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MODEL BASED DESIGN APPLIED
FOR DEVELOPMENT OF FUEL METERING PUMP
CONTROL ALGORITHM

A short review of the use of Model Based Design (MBD) in the development process of a fuel metering
pump control algorithm with an ability to control the BE2 turbine engine is presented. The design and
testing of the regulators and calibrations were performed using the Matlab®/Simulink® environment. The
dSpace system was used to identify the FMP parameters, then for evaluating the designed control algo-
rithms and finally for performance tests of the target platform. The results of this approach can be taken
as a pattern for projects where it is necessary to save development time, testing costs, and fast changes of
source code for target device are needed.
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Introduction
1. Developer and manufacturer of aviation ag-

The Model Based Design (MBD) method is a  gregates and fuel control systems [5].
mathematical visualization method based on modelling 2. European Union project [7].
the plant and control system with the opportunity to 3. Developer of aerospace and advanced control
generate final code for the target platform. The MBD  [6].
includes overall design of control with modelling,
analysis, simulation and synthesis of control algorithms,  / ANALYSIS
with thc.: ability to progressively test each sub-process of G y—— ] [ e — D
the design on the final platform.

As shown in Fig. 1, the MBD development process .
is composed of five main sub-processes: +

— Analysis — description of required functional- DEéIGN
ity, physical behaviour and target platform; e ™

— Design — transformation of the requirements
and physical behaviour into the simulated form for their
validation and further usage;

— Implementation — transformation of the algo-
rithms into compilable code for the target platform; [

— Integration — compilation of the source code \_ ),
and its loading into the target platform; ~

— Test & Verification —verification of the devel- -
opment process outputs against requirements. This sub- IMPLEMENTATION
process runs simultaneously with all other development C[ Generated C | [ Handwritten C ])
processes.

In this paper, an analysis is provided of the prob-
lem of control algorithm design with minimal use of the ( INTEGRATION )(_
target device and maximum time saving. The Project
partners’ relationship is shown in Fig. 2: Fig. 1. MBD process
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Fig. 2. Project partners’ relationship

1. Analysis

The MBD method was applied on the Fuel Meter-
ing Pump (FMP) for a BE2 turbine engine [7]. The FMP
is an electro-hydro-mechanical device with high preci-
sion setting of the fuel flow. The DC motor is used as
actuator, and sensing of valve position is ensured by
inductive position sensor.

For MBD the description of the FMP by differen-
tial equations was used. The MBD description by the
differential equations was created according to the in-
formation defined in FMP specification (obtained from
FMP producer) and performed experiments.

The objective of the MBD was to create the FMP
control algorithm with an ability to control the BE2 tur-
bine engine. The developed FMP control algorithm was
combined with other algorithms to ensure the reliable
and error-free functionality of the BE2 turbine engine
and its accessories.

1.1. FMP identification

Identification of the FMP is based on the acquired
data from two main information sources; characteristics
measured on the real HW (FMP) and data acquired from
simulations of the physical models. Characteristics of
the real FMP device were obtained via dSpace equip-
ment (chap. 3.1), which offered a high performance
measuring interface. It allowed performance of detailed
analysis of FMP parameters and behaviour.

During the FMP identification the reaction of the
FMP to the various reference signals (ramp, stairs, saw,
step, etc.) was observed. One of the main objectives of
the FMP identification was exploration of the mechani-
cal characteristics (friction, speed, and acceleration) and
electrical parameters (currents).

The obtained data were used to tune the models of
the FMP, thereby reflecting the behaviour of the real
FMP (chap. 2.1).

2. Design

The design process composed of transforming the
mathematical equations into models which can be used
for simulations. These models may include algebraic
equation, logical equations, differential equations (for
continuous systems) and difference equations (for dis-
crete systems). The process was divided into the follow-
ing two phases:

— Design of model of fuel metering pump;

— Control algorithm design.

2.1. Design of model of fuel metering pump

The FMP model was created in the Mat-
lab®/Simulink® environment. The model of the FMP
physical components was created according to obtained
description by the differential equations. Created mod-
els were tested and tuned using the obtained data from
the FMP in the previous sub-process of MBD.

2.2. Control algorithm design

Based on the identification of the FMP behaviour a
control algorithm was designed. The control algorithm
was designed in the following three phases:

1. Design of continuous regulator.

2. Design of special discontinuous regulator.

3. Design of initial and on-line calibration of con-
trol algorithm.

The design of the special discontinuous regulator
was a necessary step to eliminate the unpredictable in-
fluence of friction features which precluded the use of a
continuous regulator.

The design and testing of the regulators and cali-
brations were performed off-line using the Mat-
lab”/Simulink”™ environment. This method allows creat-
ing, testing and verifying the control algorithms without
the necessity to use the real FMP HW, thereby reducing
the development time.

The control algorithm simulation model was tested
in wide range of conditions:

- Constant friction,

- Variable friction (continuous change),

- Variable friction (step change) ,

- Change of power supply.

Simulation results and test results of FMP behav-
iour are given in Fig.3, 4.

As it is shown in figures, the valve behaviour is
very similar but additional peaks in simulation results
have occoured. These peaks are caused by numerical
errors in mathematical model of FMP.
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Fig. 3. FMP behaviour — simulation results
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Fig. 4. Behaviour of real FMP

3. Implementation

During implementation, the control algorithm
model is converted from Simulink model to the target
platform source code in C language. The compiled tar-
get source code was tested against its defined require-
ments.

3.1. Use of dSpace developing tools

The dSpace is a set of developing tools with a va-
riety of HW/SW tools for Rapid Control Prototyping

and Hardware-in-the-loop tests. Typically, the real-time
platform is programmed via automatically generated
code from Matlab®/Simulink®. The modular system
allows the use different processor boards, I/O boards
and link boards. Thanks to these features this system
can substitute either the FMP device or the Fuel meter-
ing pump electronics (FMPE)

3.2. Use of dSpace in the development process

Firstly, the dSpace system was used to identify the
FMP parameters, then for evaluating the designed con-
trol algorithms and finally for performance tests of the
target platform. Fig. 5 describes the stages of develop-
ment from model through final implementation to target

platform.

Matlab/Simulink

FMP imitation

gl
dSPACE

dSpace

FMP stand

Fig. 5. Use of dSpace in the overall control algorithm
development process

3.3. Code generation for target microcontroller

The main goal of using of the automatic code gen-
eration tools is to set up the development environment
for rapid prototyping for fast changes in response to
changing user requirements. In this environment the
reusable libraries (Matlab Simulink model, C code algo-
rithms) for different target platforms can be created.

The aim was not to generate complete code im-
plementable to the final device, since the target platform
low level services and functions were used from stan-
dard UNIS company C code library, but to generate
higher-level code implementing control logic. The en-
tire algorithm was separated into logical parts represent-
ing separate tasks and functions. Standard interface was
developed to interface tasks and also the code from
UNIS standard C code libraries.
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The next phase of the development process is crea-
tion of the final control algorithm. The control algo-
rithm was generated using the Simulink Coder. The
Simulink Coder generated target C code from the veri-
fied control algorithm designed during the design sub-
process.

3.4. Evaluating generated code

The control algorithm was modelled, tested against
its requirements and automatically transformed into C
code. This C code was validated by comparing outputs
of the model with those of the generated code.

4. Integration

This process consists of integrating automatically
generated C code from Simulink into the other modules.
This final code is then compiled and uploaded to the
target platform ready for testing and verification.

5. Test & Verification

The test and verification process was divided into
the following two phases:

— Test of FMP control algorithm,

— Evaluation on real system.

5.1. Test of FMP control algorithm

The generated and compiled source code was
loaded into the target FMPE dedicated to control of the
FMP. The control electronics were composed of three
sections:

1. Microcontroller unit (MCU) — implementation
of the created SW.

2. Signal section — processing of input signals.

3. Power section — changing the voltage level for
driving the motor and sensors.

FMPE

MCU

HW signal
processing

Power

section
—

FMP

Fig. 6. Structure of FMPE

The correct function of FMPE with developed SW
was tested in a loop with dSpace. The behaviour results
were verified against the results of simulations.

In this configuration, dSpace represented the FMP.
The FMP model was run inside dSpace and generated
appropriate responses in reaction to FMPE intervention.
At the end of this dSpace testing phase the FMPE with
SW was ready for use on a real FMP.

5.2. Evaluation on real system

The last phase in the MBD process was testing of
the control algorithm in FMPE on a real FMP. The
FMPE in the configuration tested in the previous phase
was connected to the real FMP (instead of dSpace) and
performance was tested.

Initially evaluation was carried out with no envi-
ronmental influence (no friction change, no fuel flow
through pump and valve) and after that with environ-
mental influence. Because of the MBD process major
errors were eliminated in the previous phases, and so the
time necessary to work on the real FMP was reduced to
a minimum. This resulted in a reduction of development
process costs.

Conclusion

The Model Based Design and Rapid Control Pro-
totyping development approach was applied on a real
engineering task.

In the analysis sub-process the behaviour of the
FMP friction, speed, and acceleration was examined.

During the design sub-process the simulation mod-
els of the FMP and control algorithm were created.

After implementation in the test and verification
sub-process the models were tested in the phase in-
tended to eliminate errors. The control algorithm was
compiled into C code and after integration into stan-
dardized C code libraries implemented into FMPE.

The results were evaluated and the entire process
was finished.

During the whole development process, a signifi-
cant time-saving was observed.
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NPUMEHEHUWE MOJEJIBbHO-OPUEHTUPOBAHHOI'O TPOEKTUPOBAHUSA
JJIAA PASPABOTKHU AJITOPUTMA YIIPABJIEHUSA HACOCOM-JA0O3ATOPOM

M. Bpaoau, ®. 3yxap, H. Kpvircan, M. Bausnax, JI. Bapeosuuk,
A. Kononwixun, E. Ilagniok, 10. Kpasuenko

[pencraBneH KOPOTKU# 0630p MPUMEHEHHS MOEIEHO-OPHEHTUPOBAHHOTO nipoekTupoBanus (MOII) mis pas-
paboOTKH alropuT™Ma YIpaBlIeHUsS HACOCOM-I03aTOPOM st ra3oTypOuHHoro neurartesis BE2. Paspabotka, Tectupo-
BaHME U KaJUOpPOBKa PETYISATOPOB BHIMONHSUINCH B cpene Matlab®/Simulink®. Cucrema dSpace ucnonb3oBanach
JUTS WJCHTH(UKAIIMK TapaMEeTPOB MOJEIM Hacoca-703aTopa, 3aTeM Ul OIEHKH pa3pabOTaHHBIX alrOpHTMOB
yIpaBlieHUs U QYHKIIMOHATBHBIX UCIIBITAHUI YIPABISAIONIEr0 yCTPOHCTBA. Pe3ynbTaThl MPUMEHEHHST METOIA MOT'YT
0aTh UCIIOIH30BAHBI B KAYECTBE MIa0J0OHA B TEX MPOEKTaX, e TpeOyeTcs MUHUMHU3AIINS 3aTPpaT BPEMEHH U CPEJICTB,
a TaKke HeoOXOAUMO OBICTPOE MPOBEACHHE H3MEHEHHUI IPOTPAMMHOT0 KOJIa YIPABJISIOIIETO YCTPOHUCTBA.

KunroueBble ciioBa: MOMIebHO-OPHEHTHPOBAHHOE TIPOeKTHpOBaHKe, dSpace, Hacoc-703aTop, TeHepanus Koja,
MonenupoBanue, Matlab, Simulink.

3ACTOCYBAHHA MOJEJIBHO-OPIEHTOBAHOI'O ITPOEKTYBAHHSA
JJIAA PO3POBKU AJITOPUTMY YIIPABJIIHHA HACOCOM-10O3ATOPOM

M. Bpaoau, @. 3yxap, H. Kpuoican, M. bnizunax, JI. Bapzosuik,
O. Kononuxin, €. Ilasniok, I0. Kpasuenxo

[pencraBneHuit KOPOTKUH OIS 3aCTOCYBaHHS MOJIETbHO-0pieHTOBaHOr o rpoektryBanHs (MOIT) mis po3po6-
KU QJITOPUTMY YIPaBIiHHS HACOCOM-03aTOPOM JUIsl Ta3oTypOinHoro apuryHa BE2. Po3po0Oka, TectyBaHHs 1 Kaiio-
pPYBaHHSI PEryIsTOpiB BUKOHYBajiucs B cepenoBumni Matlab®/Simulink®. Cucrema dSpace BukopucToByBanacs
Juts ineHTrdikalii mapaMmeTpiB MoJieli Hacoca-J03aTopa, IMOTIM JUIsl OL[IHKY PO3POOJICHUX aIrOPUTMIB YIIPaBIiHHS 1
(YHKI[IOHAJIBHUX BHUIIPOOYBaHb KEPYIOUOTrO MPUCTPOIO. Pe3ynbTraT 3aCTOCYBaHHS METOLY MOXYTh OyTH BUKOPHC-
TaHi B SKOCTI MA0JIOHY B TUX MPOEKTaX, Jie MOTpiOHa MiHiMi3allis BUTPAT 4acy i KOIITIB, a TAaKOX HEOOX1HO MIBHA-
K€ TPOBENIEHHS 3MiH ITPOrPaMHOr0 KOy KEPYIOUOro MPUCTPOIO.

Knro4doBi cioBa: MozenbHO-OpieHTOBaHe NMPOEKTyBaHHA, dSpace, Hacoc-103aToOp, IeHepallis KOay, MOJEIo-
BaHHs, Matlab, Simulink.
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