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Abstract 

CEJN is a leading transnational company with long history and professional background 

providing high-tech quick connect products in global market. The headquarters of the com-

pany in Skövde, Sweden, is the birthplace and core location of the entire corporation. In the 

headquarters, the engineer tests their products at their flow test laboratory. In the laboratory, 

there are flow test stations for all product ranges. Within them, the most basic are flow test 

benches for air, water and hydraulic oil products. The flow test benches are aim to test the 

products under International/Swedish standard conditions to determine the performance. 

This project is aimed in upgrading the test benches by engineering both hardware and soft-

ware, to achieve higher level of automation of the data logging system used in the lab. All 

three test benches were designed and installed following requirements in corresponding in-

ternational standards. The principles of testing are similar, but they are not developed from 

the same era, and the automation level of each test bench differs. As a result, the need of up-

grading in the benches is different. 

In the laboratory, the recorded test results are reorganized and processed by a report genera-

tor developed on Microsoft Excel. The Excel report generator is used for organize test results, 

calibrate the deviation of the instruments, calculate the flow coefficient of the product, gener-

ate performance diagrams of the products, generate test reports for different purpose of use, 

and save the test data and results on the server of the company. 

Above all, an upgrade of the data logging system for the three flow test benches was needed. 

Depending on the conditions of each test bench, the project is implemented and designed the 

following three parts: 

• A hardware upgrading (flow rate computer) for the air flow test bench 

A new signal indicating device for replacing the old flow rate computer is purchased 

from Italy by the company. The new instrument contains filter function to stabilize the 

flow rate value. 

• A software upgrading (Excel report generator) for all the test benches 

Visual Basic for Applications (VBA) programming language is used for developing 

functions such as data communication, signal decoding and user interface developing 

in Excel.  

• Develop of an automated data visualizing system for the air flow test bench 

Data communication from the new instrument to a PC through serial port and Mod-

bus RTU interface is established. The data visualizing function is compiled in the Ex-

cel report generator for the air flow test, realized by VBA programming.  
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1     Introduction 

In this chapter introduces the background, defines the problem, specifies the aim and goal, set 

the limitation and the structure of the project report. 

As one of the innovators in the industry, CEJN has been developing and producing quick 

connection products for fluid flow since 1955. The product range covers pneumatics, hydrau-

lics, high-pressure hydraulics, and those that meet the needs from specified areas of human 

life and industrial engineering. In the flow test laboratory at the headquarters of the company 

in Skövde, there are three test benches in different automation level: 

 Air flow test bench: The test bench is the oldest of the three. Equipped with old 

styled measuring instruments, and most of the valves and regulators are mechanical 

and manually controlled. The devices for visualizing flow rate and pressure data are 

old microchip computers. The flow rate computer is handmade and not compiled with 

filter function. Test results are manually recorded by operator. 

 Hydraulic oil flow test bench: More automated than the air flow test bench. Test pro-

cedure is controlled by electronic regulator and software running under Windows. The 

software works together with a control box, and serial/parallel port is used for com-

munication between control box and computer. The regulator is manually controlled, 

and test result is automatically recorded by the computer. 

 Water flow test bench: Test bench is recently purchased by the company and it is the 

most automated test bench of the three. Test procedure is controlled by industrial 

computer (running Windows) and PLC (combined with control board with physical 

keys). The test procedures is optional with both fully automate and manual, and test 

results are automatically recorded by the computer. 

1.1     Background 

Today, CEJN measures performance of air, oil and water flow in their quick connect products 

at their flow test laboratory on separate test stations. The products are connected on the test 

station with testing tubes at suitable sizes. A group of values including flow rate (Q), tempera-

ture (T), inlet pressure (P1) and outlet pressure (P2) at either ends of the tested product are 

being measured and recorded. The engineer controls Q and P1 and records all the values at 

limited number of points (certain pressure drop levels, normally 6 points at the air flow test 

station, but more at the other stations). The measured values from the flow test stations must 

go through several ISO standard calculations to get a series results of parameterized flow rate 

in relation to pressure drop between P1 and P2. The results shape a wave form as the Q rises 

from the minimum to the maximum limit in relation with the pressure drop. The data together 

with the wave form will be used for generating a technical report, and that will serve research, 

developing and marketing purposes. The flow measuring in actual media (air, oil and water) 

follows the corresponding ISO standards. 
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1.2     Problem definition 

Measurement records are stored on the server of the company as text files, and are registered 

in an Excel spreadsheet. The Excel spreadsheet was developed as a report generator which 

generates the technical reports. But the staff who programmed the current version of genera-

tor has retired, and the current employee has difficulty using it. The calculations are from ISO 

standards and functions are programmed to meet the company’s needs. 

The problems are: 

1. Lack of uniformed structure. Although they have different functions, all three excel 

spreadsheets should not that different. They could have been better developed if the 

interfaces ware developed using the same layout.  

2. Programming structure is hidden. It is very hard for someone who works with the re-

port generators to understand the processes within the program. Thus it is hard for the 

engineers to upgrade, reverse program, or modify the program. 

3. Calculation logic is unclear and needs to be able to modify. All the calculation of the 

flow test should be dependent on the ISO standard. But there are just some constants 

in most of the calculations in the old report generators. The process of converting the 

calculation results into constants is missing. Therefore it is hard to understand and to 

be verified. 

4. The report generating interface and functions lacks flexibility. In the current version of 

excel, most of the contents (choose list, button function, etc.) are fixed, there are no 

functions for the user to easily add or change contents. 

5. The program lacks sustainability. In the current version of excel, the structure of inter-

face is fixed, which is good for a uniformed report style. But for advanced user, e.g. 

engineer who is in charge of the laboratory, it should be more open and clear, with 

possibility to modify the underlying program logic and calculation method. Thus, the 

company can increase the program’s lifecycle. 

6. The program includes many unnecessary features that should be removed. It can be 

more simple, easy to use, and stable.  

In the laboratory, the air flow test station has the longest history and is equipped with the old-

est measuring instruments and technology in the lab. The valves used in the station are all 

mechanical and manually controlled, and the devices for visualizing flow rate and pressure 

data are old microchip computers. The current employee feels it is hard to use. 

The problems are: 

1. The air supply is from two air compressor at the production site of the factory, and is 

not stable especially at high flow rates. That leads to unstable displaying of data on the 

monitor of the current flow rate computer. 

2. The laboratory has invited the SP Technical Research Institute of Sweden (SP) to test 

and offer a standard benchmark of their reference testing objects. The engineers can 

use the SP benchmark to adjust the output data from the Excel. But the latest version 
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of the benchmark was provided the year 1997 and was not complete, due to the lack of 

air pressure supply at that time. 

3. Today, the measured data at the station are recorded by the engineers manually. The 

accuracy is low. The displaying on the flow indicator is very unstable, and the data is 

estimated by the engineer. The reading can vary from different operators. 

4. The efficiency is low, the operator writes down the data in a data recording chart on 

paper, then input them into the excel. 

The oil and water flow station is more automated and compiled with PC for recording and 

network communication. 

1.3     Aim and goal 

The company needs to build a new data logging system including automated measuring, data 

communication, signal processing, data visualization, and technical report generation func-

tions. In the system, the new technical report generation function is developed for all three 

test stations. Meanwhile, all the other features are only for upgrading the air flow test station. 

The engineering project can be divided into three sub-goals: 

1. Automated measuring and result visualization 

The new data logging system should use a new digital data indicating instrument for mon-

itoring the flow rate though the air flow test station. The new instrument should be able to 

display the value within an acceptable deviation from the old one. The instrument should 

have calibrating and data filter function. The system should be stable and reliable, and it 

should be built with high sustainability. 

2. Automated data processing and reporting 

The new data logging system should have a unified Excel report generator for the air, oil 

and water flow test stations. All the calculation should be dependent on the latest version 

of related ISO standards. Also, it must measure all the key data of the latest update, and to 

find out new parameters and data processing methods that was lacking or hidden in the 

old Excel. The Excel should be easy to understand for those who work with it, by making 

a well-structured, clearly stated, high quality user interface.  

3. Automated data visualizing and storing 

For the air flow test station, it is not enough to be equipped with the two new feature stat-

ed above. It is also a requirement that the data gathered from the indicator can be demon-

strated in a more intuitive way. The students should develop a program on PC that can 

visualize the flow rate in relation with the differential pressure in wave form in real time, 

and also filter selecting and a data recording function. The program can be built in Excel 

based on Visual Basic for Applications (VBA) or Adobe Flash. The student should have 

the basic knowledge of industrial communication standards. The aim is also to gather suf-

ficient information from different sources to get accurate knowledge in flow measurement 

and automation engineering. Finally, the measured data and results should be able to be 

printed and saved on the company’s server. 
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1.4     Limitation 

The company chose an industrial signal indicating instrument from the market, and the stu-

dent work on connecting it to the original analog signal. Settings for realizing the correct sig-

nal indicating range, and a linearization calibration work should be done. A communication 

between PC and the signal indicator, and a function of accessing to Modbus RTU communi-

cation protocol need to be established. A data decoding algorithm needs to be developed in 

the Excel. This part of the project is done only for the air flow test bench. 

ISO standard and European standard is used for defining the calculation. Mathematical re-

gression algorithms are used to process the data for eliminating error. Analog signal filter al-

gorithms are implemented for processing both static group of data and dynamic data in the 

real-time data visualizing of the tested value. This part of the project should be done for all 

three test benches in the laboratory. 

1.5     Report structure 

• Introduction: In this chapter introduces the background, defines the problem, speci-

fies the aim and goal, set the limitation and the structure of the project report. 

• Literature review: This chapter carries out a theory study for implementing the pro-

ject. The purpose of this chapter is to offer a vision of the knowledge and technologies 

need in designing and developing a data logging system for flow test benches in labor-

atory.  

• Methodology: This chapter describes the selected methodology for implementing the 

project. It functions as a project plan, defines the work procedure and priority relation-

ship in between all the sections of the whole project.  

• Signal indicating: The student worked on connecting the new instrument to the ana-

log signal output from the old instrument. Settings for realizing the correct signal indi-

cating range and a linearization calibration work is done.  

• Data communication: A communication between PC and the signal indicator is es-

tablished through RS232 serial interface. A function of accessing to Modbus RTU 

communication protocol is programed in Excel by VBA, a data decoding algorithm is 

developed.  

• Calculation and data processing: This chapter describes develop of the Excel report 

generator, includes Calculation, signal filtering, data processing and interface design-

ing. 

• New data logging system: Introduce the new system and evaluate it in various as-

pects. 

• Discussion: Discusses the result, pros and cons, and the possibility of improvements. 

• Conclusion: Describes the thesis work, also flexibility and sustainability of the sys-

tem. 
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 2     Literature review 

In this chapter the literature study for the project is presented. The purpose of this chapter is to 

offer a vision of the knowledge and technologies needed in designing and developing a data 

logging system for flow test benches in industrial laboratory.  

2.1     Fluid test technology 

2.1.1     Pneumatic fluid power systems: power is transmitted and controlled through a gas 

under pressure within a circuit. Flow rate characteristics needs to be define and deter-mine to 

describe their performance.  By help of ISO 6358 defined and determined the flow rate char-

acteristics of pneumatic valves in two different ways.  One valve method based on stagnation 

pressure included four different characteristic parameters which are sonic conductance (C), 

critical pressure ratio (b), subsonic index (m) and cracking pressure (ΔPc). Those four param-

eters determined from test results. The other based on static pressure included two parameters 

sonic conductance (C) and critical pressure ratio (b), used in a pro-posed mathematical ap-

proximation of the flow behavior. The result of it describe flow performance of a pneumatic 

valve for both chocked flow and subsonic flow. Chocked flow means whose velocity is equal 

to the local speed of sound in at least one section of the components which means that the 

Mach number equals 1. Subsonic flow means whose velocity is lower than the local speed of 

sound which means that Mach number is below 1, in all the sections of the components. (ISO 

6358, 2014) 

 

Figure 1. Air flow Test System process 

Static pressure measured perpendicular to the flow direction without influence of disturb-

ances. It can be measured by connecting a pressure measuring device to a pressure tapping 

mounting in a wall, this means that a pipe can continue to be test whilst maintenance or modi-

fications. Stagnation pressure is the pressure that would exist in a flowing gas stream. Static 

pressure measuring is 6% more effective than stagnation pressure measuring tubes. (ISO 6358, 

2014)                               
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                      Equation 1. Air Ce Calculation Equation 2. Air Conductance Ratio Calculation 

Ce: Conductance, measure of the ability of a pneumatic component or piping to conduct gas 

flow (ISO 6358, 2014). 

C: Sonic Conductance, conductance in the choked f low region (ISO 6358, 2014). 
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Parameters related to flow rate characteristics the most important term is conductance (C) 

corresponding to the maximum flow rate (chocked) and defined by the inlet stagnation condi-

tions. The second mostly parameter is critical back pressure ratio (b) representing the outer 

limit between choked and subsonic flow. It corresponds to the ratio of outlet to inlet stag-

nation pressures. Then there is a condition, subsonic index (m) is used to represent more accu-

rate subsonic flow behavior. The final parameter is cracking pressure ΔPc used only for 

pneumatic components that open with increasing inlet pressure. (ISO 6358, 2014) 

2.1.2     Hydraulic fluid power systems 

The difference with pneumatic is that hydraulic is powered and controlled through a liquid 

within an enclosed circuit. Valve’s task is to control the direction and pressure or flow rate of 

the fluid in the system. The International Standard aims to make sure that the testing methods 

for hydraulic fluid power in valves allow the differential pressure or different flow character-

istics to be compared. Important parameter that needs to be known in a hydraulic valve is dif-

ferential pressure (ΔP), when the fluid go through a valve, there is chance meeting some re-

sistance, which results in pressure drop. The other parameter is flow rate (qv) which means the 

volume rate of flow at the point of measurement. Then the fluid temperature shall be con-

trolled during the test. (SIS & ISO, 2008) 

In industrial laboratory condition, unlike air (normally considered as perfect air) and water 

(pure water), there is no ideal condition for hydraulic oil, due to the enormous kinds of oil 

available in the industrial environment. Every single kind or oil has its unique density and 

viscosity trend curve. As these two concepts do affect the test result, e.g. the hydraulic flow 

ability of a component, it is required to present the kinematic viscosity and mass density at the 

controlled fluid temperature in the test report. Unless the flow test requires very high accuracy 

and the detailed and full viscosity and density chart of the specific oil being tested is obtained. 

There is no need to do viscosity and density correction calculations in hydraulic power flow 

test reports. (SIS & ISO, 2008) 

2.1.3     Water fluid power systems 

Industrial valve is used to test flow resistance using water as test fluid. Using a European 

Standard specifies a method for determining valve pressure loss coefficient and fluid coeffi-

cient. Method is suitable for flow coefficient Cv or Kv and pressure loss coefficient zeta (ζ). 

When fluid flow goes through a valve loses some energy. The Flow coefficient is a designing 

factor which relates pressure drop (ΔP) across the valve with the flow rate (Q). Formulas and 

system illustrate below.                          

 

 

 

Figure 2. Water/Hydraulic flow Test System process Equation 3. Water/Hydraulic Flow Rate Equation 

ΔP: Pressure drop 
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Sg: Specific gravity (1 for water) 

K: Flow coefficient Kv or Cv 

Kv is the flow coefficient in metric units’ means that the flow rate in cubic meters per hour 

[m3/h] of water at a temperature of 16˚ Celsius with a pressure drop across the valve of 1 bar. 

Cv is the flow coefficient in imperial units. That means the flow rate in US Gallons per mi-

nute [gpm] of water at a temperature of 60˚ Fahrenheit with a pressure drop across the valve 

of 1 psi. (SIS & CEN, 2012) 

2.2     Signal process technology 

A signal can be describe in the time or frequency domain. Other signals in form of communi-

cation for example as human speech a square wave as picture 2 shown. (Haykin & Veen, 

1999) 

 

Figure 3. Signal processing 

The most common type of signal is sinusoid, which is periodic in the time domain and only 

one frequency in the frequency spectrum. The frequency can be measured by measuring the 

period of one complete cycle. 

Four main categories of signal processing: Analog signal processing, discrete time signal pro-

cessing, digital signal processing and nonlinear signal processing. 

Analog signal processing or continuous time signal which means whose amplitude or value 

varies continuously with time, used for example into radio, telephone etc.  

Discrete time signal processing is discrete points in time, useful into electronic devices such 

as sample and hold circuits, this technology was predecessor of digital signal processing. 

(Schaumann, Ghausi, & Laker, 1990) 

Digital signal processing (DSP) is a tool that useful for scientists and engineers to analyze and 

visualize data and perform their design. The digital signal processing technology is useful for 

example digital/internet audio or video, CD, DVD and MP3 players’ digital cameras etc. (Tan, 

2007) 

Nonlinear signal processing is a filter whose output is not a linear function of its input, for 

example electrical device whose output voltage R(t) at any moment is the square of the input 

voltage r(t). (Schaumann, Ghausi, & Laker, 1990) 

All those signals categories need filters which are networks that process signals in a frequency 

dependent manner. The main tasks are to remove or reduce a noisy in signal. There are three 

major types of filter a digital, electronic and analog filters. 
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Digital filters manage on digitized analog signals, digitization needs analog signal to be sam-

pled and then converted into a digital value based on the amplitude of the sample. Digital fil-

ter has two types, one is finite impulse response (FIR) and other one is infinite impulse re-

sponse (IIR), those filters require mathematical functions such as multiplies, adders and de-

lays. On picture 3 that show down the blue arrow show digitized noisy input and red arrow 

show clean digital signal.  (Winder, 2002) 

 

Figure 4. Digital filter 

Electronic filters are analog circuit which operate signal processing function, especially to 

remove an undesirable frequency components or to improve a desire frequency and an unde-

sirable. Types of electronic filter can be passive or active, analog or digital, high-pass, low-

pass, band-stop, discrete-time or continuous-time, linear or non-linear and infinitive impulse 

response (IIR type) or finite impulse response (FIR type) but the most used is linear filter. 

(Bishop, 1996) 

Analog filters are the most useful filters, a basic building block of signal processing very use-

ful within electronics. Analog filters most often used in wave filtering applications, where the 

filters need to pass particular frequency components and reject others from analog signals. 

Four types functions of analog filters are low-pass (LP) which is often used to stabilize ampli-

fiers by rolling off the gain at higher frequencies where excessive phase shift -may cause os-

cillations. High pass (HP) can be used to block voltage (DC) offset in high gain amplifiers or 

single supply circuits. Band pass (BP) can be used to subject to limitations band of frequen-

cies while attenuating both lower and higher frequencies. Stop band (SB) is a filter that passes 

most frequencies unchanged, but attenuates those in a specific range to very low level. 

(Winder, 2002) 

2.3     Communication 

Communication has many definitions, but there are three basic elements to every definition 

which are a transmitter, a channel and a receiver. The transmitter purpose is to convert the 

message signal produced by a source of information into a form suitable for transmission over 

the channel. The message signal that is transmitted can be a computer data, a speech signal. 

The channel is connected between the transmitter and the receiver. The channel may be an 

optical fiber, coaxial cable satellite channel, or mobile radio channel. The receiver task is to 

manage on the receiver signal and reconstruct a considerable form of the original message 

signal (estimate) to be delivered to user destination. The transmitter and receiver operations 

performed depend on two types of communication which are analog and digital. (Haykin & 

Veen, 1999) 

An analog communication system is relatively simple, because the transmitter consists of a 

modulator which is the process of converting the message signal into a form that is agreeable 
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with the characteristics of the channel. The receiver consists of demodulator which is an esti-

mate of the original message signal. (Haykin & Veen, 1999) 

A digital communication system is more complex because if the message signal is of analog 

form as speech and computer data, the transmitter needs to convert it to a digital form. A 

method to convert is sampling which converts the message signal into a sequence of numbers 

where each number represents the amplitude of the message signal at a particular instant of 

time. The next step is quantization which includes representing each number produced by the 

sampler to the closest level selected from a finite number of discrete amplitude levels. For 

example each a sample represented as a 16-bit binary number, in which case there are 216 

amplitude levels. This combination represent message signal that are discrete in both time and 

amplitude. Then coding which is to represent each quantization sample by a code word made 

up of finite number of symbols. For example in a binary code the symbols may be 1 or 0. 

(Haykin & Veen, 1999) 

 

Figure 5. MODBUS communication stack (Modbus Organization, 2015) 

Modbus is an international industrial digital communication standard for equipment’s. Mod-

bus allow communication among many automation devices connected to the same network, 

e.g. a system that measures temperature and humidity and communicates the results to a com-

puter. Modbus is used to a supervisory computer with a Remote Terminal Unit (RTU) which 

means that the Modbus protocol is used on top of serial line with an RS-232, RS-485 or simi-

lar physical interface, or with Transmission Control Protocol (TCP) which means that the 

Modbus is used on top of Ethernet- TCP/IP, and IP is internet protocol. The protocols are 

used together and are the transport protocols for internet. When Modbus information is sent 

using these protocols, the data is passed to TCP where additional information is attached and 

given to the IP. The IP the places the data in a packet or datagram and transmits. (Modbus 

Organization, 2015) 

2.4     Industrial Automation 

Ever since the first industrial revolution took place in history, human production activity has 

been growing rapidly and went through a progress in to the modern era of industrialization. 

Industrialization firstly means to use a power source, e.g. fossil fuels, electric power and ma-

chines, to replace human labor in order to increase production efficiency at the early stages of 

industrial revolution (Ashton, 1948). 

After a century of development, human industrialization has become incomparable powerful 

and exceeds in magnitude all earlier developments. Then the industry needed urgently a new 
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revolution to revive the growth speed of productivity. Mental work, as another sort of labor, 

was freed then by a new turn of industrial revolution as it did for the human physical labor.  

Automation can be defined as the technology by which a process or procedure is accom-

plished without human assistance (Groover, 2008). As people already have large machines 

and production systems, the new revolution that the industry needed is something that will 

free human intelligence, for achieving a further step in raising the production efficiency. Au-

tomation then has been pushed on the stage of industrial history.  

Automation is implemented using a program of instructions combined with a control system 

that executes the instructions (Groover, 2008). With the development of computer science and 

automated control technology as a foundation, together with the need of increasing productiv-

ity, industrial automation has all its necessary conditions to be created. Based on how people 

define the word “Industrial” and “Automation”, the concept industrial automation has its vital 

definition, implement technology to free human labor from production using computer tech-

nology and automatic control technology. 

Whether in a small or large manufacturing plant, the industrial or manufacturing engineer is 

usually responsible for using the latest and best technology in the safest, most economic man-

ner to build products (Shell & Hall, 2000). It is this responsibility that requires an engineer 

capable with enormous interdisciplinary knowledge and abilities. Topics such as Numerical 

Analysis, Mathematic Modeling, Computer Control, Manufacturing Systems, Ergonomics, 

and Economics are the necessary requirements for a qualified automation engineer.  

Power

Program of
instructions

Control
System

Process

 
Figure 6. Elements of an automated system (Groover, 2008) 

An automated system consists of three basic elements: (1) power to accomplish the process 

and operate the system, (2) a program of instructions to direct the process, and (3) a control 

system to actuate the instructions (Groover, 2008). In order to build such system and to main-

tain its normal functioning requires a qualified and experienced automation/production engi-

neer personal or team. The latest and best technology and tools today creates extraordinary 

industrial environment for the engineers to realize their ambition in building smarter, faster, 

and stronger automation systems.  

2.5     Office Automation and Spreadsheet Software 

Office automation refers to the varied computer machinery and software used to digitally cre-

ate, collect, store, manipulate, and relay office information needed for accomplishing basic 

tasks. Raw data storage, electronic transfer, and the management of electronic business in-

formation comprise the basic activities of an office automation system. (Wikipedia Office 

Automation, 2015) There is no certain uniform definition for office automation, all the ad-

vanced technologies, new machines and devices that can be used in office affairs can be con-

cluded in the area of office automation. By applying office automation, or digitalized office 

handling, any company or organization can optimize their administration, adjust their manag-
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ing structure, increase their internal coordination, enhance their decision making ability and 

then reach the ultimate goal of an overall higher office efficiency.  

There are many office automation software products in the market, among them Microsoft 

Office is the most widely used one. Not only does the software hold the largest market share 

in the area, but the Microsoft Office is considered the most powerful and comprehensive of-

fice automation software suite. In addition, Microsoft Windows, the strongest support of the 

Microsoft software, shares the largest operating system market in the world, makes Microsoft 

Office the first choice of Office Automation by most people. These reasons leads Microsoft 

Office to became the fact standard of office automation in today’s world.  The software suite 

contains Word as a word processor, Excel as a spreadsheet program, PowerPoint as a presen-

tation program, and other applications for automating office work. Customers now can even 

get help from the Office on tablets, surf plats, and smartphones. 

A spreadsheet is an interactive computer application program for organization, analysis and 

storage of data in tabular form. Spreadsheets are developed as computerized simulations of 

paper accounting worksheets (Wikipedia Spreadsheet, 2015).  As it is defined, spreadsheet 

software in the first place, should be presented on the computer as a simulated form of paper 

accounting worksheets. Therefore the spreadsheet software should contain all the functions 

and abilities of paper accounting worksheets in traditional office environment. Besides the 

fact that it is a digitalized form of paper worksheets, the spreadsheet software is considered an 

important component of office automation software. Thus the spreadsheet software must con-

tain a number of automatic tools and assistance for the customer at office environment to 

make use and gain efficiency of office work.  

Spreadsheets have replaced paper-based systems throughout the business world. Although 

they were first developed for accounting or bookkeeping tasks, they now are used extensively 

in any context where tabular lists are built, sorted, and shared (Wikipedia Spreadsheet, 2015). 

Microsoft Excel is one of the most important components of Microsoft Office Suite and the 

proprietary spreadsheet leader. Its extensive use has covered every field where there is a need 

for office automation and data processing. Excel contains not only regular worksheet handling 

functions, but many additional features like multimedia, database, ActiveX controls, powerful 

calculation and data sorting functions and programmable functions like its inbuilt VBA pro-

gramming language. The VBA programming language has been used in Excel since 1993 till 

today, has showed its powerful capabilities in automating and simplifying the office work.  

While VBA still occupying the most popular office programming language, Microsoft intro-

duced VSTO (Visual Studio Tools for Office) which use VB.Net as the default programming 

language. VSTO is considered as the replacement of VBA, with an amount of advantages 

such like easier accessibility, more powerful usage, better stability and security, better tech-

nical support from Microsoft, and much better support for network application developing. 

2.6     Computer programming 

2.6.1     Visual Basic & Visual Basic for Applications 

Visual Basic (VB) is a computer programming language created by Microsoft in 1991. It is a 

structured, modularized, object-oriented, event-driven computer program development envi-
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ronment with visualized customer interface. It is based on and derived from the BASIC pro-

gramming language. The invention of Visual Basic is an important event in computer pro-

gramming history. It is the first “visualized” programming environment. Throughout its con-

tinuous development, Visual Basic is now merged with Microsoft .NET Framework and be-

came a more powerful language, Visual Basic.NET (VB.NET). 

Visual Basic for Applications (VBA) is a hosted language and part of the Visual Basic family 

of development tools (Lomax, 1998). VBA is the language used to program all the applica-

tions in the Microsoft Office suite except Outlook, as well as a whole host of third-party ap-

plications (Lomax, 1998). Although VBA is just a part of the entire Visual Basic developing 

environment, but it is a unique developing method for creating communication and cooperat-

ing solutions between computer software.  

VBA is becoming the programming language of choice for an increasingly wide range of ap-

plication developers. The main reason for this is that VBA provides a “backbone” program-

ming language that can then be adapted to many Microsoft and non-Microsoft application 

software packages, including Excel. In addition, VBA is a relatively easy programming lan-

guage to master. This makes it accessible to a large number of “nonprofessional” program-

mers in the business world (Albright, 2001). VBA with its capability makes it a very useful 

tool for business-oriented and Industrial-Manufacturing-related solution developing. Today, 

many manufacturer and product developer use Microsoft Excel for managing data and manu-

facturing activities. VBA is the bridge to connect Excel with the data through machineries, 

devices, and networks. 

2.6.2     ActiveX Controls 

ActiveX is a deprecated software framework created by Microsoft that adapts its earlier Com-

ponent Object Model (COM) and Object Linking and Embedding (OLE) technologies for 

content downloaded from a network, particularly in the context of the World Wide Web 

(Microsoft ActiveX, 2015).  ActiveX was first introduced in 1996, as an integrated open de-

velopment platform, it provides fast and convenient method for developers to create functions 

and content. Technically, ActiveX is not depend on Windows operating system, but normally 

it requires to be run under Windows environment as it is mostly used with Windows-Based 

programs such as Internet Explorer and Microsoft Office.  

Because of its open and wide use properties, companies and individual developers creates 

their own ActiveX controls for varies purposes. But the ultimate principle is the same, to cre-

ate tools for easy and simplified program developing process. In Microsoft Excel, ActiveX 

controls are the most usual tools for developing user interface (UI) and establishing data 

communication with programs and internal or external hardware devices.  

2.6.3     Windows API 

The Win32 Application Programming Interface, or Win32 API for short, is the programming 

interface that is used to programmatically control the Windows Operating systems. More spe-

cifically, the Win32 API consists of a collection of functions and subroutines, supplied in a 

handful of dynamic link libraries (DLLs), that provide programmatic access to the features of 

the operating system (Roman, 2000, p. 4). 
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Generally speaking, application programming interfaces take the form of a collection of func-

tions (we includes subroutines in this generic term) that provide the application’s services 

(Roman, 2000, p. 4). Windows and other Microsoft software are not the only ones that has 

APIs, any software can have its own API with variable forms (Roman, 2000, p. 6). If the in-

terface contains certain functions and is contained in the programming language of the soft-

ware, it can be considered as an API. 

Use Win32 APIs in VB programs allows the VB programmer to access the raw power of the 

Windows operating system (Roman, 2000). Functions such as save Bitmap pictures, get ac-

cess to the Clipboard, find file location, and enabling self-defined user forms are included in 

the Win32 APIs but not directly supported by VB, or VBA. VBA as the power reduced ver-

sion of VB, needs to make use of the power of Windows API more than its complete version. 

User32.DLL and GDI32.DLL are the most commonly used collection of Windows APIs 

When programming with VB and VBA. 

2.7     Mathematical Methods 

Mathematical methods are often used in industrial automation. These mathematical technics 

are highly efficient tools that used when the problem is about data and performance. The 

overall goal of using these tools is to find patterns and solutions with the minimum tolerance 

and error. 

  

Figure 7. Simple Linear Regression Figure 8. Polynomial Regression 

Regressions: Regression is a very useful technique used in automation engineering and ap-

plied statistics. It can be used with data that are collected in a very structured way, such as 

sample surveys or experiments, but it can also be applied to observational data (Shell & Hall, 

2000, p. 269). It can be used to explain relationships or predict outcomes. Linear regression 

and polynomial regression is commonly used when collecting data and doing statistical analy-

sis in engineering work. Least-Squares is also method of regression, which is used to find data 

to minimize error of the functions. It can be used for curve fitting and parameter determining 

when finding solutions for complicated engineering systems with multiple unknowns. 

Fourier transform: The essence of transform theory is that by a suitable choice of basis for a 

vector space a problem may be simplified as in spectral theory (Wikipedia Transform Theory, 

2015) The Fourier transform is called the frequency domain representation of the original 

signal, which is because it is often used in signal processing digital communication engineer-
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ing. But the term Fourier transforms refers to both the frequency domain representation and 

the mathematical operation that associates the frequency domain representation to a function 

of time. Mathematically, it is not limited to functions of time  (Wikipedia Fourier transform, 

2015). Obviously, the applying of it, is also not limited in signal processing. When represent-

ing any curves or lines, it is possible to use the Fourier transform to give it a frequency do-

main of the function of its original dependent variable. Comparing with regressions, Fourier 

transform provides a much higher accuracy and resolution, but also higher complexity which 

makes this method to require higher computing resources. 
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3     Methodology 

This chapter describes the selected methodology for developing the data logging system. It 

functions also as a research guide and a project plan, and it defines the work procedure and 

priority relationship in between all the sections of the whole developing project.  

3.1     Overall Process for developing the data logging system  

Figure 9 shows the overall process of the project. It defines the work process for developing 

the data logging system from the theory/technique study to user acceptance investigation. 

This process represents the steps of developing the system for the pneumatic flow test station 

at CEJN AB. For the water and hydraulic oil flow test stations, step 2 (Equipment Selection 

and installation), is not included. 

Theory and 
technology Study

Equipment 
Selection and 

Installaiton

Software 
Developing and UI 

design

Calculation 
Method 

implementing  
and Program 

debugging

Calculation / 
Program error 

exists? 

NO

YES

Qualification and 
Validation

1 2 3 4 5 6

 

Figure 9. Overall Process of the Project 

The steps in Figure 9 represent the work contents included in the thesis work. Step 1 is con-

nected to chapter 2 and chapter 4. Step 2 and step 3 is connected to chapter 5 and chapter 6. 

Step 4 and step 5 is connected to chapter 7. Step 6 is connected to chapter 8. 

3.2     Theory and Reference Study 

The first part of the developing process is to found a good theoretical basis. 

3.2.1 Technical references and industrial standards 

The basic condition for develop a data logging system for industrial flow test laboratory is to 

have a flow test bench properly installed according to the international standards, and to have 

a thorough list of technical references for correctly process the tested data. In order to deter-

mine whether the test benches are qualified according to the current standards, a study of cur-

rent international standard of flow/valve test is required. In this project, the industrial stand-

ards are mainly from the Swedish Standards Institute (SIS), and each of the standards is a lo-

calized and republished version of International Standard Organization (ISO) or European 

Committee for Standardization (CEN) in Sweden. And to ensure the report generators devel-

opment work is scientifically correct and meet the requirements in the standards, a research of 

references and books of related technologies including the ISO, SIS standards will be carried 

out. The scientific study will be mainly focused on signal processing, data communication, 

industrial automation, software technologies and Mathematics. 

3.2.2 Calculation methods for different flow media 

After a thorough study of fluid flow test principles and sorting out the technical references, 

there is a need of more accurate information. The research carried out in Chapter 3.2.1 will 

result in knowing exact hardware technology and test method implemented in the laboratory 
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at CEJN. Therefore, in this step, the main task is to choose the correct segments of the indus-

trial standards and technical documents. After that, analyze and list all the mandatory and 

necessary calculation methods for the basic and advanced data processing functions for each 

of the flow media. This step determines the contents in the new report generators and decides 

the usability of the completed program. 

The flow test report is the base of the company’s developing and production activities, and the 

proof of the products’ performance. The importance of its correctness is obviously significant. 

For this reason, the company required that the calculation methods defined in the Excel report 

generators should be methodically structured with explanatory notes. All the calculation 

methods, formulas and processes used in the Excels for three fluid media should be based on 

or satisfy the current international standards (ISO 6358, 2014) (SIS & CEN, 2012) (SIS & 

ISO, 2008). 

3.2.3 Raw data calibration 

In this step, the developers of the new report generator system need to study the data correc-

tion and calibration methods. The flow test laboratory needed calibration in order to keep the 

test process and result precise and accurate. CEJN follows the standard test result from quali-

fied professional laboratories. For example, the engineers use standard test results from the SP 

Technical Research Institute of Sweden (SP) as reference.  

The test results will be affected by the precision of the sensors and instruments, also by other 

components. Therefore, the company used a double insurance method to calibrate their flow 

test benches at the laboratory. One of the insurances is, calibrate the sensors and instruments 

according to the documents form their original manufacturer. Then in order to match the 

standard reference from external laboratory, use mathematical methods to correct errors pos-

sibly caused by other factors in the test bench. The mathematical methods need to be pro-

gramed and implemented in the data processing functions in the report generator. This will 

ensure the accuracy of the test results in the technical reports. 

3.3      Equipment Selection and Installation 

When the theoretical basis and technical support are ready, proper hardware should be care-

fully selected. Installation and calibration activity are required after the necessary instruments 

are selected. 

3.3.1 Choose a solution for data indicating 

If there is a demand of improving automation level or usability for a test laboratory, there is 

usually a need of new instruments with advanced properties. The engineers should consider 

conditions including safety and security, difficulty of implement, budget budgeting, reliabil-

ity, flexibility and sustainability when selecting the instruments for the upgrading project. 

Other criteria can be also considered such as compatibility, maintainability, and after sales 

services. 

The new instrument should also meet all the requirement of technical performances from oth-

er equipment in the same system. In this project, it is the pneumatic test bench that needs an 

upgrading of data indicating instruments. The engineers need to choose an instrument not 
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only can find a balance among the criteria mentioned above, but will also full fill technical 

requirements for the specific test bench. For example, data processing speed, signal sampling 

resolution, and data/signal filter function. 

3.3.2 Setting up and adjusting the new instrument 

The first thing to consider in this step is the data connection and data port between the new 

instrument and data sources (sensors in this case). If the distance between the instrument and 

the sensors is long, then electric current signal should be chose. If the distance is short, then 

voltage signal should be selected. When selecting data port, a principle of choosing latest 

technology and highest bandwidth/baud rate should be followed. 

When the physical data connection has been established, the next step should be setting up the 

instrument. If the instrument is computer controlled, install the software of the new instru-

ment on the computer and configure the settings. If the instrument has an integrated Human 

Machine Interface (HMI), then use the instrument to configure itself. The important configu-

ration includes data port, signal format, signal range, baud rate, and data sampling resolution, 

filter size, signal-data correspondence, and customized tuning of the signal-data correspond-

ing relation. 

The instrument is then configured with correct settings, the next step should calibrating. Be-

cause the new instrument indicates the flow rate instead of the previous instrument, there is an 

accuracy requirement. The difference between the new instrument and the original instrument 

should be as small as possible. In this project, the chosen instrument has a rough setting of 

signal range and signal-data range correspondence. And the signal-data correspondence is a 

linear relationship. Thus a fine tuning of the correspondence should be carried out. Specific 

tuning and adjusting method is described in detail in Chapter 5.3 Automated Data Indicating. 

3.4      Software Develop and UI design 

3.4.1 Visual Basic for Application programming in Excel 

The first step for the developers to do at the software part of the project, is to learn the specif-

ic technologies used in the program in the laboratory. By doing so, the developers will be-

come familiar with the program and able to create functions in the developing work to meet 

the demand of the project.  

Software in the laboratory controls the flow test processes and records the test results. In this 

project, the software that will do the job in the upgrading project is Microsoft Excel 2013 or 

later versions. At present, the functionalities of the Excel applications in use are powered by 

mathematical functions, ActiveX controls, and Macros. Macros are programs written in Visu-

al Basic, but they are independent functions instead of a complete program. The developers 

should create an integrated and flexible program that can control the calculation and report 

generating progress. Meanwhile, the new applications should have high usability and sustain-

ability. 

For those reason mentioned above, the developers should be familiar with Visual Basic and 

able to programming with VBA. VBA is the tool that Microsoft introduced in Excel for pro-
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grammers to realize their ideas. Written in VB language, and able to control ActiveX controls 

and macros. Studying and learning VBA programming is laying the foundation of the project. 

3.4.2 Communication protocol 

Once the hardware connection between the instrument and PC has been established, commu-

nication protocol is needed for the devices to understand each other. Therefore, the developers 

must know which protocol the hardware use, and how the program of communication should 

be written. In this project, the chosen hardware is using standard Modbus as its communica-

tion protocol. Therefore, the developers must study Modbus in order to accomplish the devel-

oping of the data communication part of the program. Standard Modbus is completely free to 

use and information of the protocol is easily to acquire on the website of the Modbus Organi-

zation. 

As it is mentioned in the previous section 3.4.1 Visual Basic for Application programming in 

Excel, the programming language that is used in this project is VBA. Once the developers is 

trained in both understanding Modbus protocol and programming in VBA, it is possible to 

create application that enable communication between the Excel and the hardware devices. 

3.4.3 Signal process and instrument control 

Before data communication eventually established between Excel and the instrument, the sig-

nal must be able to successfully received and sent by the computer. The data port selected for 

connect the two devices in this case, is serial port (RS232, DB9). Microsoft Windows cannot 

receive and send signal through a serial port without controlling it actively. Therefore, there 

must be a control function for opening/closing the data port, and receiving/sending the signal. 

In Excel, Visual Basic Editor (VBE) can add a control module named MsComm for realizing 

the control of serial ports. After learning the MsComm programming, the developers should 

create Modbus coding and decoding functions in the VBA program. Thus, the computer will 

receive/send the signal from/to the instrument, and the VBA program will be able to code the 

message for sending, or decode the message when data received. Then, the Excel is able to 

read data, and control the instrument. So far, the programming skill needed in this project is 

ready. 

3.4.4 Data visualization and UI design 

The new data indicating instrument is included in the project for the pneumatic test bench. It 

is an upgrade of the old instrument, but the instrument is still showing the data in digit form. 

The other two station has the ability to show real time wave form images when test is going 

on. Therefore, it is necessary to create a data visualizing function that will show the real time 

wave form of flow rate data, which will record and save the details in the tests. MsChart is 

another ActiveX control introduced by Microsoft. The control can show any data source in a 

chart in many forms, including wave form. The developers should combine the flow rate data 

received from the instrument and enable the MsChart control to display it in wave form. 

Except all the functions mentioned in previous sections in this chapter, there is a need of 

many other functions for turning the program into user-friendly applications. A well-

organized user interface is needed to contain these functions such as filling information of a 

test, start recording data, changing instrument settings, and generating a technical report. The 
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UI can be designed in the VBE and the interface will consist of ActiveX controls. For reasons 

of the IT security policy of the company and the programming strategy of the project, the de-

velopers will use only ActiveX controls developed by Microsoft to construct the UI. 

3.5      Validation, Verification and Qualification 

3.5.1     Validation of the project 

At the end phase of the project, the developers should validate the whole project to insure the 

project is correctly completed. The students should check the thesis work specification written 

at the beginning of the project, to examine the completion of the thesis work. And as develop-

ers, the students should check the requirements from the company to determine if all the re-

quirements from the company are satisfied. Then, for both the university and the company, 

the thesis project is validated.  

3.5.2      Verification of the hardware calibration 

After accomplished the work in section 3.3.2 Setting up and adjusting the new instrument, the 

data indicator is ready for use in the pneumatic test bench. Applying the accuracy adjust 

method developed, the result of the instrument accuracy should be acceptable by the compa-

ny. But in order to prove the success of the instrument adjustment, verification should be car-

ried out by the company. The laboratory engineer should run a test by using the new installed 

instrument to perform a number of flow tests. During the tests, the engineer should observe 

and compare the data displayed on both the old and new instruments. The test results should 

be recorded and the difference between the instruments will be used to evaluate the accuracy 

of the new instrument. The stableness of the data display of the new instrument should also be 

evaluated by the laboratory engineers. 

3.5.3     Qualification of the calculation methods 

In order to make the new Excel report generators functional and practical, it is not enough to 

have just theoretical supports from the industrial standards. After the software has been suc-

cessfully programmed, the usability and reliability of those new applications will have to be 

proved by the engineers from the company. There should be a final step for the program veri-

fication, to compare the test result between the new program and an external qualified flow 

test laboratory. The SP Technical Research Institute of Sweden (SP) is one of the options. 
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4     Case Study 

This chapter presents a detailed description of a case in the industrial environment. This case 

is a data logging system upgrading project for an industrial quick connection product manu-

facture. Through the technical specifications, the reader will see the whole picture of how a 

data logging system is designed and built. 

4.1     The Products 

CEJN develops and produce fluid flow produces. The product category is broad, but if classi-

fy them by the type of fluid media they made for, there are three main branches: pneumatic, 

hydraulic, water. For each fluid media, product branches can be further broken down. For 

example, in hydraulic products, there are normal leak-free products and products made for 

high-pressure hydraulics (70-300MPa or 700bar-3000bar). In all of the product categories, 

quick connect products are the main product line of the company. Unlike normal connecters 

with threaded or flanged connection, quick connector contains two parts (a coupling and a 

nipple) that can be easily coupled or decoupled without using tools. Meanwhile, the quick 

connect products keeps high performance in safety, leak prevention, durability, and fluid flow 

ability. These features make the products effective tools for the users while ensured high 

availability under strict industrial standards. 

Pneumatic products are the product with longest history at CEJN. The company’s first prod-

uct when it founded in 1955 was a pneumatic quick coupling. For the pneumatic quick con-

nector, a coupling is the component with internal mechanical structure with functions like 

couple, lock, unlock and prevent leakage. A nipple is usually the smaller one, with no internal 

mechanic structures, but a smooth internal flow channel and a simple striated external struc-

ture for the coupling to lock on. The fluid is normally flowing in a direction from the cou-

pling’s side to the nipple. In the pictures below, shows some examples of pneumatic products 

including, including pneumatic quick connectors, blow gun, and hoses. 

   

Except many other feathers, flow capacity is the most important property for describing the 

performance of a quick connect product. When safety and leakage prevention is ensured, the 

flow rate a product can reach under certain up strain pressure is a guarantee of flow efficien-

cy. This property can also be presented by the pressure drop caused by the product when the 

fluid reaches certain flow rate. At the companies headquarter, there is a laboratory with many 

facilities that is capable to do many tests and experiments including the testing flow rate. 
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4.2     The Flow Test Laboratory 

CEJN owns an industrial laboratory at its headquarters. In the laboratory, CEJN test fluid flow 

products, including their own products and products form their competitors in the market. For 

CEJN’s own products, not all of them will be tested here, because the lab is not aimed to be a 

quality control section in the production system. For the competitor’s products, the lab will 

benchmark them for product strategy purposes. On the other hand, the lab contains varies fa-

cilities, machineries and equipment for doing all kinds of scientific tests and experiments. The 

laboratory covers research ranges such like leakage, durability, pressure bearing capacity, 

corrosion resistance ability, mechanical performance and surface treatment inspection.  

When doing flow test, an example of the product is connected within the fluid loop. All the 

data recorded doing the test is for describing the performance of the product series. Apart 

from all those important researches for the products, the flow capability test is the most basic 

research in the lab. It is considered rather the most important performance of the product for 

the company. The test result intuitively, directly shows the performance of a product to both 

the manufacturer and their customer. At the company side, the development department use it 

to find out problems and improve their design, production department can control quality of 

batch production by test sampling, marketing department needs to know and understand the 

flow performance of their product. And for the customers, flow performance diagrams is the 

most direct contact when they first look at the company’s advertisements or product cata-

logues and technical specifications.  

 

Figure 10. Pneumatic Flow Test Bench 
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The figures in this chapter show the appearance of the test benches. For more details, see the 

appendix: Technical Specifications of Flow Test Benches.  

For each of the fluid media, CEJN owns one flow test bench in the laboratory. They can and 

can only be used for fluid flow testing using specific fluid media under certain ranges of phys-

ical condition. The test benches are built by professional flow test benches constructors under 

relevant international industrial standards. The test environment including power supply, 

pressure supply and fluid media used by CEJN is assumed standardized. For the pneumatic 

test bench, pure air under room temperature (20℃) is used. For the water test bench, pure wa-

ter with a range of temperature is used (bench equipped with heaters). For the hydraulic test 

bench, an industrial hydraulic oil, Statoil Hydraway White 46, is used. The number 46 means 

it fits the ISO VG 46 standard, will perform viscosity 46 mm2/s (46cst) at 40℃. And the oil is 

tested in the lab within specified temperature range (48℃~52℃). For the hydraulic and 

water test benches, the fluid media is stored by their build-in tanks and is driven by in-

ternal pumps. The pneumatic test bench shares the air supply with the production plant. 

The air supply system has two air compressors, only one compressor is powered on un-

der normal conditions, when there is a shortage of air pressure, the other air compres-

sor can be enabled by remote control. 

4.3     Hardware: Automation Level 

The flow test benches were purchased in different era. Therefore, the three flow test benches 

were originally equipped with devices with different technologies. For that reason, these test 

benches all has different levels of automation. All the test stations are equipped with fluid 

channels, flow controlling valves, switches, power supply, flow rate sensors, pressure sensors, 

temperature sensors, digital and analog indicators, meters and instruments, and data transmis-

sion facilities or data recording equipment. 

The pneumatic flow test bench was purchased and used by the company since 1997, while the 

other two test benches are later products. As it shows in figure 10, the pneumatic station in-

stalled with manually controlled mechanical valves and electrical switches. The sensors were 

original and from year 1997, and are calibrated frequently to ensure their accuracy. The ana-

log meters/indicators were made for viewing and reference. The digital indicators are for ac-

curate readings and data recording. Data transmission between sensors and indicator/meters 

are digitally, but the engineers acquire the air flow data by observing the number on the indi-

cator display. All the data are recorded by the engineers filling in a chart on paper, and then 

manually fill them in to an Excel file. The station was equipped with a laptop PC for record-

ing data automatically, but the laptop is not in use currently since there was only the differen-

tial air pressure data that can be recorded directly by software. The flow rate data, which is the 

most important information, was not possible to record by computer due to lacking of data 

communication interface on the original flow rate indicating instrument.  

The pneumatic station is connected with two sets of air compressors. One of the air compres-

sors is located in the manufacture plant which is located in the same building with the lab. 

The other compressor is smaller and newer and is installed within the lab. Both the compres-

sors meant to support the production activities in the plant and the test activity in the lab. 
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Normally when the test activity is not being performed or it is not consuming a relatively high 

air flow, there will be only the main air supply in the plant turned on. The secondary air sup-

ply will be turned on when there is a shortage of air pressure in the whole system due to the 

test activity in the lab. When turning on the secondary air supply, a text message will be send 

to the controller by the engineers using mobile phone and the controller will start up the air 

compressor in the lab.  

In summary, the automation level of the pneumatic flow test bench is low. There is a 

desperate demand of upgradding its hardware for improving the automation level. 

 

Figure 11. Hydraulic Flow Test Bench 

The hydraulic flow test bench was put into service after the pneumatic station. This bench is 

equipped with automatic valves and controlling system. One temperature sensor, two sets of 

flow rate sensors and three pair of pressure sensors are installed. All the sensors and valves 

are controlled by a digital control box. The control box is connected with a laptop PC that is 

installed with a controlling and data recording software provided by the producer of the test 

bench. While carrying out the flow test, the engineer controls the oil temperature by turn on 

the heater. When the oil is ready, he/she starts up the test procedure using the software in the 

laptop. The test period and signal recording resolution can be preset. After the procedure is 

started, the engineer must turn the knob on the bench control panel to control the valve. The 

turning must be smoothly with constant speed, in order to generate a series of steady increas-

ing flow data. The control box is connected with the laptop with a serial cable and a parallel 

cable. A signal is sent out and received separately through the cables. The serial and parallel 

ports are nearly outdated communication technologies, and the laptop is a model from year 



Bachelor Degree Project in Automation Engineering                             University of Skövde 

Thesis work for CEJN AB                        Institution of Engineering Science 

24 

Jiacheng Wang and Luzaisso Domingos  14-Nov-15 

2007 running Microsoft Windows XP. The computer and the control box are impossible to 

upgrade separately due to technology compatibility. Therefore, there is no upgrading plan for 

the hardware of this system. 

The test fluid used in this station is hydraulic oil that meets the ISO VG 46 standard. Flow 

pressure is powered by a group of motors and pumps installed in the station. These motors 

and pumps are also connected with and controlled by the digital control box. Because the vis-

cosity of hydraulic oil can easily be affected by its temperature, the bench is also equipped 

with a heater to heat up the fluid when its temperature is too low. The ideal temperature for 

fluid flow in this bench is 50 ± 2℃. When the test is in progress, the oil temperature can be 

quickly raised up, then the test progress must be interrupted and wait until the temperature to 

drop back to acceptable range. The recorded data is saved as text files on the laptop. 

In summary, the automation level of the hydraulic bench is medium. There are needs of up-

grading hardware to improve its automation level, but not as significant as the pneumatic 

bench. 

 

Figure 12. Water Flow Test Bench 

The water flow test bench is the latest purchase among the three benches. It is equipped with 

the latest technology for test controlling test and data recording.  For signal collection, there is 

one pair of pressure sensors and a temperature sensor installed. For the flow circuit, the test 

bench is equipped with electrical motor, water pump, and automated valves. The bench is 

controlled by a modern PLC system and an industrial computer running Microsoft Windows 

operating system. There is an integrated keyboard for the PC and a control panel beside the 

keyboard for controlling the PLC system. The bench is also equipped with analog flow and 
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pressure meters and extra electric power supply. Similar to the hydraulic system, the test time 

period and data collection resolution can be preset by the computer software. The hardware 

equipment is very new and advanced. Therefore, there is no demand of upgrading the hard-

ware for the water flow test bench. 

The bench has a large water tank which is in the water flow circuit with a heater. The water 

heating operation is only required for the temperature bearing ability test. And there was no 

requirement for the water temperature regarding to the testing of product flow capacity. The 

reason for that is that the water temperature does not affect its viscosity as much as hydraulic 

oil. But water temperature dose affect its density, which is an important factor for describing 

the flow rate accurately. Thus, there is a demand for adding a water density correction func-

tion in this bench base on its temperature data collection. The recorded test data can be saved 

as text file or Microsoft Excel files in the storage of the computer. 

In summary, the automation level of the water flow test bench is high, and there is no demand 

of upgrading for its hardware and automation level. 

4.4     Software: Data logging and reporting  

CEJN use a software application system based on Microsoft Excel to process the recorded test 

data and to generate the technical reports. After the reports have been generated, a copy of the 

report and the original fluid flow data are saved on a storage server.  

 

Figure 13. Pneumatic Flow Excel User Interface 
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All the information is processed in the Excel based application, and there is a unique version 

for each of the fluid media. The software applications use Microsoft Excel to acquire process 

and modify tested flow data. The calculation steps used in the applications are taken from 

international standards for fluid flow or valve test.  

As a software application, the Excel report generators include user interface and program 

code. The functions and calculation process are contained in the user interface, and the user 

interface is built on one of the spreadsheet pages using Microsoft ActiveX controls. Basic 

ActiveX controls provide functions such as buttons, scrollbars, dropdown lists, and checkbox-

es. The original program codes were created by the build-in Visual Basic for Application 

module. The program codes were all programed or recorded in the Visual Basic Editor as 

Macro modules, but there is no program to control and coordinate the different process. 

Which means the application contains separate functionalities but each of the functions works 

independently.  

An example of one of the Excels is the pneumatic flow report generator, as it shows in the 

Figure 13. Several features in the Excel report generator are considered in need to be changed 

or improved. The user interface (column H-R) is integrated with the report printing area (col-

umn A-G), which is easy to get access to, but difficult to maintain and protect. Therefore, the 

UI need to be redesigned and relocated. The calculation in the Excels lacks prove of correct-

ness, thus there is a need of add referencing for each of the calculation steps. Therefore, the 

calculations need to be updated based on the latest international standards. The application 

lacks detailed and structured introduction, thus there is a need of an instruction manual for the 

operators to have a standard work and maintenance guide. Also, there are some redundant 

functions, which are either not needed any more or were not completed in the developing 

phase. The spreadsheet pages are of redundancy too, since they could be more integrated. 

There is a great demand of new functions, in order to improve the automation level, executive 

efficiency, and degree of accuracy. Similar case exists in the hydraulic and water application 

also. 

In summary, the fluid flow technical report generator application based on Microsoft Excel 

has a relatively low level of automation, and a relatively high complexity. CEJN require the 

students to develop report generating applications from scratch for avoiding the problems 

above. 
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5     Project Process 

This chapter presents the complete process of developing the data logging system. The project 

was aimed to develop a new data logging system for the laboratory in order to solve problems 

described in the case study. 

5.1     Preparation 

For establishing an overall understanding of the project, in the Chapter 2 Literature review, a 

brief study of the fluid flow testing, computer programming and the data communicating 

technology was carried out. In order to start building the data logging system, there need 

some more technological and strategical preparation.  

5.1.1 Preparing technical references 

The process step in the calculation methods needed to build the Excel spreadsheet are pre-

sented in figure 14. The given industrial standards in the reference list contain the general 

direction of establishing the physical test circuits and definition of the concepts. There are 

also equations and formulas for calculating the important fluid flow concepts (ISO 6358, 2014) 

(SIS & CEN, 2012) (SIS & ISO, 2008).Some minor calculations are not mentioned in these 

documents, which lead to additional research and sorting of the calculations that are needed to 

build a complete calculation system. 

Technical 
References

Calculation Handbooks

Industrial 
Standards

Find 
supplementary 

calculation 
methods

Study test 
process & key 
calculations

Documentation

 

Figure 14. Prepare calculation 

All the calculation equations are documented and named in the calculation handbooks. The 

handbooks can be used as engineering tool when developing and maintaining the applications. 

(For details, see appendix C)  

5.1.2 Selecting hardware 

A proposal that selected the hardware equipment for upgrading the test bench was presented 

(See appendix A). After a meeting within the project team and the company, the option 6 in 

the proposal was chosen. This alternative plan suggests to use the existing flowrate computer 

GVPA-2000 as the data source and to take the RS232C current loop signal from it. Then use 

the computer to read and decode the signal, create a software application for indicating the 

flowrate data. This plan was initially chosen but modified later for a better one.  

The laboratory is widely using industrial testing and controlling products of Gefran, the engi-

neers are familiar with the Gefran2300 and 2400 serious data indicators. This lead to a modi-

fied plan which still made use of the output signal from the GVPA-2000 instrument, but in-

stead of using the RS232C current loop signal, an analog ±1V DC signal is taken and con-
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nected to the analog signal input port of the Gefran2400 instrument. The reason of choosing 

analog DC voltage output instead of analog 4-20ma DC current output is that the signal 

transmission distance is short (within one meter). Such a short distance will not affect the sig-

nal accuracy and stableness too much. If the signal transmission distance gets longer, the 4-

20ma DC current signal is a better choice.  

As it shows in the figure 14, a future model of the test bench structure after the implementing 

the project is formed. The pneumatic flow test circuit remains unchanged, a new flow rate 

indicator and a computer with user interface and program is added. The new flow rate indica-

tor takes analog signal from the previous indicator, and the computer communicate with the 

new indicator using digital signal. 
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Figure 15. Hardware Structure 

This work will be the foundation of the future data logging system of the laboratory. With 

more sensors and data indicators connected and the software application function extended, 

computer is going to be the data center of the test bench, controlling the test process and col-

lecting all the test data. Connecting to the local network of the company will also enable the 

computer with internet functions, remote controls, etc.  

5.1.3 Choosing software 

The knowledge and skills for developing computer programs is important for this project, 

since the computer is designed to be the central processor of the system. Then the ability of 

constructing data communication between devices is needed. The hardware and the calcula-

tion methods are just materials. To build a system combining them with programming skills is 

the most important part of the project. 

Excel is the tool for processing tested data and generating technical reports. To develop new 

software completely independent from the Excel spreadsheet was one of the options when the 

beginning of the project. Independent software provides higher efficiency and better security, 
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but that will lead to problems such as increased programming difficulty, lower integrity, and 

lower maintainability. Using Excel and the built in VBA function will solve these problems. 

Program codding and compiling, algorithm designing, and debugging will be performed in 

Excel, and the final product will be with high integrity. 

Figure 16 is the software structure in plan. A main program is in charge of overall process 

control and communication. Real time data indicating and visualizing will be merged in the 

user interface. 
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Figure 16. Software Structure 

The user inter face is also the tool for the user to operate the program and inputting infor-

mation. The MsComm ActiveX control is in charge of signal communication with the new 

flow rate indicator, and a signal codding/decoding function is translating between signal and 

program instruction. There is also a function for importing previous test data from saved files. 

The Excel spreadsheet contains the flow test data calculation and stores the data and results. 

Then the user can use save function to save the tested data and technical report. Printing func-

tion enables the printer in the network to print out the report. The main program works to-

gether with the sub functions, while Excel macros works as program modules either con-

trolled by the main program or functioning independently. The software system is open so 

there possibility to extend the application functionality by connecting the computer to more 

devices, for example sensors, instruments, and server in the local network. 
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5.2     Project Plan 

5.2.1     Overall design of data logging system in industrial laboratory 

Base on the initial research and analysis, an overall design of the data logging system is final-

ly specified as the following diagram, see figure 17: 
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Figure 17. Overall process to develop the data logging system 

The figure shows the overall design of functions in the data logging system of the laboratory. 

Most of the steps are included in chapter 5.2 Upgrade Project: Air Flow Test Station. Only 

parts of the steps need to implement in the oil and water test benches. That is described in 

chapter 5.3 Hydraulic Oil and Water Flow Test Station. 
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5.2.2     Upgrade Project: Pneumatic Flow Test Station 

1. Preparing step: Do the preparations in 5.1.1 Preparation. Acquire information and 

knowledge for developing the data logging system. Design the hardware and software 

part of the system. Make plan for the rest of the project. 

2. Step 1: Test the Air Flow Test Bench with the largest “Reference Tube” (3/4 inch in-

ner diameter) connected.  Define range of flow rate the test bench can achieve. Mini-

mum flow rate (F min) should be 0 (L/min), and the Maximum limit (F max) should 

be defined as the highest stabilized flow rate value on the display of the instrument.  

3. Step 2: Find a new signal indicating instrument that can read analog signals and con-

vert them into digital display. Make a connection between the old flow rate indicating 

instrument and the new indicating instrument. Using DC voltage analog signal output 

on the old indicator, between 0 and 1 DC voltage. 

4. Step 3: Set up the new indicator to the correct settings for converting the DC voltage 

to digits in linearized relationship. Set the instrument to a proper display range corre-

sponding 0~1 DC voltage. The principle of defining the range is, that between F min 

and F max, the value on both indicators should show the highest proximity. This is the 

initial step for adjusting the new indicator. 

5. Step 4: Adjust the new instrument by using the inbuilt tuning function “custom linear-

ization”. The “custom linearization” function provides opportunity to set value of up 

to 32 “adjusting points” which are equally distributed within the indicating range. 

This procedure is for correcting the deviation between the old and new indicating in-

strument in the whole displaying range. By dividing the range into 32 sections, the ad-

justing process is done for further level of accuracy. 

6. Step 5: Signal processing. Use the inbuilt “filter” function of the new instrument to 

stabilize the display of flow rate. Choose different filters to find the most suitable so-

lution. Thus, the engineer at CEJN’s air flow test station will be able to read the flow 

rate more easily and accurately without estimating. 

7. Step 6: Communication step 1. Make connection between PC and the instrument us-

ing Serial port (RS232) by implementing “MScomm” in Excel. 

8. Step 7: Communication step 2. Read data from the Modbus RTU module on the in-

strument through the RS232 serial port. The communication between Excel and the 

Modbus RTU module can be realized by Visual Basic for Applications (VBA) pro-

gramming in Excel.  

9. Step 8: Modbus Decoding. Decoding and listing. Decode the Modbus signal by VBA 

programming in Excel. The coding system and the memory address map of the in-

strument is provided by the manufacturer. After decoded the signal, program the Ex-

cel use VBA, make a function that can list the flow rate value (before filtered) in the 

Excel spreadsheet in real time. 

10. Step 9: Data visualization. Data visualizing and filtering. Continue to program the Ex-

cel, create a function that can plot the real-time data in the list in “Step 8” synchronis-

tical. Also, create “filter” function in the real time plotting interface, offer different 

sizes of filters for the user to choose. 

11. Step 10: Flow rate Calibration. Save six or more flow rate values from the instrument 

at certain pressure drop levels (same levels as in the prerequisite step), manually or 
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automatically. Calibrate the values using the pre-set correction formula. The formula 

is de-fined by analyzing the deviation between CEJN’s instrument and the external 

laboratory’s report. 

12. Step 11: Calculation. Data calculating and report generating using Excel. Use the cal-

ibrated values in “Step 10” to calculate the flow coefficient of the object being tested. 

The flow coefficient represents one of the most important performances of the prod-

uct: the flow capacity it can achieve under standardized condition. Generate a perfor-

mance diagram using the flow coefficient, the typesetting and interface of the report is 

de-signed according to the company’s requirement. 

13. Step 12: Storing. Create functions that save the data, diagrams, reports and the infor-

mation as the company requested. Generate technical report for the flow test.  

14. Extra step: Contact SP or any external laboratory who can provide standardized test-

ing results that can be used as reference. Send five groups of reference tubes/ standard 

couplings (1/8" 1/4" 3/8" 1/2" 3/4") to the laboratory. Each group has three 

tubes/couplings with the same inner diameter. The content of report from the lab 

should be performance (flow rate) of each tube/coupling at certain pressure drop lev-

els (0.1bar 0.2bar … 0.6bar). 

5.2.3     The Water and Oil Flow Test Station 

As it is stated in chapter 1, 1.4 Limitation, the project includes upgrading of the data logging 

systems for the hydraulic oil and water flow test benches. The upgrading content and proce-

dure are similar to the 5.1.2 Upgrade Project: Pneumatic Flow Test Station, but some con-

tents in chapter 3.2 will be excluded.  

The excluded contents are: Step 1 to Step 9. In other words, the project for hydraulic oil and 

water flow benches includes only the Prerequisite Step and the steps from 10 to 12. The inner 

diameters of tubes/couplings being tested and pressure drop levels are different between the 

three flow medias. Because air is a compressible gas while water and hydraulic oil are liquids, 

which obey different physical laws, the calibration and calculation methods and functions in 

step 10 and 11 are different in the oil and water version than the air version of Excel. 

Some additional function should be included in the hydraulic oil and water flow version of 

Excel report generator. One of them is the function of smoothing the performance diagram of 

the product being tested. The reason for the need of this function for the two specific flow 

media is that the test benches for each of them records much more points of data (1,200 points 

for the hydraulic oil and 12,000 points for the water) than the air. The plot/chart generated 

from the raw data of these flow tests need to be recalculated/filtered, to reach varies smoothed 

stages, in order to match different use of the report. Also, because of the liquid properties 

shared by water and hydraulic oil, there is a need for density (depend on temperature) and 

viscosity (depend on temperature and the oil being tested) to be considered as facts that are 

effecting the test result. Therefore, calculation method for eliminating or correcting the effects 

by density and viscosity are necessary. In case the functions cannot be created in Excel, a dec-

laration of the fact that the Excel does not contain such corrections should be included in the 

Excel report generator. 
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5.3     Data indicating 

This section describes the hardware part of the project process.  

5.3.1 Test flow capacity 

To determine the flow capacity of the pneumatic system, a test was performed which consist-

ed in the following steps: Figure 18 shows the HMI of the bench GVPA 2000. The test bench 

is tuned on as well as the extra air compressor. The main valve is fully opened and the highest 

air flow rate recorded is around 5700 NL/min (for details about the unit, see appendix C, part 

1). The purpose of doing this test is to decide the data range in the new data indicator to be 

settled. 

. 

 

Figure 18. GVPA-2000 

5.3.2 Install new indicator 

To connect the two instruments, a pair of electric wire from the analog output board on the 

GVPA-2000, connect the wires to the signal input interface with correct ports according to the 

user manual of the instrument, see figure 19. After the connection is made, apply electric tape 

on the naked part of the wires for safety and signal stability. Pack the instrument back to the 

compete form. Connect the indicator with AC power supply and turn on. 
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Figure 19. Analog signal connection 

5.3.3 Configure 

To enable the Gefran2400 indicator to read data correctly from the GVPA-2000 flow comput-

er, change the configuration settings in the indicator following the user manual, see figure 20.  

 

Figure 20. GF_eXpress 

It is also possible to configure the instrument using the GF_eXpress software by Gefran. 

Download the software from Gefran’s website and install on computer. Make sure the com-

puter has at least a physical RS232-DB9 data port or to use a USB-RS232 adapter. Then, con-

nect the computer with the indicator. Start the software and use scan function to find the indi-

cator and establish the connection. Then, configure the indicator to read ±1V DC analog sig-

nal.  
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5.3.4 Adjusting 

After configuring the indicator correctly, turn on the test bench and the indicator should show 

readings on its digital display, see the setting and readings in figure 21. 

 

Figure 21. Reading voltage 

The readings are not correct because the default setting is a leaner relation between the DC 

voltage and the data displayed, and the voltage from the GVPA-2000 indicator is not a 

straight line. To adjust the indicator to display as accurate data as possible, there need an ini-

tial adjust. Change the data range of the Gefran2400 to 0 ~ 5700 and run a short flow test. 

During the visual observation, it is discovered that the indicator starts to display around 1000 

while the GVPA-2000 is indicating 0 NL/min. And when the flow rate has been turned to the 

maximum value, the readings on the new indicator are much smaller than the old one.  

 

Figure 22. Data Range: 0-5700 

Obviously the voltage output from the old instrument is not starting from 0V but a different 

electric potential, and 5700NL/min is not reaching the maximum capacity of the old indicator.  
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See the relationship in figure 23.Then the indicator is set to display 0 when the GVPA-2000 

instrument is displaying 0. After that, the new indicator is been set to display data range of 0 ~ 

6400 and another visual observation is performed. This time, the two indicators behave like in 

the figure 23. 

 

Figure 23. Data range: 0-6400 

By analyzing the behavior of the Gefran2400 when the offset is applied and the data range 

was set to 0 ~ 6400, it is believed that the maximum data range is still too low. But there ap-

peared to be a “cross point” between the two indicators. That phenomenon shows a slowdown 

of increasing rate of the DC Voltage. Then a new analyzed method is performed. An air flow 

test was performed and flowrate data displayed on both of the indicators are carefully record-

ed by visual observation with data resolution of 50NL/min. Then the data is carefully input to 

an Excel spreadsheet and plotted in a data chart. In figure 24, the Gefran2400 is showing line-

ar behavior and is displayed in red color. 

The blue line is data from the GVPA-2000 indicator, and it shows a trend similar to the func-

tion: 

y=1.2012x+74,451 

Equation 4. Linear relation 

According to equation 4, the indicator is set to maximum data range calculated by： 

Rangemax=1.2012x+74,451=6400*1.2012+74.451≈7762 (NL/min) 
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Figure 24.Linear relation analyze 

Thus, the line representing the new indicator has been modified to like the image on the right 

side in figure 25. The image on the left side in figure 25 shows the spreading of the difference 

between the two indicators’ data related to flowrate. 

 

Figure 25. Data range: 0-7762 

Figure 26 is taken from the user manual of the Gefran2400 indicator, it shows how the cus-

tomized linearization of the instrument works. There can be up to 64 customized linearization 

points, and once the points is modified, the data indicating behavior between two contiguous 

points is linear.  
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Figure 26. Customized Linearization 

Figure 27 shows the difference of the two indicators when the Gefran2400 indicators’ data 

range is set to 0 ~ 7762 NL/min. The 64 adjusting points is equally spread in the voltage read-

ing range of the new indicator, and the goal of the adjusting is to fit the Gefran2400 indica-

tor’s data curve to the GVPA2000 as it demonstrated in figure 27. 

 

Figure 27. Customer Linearization sketch 

In order to perform the customized linear adjusting as accurate as possible, a new analyze 

method “Video Analyze” is carried out. Use digital camera or any smartphone with video 

recording function to record a video that contains the digital data indicating screens of both 

the indicators. The video image should be stable and no less than 30fps (frames per second). 

When recording the video, turn on the test bench and open the valve to start a new air flow 

test. In the video analyze flow test, make the data on the GVPA-2000 indicator as the refer-

ence and the interval between two contiguous adjusting point is calculated as: 
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Interval= 7762/64≈121.3 NL/min 

Then the first adjust point is decided to be 121.3≈121NL/min on the GVPA2000 indicator, 

and the next one should be 121.3*2 ≈243NL/min, next one 121.3*3≈364, and so forth. Fine 

tune the main valve of the test bench to stabilize data indicating on GVPA2000 indicator. 

When the data is stabled at the first predefined customer linearization point 121NL/min, con-

trol the valve to stable the indicated data for 30 seconds. Then turn the valve to let the data 

stabled at the next adjusting point, and also stay stabilized for 30 seconds. By that analogy, 

record the video until the flow capacity of the system is reached.  When the test is finished, 

the maximum flowrate value being recorded is about 5050NL/min, this is due to releasing air 

pressure of the system for long time. 

 

Figure 28. Video Analyze 

After performed the video analyze, it has been found that the flow capacity range of the sys-

tem only covers from customized linearization point 13 to point 54 (it can be up to point 60 

when air pressure is high enough). When analyzing the data, import the video to Adobe Prem-

iere and play one frame by one frame. Choose 10 frames of images with clear and stable data 

reading from both indicators, and type them into an Excel spreadsheet as the one on the right 

side of figure 28. Apply simple calculation formulas for generating average deviation at every 

customized linearization adjusting point. Then plot the average deviations in a chart to ob-

serve the spread of deviation just like it shows in figure 25.  

The video analyze method is very scientific and careful. There were 24 frames per second in 

the video recorded in this testing, that is 720 frames of image to choose. That guarantees there 

will be enough clear and stable frame of images for choose. Video analyze has been per-

formed three times and the Gefran2400 indicator is working as the primary air flowrate indi-

cator at the pneumatic test bench in the laboratory. (For final accuracy result, see chapter 6.1)  
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5.4     Data Communication 

This section describes the develop process of data communication part of the software. 

5.4.1 Create software application 

Before creating the new Excel, the following condition must be fulfilled in order to ensure the 

program can finally work on the computer. 

1. Hardware requirements 

System: PC or industrial computer with physical RS232-DB9 data port or USB-RS232 adapter 

Memory: 4GB (recommend 8GB or more) 

Hard disk Space: 40GB HDD or SSD (recommend 40GB or higher) 

CPU: Intel or AMD processors (recommend Dual Core or more) 

2. Software requirements 

Operating system: Windows 7 or later (32bit/64bit, recommend professional version or higher) 

System access control: Administrator or higher 

Spreadsheet Software: Microsoft Excel 2010 or later (32bit, recommend professional version or high-

er) 

Additional Requirement: Visual Basic 6.0 Runtime (Latest version) 

3.  Microsoft Excel Visual Basic Editor references 

For the Pneumatic flow test report generator, it requires the following programming libraries to be 

activated in the Visual Basic Editor: 

 Visual Basic for Applications 

 Microsoft Excel 15.0(2013)/16.0(2016) Object Library 

 Microsoft Forms 2.0 Object Library 

 Microsoft Office 15.0(2013)/16.0(2016) Object Library 

 Microsoft Comm Control 6.0 (SP6) 

 Microsoft Chart Control 6.0 (SP6) (OLEDB) 

Make sure the requirements are all fellfield and start to develop a new Excel. The reason it requires to 

use 32bit version of Excel is that the Microsoft Comm and Chart controls are not supported by 64bit 

version of Excel. 
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Figure 29. Creating new program 

Open a new Excel file and enable the Developer sheet on the ribbon area. Clicking on the 

Visual Basic will turn on the Visual Basic Editor (VBA), right click on the “Microsoft Excel 

Objects” to insert a userform. In order to enable, an MsComm (Microsoft Comm Control) is 

added in the new userform. The MsComm control is a controlling unit for the data transmis-

sion ports, which is not going to show as how it looks when developing. 

5.4.2 Establish signal connection 

To enable the computer to receive and send signals, the first piece of program is added to the 

userform.  

 

Figure 30. MSComm_OnComm 

The MSComm_OnComm function is the default function of the MSComm control. It is a 

passive function that will only process signal when the COM port is opened and received 

structured data from devices. The Gefran2400 indicator use standard Modbus which will not 

send message unless requested. Therefore only having MSComm_OnComm function is not 

enough to start the data communication.  
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Figure 31. InitCom 

Another function to control the configuration and open or close the COM port is created. The 

InitCom function is called to rum when there is need to use the COM port. Programs for 

opening and closing the COM port is separately developed in order to increase reusability. 

5.4.3 Modbus codding and decoding 

The standard Modbus protocol is free to acquire on the internet. After studied the protocol, a 

series of program for codding, sending, and decoding the Modbus signal are created. Modbus 

use hexadecimal messages to communicate, and has a CRC16 error checking function. Any 

message received or sent not passing CRC16 error checking test will not function. Therefore, 

a function for CRC16 checking and a function converting hexadecimal to decimal number is 

first developed.  

Gefran use standard Modbus RTU mode which is relatively easy to understand. The signal 

structure is normally 1 start bit, 2 address bit, 2 function code bit, 0 up to 252 data bit, 2 LRC 

bit and finally 2 end bit. The Modbus RTU signal transmission can be modified to broadcast 

signal if the address is set to 0x00 and the signal is to send to all the connected devices. 

Timeout is by default set to 1000ms, which means the program will abandon the frame of data 

if the signal transmission is stopped for more than 1000ms. Set timeout value to a smaller 

number will increase data transmission efficiency but also the risk of losing data or applica-

tion crash. 
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Figure 32. Modbus test 

Knowing how to code and decode Modbus RTU mode, a data processing program module is 

created, for dealing with data received from the indicator. Another program module for pro-

cessing sending data is created, the function forms the structure of program and convert the 

message from decimal format to hexadecimal format. 

5.4.4 Communication control 

The program is tested and being able to read data from any readable memory address or write 

to any writable address on the device. There are more than 1000 memory addresses on the 

Gefran2400, most of them are not useful in this project. A study through the device memory 

address is done and 16 addresses out from the whole list is picked out for controlling the test. 

The list of useful memory addresses is verified by the Modbus test function in section 5.4.3. 

 

 

Figure 33. Useful Modbus addresses 

Depend on this list, test control functions such as changing digital filter size, read and stop 

reading data from the device are developed. 
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Figure 34. Test control 

The user can choose data refreshing rate, filter size of the new indicator, or data for observe 

on the waveform chart area. 

5.5     Visualization and recording 

This section describes the develop process of real time data visualization and data recording 

part of the software. 

5.5.1 Data visualize window 

An MsChart control is added in the program userform, and is set to display wave form of in-

put data. 

 

Figure 35. Data visualize 

Figure 35 is the final layout of the data visualizing program window. The waveform chart is 

in the middle, test control function are on the left side, and data recording functions is on the 

right side. (For details, see appendix D) 
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5.5.2 Program develop 

When developing the program of the data chart, a simulator for simulating the behavior of 

imported flowrate data is created in order to simplify the develop process. 

 

Figure 36. MsChart simulator 

The simulator uses random number in a certain range to simulate the data received from the 

data indicator that helped analyzing the behavior of MsChart ActiveX control. 

 

Figure 37. Input data simulate 
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For controlling the data visualizing window, chart scale adjusting function is developed. A 

data log box is created for the engineer to observe every message received form the indicator 

in decimal format or hex format. ((For details of this program window, see appendix D)) 

5.6     Data processing and reporting  

This section describes the develop process of the data processing and report generating part of 

the software. 

5.6.1 Main UI 

Figure 38 shows the final layout of the Main UI. Basic test information inputting, test data 

importing, data saving, and printing functions are developed.  Test result tuning allows the 

engineer to adjust the test results as well as the curves on the chart area in the report printing 

area. For detailed description, see appendix D. 

 

Figure 38. Main UI 

5.6.2 Excel calculation 

The pneumatic flow test calculation has been used for develop the Excel spreadsheet. In the 

Excel for pneumatic test, a calculation method, least square calculation is introduces and ap-

plied for generating test results. (For detail, see appendix D) 
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Figure 39.Excel calculation 
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6     Result 

This chapter is a summary of hardware and software performance as a result of the project. 

Validation, verification and qualification is also stated. 

6.1     Hardware performance 

Figure 40 shows the deviation data of the new instrument indicating Flow Rate (Q) in 

NL/min. The reference is the raw data from the old instrument (GVPA-2000 flowrate com-

puter).                                                       The difference between these two instruments can be 

down to ±1 NL/min when the digital filter of the Gefran2400 is disabled (filter size set to 

0.00 sec).  

 

Figure 40. Hardware performance 

When the digital filter in Gefran2400 indicator for the “input 1”(analog DC voltage input) has 

been set to 3.00 sec, the Gefran2400 data indicator will be showing filtered data, and the dis-

play will be delayed comparing with GVPA-2000. The test engineer then should read the data 

on Gefran2400 indicator after both instrument is stabilized. Customer linearization point 12 

represent approx. 0.14Volt, which is the starting point of the output from the GVPA2000, so 

the calibration start from point 13. Adjust points before point 13, which is point 0 to point 12 

are set to display 0 constantly. Adjust point 56 to 64 are set to uniformed increasing linearized 

data, because the flowrate in the pneumatic test system cannot reach or stabilized surpassing 

5300 NL/min. The average deviation is successfully controlled within ±1 NL/min according 

to figure 40.  
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6.2     Software functionality 

 

Figure 41. Software functionality 

Software applications for importing fluid flow test data and generating technical report are 

developed for all the three test benches in the lab.  

For the pneumatic test, a new user interface including all the necessary function is developed. 

Comparing with the previous version (Figure 13), the new interface is more compact, well 

organized, and with more function. Also, the new program is more efficient with high auto-

maticity. Automated test data tuning and adjusting function are useful tools for generating 

good image of the technical report. Automatic data importing, saving, and report printing 

function are integrated in the Main UI, the operator can even finish the report generating work 

without leaving the interface. 

The data visualize UI (Figure 35) is only developed for the pneumatic test bench, because the 

need for visualizing and recording the test data from the newly installed data indicator. The 

connection is automatic and data transmission is fast. Data recording function is integrated, 

the engineer do not have to observe the test data and record them manually any more.  

The new software applications developed for the hydraulic oil and water test bench are similar 

to the one for the pneumatic bench. But the functions especially the calculation and data pro-

cessing function developed for those two test benches are very different from the pneumatic 

flow test. The hydraulic and water flow tests records much more data points than the pneu-

matic test, therefore the requirement for stability and efficiency of the Excel is higher than the 

pneumatic version. 
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7     Discussion 

When deciding about the upgraded system solution, we had the option skiping the Ge-

fran2400 instrument and connect the GVPA-2000 instrument directly. It is possible to use the 

Rs232-DB9 data interface in the GVPA-2000, but the instrument has much lower transmis-

sion speed. Therefore, the analog output will in our opinion provide a much higher signal res-

olution. 

There were two options when selecting the data connection between the GVPA-2000 flowrate 

microchip computer and the Gefran2400 data indicator. The ±1V DC voltage output was cho-

sen instead of the DC current output, because the system has a short circuit distance which 

has very minor effect on the signal. 

When setting up the Gefran2400 data indicator, the instrument can show flowrate data on its 

digital display. But the displayed flowrate value is not accurate since the instrument treat the 

DC voltage – flowrate value as a linear relationship by default. Then a customized lineariza-

tion analysis was performed, using “Video Analyze” method. The video analyze method has 

very high resolution (24 frames of images per second) and the result is much better than ac-

ceptable (deviation is lower than 0.1%). The company starts to use the new instrument to per-

form daily test, this also proves that the “Video Analyze” method is an outstanding analyze 

method. 

Although the customized linearization setting was successfully applied, the data displayed on 

the new instrument below 200 NL/min is unusable. The reason is that the voltage signal out-

put from the GVPA-2000 is higher than 0V DC, and the Gefran2400 can modify up to 64 

customized adjusting points but not the 0V point. That leads to unavoidable error between the 

0V point and the first adjusting point. On the other hand, the GVPA-2000 instrument shows 

high accuracy and stableness when it is reading low flowrate. Thus, the two instruments can 

be used together to provide high data accuracy and stableness throughout the whole data read-

ing range.  

When developing the application, a VBA software system was developed within the Excel. 

The programming method has many advantages. VBA programming environment is offered 

with Excel free of charge, Visual Basic language is easy to learn, the selected ActiveX con-

trols are also free of charge. Though, the ActiveX controls such as MsComm and MsChart is 

not free, but it is even possible to buy second hand Microsoft Visual Basic 6.0 software to 

ensure the security and legitimacy of the software system. 

Calculation is the most important part considering the validity of the test result presented in 

the technical report. All the calculation method and formulas applied in the Excel applications 

are documented with references, ready to go through qualification processes, for instant, the 

ISO qualification. One of the calculation, the least square calculation used for increasing ac-

curacy of the result when chocked flow (Sonic flow) rate is measured, is adopted from the 

ISO standard (ISO 6358, 2014). The method adjusts the back-pressure ratio b, and the subson-

ic conductance m, for generating the sonic conductance C with a higher accuracy. This meth-

od was not introduced in the previous version of standard, ISO6358:1989, and was not ap-

plied in the laboratory. Apparently, the applying of new calculation methods increased the 
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accuracy of the Excel report generator, but there is a need of time for the new software system 

to be proven and qualified by related authority. 

During the process of researching for the right calculation methods and formulas, we gain 

some useful experiences. For example, the units of the parameters are important. Make use of 

the interconversion of the parameter units and save a lot of developing time. Many of the dif-

ferent flowrate characteristics are in different standards e.g. ISO or US standards share the 

same or similar definition but in different data unit. Make well-ordered unit converting calcu-

lations saves Excel construction time, and simplifies program structure. Another example is 

writing the calculation formulas. Making every calculation step of a formula helps the opera-

tor of the Excel to understand the data processing steps. But when there are large numbers of 

calculation steps, there will be a complicated relationship between the cells in Excel. That will 

lead to errors or conflicts, and it will be hard to maintain. Instead of creating the most detailed 

calculations in the spreadsheet, a combination of simple calculation and complex formula is a 

better choice. In order to keep good structure and high efficiency of the Excel, the important 

steps can be realized by creating independent calculations, and the other could be realized by 

using complex formulas or Excel’s built in functions.  

There were detailed calculation methods introduced in the industrial flow test standards for 

eliminating test errors due to e.g. density and viscosity change caused by temperature or fluid 

flow turbulence. But in reality, the situation depends. In the flow test laboratory, certain fac-

tors that would affect the accuracy of the test result were ignored. For example, the viscosity 

and density change of water, the density change of hydraulic oil, and the viscosity in the air 

flow were not taken into account in the calculations. The ignored factors do affect the result of 

flow coefficient, but the effects were ignored, because the effects are relatively small when 

temperature or flowrate or pressure drop error is small.  

In the new Excel application, new correction function of flow rate is added. For the air test, 

the least square method for calculating the b and m factor provides a more accurate calcula-

tion result when chocked flowrate is possible to be tested. For the water test, the density cor-

rection function is added for higher accuracy of the calculation result. In theory, viscosity of 

water is also affecting the test result. But in reality, when the temperature is being controlled, 

the density affect by small deviation of temperature can be ignored. Theoretically the viscosi-

ty of hydraulic oil is significantly affected by small range of temperature change. Therefore, 

there was a need to apply viscosity correction in the program for oil test. But the hydraulic oil 

viscosity correction is more complicate than the pressure drop correction, affected by many 

interconnected factors. If to develop this function, the validity of the program and the correct-

ness of the calculation result are hard to prove. To that reason, the hydraulic oil viscosity cor-

rection function was not included in this project. 
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8     Conclusion and further work 

8.1 Introduction 

CEJN develops and produce fluid flow produces. The product category is broad, but if classi-

fy them by the type of fluid media. There are three main branches: pneumatic, hydraulic, wa-

ter. For each fluid media, product branches can be further broken down. For example, in hy-

draulic products, there are normal leak-free products and products made for high-pressure 

hydraulics (70-300MPa or 700bar-3000bar). CEJN owns an industrial laboratory at its head-

quarters. In the laboratory, CEJN test fluid flow products. 

This project had the aim of upgrading the test benches used for test the products fulfillment of 

regulation standards by engineering both new hardware and software. The goal was to achieve 

higher level of automation of the data logging system used in the lab. All three test benches 

were designed and installed following requirements in corresponding international standards.  

8.2 Conclusions 

The project was divided in the following three parts: 

• A hardware upgrading (flow rate computer) for the air flow test bench.  

• A software upgrading (Excel report generator) for all the test benches. 

• Develop of an automated data visualizing system for the air flow test bench.  

Here follows some of the mayor conclusions of the project. A new hardware system (data 

visualization instrument) was installed in the pneumatic flow test bench. This includes the 

data visualization instrument from GEFRAN, a laptop computer, a physical data connection 

between the old and the new instruments, and a data communication connection between the 

new instrument and the PC.  

Software applications for the generating technical reports were developed for all three test 

benches. The applications are based on Microsoft Excel and were programed by the develop-

ers using Visual Basic for Applications. These applications use fluid flow test calculation 

methods from the latest industrial standards and technical references. The applications are 

enabled with raw data calibration functions and high automation level. 

A new user interface was created. Comparing with the previous one, the new UI is more com-

pact and well structured, with enhanced functionality and automation level. In order to simpli-

fy the interface, the new UI was designed to use “form” to contain all the functions. In order 

to increase functionality, a large portion of the program is written in Visual Basic instead of 

independent Macros and ActiveX controls. For the pneumatic station, the UI even contains 

value indicating and data recording function, which works synchronously with the new in-

strument. 

Among the calculation methods, some of them are the same or a revised version of the ones 

used in the old version of Excel. But, there are some calculation methods or steps that were 

not used in the old Excels. The new calculations and processing are either taken from indus-

trial standards or technical literatures. The students applied those calculations in the new ap-

plications for generating reports with higher accuracy and efficiency. A summary of the de-

velopment and deliveries are presented in table 1. Conclusions. 
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Conclusion Pneumatic Hydraulic Water 

New Instrument X   

Data Communication X   

New Excel X X X 

New User Interface X X X 

Calculation Method 
Study (ISO) 

X X X 

Raw data calibration 
(Mathematic) 

X X X 

Auto Report Generat-
ing 

X X X 

Auto Save/Printing X X X 

Temperature-Density 
Calibration 

 X X 

Temperature-Viscosity 
Calibration 

 X  

Chocked Flow Calcula-
tion Method 

X   

Data Visualization X   

Function for adding 
new test tubes 

 X  

Charts for visualizing 
the Raw Data 

 X X 

User Manuals X X X 
Table 1. Conclusion 

Hardware  

Software 

Calibration 

Additional Function 

Additional functions were developed in the applications for different flow tests in order to 

simplify the work of generating technical reports. These functions are either helping the test 

engineers quickly finding useful information, or easily managing the program functionality. 

In summary, the functions and additional functions included in the new software applications 

are meant to increase usability, efficiency, flexibility, sustainability and maintainability of the 

Excel report generating software system. 

The developers have written very detailed user manuals for the applications. The manuals 

include application installation and operation guide, and program maintenance instruction and 

failure mode solutions. The user manuals were written separately for each of the fluid flow 

test benches, because it is easy to manage and update. On request of the company, the manu-

als are in English and Swedish. There will also be multi language versions of programs in the 

future. 

A main principle for the work has been to only choose company suitable technologies to ap-

ply. The project was finally performed with technologies hard- and software that are easy to 
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acquire, cheap to purchase, and easy to learn. This saves budged for the company and training 

time and human resource in the future. 

The result of the project is a new data logging system that fulfilled the initial requirements of 

the project. The new data logging system has not only reached the aim and goals of the pro-

ject, but is also provides high usability, extendibility and flexibility. This project can be treat-

ed as a base of the future laboratory system. If there will be later technology applied to the 

system, the efficiency and automation level should be even higher. 

8.3 Future Work 

Here follows some suggestions on future work and development. Table 2 below presents the 

content spreading within the benches. 

1. For all the test benches, add a function in the Excel program that would enable the Excel to 

import/record multiple set of data from different testing (of different test object). So the test 

engineer could make parallel comparison of flow performance of different product automati-

cally. This work was manually done, which cost enormous time. 

2. For the water and the hydraulic test bench, there should be a function that will do the work 

of changing the “Density Ratio” of the liquid when the average of temperature of the liquid is 

changing. This function would help in attaining a better accuracy of calculation result, and is 

so far already been applied in the Excel for water test. To realize this function, requires a de-

tailed table of density of the specific liquid. The table of density of ideal water is easier to 

acquire than the oil that is used in the lab, i.e. “Statoil Hydro Way White 46”. Thus, it can be 

built into the hydraulic Excel application as soon as the density-temperature table is acquired. 

3. For the Hydraulic bench, there is already a function for automatically generate a “Polyno-

mial Regression” formula for representing a set of specific “Test Tubes”. However, the pre-

sent function requires several steps to save the correction calculation data of a new set of test 

tube. There could be a simplification work of this process in the future when the application is 

being transplanting to the VSTO programming environment or other advanced developing 

environment. 

4. For the Pneumatic flow test bench, it is possible to add a new dimension of automatic data 

importing - the pressure drop. Pressure drop is recorded/indicated by another device “Keller 

EV-120” Pressure Data Indicator. This device is using RS485-USB adapter as the Instrument-

PC communication interface. The instrument is using a communication protocol “Keller Bus” 

which is believed as a modified version of the standard Modbus which is more stable and 

powerful. The programming requirement is to add a new data importing port (Virtual USB-

Serial port) and a new sub-function for decoding the “Keller Bus” communication signal in 

the main program in the pneumatic Excel. Then the engineers can record the pressure drop 

data automatically, also with higher accuracy. The pressure drop data will be recorded auto-

matically like the flow rate data, and be used for generating performance report for the prod-

uct being tested.  
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Future Work Pneumatic Hydraulic Water 

Simplify the process of setting a new test tube  X  

Density ratio correction  X  

Inbuilt SMS sending function Excel/Phone APP X   

Automatically import “pressure drop” data X   

Wireless serial communication X   

Network/remote function developing X X X 

Transplant the application to VSTO X X X 

Advanced technic for protecting the program X X X 

Create different level of user accounts for security  X X X 

Multiple data series importing X X X 

Table 2. Future Work 

5. Create security function for the program. Enable the users to have user accounts at different 

level. Users will need to use username and password to login to get access to different level of 

the program. Operator’s account can use the program to create technical report. Engineer’s ac-

count can manage the content of the program. Developer’s account can modify the functions 

and use developer’s tools. Premium user’s account could have all the authorities. 

6. Advanced technic for protecting the program. Because the program is based on Excel, and 

there are a lot of parameters/calculations which are very important for the final result. Alt-

hough the students/developers of the program have added explanations/comments in the pro-

gram, made it possible to check the correctness of the result, it is still too trouble-

some/inconvenient to maintain. It is possible to use visual studio to pack the Excel VBA pro-

gram to *.dll files and pack the Excel to *.exe file. That will disable the “Save” function and 

only left “Save as” with it. Users can create duplicates of the Excel applications with the right 

account, but they cannot change the original file (especially the code) unless they are provided 

with source code. 

7. Make use of wireless network. In fact, the laboratory engineers are familiar with the “Ge-

fran” data indicating instruments. There are a number of Gefran data indicators used in the lab 

in different test workstations, and they use similar data communication protocol. That means 

the program can be easily modified to be able to manage test data from all the similar devices 

in the lab. If the devices are all connected with wireless RS232/RS485 transmitters and set up 

a network either by help of a router or a laptop, the lab will have a data center program for 

those small/independent testing work. This will make data observation easier. 

8. For the sustainability of the program, the whole project can be considered somewhat “out-

dated”. Using VBA which is the language form the “VB6.0” era is also a challenge, because it 

has many limits and lack of official maintenance and support. In the future, engineers and 

developers can try to use VSTO to rebuild the project, make the programming language up to 
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date. It will be easier to realize complex functions, and possible to create internet or remote 

functions. 

9. After the transplanting of the program to VSTO, and the applying of wireless 

RS232/RS485 network, the program is able to have network functions. The small devices in 

the lab becomes a network. It is possible to make more use of internet and local network. Not 

only to save data directly to the company’s database, but also possible to put the data man-

agement online. Use webpage technologies to let engineers access to the devices via internet 

with correct user account logins, so the engineer have control of the test with any device (PC, 

smartphone, tablet, etc.) at wherever location covered with internet. If needed, a smartphone 

APP (android/IOS) can be created for the same purpose. 

10. Enable the Pneumatic Excel or the future smartphone APP to automatically send SMS for 

controlling or checking the status of the extra air compressor. For realizing this function in 

Excel, requires the PC to connect with a WWAN module that is capable to send SMSs. For a 

mobile APP, requires the device which is running the APP has local mobile network access. 
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Appendix 

A. Project Solution Proposal 

 

 

A.  

 
  

SOLTION 

PROPOSAL 
 

      

ABSTRACT 
The solution proposal is divided in two main parts, the first part is the solu-

tions for upgrading the air test station with the microchip computer and 

data logger. The second part is a suggestion of the way to realize a new data 

storing and report generating system for the laboratory. 

Jiacheng Wang & Luzaisso Domingos 
Bachelor Thesis in Automation Engineering 
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Part 1. Upgrading the air test station 

There are 7 solution suggestions, we did not rate the usability of each potential solution, be-

cause no matter which solution the company choose, the goal is to maximum the usability. 

1. Arduino + Raspberry Pi(Linux) +Self developed Software 

Safety:            ★★★ 

Easiness:        ★ 

Economy:       ★★★★ 

Reliability:      ★ 

Flexibility:     ★★ 

Sustainability:★★ 

 

2. Arduino + PC(Windows) + Excel/ LabView/ Matlab  

Safety:            ★★ 

Easiness:        ★★ 

Economy:       ★★★★★ 

Reliability:      ★★ 

Flexibility:     ★★★★ 

Sustainability:★★★ 

 

3. Arduino + PC(Windows) + Adobe Flash 

Safety:            ★★ 

Easiness:        ★★ 

Economy:       ★★★★★ 

Reliability:      ★★ 

Flexibility:     ★★★ 

Sustainability:★★★ 

 

4. Raspberry Pi (Linux) + BitScope + BitScope Software(Included) or similar 

solutions in the market (Cheap signal recording solutions) 

Safety:            ★★★ 

Easiness:        ★★★★ 

Economy:       ★★★★ 

Reliability:      ★★★ 

Flexibility:     ★ 

Sustainability:★★★★ 
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5. Already existing  solutions in the market (Data logger + Software) 

Safety:            ★★★★★ 

Easiness:        ★★★★★ 

Economy:       ★★ 

Reliability:      ★★★★★ 

Flexibility:     ★ 

Sustainability:★★★★ 

 

6. Take signal directly from the original flow computer “GVPA-2000” using 

the RS232c current loop port, and program with it. 

Safety:            ★ 

Easiness:        ★★★ 

Economy:       ★★★★★ 

Reliability:      ★ 

Flexibility:     ★★★ 

Sustainability:★★ 

 

7. PLC controller with HMI interface, e.g. Rockwell PLC products. 

Safety:            ★★★★ 

Easiness:        ★★★★ 

Economy:       ★ 

Reliability:      ★★★★ 

Flexibility:     ★★★★ 

Sustainability:★★★★★ 

 

Part 2. Data storing and report generating 

We understand that the original vision of this project is to develop a new report generator base 

on Microsoft Excel software. But as students, we also need to fulfill the requirements from 

our school. We are doing thesis work in Automation direction, the supervisor from the univer-

sity suggests that our project should be automation related. We suggest to make the new tech-

nical report generator to be able to record and save data automatically and to be combined 

with local network in the laboratory. Meanwhile, the new system should have manual option, 

so the engineers can chose to record data manually. That will increase the usability and flexi-

bility of the system. 
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B. Source Code Example 

MSComm Initializing 
Public Sub InitCom() 

On Error GoTo err '//Anti error 

    MSComm.Settings = "19200,N,8,1" '//Baud rate 19200，no parity check, data bit 8, stop bit 1 

    If MSComm.PortOpen = False Then 

             MSComm.CommPort = 1 

    Else 

    End If 

    MSComm.InputLen = 0 '//input command, read all data from butter  

    MSComm.InBufferSize = 1024 '//Set buffer size in byte 

    'MSComm1.PortOpen = True '//Open the COM port if necessary 

    MSComm.InBufferCount = 0 '//clear the receiving butter area 

    MSComm.OutBufferCount = 0 '//clear the sending butter area 

    MSComm.InputMode = comInputModeBinary '//Input in Binary instead of "comInputModeText" 

    'periodic.inteval = 100 '//if necessary, set message sending period, 100 means send once per second 

    MSComm.RThreshold = 1 

err: 

Exit Sub 

End Sub 

 

MSChart Initializing 
'//Initialize the MSChart Control 

Private Sub MSChart_initialize() 

       With DataChart 

        .SeriesColumn = 2  

        .Plot.SeriesCollection(1).Pen.Width = 20 

        .Plot.SeriesCollection(1).Pen.Style = VtPenStyleSolid 

        .Plot.SeriesCollection(2).Pen.Width = 20 

        .Plot.SeriesCollection(2).Pen.Style = VtPenStyleSolid '// Set X and Y axis to VtPenStyleSolid 

         

        '//Set X and Y axis, Auto Scale to false 

        .Plot.Axis(VtChAxisIdX).ValueScale.Auto = False 

        .Plot.Axis(VtChAxisIdY).ValueScale.Auto = False 

        '// Set initial maximum scale 

        .Plot.Axis(VtChAxisIdX).ValueScale.Maximum = 240 '//set X axis initial max scale 

        .Plot.Axis(VtChAxisIdY).ValueScale.Maximum = 5500 '//set Y axis initial max scale 

        '// Set initial minimum scale 

        .Plot.Axis(VtChAxisIdX).ValueScale.Minimum = 0 '//set X axis initial min scale 

        .Plot.Axis(VtChAxisIdY).ValueScale.Minimum = 0 '//set Y axis initial min scale 

        '// 

        .Plot.Axis(VtChAxisIdX).ValueScale.MajorDivision = 12 '//set X axis major division 

        .Plot.Axis(VtChAxisIdY).ValueScale.MajorDivision = 10 '//set Y axis major division 

        .Plot.Axis(VtChAxisIdX).ValueScale.MinorDivision = 0 '//set X axis minor division 

        .Plot.Axis(VtChAxisIdY).ValueScale.MinorDivision = 0 '//set Y axis minor division 

        .Plot.Axis(VtChAxisIdX).AxisGrid.MajorPen.Style = VtPenStyleDotted 

        .Plot.Axis(VtChAxisIdY).AxisGrid.MajorPen.Style = VtPenStyleDotted'set axis division style 

        .Plot.AutoLayout = False '//plot area auto layout Flase 

        .Plot.UniformAxis = False '//plot area Uniformed axis False 

        .ChartType = VtChChartType2dXY 'set chart type 

        .ShowLegend = False 

        .SeriesColumn = 4 ' //for the initialize of userform: the DataChart need 4 SeriesColumes 

    End With 

End Sub 

 

MSComm OnComm Event 
Private Sub MSComm_OnComm() 
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    Dim k As Integer 

    k = 5 + readnum * 2 

    If MSComm.CommEvent = comEvReceive Then 

        SBUF = MSComm.Input 

        For i = tmpCOMM To tmpCOMM + UBound(SBUF) 

           TBUF(i) = SBUF(i - tmpCOMM) 

           txtRev.Text = txtRev.Text & "  " & Right(("00" + Hex(TBUF(i))), 2) 

        Next 

       tmpCOMM = tmpCOMM + UBound(SBUF) + 1 

    

             If k - tmpCOMM = 0 Then 

                txtRev.Text = txtRev.Text & " or " & H2D((Right(("00" + Hex(TBUF(3))), 2)) & (Right(("00" + _ 

Hex(TBUF(4))), 2))) & vbCrLf  '//Show result in Hex form + ”or” + Decimal form + new line               

                 If Monitoring = True Then 

                      If readnum = 1 Then 

                      value1 = H2D((Right(("00" + Hex(TBUF(3))), 2)) & (Right(("00" + Hex(TBUF(4))), 2))) 

                      ElseIf readnum = 2 Then 

                            value1 = H2D((Right(("00" + Hex(TBUF(3))), 2)) & (Right(("00" + Hex(TBUF(4))), 2))) 

                            value2 = H2D((Right(("00" + Hex(TBUF(5))), 2)) & (Right(("00" + Hex(TBUF(6))), 2))) 

                      Else 

                      End If 

                 Else 

                        TextBox100.Value = "IDLE" 

                 End If 

                 

                tmpCOMM = 0 

             Else 

             End If 

    Else 

    End If 

        

    TBUFstr = TBUF(0) 

  If TBUFstr + "" = strAddress Then 

          Call DealData(TBUF) '//if address is the same as preset, call DealData to read special data 

  Else 

  End If 

 

End Sub 
 

Read “Flow Rate” From Device Memory 
Private Sub cmdStartMonitor_Click() 

Dim p As Long 

 

Monitoring = True 

p = 0 

Userform_NonMovable 

 

Do 

 

Mon (1) 

lbFlowRate.Caption = filtered 

Mon (2) 

'TextBox101.value = real 

 

Call DrawChart(real, filtered, p) 

 

 

 

If p > 199 Then 

       DataChart.Plot.Axis(VtChAxisIdX).ValueScale.Maximum = p + 40 '// set X axis maximum scale 
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       DataChart.Plot.Axis(VtChAxisIdX).ValueScale.Minimum = p - 200 '// set X axis minimun scale 

 

End If 

 

If Monitoring = True Then 

    DataChart.ChartData = getData2 

    'Userform3.Repaint  '//Update the UI window 

    timerTick (200 / updateRate) '//program wait time differs between different data update speed 

Else 

Exit Sub 

End If 

 

p = p + 1 

 

Loop While Monitoring 

 

End Sub 

 

'//Monitor send data dealling 

Private Sub Mon(num As Integer) 

ReDim bSnd(0 To 7) As Byte 

bSnd(0) = Int(val(strAddress)) '//get Modbus Slave Address of the device to be read 

bSnd(1) = &H3 '//Modbus Command code: "Read n Word" 

'addrValue = Int(Val(txtAddr.Text)) '// if necessary, set memorry address to be read by customer UI 

 

readnum = num 

 

If num = 1 Then 

iAddr = Int(val(0)) 

ElseIf num = 2 Then 

iAddr = Int(val(1233)) 

End If   '//Define the starting memory address to be read 

 

bSnd(2) = Int(iAddr / 256) '//Memory address to read "Most Significant Word" 

bSnd(3) = iAddr Mod 256 ''//Memory address to write, the second Hex byte   

bSnd(4) = Int(readnum / 256) ' //Modbus Write Message "Most Significant Word" 

bSnd(5) = readnum Mod 256  ' //the second Hex byte for memorry addresses to be read 

Dim sTmp(0 To 5) As Byte 

For i = 0 To 5 

    sTmp(i) = bSnd(i) 

Next  '//reassign the array for "CRC16" error check  

bSnd(6) = CRC16INT(sTmp, "L") 

bSnd(7) = CRC16INT(sTmp, "H")'//CRC16 error check 

 

If MSComm.PortOpen Then 

    MSComm.Output = bSnd 

Else '//send the message 

    If num = 1 Then 

     MsgBox "COM Port not Open！" 

     Monitoring = False 

     Exit Sub 

    Else 

     Exit Sub '//Anti error 

    End If 

End If 

 

timerTick (400 / updateRate) ' //80 is the lowest stable setting, blow that, program will go wrong 

 

If num = 1 Then 

    filtered = value1 
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End If 

 

If num = 2 Then 

      If value2 = 1 Or value2 = 0 Then 

        real = 0.073 * (value1 + 65535 * value2) - 1357.4 ' linear regression 

      Else 

        real = 0.073 * value1 - 1357.4 'exception (when value at memorry location 1234 is not 0or1) 

      End If 

        'j = value1 * (1 + value2) 

        'real = 2E-17 * j ^ 4 + 0.000000000005 * j ^ 3 - 0.0000005 * j ^ 2 + 0.0971 * j - 1734 ' Multiple Linear_ 

regression 

Else 

       real = 0 

End If 

End Sub 

 

'//Get Data Points, Draw and Renew Chart 

Private Sub DrawChart(a As Long, b As Long, PointNum As Long) 

Dim i As Integer, j As Integer 

 

i = PointNum 

 

ReDim getData2(0 To i, 0 To 3) 

    getData(i, 0) = PointNum 

    getData(i, 1) = a 

    getData(i, 2) = PointNum 

    getData(i, 3) = b 

     

For j = 0 To i 

getData2(j, 0) = getData(j, 0) 

getData2(j, 1) = getData(j, 1) 

getData2(j, 2) = getData(j, 2) 

getData2(j, 3) = getData(j, 3) 

Next j 

 

End Sub 

 

Set “Filter Size” For the Data Indicating Device 
Private Sub Set_Filter_Size() 

Dim iAddr As Integer 

Dim a() As String, writenum As Integer, j As Integer, lenSnd As Integer 

 

If txtFilterSize.Text = "" Then 

    MsgBox "Please enter a number between 0 and 20(Second)！" '//Anti error 

    Exit Sub 

End If 

 a = Split(txtFilterSize.Text, " ") '//get "Filter Size" from customer UI 

 writenum = UBound(a) + 1 '//At least one bit of data, subscript from 0 

 lenSnd = 6 + 2 * writenum + 2 '//dimension the length of message to be sent 

 ReDim bSnd(0 To lenSnd) As Byte '// Dimension the length of array for send 

 bSnd(0) = Int(val(strAddress)) '//Modbus Slave Address 

 bSnd(1) = &H10 '//Modbus Command code: "Write n Word" 

 iAddr = Int(val(697)) '//Define the memory address to write 

 bSnd(2) = Int(iAddr / 256) '//Memory address to write "Most Significant Word" 

 bSnd(3) = iAddr Mod 256 '//Memory address to write, the second byte   

 bSnd(4) = Int(writenum / 256) '//Modbus Write Message "Most Significant Word" 

 bSnd(5) = writenum Mod 256  '//Modbus Write Message the Second byte of the word 

 bSnd(6) = writenum * 2 '//Byte Count 
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 For j = 0 To writenum - 1 

  bSnd(7 + j * 2) = Int(val(a(j)) / 256) 

  bSnd(8 + j * 2) = Int(val(a(j))) Mod 256 

 Next '//assign filter size value to the array with sending Modbus message 

 

 ReDim sTmp(0 To lenSnd - 2) As Byte '//define a temperary array for limited size 

 

 For i = 0 To lenSnd - 2 

  sTmp(i) = bSnd(i) 

 Next '//reassign the array for "CRC16" error check  

 

 bSnd(lenSnd - 1) = UserForm3.CRC16INT(sTmp, "L")  

 bSnd(lenSnd) = UserForm3.CRC16INT(sTmp, "H") '//CRC16 error check  

  

 If  UserForm3.MSComm.PortOpen Then 

  UserForm3.MSComm.Output = bSnd '//send the message 

 Else 

  MsgBox "COM Port Not Opened" '//Anti error  

  Exit Sub 

 End If 

End Sub 

 

Save Functions 
Private Sub CommandButton11_Click() 

On Error GoTo err 

Application.ScreenUpdating = False 

Dim wb As Workbook 

Dim Row As Integer, RowArr 

 

   'PDF 

    Application.ScreenUpdating = False 

    ActiveWorkbook.Worksheets("FPprotocol").Activate 

ActiveSheet.ExportAsFixedFormat Type:=xlTypePDF, filename:=TextBox12.Value & "\" & Format(Date, _ 

"yyyymmdd") & "_" & ActiveSheet.Name & ActiveSheet.Range("D3") & ".pdf" 

 

    'EXCEL 

    Set wb = ActiveWorkbook 

    wb.SaveCopyAs filename:=TextBox12.Value & "\" & Format(Date, "yyyymmdd") & "_" & 

ActiveSheet.Name & ActiveSheet.Range("D3") & ".xlsm" 

    Set wb = Nothing 

Application.ScreenUpdating = True 

 

    'TXT 

    RowArr = "" 

    Open TextBox12.Value & "\" & Format(Date, "yyyymmdd") & "_" & ActiveSheet.Name & 

ActiveSheet.Range("D3") & ".txt" For Output As #1 

    For Row = 1 To 32 

        RowArr = RowArr & Sheet4.Range("Z" & Row).Value & vbTab 

        RowArr = RowArr & Sheet4.Range("AA" & Row).Value & vbCrLf 

    Next 

    Print #1, RowArr 

    Close #1 

Exit Sub 

 

Application.ScreenUpdating = True 

 

err: 

        Sheet1.Select 

        MsgBox ("Folder not selected!") 

End Sub 



Bachelor Degree Project in Automation Engineering                             University of Skövde 

Thesis work for CEJN AB                        Institution of Engineering Science 

67 

Jiacheng Wang and Luzaisso Domingos  14-Nov-15 

 

 

Modbus CRC error checking funcion 
'========================================= 

'The Following are Modbus CRC error Checking Funcion 

'========================================= 

Public Function CRC(str1 As String, HL As String) 

 

Dim CRCREG As Long 

 

Dim MVAL As Long 

Dim r As Integer 

Dim T As Integer 

CRCREG = 65535 

 

For r = 1 To Len(str1) Step 2 

MVAL = val("&H" + Mid(str1, r, 2)) 

 

CRCREG = CRCREG Xor MVAL 

CRCREG = CRCREG And 65535 

 

For T = 1 To 8 Step 1 

If (CRCREG And &H1) Then 

CRCREG = (CRCREG \ 2) Xor &HA001 

 CRCREG = CRCREG And 65535 

 Else 

      

   CRCREG = CRCREG \ 2 

CRCREG = CRCREG And 65535 

End If 

Next 

 

Next 

Dim a As Long 

Dim b As Long 

a = CRCREG And 255 

b = CRCREG And 65280 

a = a * 256 

b = b / 256 

 

If (a + b) < 16 Then 

CRC = "000" + Hex(a + b) 

ElseIf (a + b) < 256 Then 

 

CRC = "00" + Hex(a + b) 

ElseIf (a + b) < 4096 Then 

CRC = "0" + Hex(a + b) 

Else 

CRC = Hex(a + b) 

End If 

 

If HL = "H" Then 

CRC = Left(CRC, 2) 

ElseIf HL = "L" Then 

CRC = Right(CRC, 2) 

End If 

End Function 

 

Public Function CRC16(Data() As Byte, HL As String) As String 

Dim CRC16Lo As Byte 
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Dim CRC16Hi As Byte 

Dim CL As Byte 

Dim SaveHi As Byte 

Dim SaveLo As Byte 

Dim ii As Integer 

Dim flag As Integer 

CRC16Lo = &HFF 

CRC16Hi = &HFF 

CL = &H1 

CH = &HA0 

For ii = 0 To UBound(Data) 

CRC16Lo = CRC16Lo Xor Data(ii) 

For flag = 0 To 7 

SaveHi = CRC16Hi 

SaveLo = CRC16Lo 

CRC16Hi = CRC16Hi \ 2 

CRC16Lo = CRC16Lo \ 2 

If ((SaveHi And &H1) = &H1) Then 

CRC16Lo = CRC16Lo Or &H80 

End If 

If ((SaveLo And &H1) = &H1) Then 

CRC16Hi = CRC16Hi Xor CH 

CRC16Lo = CRC16Lo Xor CL 

End If 

Next flag 

Next ii 

Dim ReturnData(1) As Byte 

ReturnData(0) = CRC16Hi 

ReturnData(1) = CRC16Lo 

If HL = "H" Then 

CRC16 = Hex(ReturnData(0)) 

End If 

If HL = "L" Then 

CRC16 = Hex(ReturnData(1)) 

End If 

End Function 

 

Public Function GETCRC16(Data() As Byte, HLBegin As String) As String 

Dim CRC16Lo As Byte 

Dim CRC16Hi As Byte 

Dim CL As Byte 

Dim SaveHi As Byte 

Dim SaveLo As Byte 

Dim ii As Integer 

Dim flag As Integer 

CRC16Lo = &HFF 

CRC16Hi = &HFF 

CL = &H1 

CH = &HA0 

For ii = 0 To UBound(Data) 

CRC16Lo = CRC16Lo Xor Data(ii) 

For flag = 0 To 7 

SaveHi = CRC16Hi 

SaveLo = CRC16Lo 

CRC16Hi = CRC16Hi \ 2 

CRC16Lo = CRC16Lo \ 2 

If ((SaveHi And &H1) = &H1) Then 

CRC16Lo = CRC16Lo Or &H80 

End If 

If ((SaveLo And &H1) = &H1) Then 
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CRC16Hi = CRC16Hi Xor CH 

CRC16Lo = CRC16Lo Xor CL 

End If 

Next flag 

Next ii 

Dim ReturnData(1) As Byte 

ReturnData(0) = CRC16Hi 

ReturnData(1) = CRC16Lo 

'H: Most Significant ，L: Least Significant 

If HLBegin = "H" Then 

GETCRC16 = Hex(ReturnData(0)) + " " + Hex(ReturnData(1)) 

End If 

If HLBegin = "L" Then 

GETCRC16 = Hex(ReturnData(1)) + " " + Hex(ReturnData(0)) 

End If 

End Function 

 

Public Function CRC16INT(Data() As Byte, HL As String) As Integer 

Dim CRC16Lo As Byte 

Dim CRC16Hi As Byte 

Dim CL As Byte 

Dim SaveHi As Byte 

Dim SaveLo As Byte 

Dim ii As Integer 

Dim flag As Integer 

CRC16Lo = &HFF 

CRC16Hi = &HFF 

CL = &H1 

CH = &HA0 

For ii = 0 To UBound(Data) 

CRC16Lo = CRC16Lo Xor Data(ii) 

For flag = 0 To 7 

SaveHi = CRC16Hi 

SaveLo = CRC16Lo 

CRC16Hi = CRC16Hi \ 2 

CRC16Lo = CRC16Lo \ 2 

If ((SaveHi And &H1) = &H1) Then 

CRC16Lo = CRC16Lo Or &H80 

End If 

If ((SaveLo And &H1) = &H1) Then 

CRC16Hi = CRC16Hi Xor CH 

CRC16Lo = CRC16Lo Xor CL 

End If 

Next flag 

Next ii 

Dim ReturnData(1) As Byte 

ReturnData(0) = CRC16Hi 

ReturnData(1) = CRC16Lo 

If HL = "H" Then 

CRC16INT = ReturnData(0) 

End If 

If HL = "L" Then 

CRC16INT = ReturnData(1) 

End If 

End Function 
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C. Calculation Handbooks 

The Pneumatic flow calculation handbook  
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D. User Guide for Pneumatic Excel Report Generator 

 

 

 

 

 

 

Application Manual for 
Pneumatic flow test Report Generator 

 

Luzaisso Joao Domingos 

Jiacheng Wang 
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Part 1. User Interface Layout 

1.1 Summary 

This program/Application is developed by a group of two student, Luzaisso Joao Domingos and 

Jiacheng Wang of the University of Skövde, as a part of their final year project, for CEJN AB at Skövde. 

This software manual is created for the laboratory engineers at CEJN AB as a reference for normal 

process of use, program content managing, or troubleshooting. 

During the use of the “Pneumatic flow test Report Generator”, if you, as the engineers at CEJN AB, 

meet any problems or have any questions about the manual, please contact us: 

Luzaisso Joao Domingos: zaisso@hotmail.com 

Jiacheng Wang: jiachengang@hotmail.com 

1.2 System Requirements 

1.2.1 Hardware 

System: PC or industrial computer 

Memory: 4GB (recommend 8GB or more) 

Hard disk Space: 40GB HDD or SSD (recommend 40GB or higher) 

CPU: Intel or AMD processors (recommend Dual Core or more) 

1.2.2 Software 

Operating system: Windows 7 or later 32bit/64bit (recommend professional version or higher) 

System access control: Administrator or higher 

Spreadsheet Software: Microsoft Excel 2010 or later 32bit (recommend professional version or high-

er) 

Additional Requirement: Visual Basic 6.0 Runtime (Latest version) 

1.2.3 Microsoft Excel Visual Basic Editor references 

For the Pneumatic flow test report generator, it requires the following programming libraries to be 

activated in the Visual Basic Editor: 

 Visual Basic for Applications 

 Microsoft Excel 15.0(2013)/16.0(2016) Object Library 

 Microsoft Forms 2.0 Object Library 

 Microsoft Office 15.0(2013)/16.0(2016) Object Library 

 Microsoft Comm Control 6.0 (SP6) 

 Microsoft Chart Control 6.0 (SP6)(OLEDB) 

 

 

 

 

mailto:zaisso@hotmail.com
mailto:jiachengang@hotmail.com
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1.2.4 How to change programming references in Visual Basic Editor (VBE) 

Step 1. Start the Excel, go to tab “Developer”, click on “Visual Basic”. 

 

Picture 1. Visual Basic Editor Reference Settings 

Step 2. After the VBE window opened, click on “Tools” and then choose “References…” 

Step 3. After choosing the “References…”, choose your choice of programming reference/ libraries 

under the Available References. Or click on the “Browse…” button to import references. 

 

Picture 2. VBE reference setting 

Note: If an activated reference displaying its name with “(Missing)”, please deactivate it and activate 

a suitable version in the “Available References” or browse to import a suitable version. 
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1.3 Program Layout 

 

Picture 3. First look 

1.3.1 First look 

When the program is first started, the user will normally see the layout in Figure 1. 

To start the report generator program, click on the “CEJN” logo marked with ① in Figure 1. 
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1.3.2 Main UI 

 

Picture 4. Program User Interface Function Areas 

Figure 2 shows the first look when user startup the report generator application. There are 8 function 

areas on the UI layout. Marked with different colors in Figure 2. 

 Area 1. Program Pages: There are two pages in total, page 1 is main function are, page 

2 is program diary and help document, (Read more in chapter 2.1 Function Area 1). 

 Area 2. Title and basic information: Contains title of the application and basic infor-

mation of the test report being generated, (Read more in chapter 2.2 Function Area 2). 
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 Area 3. Test objects information: the main part of the information recorded in the 

technical report. Records information for the two test objects, (Read more in 2.3 Function area 3). 

 Area 4. Flow test control area: Controlling the flow test and choked flow calculation 

(2.4 Function area 4).  

 Area 5. Import and save: for importing .txt files and saving .pdf, .xlsm and .txt files, 

(Read more in chapter 2.5 Function area 5). 

 Area 6. Chart adjusting area: adjusting the curves in the Chart of the technical report, 

by changing parameters, (Read more in chapter 2.6 Function area 6). 

 Area 7. Program controlling area: for ordinary program controls including report print-

ing, (Read more in chapter 2.7 Function area 7). 

 Area 8. Hidden button: for more settings, click on the CEJN logo marked with number 

⑧, (Read more in chapter 2.8 Function area 8). 

1.3.3 Hidden Settings 

 

Picture 5. Hidden Settings 

After clicking the “Hidden button”, a window showed in Figure 3 will popup, this area is for not often 

used settings and developers experiments (unfinished functions). 
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1.3.4 The Sheets 

There are 7 sheets in the Pneumatic Excel.  

 

Picture 6. Sheets in the Pneumatic Excel 

1.3.4.1 Sheet 1 “FPprotocol” 

This sheet is already introduced in the section 1.3.1 First Look, “FPprotool” contains the technical 

report printing area and the main UI. 

1.3.4.2 Sheet 2 FPUSA 

 

Picture 7. FPUSA 

This sheet has the same function as the sheet ”FPprotocol”, but the report generated in this sheet 

follows the USA standard. 
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1.3.4.3 Sheet 3 “Text” 

“Text” contains the information that the Main UI will make use. 

 

Picture 8. Sheet “Text” 

1.3.4.4 Sheet 3 “Save” 

“Save” contains the basic test information of current flow test. 

 

Picture 9. Sheet "Save" 

1.3.4.5 Sheet 5 “Calculation” 

“Calculation” is the sheet in charge of processing the raw data. 

 

Picture 10. Sheet "Calculation" 
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1. Raw Data Area  

The raw data are copied to the sheet “calculation” in column E, cells E4 to E14. 

 

Picture 11. Raw data area 

2. Data Calculation 

 

Picture 12. Calculation area 

The area in the figure is the data processing area. 
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3. Calculation result 

 

Picture 13. Result area 

This area contains flow data generated by the Kv value, and the corrected raw data of the flow rate 

in ISO standard and USA standard. 

4. Correction Formula Parameter Area 

Between cell F2 and M2 contains the key parameters for the flow rate correction formula. 

 

Picture 14. Test Tube Parameter 
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Part 2. Program Functions 

2.1 Function area 1 

2.1.1 Multi Page: Test Setting Center 

 

Picture 15. Function area 1 

This area is created by a multi-page control of the Microsoft VBA, if the user click on the first page on 

the left side, the program will show the main UI as it shows in “Figure2. Program User Interface Func-

tion Areas”.  

2.1.2 Multi Page: Help and Program Develop Diary 

If the user click on the page “Help” on the right side, the program window will show the following 

contents as it shows in the “Figure 5. Help and Program Develop Diary” below. 

 

Picture 16. Help and Program Develop Diary 
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2.2 Function area 2 

 

Picture 17. Function area 2 

2.2.1 Function area 2: Introduction 

Function area 2 contains title of the application and basic information of the test report being gener-

ated as shown in Figure 6. Each content included here will be updated to the report printing area in 

“Figure 5. First Look” 

2.2.2 ”Test Engineer” 

 

Picture 18. Test Engineer 

By clicking the button with a triangle, the user can chose a name of the laboratory engineers who is 

performing the current test. It is always possible to type other information here for temporary use.  

2.2.3 “Date” 

 

Picture 19. Figure 8. Date 

By clicking the button with a triangle, the user will see a calendar with current date marked with red 

circle, click on a date to set a date for the test report. 

2.2.4 “Ref.nr” 
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Picture 20. Reference Number and Test Tube 

The “Ref.nr” represent “Reference number”, the user can either type in a number (Arabic digits only), 

or use the small adjusting buttons to adjust the existing number.  

2.2.5 “Test Tube” 

In “Figure 9. Reference Number and Test Tube”, shows the function “Test Tube”, by clicking on the 

button with a triangle, the user can chose a size for the test tube used in current testing. It is always 

possible to type other information here for temporary use. 

2.2.6 “Direction” 

 

Picture 21. Direction 

As the same, in Figure 10, the user click on the button to choose a direction for the current test. It is 

always possible to type other information here for temporary use. 

2.3 Function area 3 

 

Picture 22. Function Area 3 
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2.3.1 Introduction 

This function area allows the user to input the necessary information of the test objects. 

2.3.2 “Test Object 1 or 2” 

The options for Test Object 1/ Test Object 2 are set as “Coupling” and “Nipple” by default. User can 

change the name/type of the test objects by typing in the areas. 

2.3.3 “Reg.nr.” 

User can type a registration number of the product being tested. 

2.3.4 “Manufacturer” 

Click on the button with a triangle, and choose a manufacture of the product being tested from the 

dropdown list. It is always possible to type other information here for temporary use. 

2.3.5 “Product ID” 

User can type in a unique identification (ID) of the product/object being tested.  

2.3.6 “Connection” 

Click on the button with a triangle, and choose a type of connection of the product being tested from 

the dropdown list. It is always possible to type other information here for temporary use. 

2.3.7 “Thread” 

Choose a type of thread (Male/Female) or if the object is a hose. It is always possible to type other 

information here for temporary use. 

2.3.8 “Type” 

Choose a type of thread standard from dropdown list. It is always possible to type other information 

here for temporary use. 

2.3.9 “Remark” 

The user can type anything as remark of the product/object being tested. 

 

2.4 Function area 4 

 

Picture 23. Function Area 4 

2.4.1 Introduction 

This function area allows the user to start the pneumatic flow test control window and control the 

switching calculation method for different type of flow test. 

2.4.2 “Air Test” 
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Click the “Air Test” Button, the pneumatic flow test control window will appear. (Check Chapter 2.9 

Air Flow Test Window for more information about the air flow test control window) 

2.4.3 “Choke” 

Click on the “Chock” button will activate the two buttons “Solver” and “Reset” on the right hand side 

of the button. (Check chapter 3.x.x for more information about switching calculation method) 

2.4.4 Solver & Result 

Clicking on the “Solver” button will immediately start the “Solver” Function, and clicking on the “Re-

set” button will reset the ”b” and the “m” value back to default ( b=0,5 m=0,5). (Check chapter 3.4.2 

Chocked Flow for more information) 

 2.5 Function area 5 

 

Picture 24. Function Area 5 

2.5.1 Introduction 

This function area allows the user to import test data directly from a .txt file, and save the test report 

as .xlsm file while saving the printing area of the report as .pdf file.  There will also be a .txt file con-

taining test information and test data saved. 

2.5.2 Importing 

When importing test data. The user click on “Import” button and choose a .txt file containing test 

data regarding to the right fluid media. The program will import and process the data automatically.  

Ops, if the text file is using “.” as decimal separator, the checkbox “Use dot a separator” must be 

checked, otherwise the program will use “,” as the default setting.   

2.5.3 Saving 

When saving the records of test report, the user can type a name for the files, then click on the “Save” 

button. If the “File Name” area is to be left empty, the file name will be defined as the following for-

mat: “Date Today (yyyymmdd)” + “FPprotocol”+”Ref.nr”.  
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2.6 Function area 6 

 2.6.1 Introduction 

This area allows the user to adjust parameters, choose curves to be show on 

the report, and define X and Y axis scales of the chart area in the test report 

printing area. 

 2.6.2 Temperature 

This function allows the operator to define air temperature. The defined 

temperature is displayed in the technical report. 

 2.6.3 Kv and Kv Tuning 

The “Kv” is the current Kv result in the report. “Kv Tuning” allows the user to 

tune the Kv result. Tuning the Kv will affect the final result, also on the shape 

of the “Kv” curve. 

 2.6.4 Curves and Result Adjusting 

By checking and unchecking the checkboxes in this area, the user can control 

the displaying and hiding of different curves in the report printing area. 

 2.6.5 Chart Scale 

By choosing a “Max X/Y scale” form dropdown lists, or setting a “Self-Define” 

scale, the user can modify the scales of the chart area. 

 

 

 

2.7 Function area 7 

 

Picture 26. Function Area 7 

2.7.1 Introduction  

This area is normal control of the application. 

2.7.2 “Clear All” 

Click on the button, the information in function area 2, 3, and 4 will be set back to default / empty. 

2.7.3 “Update to Sheets” 

Click on the button, and the information in the application UI will be synchronized to the excel sheet 

area/ report printing area. 

2.7.4 “Print Report” 

Picture 25. Figure 53. Function Area 6 
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If the user wish to print the report, click on the button and choose a printer available. The user can 

change settings of the printer before printing. 

2.7.5 “Close” 

Click on the button and the main UI will be closed. If the UI is closed, and to be open again, the in-

formation in the function area 2, 3, and 4 will not be changed, but settings in function area 6 will be 

set to default again, please mind that if you want to print the report again.  

2.8 Function area 8 

 

Picture 27. Function Area 8 

2.8.1 Introduction 

There are some settings which are not often used, they are hidden in a setting area. Also, if the de-

velopers/engineers want to test new functions or do experiments, the functions can be placed in that 

area.  The window of that will open by clicking on the button marked in chapter 1.3.2 “Main UI”, click 

on the “CEJN” logo to open it. 

2.9 Air Flow Test Window 

 

Picture 28. Pneumatic Test Control Window 

Click the “Air Test” in the function area 4 of the main UI, the air flow test window will appear. (Check 

chapter 3.x.x for more information) 
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2.9.1 Control Area 

On the left side of the window, there are the following functions: 

1.”CEJN” logo with hidden “Developer” window. Click on the logo and the 

window will show. 

2. “Data Log” window. This window will automatically show data communi-

cation in Hexadecimal format when any test is started. 

3. Data chart scale changing function. By default, the X and Y scale of the 

data chart is automatically changing when the flowrate changes. 

Uncheck the “X Auto” or the Y ”Auto” will disable the automatic adjusting 

function and enable the self-define function. After inputting the self-defined 

scale, click on the “Set Scale” button to change the regarding chart scale. 

4. Display Setting. Change the “Update Rate” will change the screen updating 

speed. Choose 1 Hz, the chart will update the flowrate data once a second, 

choose 5 Hz, the updating speed is five times per second. 

Filter function is able to process the raw flowrate data with a digital filter 

between 1 0.01 to 20 seconds.  

Click the “Set” button to apply the settings. 

5. Data Monitoring. Click on the “Start” button will enable the data chart in 

the window to read flowrate data from the Gefran 2400 instrument. Click on 

the “Stop” will stop the data visualization. 

By checking “Filtered”, the data fileted by the filter will show in the data 

chart. It is a curve in blue color. 

By checking ”Raw”, the data before filtering will show in the data chart. It is a 

curve in red color. 

The two curves can be showed together in the data chart. 

2.9.2 Chart Area 

Picture 29. Test control area 
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Picture 30. Chart Area 

The chart area is in the middle. When test is started, the flowrate data from the Gefran 2400 instru-

ment will show here in real time. 

2.9.3 Recording Area 

This area is on the right hand side, it contains the following functions: 

1. Real time data visualizing with digits. The data will show synchronous 

with the Gefran 2400 instrument. (The unit is Normal Litter/minute). 

2. Choosing test points. The operator can choose how many test points to 

record during the test. (Between 6 and 10). 

3. Chocked Flow tested. If there will be chocked flow tested during the test, 

check the checkbox “Chocked Flow Tested” to enable the “Point X” in the 

point saving area. 

4. Point Recording. When testing, click on the “Point 1”, “Point 2”……”Point 

X” to save the flowrate data, the arrows beside the buttons can fine tuning 

the recorded data if necessary. 

5. Saving. There are four buttons in the area.  

“Save All Points” will transfer the test point data to the Excel Calculation 
Sheet. 

“Clear All Points” will delate the recorded points in the window. 

 “Save Screen” will save a screen shoot of the window, showing the current 
image of the data chart. 

 “Exit”, after data is recorded, click this button to close the window. 

 

2.10 Hidden Settings and developers area 

In “Figure 5. Hidden Settings”, shows what the user will see after clicking the CEJN logo in “2.8 Func-

tion area 8” 

Picture 31. Data recording Area 
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Picture 32. Developers Window 

In the figure above “Figure. Developers Window”, shows the developers tools and settings. This win-

dow will appear by clicking on the “CEJN” logo in the “Air Test Window”. 

Part 3. Normal Process 

3.1 Step 1. Start 

Open the excel report generator, start the application user interface by clicking on the CEJN logo. 

 

Picture 33. Test Step 1 

3.2 Step 2. Inputting test information 
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Input the basic test information in function area 2 and 3 marked in “Figure2. Program User Interface 

Function Areas” in “Chapter 1.3.2 Main UI”.  

Follow the instructions in “Chapter 2.2 Function area 2” and “Chapter 2.3 Function area 3”, for finish-

ing this step. 

3.3 Step 3. Importing test data 

If the operator is going to import a group of test data from previous test, the operator must have a 

copy of test data recorded by the Pneumatic test station in .txt format. And then follow the section 

3.3.1 Import Data. 

If the operator is going to run a new test and record the test data from the pneumatic test bench, 

then please follow the section 3.3.2 Start a new test. 

3.3.1 Import Data 

The user should import the text file by clicking on the “Import” button in function area 5 marked in 

“Chapter 1.3.2 Main UI”. That will result in importing all the data points from the text file (Full Range).  

Follow the guide in “Chapter 2.5.2 importing” to finish this step. 

After the text file is imported, wait until the program to finish the necessary calculations. Then you 

can follow the next step 3.4 Step4. Data Adjusting. 

3.3.2 Start a New Test 

To start a new test and record data from the pneumatic test bench, the operator have to make sure 

the following conditions are fulfilled. 

1. The pneumatic test bench is powered on  

2. The Gefran 2400 instrument is powered on 

3. The PC is connected with the Gefran 2400 instrument 

Step1. If the conditions are fulfilled, click on the “Air Test” button in Function Area 4 to start the 

pneumatic flow test window (2.9 Air Flow Test Window).  

Step2. Click “Start” button in 2.9.1 Control Area  to start the real time data visualizing. 

Step3. Start the air flow test on the test bench, the data will show both in wave form in the data 

chart in 2.9.2 Chart Area and in the digital display window in 2.9.3 Recording Area. 

Step4. Use the functions in 2.9.3 Recording Area. Define the number of data point to record. Define 

weather the chocked flow is to be tested. 

Step 5. Tune the pneumatic test bench, when the flowrate value and pressure drop value are both 

stabilized. Click on the “Point 1” button in 2.9.3 Recording Area. Now the data point is saved in the 

textbox on the left side of the button, you can use the “Tuning” buttons on the right side to fine tun-

ing the recorded data. 

Repeat the process above for recording the rest of the data points. 

You must make sure that the air flow is in chocked situation before recording the “Point X”. 

Step 6. Save all the data points by clicking the “Save All Points” button in 2.9.3 Recording Area. And 

click the “Exit” button to close the window. 
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Now, the test data are recorded.  You can move to the next step Step4. Data Adjusting. 

3.3.3 Manual input 

 

Picture 34. Manual Input Area 

You can also manually type the tested flowrate data in the area shows in the figure above. This area 

is in the 1.3.1 Fist Look as a part of the report printing area. 

The cell “Check Point” allows you to check the flowrate value of any pressure drop point between 

0.01 bar and 3 bar. 

Obs! If “Chocked” flow is tested, you should always use automatic data record function (3.3.2 Start a 

New Test).  

3.4 Step 4. Data adjusting 

3.4.1 Report Adjusting 

This step is for adjusting the results and curves in the data chart on the report printing page 

“FPprotocol” (See Figure). 

All the functions that will be used in this steps includes in the “Chapter 2.6 Function Area 6”. Please 

follow the chapters from 2.6.2 to 2.6.5 to adjust the report printing area. After final adjusting, the 

process can move to saving and printing. 

3.4.2 Chocked Flow 

If “Chocked flow” is tested, e.g. the “Point X” in 2.9.3 Recording Area is recorded. You can click  

“Chock” button to enable the “Solver” button and “Reset” Button in 2.4 Function area 4. Click “Solver” 

button to calculate the best “b()” and “m()” value for the test. What until the program finished calcu-

lating, then the recorded flowrate points are already corrected to a better accuracy.  

The “Solver” function make use of the “Least Square” method to find more accurate values of the 

parameters being considered. It is the recommended calculation method in the ISO standard (ISO 

6358:2014(E), Pneumatic fluid power — Determination of flow-rate characteristics of components 

using compressible fluids.). 

3.5 Step 5. Saving and printing 

3.5.1 Saving 
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Picture 35. Saving 

When saving the technical report, please click on the “Save” button in function area 5. After clicking 

the button, the window in the figure above will show. Then, select a folder, click “OK” to save. 

The program will save a .pdf file (a copy of the report area) together with an .xlsm file (a copy of the 

excel report generator), at the defined location.  

Note: If the user left the “File Name” area empty, both of the PDF and Excel files will be saved as the 

following format as default in the chapter “2.5.3 Saving”. 

3.5.2 Printing 

 

Picture 36. Printing 

When printing the technical report, please click the “Print Report” button in function area 7. After 

clicking the button, the window in the figure above will show. Then, select a printer in the list and 

click ”OK” to print the report. 

Note: If the user need to change settings of the selected printer, click the “Setup…” button on the left 

down corner. 
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3.6 Step 6. Closing 

The user has two different ways of closing the main UI. 

 

Picture 37. Closing 
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Method 1. Click the “Close” button marked with “1” in the figure above. This will result in closing the 

program main UI without clearing the basic information. 

Method 2. Click on the “X” on the right up corner marked with “2” in the figure. This will result in the 

same effect as clicking on “Clear All” (Resetting all the information to default), and then click the 

“Close” button. 

 

 

 

 

 

 

 

 

 

 

Part 4. Developers Guide/Content Managing 

4.1 Managing the basic information 

The basic information are the information contains in the function area 2, 3 and 6(See “Main UI”). 

Among those contents, the manageable information includes: “Test Engineer”, “Test Tube”, and “Di-

rection” in Function Area 2. ”Manufacturer”, ”Connection”, ”Thread”, and ”Type” for both test ob-

jects in Function Area 3. And “Kv Tuning”, “Max X scale”, and “Max Y scale” in Function Area 6. All 

manageable information are in the “Drop-Down lists”. 

4.1.1 Changing the contents in Function Area 2 and 3 
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Picture 38. Manageable information in Function area 2 and 3 

All the Drop-Down lists are marked in the figure above. The options in the Drop-Down lists are stored 

in the excel sheet “Text“. Below is an example of the method to change their contents. 

Example: managing the contents in the Drop-Down list “Test Engineer” 

Step 1: Go to the excel sheet “Text” 

Step 2: Add a new name “Super Man” 

 

Picture 39. Add a new name 

Step 3: Choose the “FORMULAS” page on the tool bar, and click on the “Name Manager” 
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Picture 40. Name Manager 

Step 4. Click on the “TestEngineer” in the Name Manager, then click “Edit” 

 

Picture 41. Name Manager Window 

Step5.When the “Edit Name” window popup, increase the column range refers to the name group. In 

this example, change the “Refers to:” area from “=Text!$A$3:$A$12” to ““=Text!$A$3:$A$13”, click 

“OK”. 

 

Picture 42. Edit Name 

Now the new content is in the UI ready for use. 
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Picture 43. New name 

4.1.2 Changing the contents in Function Area 6 

The Drop-Down lists in the Function Area 6 are similar to those in Function Area 2 and 3. And, the 

managing method is similar.  

Example: managing the contents in the Drop-Down list “Max X Scale” 

Step 1. Do the same steps in the 4.1.1 Changing the contents in Function Area 2 and 3 for the “Max X 

scale”, in this example, add a new option: “70 l/min” 

 

Picture 44. New option 

Step2. Change the program source code to fit the new option 

 

Picture 45. Visual Basic for application 

Choose the “Developer” page on the toolbar, and click “Visual Basic” (See the web link to enable the 

DEVELOPER page) 

https://support.microsoft.com/sv-se/kb/291073
https://support.microsoft.com/sv-se/kb/291073
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Picture 46. “ComboBox13” 

In the Project window on the left side, double click on the “UserForm1” under “Forms”. Then double 

click on the “ComboBox13” as it marked in the figure above.  
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Picture 47. Change the code 

In the program source code, change the contents in the sub program “Private Sub Com-

boBox13_Change()”. In this example, add a new “Case” for the 70 l/min. Also, add a new Macro 

“Macro_X70”to the “Module3” under “Modules”. 

Step3. Click the new option “70 l/min” and the chart will adjust the X scale to 0-70 l/min. 

 

Picture 48. New X scale 

 

4.2 Managing the graphics 
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The excel contains 3 graphics: the ”Pressure Drop - Flow Rate Chart” on the sheet “FPprotocol”, the 

Kv – Q – Point Number Chart on the sheet “Calculation”, and the P1/P2 – Diff – Point Number Chart 

on the sheet “Calculation”. 

4.2.1 Managing the chart area 

 

Picture 49. Formatting Plot Area 

Right click on any of the graphics and click “Format Plot Area”. Click ‘Plot Area Options” in the Format 

Plot Area tool bar, and the user is free to format the plot area. For example: 

 Adding/Removing Curves 

 Changing Color of Curves 

 Formatting the Axis 

 Formatting the Plot Area 

 Formatting the Gridlines 

 Editing the Titles 
 

 

 

 

 

 

 

4.2.2 Managing the data 
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Right click on any of the graphics and click “Select Data”. 

 

Picture 50. Select Data 

The user can add/remove data source, or select the groups of data that will show in the chart as 

curves.  

 

Picture 51. Select Data Source 
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Picture 52. Managing ranges of the data serious 

It is also possible to modify the names and, adjust the ranges of data sources.  

Ops! Only professional flow test engineers or software programmers are supposed to change the 

original 4 groups of data in the Figure. Select Data Source. 
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4.3 Managing the key values and program settings 

4.3.1 Changing Correction Formula coefficients  

The pneumatic flow correction formula is for eliminating the error in the test bench. The coefficients 

of this correction formula is stored in Correction Formula Parameter Area of the sheet “1.3.4.5 Sheet 

5 ‘Calculation’”. 

 

Picture 53. Test Tube Parameter 

In the area, the green colored cells are the formula confidents.   

From the left side to the right side, it is the cell G2 to M2. 

G2: Coefficient of the X6 

H2: Coefficient of the X5  

I2: Coefficient of the X4 

J2: Coefficient of the X3  

K2: Coefficient of the X2  

L2: Coefficient of the X1 

M2: The constant value in the formula. 

Update all the coefficients and the constant value in this area, the program will automatically use the 

new correction formula to generate test reports. 

4.3.2 Using the developers tools 

The “Developer” tool is in 2.9.1 Control Area. Click the “CEJN” logo to open the window. 

 

Picture 54. Developers Window 
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4.3.2.1 “COM Setting” 

Change the settings in this area to the same with the Gefran 2400 data indicator. If the settings here 

is not the same with the instrument, the data communication will not be started when you try to 

record flowrate data. 

4.3.2.2 “COM Port” 

Before using any function in the “Device Info” or “Modbus Test”, you should click the “Open” button 

to open the RS232 data port. When the work is finished, click on “Close” to close the data port. Click 

“Login” if you want to test the data communication, the square on the right side will become green if 

the test is OK. Otherwise it will keep showing red color. 

4.3.2.3 “Device Info” 

Make sure the “COM Port” is opened, click on the “Read Info” to read instrument information from 

the Gefran 2400 indicator. 

Change the “Change Baud Rate”, “Change Parity” or “Change ID” and click on the “Change Setting” 

button. The configuration inside the Gefran 2400 indicator will be changed. Next time when you use 

the air flow data visualizing and recording functions in 2.9.1 Control Area, make sure the settings in 

“COM setting” area in the developers window is the same. Otherwise the data communication will 

not work. 

4.3.2.4 “Modbus Test” 

There are more than 1000 memorry address in the Gefran 2400 data indicator, you can use this func-

tion area to read data from any memory addresses, or try to write data to the memory address. All 

the memory addresses are readable, but only the writeable address can be written with data. Please 

check the Gefran 2400 instrument user manual to confirm before using this function.  

4.3.2.5 “MsChart Simulate” 

This function is a simulation function of data visualizing for testing the capability and stability of the 

Microsoft MsChart ActiveX Control. It also can be used to test the MsChart real time data visualizing 

function when the developer is trying to modify the data visualizing manner.  

This function does not need the COM port to be opened. If you want to know more about how to 

modify the real time data visualizing function, please contact the author of the Excel application. 

The contact information is in 1.1 Summary. 
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Part 5. Failure Mode Analysis 

This chapter offers solutions when the application is in failure mode. If there will be any error or pro-

gram bugs occurs running the program. The user should check this chapter to find solutions. If the 

program error could not be find in the latest version of this user manual, please contact the authors, 

and ask for a solution for the specific problem and an update of this chapter.  

5.1 Error: “Exception Occurred” 

 

Picture 55. Error – “Exception occurred” 

This error will appear randomly when using the Excel application. The reason that this error appears 

is not identified. But it is believed to be related to the Microsoft Excel. The error is having a big 

chance to appear when there are over one example of the application running at the same time. It 

could be happened because of two similar applications using the same variables or memory address. 

The solution to this error is:  

Step 1. Save all the important information and close the UI and the Excel that occurs the error. 

Step 2. Try to save important information and close the other Excel that are already opened.  

Step 3. Open the Excel again, start the application UI and try to use it. The error should not appear 

again. 

 

 

 

 


