protection

Restricts display and modification of menus in the
operation and adjustment levels.

Initial setting/communications protection
Restricts display and modification of menus in the initial
setting, operation level and adjustment levels.

Setting change protection

Protects changes to setups by operating the front
panel keys.

Operation/Adjustment Protection
The following table shows the relationship between set values
and the range of protection.

Level Set value

0 1 2 3

Operation
l l

PV � � � �

level PV/SP

Other X X

Adjustment level X X X

When this parameter is set to “0,” parameters are not protected.

Default setting: 0

: Can be displayed and changed
� : Can be displayed
� : Cannot be displayed and move to other levels not possible

Initial Setting/Communications Protection
This protect level restricts movement to the initial setting level,
communications setting level and advanced function setting level.

Set
value

Initial setting
level

Communications
setting level

Advanced
function
setting level

0 � � �

1 � � X

2 X X X

Default setting: 1

� : Move to other levels possible
� : Move to other levels not possible

Setting Change Protection
This protect level protects setup from being changed by
operating the keys on the front panel.

Set value Description

OFF Setup can be changed by key operation.

ON Setup cannot be changed by key operation.
(The protect level, can be changed.)

Default setting: OFF
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Communications Setting Level

Set the E5CN/E5GN communications specifications in the communications setting level. For setting communications parameters, use the
E5CN/E5GN panel. The communications parameters and their settings are listed in the following table.

Parameter Displayed characters Set (monitor) value Set value

Communications unit No. ���� 0 to 99 0.1 to 99

Baud rate ��	 1.2/2.4/4.8/9.6/19.2 (kbps) 1.2/2.4/4.8/9.6/19.2

Data bits 
�� 7/8 (bit) 7/8 (bit)

Stop bits 	��
 1/2 1/2 (bit)

Parity ��
� None, even, odd ����/����/���

Note: The highlighted values indicate default settings.

Before executing communications with the E5CN/E5GN, set the
communications unit No., baud rate, etc., through key operations
as described below. As for other operations, refer to the relevant
Operation Manual.

1. Press the key for at least three seconds in the “operation
level.” The level moves to the “initial setting level.”

2. Press the key for less than one second. The “initial
setting level” moves to the “communications setting level.”

3. Pressing the key advances the parameters as shown
in the following figure.

4. Press the or keys to change the parameter setups.

Communications
unit No.

Baud rate

Data bits

Stop bits

Parity

Note: On the E5GN, the Key is the Key.

Set each communications parameter to match those of the
communicating personal computer.

Communications Unit No. ( ����)
When communicating with the host computer, the unit number
must be set in each Temperature Controller so that the host
computer can identify each Temperature Controller. The number
can be set in a range from 0 to 99 in increments of 1. The default
setting is 1. When using more than one Unit, be careful not to
use the same number twice. Duplicate settings will cause
malfunction. This value becomes valid when the power is turned
OFF and ON again.

Baud Rate ( ���)
Use this parameter to set the speed of communications with the
host computer. It can be set to one of the following values; 1.2
(1200 bps), 2.4 (2400 bps), 4.8 (4800 bps), 9.6 (9600 bps), and
19.2 (19200 bps).
This setting becomes valid when the power is turned OFF and
ON again.

Data Bits ( �	�)
Use this parameter to change the communications data bit length
to 7 bits or 8 bits.

Stop Bits ( ��
�)
Use this parameter to change the communications stop bit to 1 or
2.

Parity ( ���
)
Use this parameter to set the communications parity to None,
Even, or Odd.
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� TROUBLESHOOTING

When an error occurs, an error code will be displayed on the No. 1 display. Check the contents of an error and take appropriate
countermeasures.

No. 1 display Type of error Countermeasures

	���� Input error Check the wiring of inputs for miswiring, disconnections, short-circuits, and the input
type.

���� Memory error First, turn the power OFF then back ON again. If the display remains the same, the
Unit must be repaired. If the display is restored, then a probable cause can be external
noise affecting the control system. Check for external noise.

Display range over Though not error, this is displayed when the process value exceeds the display range
when the control range is larger than the display range.

• When less than “-1999”

• When larger than “9999”

����� HB error First, turn the power OFF then back ON again. If the display remains the same, the
controller must be repaired. If the display is restored, then a probable cause can be
electrical noise affecting the control system. Check for electrical noise.

Note: Error will be displayed only when the display is set for the PV or PV/SP.

Fuzzy Self-tuning
The fuzzy self-tuning (ST) is a function that automatically calculates an optimum PID constant depending on items to be controlled.

� FEATURE

The Temperature Controller determines when to execute this fuzzy self-tuning.

� FUNCTIONS

SRT: Performs PID tuning according to the step response method when the SP is changed.

LCT: Performs PID tuning according to the limit cycle method when the SP is changed.

Requirements for SRT Functionality

The ST will be executed according to the step response method when the following conditions are satisfied when operation is started or
when the SP is changed.

When operation is started When SP is changed

1. The SP at the startup is different from the SP at the time the
previous SRT was executed. (See Note.)

2. The temperature upon startup is smaller than the SP in the
reverse operation and larger than the SP in the direct
operation.

3. Restarting of operation is not due to an input error.

Note: The “SP that existed when the previous SRT was
executed” refers to the SP used for obtaining the PID
constant in the previous SRT.

1. The SP after change is different from the SP at the time the
previous SRT was executed. (See Note.)

2. In the reverse operation, the value obtained by deducting the
SP before change from the SP after change is larger than the
ST stable range. In the direct operation, the value obtained by
deducting the SP after change from the SP before change is
larger than the ST stable range.

3. The SP change width is larger than the current proportional
band x 1.27 + 4.

4. The temperature is in the stable state. (It can be in the
balanced state if no output is generated when the power is
turned ON.)

If the SP is changed while SRT is being executed and if SRT completion conditions are satisfied, no PID change will take place.

Stabilization State

Measured values remain in the stable range for a certain period
of time.

Balanced State

Output is 0% for 60 seconds and measured values fluctuate
within the width of the stable range.

Tempera-
ture

SRT completion

Time

ST stable range
This inclination is referred to as
R.
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Dimensions
Unit: mm (inch)

� E5CN

• Recommended panel thickness is 1 to 5 mm.

• Group mounting is not possible in the vertical direction.
(Maintain the specified mounting space between Controllers
when they are group mounted.) To mount the E5CN so that
it is waterproof, apply the waterproof seal to the E5CN.

• When two or more E5CNs are mounted, make sure that the
surrounding temperature does not exceed the allowable
operating temperature, as specified in the specifications.

(48�number of units -2.5)
60 min.

60 min.

+1.0
0

45

45

45 +0.6
0

+0.6
0

+0.6
0

Panel Cutouts

Group mounting does
not allow waterproofing.

Mounted Separately Group Mounted

Note: The suffix “500” is added to the model number of each
Controller provided with a E53-COV10 Terminal Cover.

48 x 48

102
(4.02)

93

78
9

58
44.8

48.8
(1.92)

� TERMINAL COVER

E53-COV10

48.8
(1.92)

22
(0.87)

48
(1.89)

9.1
(0.36)
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� CURRENT TRANSFORMER (SOLD SEPARATELY)

E54-CT1

5.8 dia.

Two, 3.5 dia.

21
(0.83)

30
(1.18)

10

40
(1.57)

25
(0.98)

3

15

10.5

7.5

2.8

E54-CT3

12 dia.

Two, M3 (depth: 4)

40 x 40

2.36 dia.

30
(1.18)

15
(0.59)

30
(1.18)

9
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Installation

� SETTING UP OPTION BOARDS
If communications, event input, or heater burnout functions are required, mount the E53-CNH03 Communications Board or the
E53-CNHB Event Input Board. The heater burnout function is supported on either of these two Option Boards.

Option Boards

Name Model Function

Communications Board E53-CNH03 RS-485 communications

Event Input Board E53-CNHB Event inputs

Note: Terminal label: x1

� ASSEMBLY OF UNIT

Flat-blade screwdriver
(unit: mm)

20
m

in
.

(1)

(1)

(2)

(4)

(3)

1. Insert the tools (see drawing above) into the slots (one on the
top and one on the bottom) and release the hooks.

2. Insert the tool in the space between the front and rear panels
and slightly pull out the front panel. Hold the top and bottom
of the front panel and pull toward yourself to remove it.

3. Match up the upper and lower claws with the connection
points and insert the Option Board. Mount the Option Board
in the center.

4. Before inserting the Unit, confirm that the waterproof seal is
in place. Insert the Unit into the rear case until you hear a
click. When inserting the Unit, press down the hooks on the
top and bottom of the rear case, so they firmly hook on the
board inserted.

� MOUNTING

Terminal Cover

Attaching the E5CN to a Panel
1. Insert the E5CN into the mounting hole in the panel.
2. Push the adapter along the E5CN body from the terminals up

to the panel and secure it temporarily.
3. Tighten the two screws on the adapter. When tightening

screws, tighten the two screws alternately, keeping the
torque to between 0.29 and 0.39 N�m (2.9 kgf�cm to 3.9
kgf�cm).

Attaching the Terminal Cover
Make sure that the “UP” mark is facing up, and then fit the
Terminal Cover (E53-COV10) into the holes on the top and
bottom. A E5CN-�-500 Controller is provided with a Terminal
Cover.
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� WIRING TERMINALS
The voltage output (control output) is not electrically insulated
from the internal circuits. When using a grounding thermocouple,
do not connect the control output terminals to the ground. If the
control output terminals are connected to the ground, errors will
occur in the measured temperature values as a result of leakage
current.

Standard insulation is applied to the power supply I/O sections.
If reinforced insulation is required, connect the input and output
terminals to a device without any exposed current-carrying parts
or to a device with standard insulation suitable for the maximum
operating voltage of the power supply I/O section.

Control output

Analog input Input power supply

Alarm output

ALM1/Heater
burnout

ALM2/Control
output 2

Two input power supplies are available: 100 to 240 VAC or 24 VDC.

Voltage Output Relay Output

12 VDC
21 mA

� E5CN OPTION BOARDS
E53-CNHB Event Input Unit

Event Input/Heater Burnout Detection

E53-CNH03 Communications Board

Communications Specification/Heater Burnout Specification

Do not connect anything.

H
os

tc
om

pu
te

r

RS-485

� WIRING PRECAUTIONS
• Separate input leads and power lines to protect the E5CN and its lines from external noise.

• We recommend using solderless terminals when wiring the E5CN.

• Tighten the terminal screws using a torque no greater than 0.78 N�m.

• Use the following type of solderless terminals for M3.5 screws.

7.2 mm max.

7.2 mm max.
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Precautions

� OPERATING ENVIRONMENT
• Use the Temperature Controller within the rated operating

temperature, storage temperature, and operating humidity
specified for each model.

• Use the Temperature Controller according to the perfor-
mance specifications such as vibration, shock, and degree of
protection specified for each model.

• Do not use the Temperature Controller in places where it is
subject to dust or corrosive gases.

• Install the Temperature Controller away from the devices that
generate high-frequency noise.

� SERVICE LIFE

The service life of relays used for the control output or alarm
output varies depending on mostly switching conditions. Be sure
to confirm their performance under actual operating conditions
and do not use them beyond the allowable number of switchings.
If they are used in a deteriorated condition, insulation between
circuits may be damaged and, as a result, the Temperature
Controller itself may be damaged or burned.

The service life of electronic devices such as Temperature
Controllers is determined not only by the number of switchings of
relays, but also by the service life of internal electronic
components. The component service life is affected by the
ambient temperature: the higher the temperature becomes, the
shorter the service life becomes; the lower the temperature
becomes, the longer the service life becomes. For this reason,
the service life can be extended by lowering the internal
temperature of the Temperature Controller.

When two or more Temperature Controllers are mounted
horizontally close to each other or vertically next to each other,
the internal temperature will increase, due to heat radiated by the
Temperature Controllers, and the service life will decrease. In
these situations, forced cooling by fans or other means of air
ventilation will be required to cool down the Temperature
Controllers. When providing forced cooling, however, be careful
not to cool down the terminals solely, to avoid measurement
errors.

� ORDERING PRECAUTIONS

Units separately sold, such as Control Output Units and Current
Transformers, are specified for each Temperature Controller. Be
sure to order appropriate units according to the application.

� INSTALLATION

Mounting
Mount the Temperature Controller horizontally level.

Connection
When extending or connecting the thermocouple lead wire, be
sure to use compensating wires that match the thermocouple
types.

When extending or connecting the lead wire of the platinum
resistance thermometer, be sure to use wires that have low
resistance.

When wiring the platinum resistance thermometer to the
Temperature Controller, keep the wire route as short as possible.
Separate this wiring away from the power supply wiring and load
wiring to avoid inductive or other forms of noise.

Do not use empty terminals.

Crimp Terminal Connection
Use crimp terminals that match M3.5 screws. M3.5 x 8 self-rising
screws are used.

E5CN

7.2 mm max.

Be careful not to excessively tighten the terminals screws.

Soldering Connection
The self-rising screws provide easy soldering connection. Strip
the lead wire by a length of 6 to 8 mm.

� OPERATING PRECAUTIONS

For Temperature Controllers with alarm outputs, alarm output
may not be generated correctly when an abnormality occurs in
the device. A separate alarm device should be incorporated into
the system.

To ensure proper performance, parameters of the Temperature
Controllers are set to default values before they are shipped.
Change these parameters depending on actual applications. If
left unchanged, the Temperature Controller will operate under the
default settings.

It takes several seconds for the relay to turn ON from the
moment the power is turned ON. Consider this time when
incorporating Temperature Controllers in a sequence circuit.

When pulling out the Temperature Controller body, do not apply
excessive force. After the body is removed, be careful not to
apply any shock to the connectors or other electronic
components on the PCB.

Models without any specification on their degree of protection or
those with IP�0 do not offer a waterproofing feature.
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High-Temperature In-Situ Oxygen Sensor 
for Combustion Trim Control Applications

Oxyfire is Industry’s Most 
Powerful Weapon in the battle 
against skyrocketing 
fuel costs!

Providing dependable and verifiable
oxygen measurement in the fossil fuel-fired
environments found in most steel, glass,
power generation, petrochem and
petroleum refining, as well as kilns and
incinerator applications. Oxyfire users
worldwide include PPG, Owens Corning,
North Star Steel, NIPSCO, Entergy, Hylsa,
LTV, Saint Gobain and many others.
Oxyfire is a low-cost, Clean Air
Act-compliant technology.

O
xyfire

Features and Performance Advantages:
• High temperature capability (550°C-1600°C)
• Most accurate/rapid response
• Integral T/C
• On-line verification
• Patented high temperature ceramic “boot”
• No external power, calibration or artificial heating required
• Intrinsically safe*
• TÜV certified
• CE marked
• Wet O2 reading vs. dry reading

MAXIMIZE Combustion Efficiency
MINIMIZE NOx formation
REDUCE fuel costs

Oxyfire “Measures where it Matters”
in the combustion chamber, close to
the source of combustion. So response
to combustion atmosphere change is
instant and precise and there is no need
for the compensation of an extractive
or heated system.

CERTIFIED
TUV

MARKED



3100 E. Kemper Rd.

Cincinnati, OH 45241-7007

(800) 547-1055
(513) 772-1000

fax (513) 326-7090

A
HALMA GROUP
C O M P A N Y

O
xy

fir
e

www.MARATHONSENSORS.com

#070601

To find out what Oxyfire can do for YOU, talk
with Marathon at (800) 547-1055 or visit

Specifications
Net 02 Range PPM to 21%

Accuracy ± 1.5% of observed process variable or 0.05% 02 , 
whichever is greater

Control System Interface Marathon VersaPro-O or Smart Transmitter panel

Response Time Less than one second for 98% of final value.

Stability Less than 1% deviation in signal output over the life 
of the sensor.

Temperature Limits:
Process 550°C - 1600°C, (1022°F - 2912°F)

Terminal Head Ambient to 149°C, (300°F)

Mounting Vertical or horizontal

Construction:
Inner Tube Zirconia
Outer Protection Sheath Alumina, Silicon Carbide, HR-160 high temperature alloy, Zirconia
Sensor Head Air-tight, machined 6061-T6 aluminum, 

(cast aluminum, Class 1 available)
Integral T/C Type “B” standard, “R” and “S” optional
Integral Verification Port/Fitting

Sensor Insertion Lengths 6 ˝, 12 ˝, 18 ˝, 24 ˝, 30 ˝, 36 ˝, 42 ˝, 48 ˝ (non-std)

Speed of Insertion 1 inch (25.4mm) per 5 minutes

Reference Air Requirement 50 – 150 cc per minute (less than 2 psi) clean, dry air
1/4˝ tubing fittings

Cabling Shielded four conductor, stranded, twisted-pair.
Belden #89418 or equivalent.

The Oxyfire oxygen sensor is a “simple apparatus” and thereby intrinsically safe 
per EN50 14 (1977) Clause 1.3.

Oxyfire is industry’s Ultimate Answer to precise combustion trim. It is a powerful, proven
cost-savings tool that will instantly and permanently reduce fuel use, and maintenance, while it
improves productivity.  

• If you’re a steelmaker, Oxyfire offers another advantage, in that it can substantially reduce
process scale.  

• Helps reduce costs for fuel and “air” in Oxy-Fuel fired systems.

Operation
Oxyfire works by 
precisely measuring 
the net concentration 
of oxygen in a process; 
i.e. the amount of oxygen 
that remains after combustion is completed.  
At its core is the platinum-coated zirconia cell, 
which measures the emf potential in millivolts, 
that is generated by the diffusion across the cell wall, and is
logarithmically proportional to the oxygen concentration.
Also included is a required “B” type (R and S types optional)
thermocouple which provides the sensor temperature needed
for the O2 calculation.

*
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NOTE:
Please specify the following parameters when ordering a transmitter; process type, process
range (%, ppm), thermocouple type, temperature scale F/C, analog output 1 process and
scale, analog output 2 process and scale.

Typical Oxygen Transmitter Calibration
(F840030)

Calibration
Function

Measured Value or
Input

Output / Units

Cold Junction Room Temp °F
Thermocouple
min

800°F (B type)
standard t/c type

°F

Thermocouple
max

3000°F (B type)
standard t/c type

°F

Millivolt 0.0 mV Millivolts
Millivolt 2000 mV Millivolts
Analog 1 Zero 0% O2 4.0 mA +/- 0.1
Analog 1 Span 20.9% O2 20.0 mA +/- 0.1
Analog 2 Zero 800°F +/- 5° 4.0 mA +/- 0.1
Analog 2 Span 3000°F +/- 5° 20.0 mA +/- 0.1

Typical Carbon Transmitter Calibration
(F840031)

Calibration
Function

Measured Value or
Input

Output / Units

Cold Junction Room Temp °F
Thermocouple
Min

MUST BE
SPECIFIED

°F

Thermocouple
Max

MUST BE
SPECIFIED

°F

Millivolt 0.0 mV Millivolts
Millivolt 2000 mV Millivolts
Analog 1 Zero 0% Carbon 4.0 mA +/- 0.1
Analog 1 Span 2.55% Carbon 20.0 mA +/- 0.1
Analog 2 Zero MUST BE

SPECIFIED
4.0 mA +/- 0.1

Analog 2 Span MUST BE
SPECIFIED

20.0 mA +/- 0.1
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General Description

The Oxymit™ Transmitter has been designed to work as an analog or digital interface for
any zirconia based oxygen probe used to track dew point, carbon potential, or oxygen. The
transmitter connects to the temperature and millivolts outputs of an oxygen probe and can
produce analog outputs proportional to the selected process value.

The features available are:

 Isolated inputs for thermocouple and probe millivolt
 24 bit Sigma-Delta ADC for inputs.
 Serial EEPROM to store setup and calibration values.
 Two isolated self-powered 4-20mA outputs for process value and temperature.

The transmitter makes a carbon or oxygen probe an intelligent stand alone sensor. The
transmitter is located near the probe, preferably mounted in an enclosure. The transmitter
mounts onto a DIN rail and requires a 24VDC power supply. It measures the probe
temperature and millivolts. At the time of order the transmitter can be configured to
calculate percent carbon, dewpoint, or percent oxygen from these inputs. The results of
any of these calculations are made available via two 4-20mA loop outputs. Typically one
first loop is set up for the process value the second loop transmits probe temperature.

Process
Controller

5

6

8
A/D

CONV.

RS485

14

13

D/A

D

-15V

D D

+15V

1

2

D/A

C

-15V

C C

+15V

5V_A

5V_A

EEPROM

12

11

Power
Supplies

5V_A
5V_B
+15V

-15V
+15V
-15V

B

A

5V_B

5V_A

22M

5V_A

44M

DISPLAY
CONN.

ISOLATED

ISOLATED

ISOLATED

T/C INPUT

mV INPUT

+24V

24V
COM

ANALOG
OUT 1

4-20mA

ANALOG
OUT 2

4-20mA

9

10 RTX+

RTX-

4

3

EVENT INPUT

7

Figure 1 BLOCK DIAGRAM
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Safety Summary

All cautions and instructions that appear in this manual must be complied with to prevent
personnel injury or damage to the Probe Transmitter or connected equipment. The
specified limits of this equipment must not be exceeded. If these limits are exceeded or if
this instrument is used in a manner not intended by Marathon Sensors Inc., damage to this
instrument or connected devices could occur.

Do not connect this device directly to AC motors, valves, or other actuators. All AC alarm
functions must be connected through an interposing DC coil relay with a maximum coil
load of 0.5 amps DC. The Probe Transmitter is not rated to act as a safety device. It
should not be used to provide interlocking safety functions for any temperature or process
functions. Alarm capabilities are provided for probe test and input faults only and are not
to be considered or used as safety contacts in any application.

Connections
The Probe Transmitter has four removable terminal blocks grouped with four terminals
each. Each terminal is a wire clamp type with a standard slot screw. Each clamp can
accommodate AWG 24 to 12 flexible stranded wire. Maximum torque on the terminal
screws should not exceed 0.8 Nm.

The figure below shows the arrangement of the terminals.

LOWER

UPPER

UPPER

LOWER

- + N/C N/C

AO2

1 2 3 4

5 6 7 8
- + - +

TC MV

AO1 COM NO

- + EVT EVT

13 14 15 16

RS485 24VDC

- + - +

9 10 11 12

Figure 2 Terminal Layout
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The next figure shows a schematic representation of the Probe Transmitter and typical
connections required in the field.

Figure 3 Schematic Connections

Grounding and Shielding

To minimize the pick-up of electrical noise, the low voltage DC connections and the sensor
input wiring should be routed away from high-current power cables. Where it is
impractical to do this, use shielded cables with the shield grounded at the Probe Transmitter
enclosure ground as show above.

Parameter Selections

The following tables list the parameters available in the Probe Transmitter. Default values
are also listed. The default values are loaded if a reset is force in the device. Changes to
these parameters must be specified at the time of order.

Process Parameters

The following table shows the process selections and other parameters that effect the
process value.
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Table 1 Process Parameters
Parameter Name Selection

Default
Units or Options Range

PROCESS TYPE %O2 CARBON, DPT,
%O2, MV

CARB PROC FACT 150 0 to 1000
DEWPT PROC FACT 150 0 to 1000
OXYGEN EXPON 0002 POWER OF TEN 0 to 31
TC TYPE B B, C, E, J, K, N,

NNM, R, S, T

Process Type
Selecting the process type determines what type of calculation the Smart Transmitter is
going to do based on the probe millivolt and probe temperature inputs. The default process
value for the Smart Transmitter is %O2 with an exponent selection of 2. This is the
selection most often used in Boiler control and Combustion applications.

Percent Carbon and dew point are typically processes that are used in steel treating
applications. Percent Carbon is the process value most often used for the control of case
depth or the percent of carbon in a steel hardening furnace. Dew Point is used in the control
for endothermic generators.

Carbon Process Factor

The carbon process factor can be used to adjust the % carbon value. This number takes
into account a number of assumptions that the carbon value is based on. Primary among
these is the assumed level of CO in the atmosphere. See the Theory of Process Calculation
section for a complete explanation of this value.

It maybe necessary to change the apparent furnace carbon as measured by the oxygen
probe if this value is different than actual load samples, shim stocks, or gas analysis. The
basic rule of thumb is that an increase is the carbon process factor will decrease the
apparent carbon level in the furnace. The default value is 150. Typical values can very
from 50 to 400. Increase or decrease the process factor until the desired carbon level is
achieved. A process factor that is drastically different than normal may be an indication of
a failing probe, water or air leak in the furnace, or excess methane present. Refer to probe
troubleshooting guides to determine what other factors maybe effecting the carbon value.

Dew Point Process Factor

The dew point process factor is similar to the carbon process factor but is used to adjust the
dew point value if dew point is selected as the process value. This number takes into
account a number of assumptions that the dew point value is based on. Primary among
these is the assumed level of hydrogen in the atmosphere. See the Theory of Process
Calculation section for a complete explanation of this value.
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Oxygen Exponent

The range of oxygen is factory configured using the oxygen exponent number. Percent
oxygen is the standard setting where the oxygen exponent is set to 2 and the output range is
0.00% to 20.9%. For a part per million (ppm) range the exponent would be set to 6 and the
output range of 0.00 X 10-6 to 99.99 X 10-6.

TC Type

The following table shows the available thermocouple types and the ranges. BOLD
indicates the typical oxygen default.

Thermocouple
type

Zero ºF Zero °C Span ºF Span °C

B 800 425 3000 1650
C 32 0 3000 1650
E 32 0 1300 700
J 32 0 1300 700
K 32 0 2300 1260
N 32 0 2300 1260

NNM 32 0 2000 1090
R 300 150 3000 1650
S 300 150 3000 1650
T 32 0 700 370

The Cold Junction correction is applied to all thermocouple types.

Analog Output Channels

The analog outputs are factory configured to provide 4 to 20mA signals proportional to
selectable process values.

NOTE
The Analog Output Channels are isolated self-powered
current sources and do not require an external supply.

If a chart recorder is to be used, it should have input specifications within 4 to 20 mA. If
the recorder only responds to VDC inputs it will be necessary to add a 250 ohm dropping
resistor across its input terminals.

The ideal location of the recorder is adjacent to the instrument but it may be located
remotely if the connecting wires are properly shielded. For best results, the chart recorder
input(s) should be isolated from ground.
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Table 2 Analog Outputs
Parameter

Name
Oxygen
Default

Possible
Options

Possible
Ranges

OUTPUT 1
MODE

O2

0–20.9%
4-20mA

O2, CARBON,
DEWPT, TEMP, LIN,
PROG

O2 = 0 – 9999
%C = 0.00 – 2.55
DP = -99.9 – 212.0
Temp = -999 – 3000
LIN = -999 – 9999
PROG = 0 – 4095

OUTPUT 2
MODE

TEMP

800-3000°F
4-20mA

O2, CARBON,
DEWPT, TEMP, LIN,
PROG

O2 = 0 – 9999
%C = 0.00 – 2.55
DP = -99.9 – 212.0
Temp = -999 – 3000
LIN = -999 – 9999
PROG = 0 – 4095

NOTE: SEE PAGE 4 FOR TYPICAL CALIBRATION VALUES.

Calibration

The Smart Transmitter is factory calibrated. The calibration can be verified once a year or
according to customer calibration schedules. The instrument should be returned to the
factory if calibration is required.
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Process Variable Calculations

The transmitter has a selectable process calculation for percent carbon, percent oxygen, or
dewpoint. The following equations are used to derive these values;

Percent Oxygen

20.95
%O2 = -----------------------

e(E/0.0215*Tk)

Where: E = probe millivolts, Tk = probe temperature in degrees Kelvin.

The 20.95 is the %O2 in air.

Percent Carbon

e((E-786)/(0.043102*Tk))
%C = 5.102 ---------------------------------------------------

(29*PF + 400)+ e((E-786)/(0.043102*Tk))

Where: E = probe millivolts, Tk = probe temperature in Kelvin, and PF is the process
factor.

Dewpoint

4238.7
DP = -------------------------------------------------------------------- - 459.69

6.281216 + log((29*PF+400)+(E-1267.8)/(0.05512*Tr)

Where: E = probe millivolts, Tr = probe temperature in Rankin, PF is the process factor,
and DP is the dewpoint in Fahrenheit.
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Communications

The Transmitter is capable of digital communications using the Modbus protocol. This is
possible by connecting to the half duplex RS-485 terminals using a shielded twisted pair.

Modbus

The MODBUS protocol describes an industrial communications and distributed control
system (DCS) that integrates PLCs computers, terminals, and other monitoring, sensing,
and control devices. MODBUS is a Master/Slave communications protocol, whereby one
device, (the Master), controls all serial activity by selectively polling one or more slave
devices. The protocol provides for one master device and up to 247 slave devices on a RS-
485 half duplex twisted pair line. Each device is assigned an address to distinguish it from
all other connected devices. All instruments are connected in a daisy-chain configuration.

The instrument communicates with baud rate settings 1200, 2400, 4800, 9600, or 19.2K.
The default baud rate is 19.2Kbuad. The default address is 1. Changes to these values can
be made by writing to the appropriate memory register.

The Transmitter communicates in Modbus RTU (Remote Terminal Unit) protocol using 8-
bit binary data characters. Message characters are transmitted in a continuous stream. The
message stream is setup based on the following structure:

Number of bits per character:
Start bits 1
Data bits (least significant first) 8
Parity None only (no bits for no parity)
Stop bits 1
Error Checking CRC (Cyclical Redundancy Check)

The Transmitter recognizes three RTU commands. These are: read single I registers
(command 4), read a single H register (command 3), and preset a single H register
(command 6)

In Modbus mode, the Transmitter can be only be configured for the ‘none’ parity option.

The instrument never initiates communications and is always in receive mode unless
responding to a query.

RTU Framing

Frame synchronization can be maintained in RTU transmission mode only by simulating a
synchronous message. The instrument monitors the elapsed time between receipt of
characters. If three and one-half character times elapse without a new character or
completion of the frame, then the instrument flushes the frame and assumes that the next
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byte received will be an address. The follow command message structure is used, where T
is the required character delay. Response from the instrument is based on the command.

T1,T2,T3 ADDRESS FUNCTION DATA CHECKSUM T1,T2,T3
8-BITS 8-BITS N X 8-BITS 16-BITS

Address Field

The address field immediately follows the beginning of the frame and consists of 8-bits.
These bits indicate the user assigned address of the slave device that is to receive the
message sent by the attached master.

Each slave must be assigned a unique address and only the addressed slave will respond to
a query that contains its address. When the slave sends a response, the slave address
informs the master which slave is communicating.

Function Field

The Function Code field tells the addressed slave what function to perform. MODBUS
function codes are specifically designed for interacting with a PLC on the MODBUS
industrial communications system. Command codes were established to manipulate PLC
registers and coils. As far as the Transmitter is concerned, they are all just memory
locations, but the response to each command is consistent with Modbus specifications.

The high order bit in this field is set by the slave device to indicate an exception condition
in the response message. If no exceptions exist, the high-order bit is maintained as zero in
the response message.

Data Field

The data field contains information needed by the slave to perform the specific function or
it contains data collected by the slave in response to a query. This information may be
values, address references, or limits. For example, the function code tells the slave to read
a holding register, and the data field is needed to indicate which register to start at and how
many to read.

Error Check Field (CRC)

This field allows the master and slave devices to check a message for errors in
transmission. Sometimes, because of electrical noise or other interference, a message may
be changed slightly while it is on its way from one device to another. The error checking
assures that the slave or master does not react to messages that have changed during
transmission. This increases the safety and the efficiency of the MODBUS system.

The error check field uses a CRC-16 check in the RTU mode.
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The following is an example of a function 03 call for data at memory location 03. The
value returned by the instrument is the hex value 1E.

Transmit from Host or Master
Address Cmd Reg

HI
Reg
LO

Count
HI

Count
LO

CRC
HI

CRC
LO

01 03 00 03 00 01 74 0A

Response from Transmitter
Address Cmd Byte

Count
HI

Byte
Count
LO

Data
HI

Data
LO

CRC
HI

CRC
Lo

01 03 00 02 00 1E 38 4C

Note that all the values are interpreted as hexadecimal values. The CRC calculation is
based on the A001 polynomial for RTU Modbus. The function 04 command structure is
similar to the 03 structure.

The following is an example of a function 06 call to change data in register 01 to 200. The
response from the instrument confirms the new value as being set.

Transmit from Host or Master
Address Cmd Reg

HI
Reg
LO

Data
HI

Data
LO

CRC
HI

CRC
LO

01 06 00 01 00 C8 D9 9C

Response from Transmitter
Address Cmd Reg

HI
Reg
LO

Data
HI

Data
LO

CRC
HI

CRC
LO

01 06 00 01 00 C8 D9 9C

The Transmitter will respond to several error conditions. The three exception codes that
will generate a response from the instrument are:

01 – Illegal Function
02 - Illegal Data Address
03 – Illegal Data Value
04 – Slave Device Failure

The response from the Transmitter with an exception code will have the most significant
bit of the requested function set followed by the exception code and the high and low CRC
bytes.
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Memory Map

NOTE: Modbus refers to the hexadecimal register location. These parameters are
formatted as unsigned 16 bit integers. Any real number such as temperature can be
evaluated as a signed number, other parameters are bit mapped words that must be
evaluated as single bits are bit groups.

BLOCK 0
HEX DEC PARAMETER DESCRIPTION READ/WRITE
00 0 Not used READ ONLY
01 1 TIME CONTROL

SIOSET
LOW BYTE - TIMER CONTROL
BIT 0 – Timer Disabled (0), Timer Enabled (1)
BIT 1 – 7 SPARE

HIGH BYTE – SIO SETUP
BITS 8 – 9 PARITY SETTING
00 = Even Parity, 7 bits, 1 Stop bit
01 = No Parity, 8 bits, 1 Stop bit
10 = Odd Parity, 7 bits, 1 Stop bit

BITS 10 – 11 RESPONSE DELAY
0 = No delay applied to response
1 = 10ms delay applied to response
2 = 20ms delay applied to response
3 = 30ms delay applied to response

BITS 12 – 14 BAUD SELECT
000 = 76.8K
001 = 38.4K
010 = 19.2K (DEFAULT)
011 = 9600
100 = 4800
101 = 2400
110 = 1200
111 = 600

BIT 15 HOST FORMAT
0 = MSI (PROP)
1 = MODBUS (DEFAULT)

READ/WRITE

02 2 TC_ZERO
TC_SPAN

LOW BYTE - TC ZERO CALIBRATION
NUMBER

HIGH BYTE – TC SPAN CALIBRATION
NUMBER

READ/WRITE

03 3 MV_ZERO
MV_SPAN

LOW BYTE – MV ZERO CALIBRATION
NUMBER

HIGH BYTE – MV SPAN CALIBRATION
NUMBER

READ/WRITE

04 4 PF PROCESS FACTOR FOR CARBON OR
DEWPOINT
RANGE = 0 to 4095

READ/WRITE
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BLOCK 0
HEX DEC PARAMETER DESCRIPTION READ/WRITE

DEFAULT = 150
05 5 EVENT

LDLN
LOW BYTE – INPUT EVENT
CONFIGURATION
Bits 0 – 3
0000 = None
0001 = Auto Mode Selected
0010 = Remote Setpoint Selected
0011 = Acknowledge alarms
0100 = Timer Hold
0101 = Timer End
0110 = Timer Start
0111 = Start probe test
1000 = Process hold
Bits 4 – 7 not used.

UPPER BYTE – LOAD LINE

READ/WRITE

06 6 CJTRM
HADR

LOW BYTE – COLD JUNCTION TRIM
COLD JUNCTION TRIM (unsigned integer)
RANGE = –128 TO +127 WHERE
1 COUNT = 1 DEG (C or F) and –128 = 65408

HIGH BYTE – HOST ADDRESS
BITS 0-7
RANGE = 0 – 255

07 7 SPARE SPARE
08 8 CONFIG0 Input Configuration

BITS 0-3 TC Input TYPE
0000 = B (DEFAULT)
0001 = E
0010 = J
0011 = K
0100 = N
0101 = R
0110 = S
0111 = T
1000 = SPARE
1001 = SPARE
1010 = SPARE
1011 = SPARE
1100 = SPARE
1101 = SPARE
1110 = SPARE
1111 = SPARE
BIT 4 = SPARE
BIT 5 0 = NO CJ APPLIED, 1 = CJ APPLIED
BIT 6 0 = °F, 1 = °C
BIT 7 0 = 60HZ FILTER
BIT 8 – 11 Millivolt Input TYPE
0000 = LINEAR (DEFAULT)
All other bit combinations are spare
BITS 12 – 15 are spare

READ/WRITE

09 9 CONFIG2 SETUP VALUES
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BLOCK 0
HEX DEC PARAMETER DESCRIPTION READ/WRITE

BITS 0 - 4 OXYGEN EXPONENT
RANGE = 0 to 31, where 2 = % and 6 = ppm
DEFAULT = 2
BITS 5 - 6 DISPLAY DECIMAL PLACE
where:
0 = no decimal point in display
1 = Display XXX.X
2 = Display XX.XX
3 = Display X.XXX
DEFAULT = 0
BITS 8 – 12 REDOX METAL NUMBER
RANGE = 0 – 14
DEFAULT = 0
BITS 13 – 15 SPARE

0A 10 FAULT FAULT BIT MAP
BIT 0 = Temperature Input Open
BIT 1 = MV Input Open
BIT 2 = Range of input is low
BIT 3 = Range of input is high
BIT 4 = Timer End
BIT 5 = Probe Care Fault
BITS 6 – 7 = SPARE
BIT 8 = CPU Fault
BIT 9 = Min Idle counter = 0
BIT 10 = Keyboard failure, stuck key or a key
was pressed during power up.
BIT 11 = Flash Erase Failed
BIT 12 = Flash Checksum Failed
BIT 13 = EEPROM Checksum Failed
BIT 14 = Flash/EEPROM Size Fault
BIT 15 = ADC Fault

READ ONLY

0B 11 ASRC ANALOG OUT SOURCES
LOW BYTE, ANALOG OUTPUT 1
BITS 0 – 3
0000 = N/A
0001 = Temperature
0010 = Linear Input A
0011 = Carbon value
0100 = Dewpoint value
0101 = Oxygen value
0110 = Redox value
0111 = Output Power
1000 = Control Output 1
1001 = Control Output 2
1010 = Linear Input B
1011 = Programmable*

*For Programmable, write required output
value into DACV1, where DACV1 = 0 is
minimum output and
DACV1 = 4096 is maximum output.

BITS 4 – 7 SPARE

READ/WRITE
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BLOCK 0
HEX DEC PARAMETER DESCRIPTION READ/WRITE

HIGH BYTE, ANALOG OUTPUT 2
BITS 8 – 12
0000 = N/A
0001 = Temperature
0010 = Linear Input A
0011 = Carbon value
0100 = Dewpoint value
0101 = Oxygen value
0110 = Redox value
0111 = Output Power
1000 = Control Output 1
1001 = Control Output 2
1010 = Linear Input B
1011 = Programmable*

*For Reference Number and Programmable ,
write required output value into DACV2, where
DACV2 = 0 is minimum output and
DACV2 = 4096 is maximum output.

BITS 13 – 15 SPARE

Special case: If Analog Output 1 = CONTROL
OUTPUT 1 and Analog Output 2 = CONTROL
OUTPUT 2 and the Control Mode is dual, then
Analog Output 1 is 4-20ma for 0 to +100% PO
and Analog Output 2 is 4-20ma for 0 to -100%
PO.

0C 12 DAC_OFFSET_1 DAC 1 OFFSET CALIBRATION READ/WRITE
0D 13 DAC_SPAN_1 DAC 1 SPAN CALIBRATION READ/WRITE
0E 14 DAC_OFFSET_2 DAC2 OFFSET CALIBRATION READ/WRITE
0F 15 DAC_SPAN_2 DAC2 SPAN CALIBRATION READ/WRITE
10 16 AOUTOF1 ANALOG OUTPUT 1 OFFSET

Minimum source value that correlates to
minimum Analog Output of 4 mA. The source
value is based on the selection in ASRC lower
byte

READ/WRITE

11 17 AOUTRN1 ANALOG OUTPUT 1 RANGE
Maximum source value that correlates to
maximum Analog Output of 20 mA. The
source value is based on the selection in
ASRC lower byte where

READ/WRITE

12 18 AOUTOF2 ANALOG OUTPUT 2 OFFSET
Minimum source value that correlates to
minimum Analog Output of 4 mA. The source
value is based on the selection in ASRC upper
byte

READ/WRITE

13 19 AOUTRN2 ANALOG OUTPUT 2 RANGE
Maximum source value that correlates to
maximum Analog Output of 20 mA. The

READ/WRITE
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BLOCK 0
HEX DEC PARAMETER DESCRIPTION READ/WRITE

source value is based on the selection in
ASRC upper byte where

14 20 SPARE SPARE READ/WRITE
15 21 SPARE SPARE READ/WRITE
16 22 SPARE SPARE READ/WRITE
17 23 TEMPFIL Temperature Input Filter in seconds

Range = 0 to 3276. The higher the number
the faster the reading update.
DEFAULT = 1000

READ/WRITE

BLOCK 1
HEX DEC PARAMETER DESCRIPTION READ/WRITE
18 24 MVFIL Millivolt Input Filter in seconds

Range = 0 to 3276. The higher the number
the faster the reading update.
DEFAULT = 1000

READ/WRITE

19 25 AZERO LINEAR OFFSET, Y INTERCEPT LINEAR
SCALING FOR INPUT A

READ/WRITE

1A 26 ANUM LINEAR SPAN VALUE FOR INPUT A READ/WRITE
1B 27 BZERO LINEAR OFFSET, Y INTERCEPT LINEAR

SCALING FOR INPUT B
READ/WRITE

1C 14 BNUM LINEAR SPAN VALUE FOR INPUT B READ/WRITE
1D 15 PROC This value is the calculated process value

shown as an integer. The decimal point and
exponent values are required to determine the
actual scaled value.
Range = -999 to 9999.
For example: If the process = oxygen, display
decimal point = 2, and exponent = 6, and
PROC = 1234, then the actual value and
displayed as 12.34 ppm.

READ ONLY

1E 16 COLDJCT COLD JUNCTION
Where 1 COUNT = 1°F (°C), RANGE = -99 TO
255°F (°C). Note this parameter is an
unsigned integer.

READ ONLY

1F 17 TEMP MEASURED TEMPERATURE
Where temperature is presented in degrees C
or F, based on the C/F setting. Note this
parameter is an unsigned integer of
temperature -2721 = 62815
Range = max / min range of selected
thermocouple.

READ ONLY

20 18 MV MEASURED MILLIVOLT
Where this value is scaled in 0.1 mV
increments, i.e. 10001 = 1000.1.
Range = 0 to 2000 mV.

READ ONLY

21 19 DACV1 ANALOG OUTPUT 1
0 to 4095 is 4 to 20 mA In dual mode 4mA = -
100, 12mA = 0, 20mA = +100

READ/WRITE
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BLOCK 1
HEX DEC PARAMETER DESCRIPTION READ/WRITE
22 20 DACV2 ANALOG OUTPUT 2

0 to 4095 is 4 to 20 ma In dual mode 4mA = -
100, 12mA = 0, 20mA = +100

READ/WRITE

23 35 SPARE SPARE
24 36 SPARE SPARE
25 37 SPARE SPARE
26 38 SPARE SPARE
27 39 SPARE SPARE
28 40 SPARE SPARE
29 41 SPARE SPARE
2A 42 SPARE SPARE
2B 43 SPARE SPARE
2C 44 SPARE SPARE
2D 45 SPARE SPARE
2E 46 SPARE SPARE
2F 47 SPARE SPARE
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Operational Specifications

Power input 21.6 to 26.4 volts DC / 130mA

Thermocouple input

Thermocouple type Zero ºF Span ºF
B 800 3000
C 32 3000
E 32 1300
J 32 1300
K 32 2300
N 32 2300

NNM 32 2000
R 300 3000
S 300 3000
T 32 700

Bold shows default
Accuracy after linearization +/- 1 deg F

Millivolt input -200 to 2000 millivolts +/- 0.1 millivolt

Input Impedance 25 Megohm

Cold junction compensation +/- 1 deg F

DC outputs (Isolated) 0 to 20mA (650max).

Isolation 1000V DC/AC
Power input to signal inputs
Power input to communications

No Isolation Thermocouple input to Millivolt input, inputs must be differential.

Calculations Percent carbon 0 – 2.55%, no CO compensation
Dewpoint -99°F (-72.8°C) – 212 °F (100°C), no hydrogen
compensation
Percent oxygen. 0 – 20.9% (default)

CAUTION
DO NOT CONNECT ANY AC SOURCE OR LOAD TO
INSTRUMENT CONTACTS

Calibration Setups Millivolt Null
Millivolt Span
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Thermocouple Null
Thermocouple Span
Cold Junction Trim

Communications port RS-485 Half Duplex Only
Protocol Modbus RTU
Baud rates 1200, 2400, 4800, 9600, 19.2K (19.2K default)
Parity None
Address 1 – 254 (Address 1 is default)

Housing
Material Polyamide PA non-reinforced
Inflammability Evaluation Class V0 (UL94)
Temperature Range -40 to 100°C
Dielectric Strength 600 kV/cm (IEC243-1)
Mounting Snaps on to EN 50022 top hat (T) style DIN rail.

Terminals
Wire clamp screw terminals on four position removable terminal blocks.
Wire Size AWG 24 – 12 flexible stranded, removable terminal blocks.
Max. Torque 0.8 Nm

CAUTION: DO NOT CONNECT OR DISCONNECT HOUSING PLUGS
WHILE MODULE IS POWERED OR UNDER LOAD.

Weight 10 oz

Environmental Conditions
Operating Temperature -20 °C to 55 °C (-4 to 130 F)
Storage Temperature -40 °C to 85 °C (-40 to 185 F)
Operating and Storage Humidity

85% max relative humidity, noncondensing, from –20
to 65°C

Certifications and Compliance (PENDING)

Safety EN 61010-1, IEC 1010-1
Safety requirement for electrical equipment for measurement, control, and
laboratory use, Part 1

Electromagnetic Compatibility
Immunity as specified by EN 50082-2

Electrostatic discharge EN 61000-4-2 Level 3: 8 kV air
Electromagnetic RF fields EN 61000-403 Level 3: 10 V/m

80 MHz – 1 GHz
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Fast Transients EN 61000-4-4 Level 4: 2 kV I/O
Level 3: 2 kV power

RF conducted interference EN 61000-4-6 Level 3: 10 V/rms
150 KHz – 80 MHz

Emissions as specified by EN 50081-2
RF Interference EN 55011 Enclosure class A

Power main class A

Note: This instrument is designed for installation inside a grounded metal enclosure.
Always observe anti-static precautions when installing or servicing any electronic device.
Ground your body to discharge any static field before touching the body or terminals of any
electronic device.

This specification can change without notification.



























AIR MAKE-UP UNITS AMU Series

Construction
Welded steer housing finished in grey enamel.

Application
Available in a wide range of sizes handling
75 c.f.rn. to 1100 c.t.m,
Designed 10 use as Air Replacement and Air Make-Up
Units, for permanent installation.

To exhaust foul air and replace with fresh outside air.

By drawing on its wide range of tooled, standard parts.
Airdex engineers can design a blower to meet your specific
needs whether high or low air flow. AC motors. high or low
resistance. single or double inlet.

Performance Data
Air Delivery (CFM) at R.P.M. Specified

Free 1/8 " 1/4" 3/8 " 112" 3/4 " 1" 1 1/4"
Description H.P. R.P.M. Air SP SP SP SP SP SP SP

AMU75 1/60 3000 75 61 54 43

AMU 130 l f70 1550 130 107 87 30

AMU 160 1/40 1600 165 150 ' 35 120 104

AMU 245 1120 1550 245 225 210 190 162

AMU 265 1120 1610 265 250 233 2 15 185

AMU 400 ' 11 2 1550 400 380 365 340 315 200

AMU 465 ' 11 5 1530 465 430 397 357 308

AMU 525 1/4 1725 525 500 480 460 420 240 120

AMU 625 1/4 1725 625 600 560 540 500 420 280 100

AMU 845 112 1725 845 825 790 760 730 650 570 425

AMU 1100 1/3 1140 1100 1050 1000 950 660 700

Tested by The Nozzle Chamber Method as directed in A.M.C.A. Bulletin #210. Figure #4.

Features

115 Volt, 60 Hz

• Thermal overload protection
• Conduit wiring box
• Permanently lubricated bearings
• Horizontal or vertical operation
• Counter clockwise rotation drive side

• AMU 245, 400 , 525 . 625 . 845
and 1100 supplied with inle t collars.

• Sleeve bearings withoilers
• 4 discharge positions
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AIR MAKE-UP UNITS AMU Series

Specification Charts
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Description A B C 0 E K M A S U
Weight

(Ibs)

AMU 75 5.34 5.17 4.68 2.50 3.02 1.92 2.75 3.38 2.88 5.35 3.4

AMU 130 7.59 7.09 6.58 3.31 4.30 2.72 3.75 4.69 3.75 6.75 4
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Descr iption A B C 0 E K L M N P A U
Weight

(Ib s)

AMU 160 7.80 7.08 6.69 3.34 434 2.80 1.50 3.60 4.05 4.75 4.85 6.40 5.4

u

-- .. - --,

EIt!.• HOLES
msl)LO.
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Description A B C 0 E K L M N U V Y Z
Weight

(Ibs)

AMU 245 9.41 8.73 8.17 4.0 5.33 3.36 5.0 4.75 60 9.0 5.0 5.75 6.75 8
AMU 400 10 .6 1 9.76 9.24 4.44 6 .01 3.79 60 5.25 6.0 10 .75 5.0 6.25 7.25 13
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Description A B C 0 E K L M N P A S U
Weight

(Ibs)

AMU 265 9.93 9.0 8.46 3.9 5.55 3.75 4.37 4 .22 4 .87 5.0 5.5 7.65 8.05

, - -_ _ _ c_ _ -- .--
I D

,
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Descript ion A B C 0 E K L M N P A S U

We ight
(Ibs)

AMU 465 9.93 9.0 8.46 3.9 5.55 3.75 4.37 8.12 8.82 5.0 9.4 4.41 9.46 11.0

,
I•,,

" _._'

I ,
I

_ _. _ ..J
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Description A B C 0 E K L M N U V W Y Z
Weight

Ilbs)

AMU 525 11.91 10.85 10.36 4.88 6.98 4 .24 8.0 5.5 9.0 13.6 8 .0 7.23 5.0 7.02 24

AMU 625 11.91 10.85 10.36 4.88 6.98 4.24 8.0 6.0 9.0 14 .1 9.0 7.23 5.0 7.02 24

AMU 845 13.43 12.19 11.66 5.44 7.60 4.76 8.0 6.0 9.0 14 .8 8 .0 7.85 5.0 7.02 30

AMU 1100 16 .58 14.62 14 .06 6.34 9 .51 6.28 9.0 7.0 9.0 16.6 8.0 9.81 50 7.02 53
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