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I.Introduction: 

Control of humidity forms a vital part of many industrial and process engineering applications. Most 

humidity control approaches involve blending wet and d& air flows. Such processes are inherently non- 

linear which poses more challenges for traditional control strategies. This project involves designing and 

implementing fuzzy logic controllers (FLCs) as applied to a pilot scale humidification plant (Molly). 

2.Motivation and Objectives 

Traditional control strategies use ratio control for blending processes. Modem control paradigms might 

offer improvements in various performance metrics . 

The main objective of this work is to design, test and implement FLCs on the humidity rig , Molly. A 

traditional ratio control strategy will also be implemented in order to obtain potential benefits 

and weaknesses of either control strategies. 

3.Realized Milestones 

The humidity rig, Molly was set up performing instrumentation and channel testing. A ratio control 

strategy was implemented and tuned. Two FLCs were designed , implemented and tested. The three 

controllers were successfully implemented by a Eurotherm T640 controller using T500 LIN tools 

software. 

4.Couclusions 

Fuzzy logic control can improve the performance Of some systems when conventional control methods do 

not achieve the desired requirements. An FLC strategy applied to humidity control achieves good control 

performance over a wide range of operating points and its response is faster than that of the ratio control 

.For a small range of operating points, ratio control can give acceptable response, but it tends to be slower 

than that of the FLCs. 
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Abstract: 

Control of humidity through blending processes is very important in process 

industry plants. A pilot scale rig, Molly, was set up in the process control lab at 

the department of Automatic Control and Systems Engineering in order to provide 

hands on experience and training in the area of process control. It is interfaced to 

both Supervisory Control and Data Acquisition (SCADA) and Distributed Control 

System (DCS) systems. This rig mixes wet and dry air flows to achieve the 

desired humidity. The rig was initially set up by testing the instrumentation and 

VO channels. Fuzzy logic controllers (FLCs) were designed and implemented 

using the SCADA system. A ratio controller was also implemented and tuned 

using the same system. The performance of all of the controllers was analyzed and 

compared. A discussion of the potential benefits and weaknesses of various 

strategies conclude this work. 
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[ Chapter I Introduction] 

C:h1112it1ri 11 
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1.1 Introduction 

Many process industry plants employ a variety of blending processes. Blending implies 

mixing of two or more streams to produce a combined flow with certain required 

properties The work described here is concerned with blending of dry and wet air 

streams in order to control humidity. Ratio control strategies are most common within 

the process industry for blending processes [3]. Emerging control paradigms are 

beginning to see applications in i~dustry. One such technique is fuzzy logic control 

(FLC) The main objective of this.work is to investigate fuzzy logic humidity control 

using blending of dry and wet air streams. To benchmark the performance of the fuzzy 

controllers, a ratio control strategy is applied and tuned on the same process. 

All the practical work carried out during this work is applied to a pilot scale 

humidification rig (MOLLY) in the Process Control Lab at the Department of 

Automatic Control and Systems Engineering. 

1.2 Project Context 

MOLLY is one of a variety of process control simulators set up recently in the Process 

Control Lab at the Department of Automatic Control and Systems Engineering. These 

rigs provide hands on experience and training in the area of process control. MOLLY 

is designed to demonstrate ratio control for blending processes (Figure 1.1 shows a 

photograph of this rig). The rig comprises the instrumentation necessary for realizing 

indirect ratio control with feedback trimming of the ratio setting. The input to this rig 

is air which is supplied by a compressor The output is moist air and this is the 

controlled variable. The required humidity level is maintained by controlling the ratio 

between the wet and dry air streams. 
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[ Chapter I Introduction] 

Figure I .1 A Photograph of Molly 

There are two proprietary control systems interfaced to Molly. A Honeywell 

Distributed Control System (DCS) and Eurotherm Supervisory Control and Data 

Acquisition (SCADA) system. Process control. via computer systems provides 

precision and fast control action which results in a better response of the system and 

higher quality of the output. The FLC strategies can be implemented using either of the 

two systems above. 

This project comprises setting up and tuning of an existing ratio control strategy for 

MOLLY. FLC strategies will then be investigated. Suitable FLC designs are identified 

and implemented for MOLLY. Both ratio control and FLCs are implemented using the 

SCADA system. 

1.3 An Overview of MOLLY 

The input air flow to the rig is supplied by a compressor. The output is moist air which 

flows into the ambient lab environment. The humidity of the compressed air supply 

' <· 2 



[ Chapter I Introduction] 

depends on atmospheric conditions and the compression process. Air is composed of 

non-condensable gases such as Nitrogen, Oxygen, etc. It also contains water vapor. 

Humidity is the mass of vapor per unit mass of dry air (kg/kg). It is measured indirectly 

by its dew point temperature using the Psychometric Chart (Appendix A). In order to 

obtain this measurement air is cooled until the onset of condensation, which gives a 

measure of the dew point. 

In this process it is assumed that the supplied air is dry (0% wet) This air is split into 

two parts, dry and wet streams. The wet stream is obtained by bubbling the flow 

through a bottle of water which will give a 100% wet stream. The two streams are 

blended together to give the moist air whose humidity depends on the ratio between 

the two flow rates The control strategy is tasked with maintaining the ratio between 

wet and dry flows to produce the desired humidity output level. 

1.4 Project Objectives 

The main objectives can be summarized as follows: 

Implementation and tuning of the ratio control strategy . 

2. Designing fuzzy logic controllers. 

3. Implementation and tuning of the Fuzzy logic control strategy. 

4 Explore the effectiveness of each of the control strategies in terms of rejecting 

disturbances and dealing with the non-linearity of the process 

The project will comprise the following steps: 

Testing the instrumentation and the I/0 channels. 

2 Developing the data base 

3 Designing the ratio controller. 

4 Implementing the ratio control strategy. 

Tuning the control system. 5 
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[ Chapter I Introduction] 

6. Designing the fuzzy logic controllers 

7. Implementing and testing the fuzzy logic controller. 

8. Tuning the fuzzy logic controller. 

9. Comparing the performance of the system using both types of controllers. 

1.5 Potential problems 

Some difficulties might be faced when implementing control strategies for this rig. 

These difficulties might arise due to some or all of following: 

1. The process has non-linear dynamics (the relationship between the flow rates and 

the dew point temperature is non-linear). 

2. The valves response is non-linear. 

3. The effect of the sensors ( measuring elements) on the system performance The 

effect of the sensors and their delays is due to the dynamic and static characteristics of 

the measuring elements which affect the indication of the actual value of the humidity 

of the output air flow The sensors play an important role in determining the overall 

performance of the control system, for example the sensor determines the transfer 

function in the feedback path as will be seen in chapter two. 

4 The delays encountered by the valves response times and the delay encountered in 

measuring the dew point temperature. 

4 



[ Chapter 2 Process Modeling] 

C,:h:a.(Pste,r· 2. 
l?rtlt,ess. ··· M!o(ieli1n:g1 

This chapter gives a conceptual description of Molly. A mathematical model and block 

diagram description are also explained. 

Note: The description and the model are for the system with the ratio control strategy as implemented 

at the beginning of this work. 

2.1 Introduction 

Figure 2.1 gives a simplified representation of the operation of Molly. 

Dry Air (f 

Moist Air (( 

!------~ W~t Air (f, 

Figure 2.1 The Humidification Process 

Air is supplied by the compressor. The humidity of the supplied pressure depends on 

the atmospheric conditions and the compression process. Air supplied under normal 

conditions can be considered as dry air (0% humidity). The air flow is split into two 

streams. One is bubbled through a bottle of water where it becomes saturated ( 100% 

humidity). The other stream is assumed to be dry air. At the outlet, both streams are 

blended together to form the moist air stream. The humidity of this moist air depends 

on the ratio between the flow rates and the atmospheric conditions (for example, if the 

weather is rainy, the humidity of the input stream cannot be 0%). To maintain the 

desired flow rate ratio, an indirect ratio control strategy is employed. This strategy can 

5 
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[ Chapter 2 Process Modeling] 

be summarized as follows (full description can be found in chapter 4): The flow rate of 

the wet stream (f2) is measured and then multiplied by the required ratio (r) which 

gives the desired value (fo) of the dry flow rate (f1). fo is passed through a PID 
feedback loop controlling the dry air flow f1. So, by keeping f1 and f2 in proportion, the 

moist air stream can be maintained at a constant humidity. Since it is unlikely that the 

desired level of humidity will be achievable ( this is due to the system's characteristics), 

it is therefore necessary to measure the moist air humidity and use it to trim the ratio 

setting. Therefore, the ratio is the output of another controller which has the desired 

humidity as it's set point. Figure 2.3 is a detailed block diagram of the control process 

[7]. 

Load 

Controller ~I VP~ Actuator I--! Valve 

fovr 

t Trans 'r ,~ 
f2M r 

I~ f2 Trans'r 

Controller l..--( >+ TMI Trans'r ,~ ho 

- ~ I 
Figure 2.2 Process Block Diagram [7] 

2.2 Mathematical Modeling 

Molly is a zero capacity system, as it cannot and does not store mass. The transfer 

functions of zero capacity systems are simply steady state gains. In such cases the 

dynamics of the associated pipe work, pumps and valves become dominant [3]. 

The output flow can be represented as follows: 

2.1 

The humidity relation can be represented as follows: 
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[ Chapter 2 Process Modeling] 

2.2 

Under normal atmospheric condition, the following conditions apply: 

h, = 0 , h2 = Constant 2.3 

Substituting in equation 2.2 results in: 

2.4 

But f, = f1+f2, so substituting this equation into equation 2.4 gives: 

2.5 

Putting into deviation form, 

h,(~ +AfJ=(( +~ +( +AfJ(h, +AflJ 2.6 

Expanding equation 2.6 gives: 

hf +hN =fh +fth +Nh +Nth +fh +f ~1 +Nh +Nth 2.7 
~ 1 2 2 l o l o I o l o 2 o 1 o 1 o 1 o 

Ignoring the second order terms and subtracting from equation 2. 7 the steady state: 

( h2f2 = f1ho + f2ho) results in: 

hM =f& +Mb. +f Afl +Mb. 
l 2 I O I o 2 o 2 o 

2.8 

Dropping the .6. notation and transforming gives: 

- - - 
hf =(( +()h0 +h0(( +() 

- - 
=(h, +h0(( +() 

2.9 

Transforming equation 2. 9 and rearranging gives: 

- - 

h -h h 
h,(s)= 2~ 0X((s)-1x~(s) 

0 O 
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=K, f (s)-K/ (s) 2.10 

Equation 2. 10 proves that the system is a zero capacity system as mentioned earlier in 

this section. The revised diagram in figure 2.3 describes this system. 

Figure 2.3 The Basic Process 

For a successful control strategy, the following issues must be observed: 

1. The humidity measurement is critically important for two main reasons: 

a- Depending on this value, the necessary ratio (r) required to obtain the 

desired value of (fl) will be calculated by means of the feedback controller in the main 
loop 

b- Using this value, the humidity of the output air can be controlled and set to 
the desired value. 

2. Since it is very unlikely to get air which has the required dew point temperature, 

the humidity feedback loop gives the desired ratio between dry and wet flow rates. 

This is controlled by means of a PID controller to trim the ratio setting. 

3 The flow rates are controlled by means of PID controllers in order to allow for set 
point changes and external disturbances. 
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[ Chapter 2 Process Modeling] 

4. The dew point sensor can be represented mathematically by a first order lag. 

(1/(Ts+l)). The same is true for the container, but this is ignored because the time 

constant of the container is approximately zero. 

5. There is a time delay (L) encountered in this process. This is due to distance 

velocity effects between the mixing junction and the dew point sensor. 

Figure 2.4 gives a mathematical model of the system, as controlled using ratio 

control. 

f 
KM! 

1 L~~d 

-- 
Valve 
G"(s) I 

_G 

KM2 

.• I -Ls j ho• e I )lo 

X 

r 

'--~~~- N0+J_+Tds) 
Tis Ts + I 

Ts 
Figure 2.4 Mathematical Model of the Process 

From figure 2.4 

f (s )=e(s )Gv(s )Gc(s )+KLPs(s) 

2.11 

So, 
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f ( ) G (s)G (s) f () KL p ( ) s- V C s+ s 
I l+KMIGV(s)Gc(s) le l+KM,GV(s)Gc(s) s 

+ 2.12 

Also, the wet flow is controlled by a PID control loop. 

From equation 2.12 figure 2.4 can be simplified to: 

fir 
I G1(s) / +Otii K1 r~ho* 

t; f K2 
X /./2M I 

KM2 

Ts + 1 

Figure 2.5 Simplified Block Diagram OF Molly With Ratio Control 

2.3 Practical Considerations and measures 

• It was found that the effect of the time delay (L) is not significant, so it will not be 

considered more for the remainder of this work. 

• The transfer function for the valves can be approximated by first order lag functions 
( 1/(Ts+ 1 )) 

• Normal Operating conditions: 

Wet Flow Rate= 0 25 kg/h 

Dew Point Temperature= 10.5 °C 

Ill 
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