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Abstract 
The dynamic performance of a turboshaft gas turbine engine is investigated in this 
paper.  The air flows inlet to the engine and to the power turbine, are controlled by 
means of two guide vanes cascade.  The displacement of the inlet guide vanes is 
controlled by means of two electrohydraulic servo actuators.  The fuel flow rate is 
controlled by another electrohydraulic controller incorporating a series pressure 
compensated flow control valve.  The equation describing the basic system 
subsystems and controllers were deduced and applied to develop a simulation 
program.  The simulation program of the electrohydraulic servo controllers was 
validated experimentally.  The engine dynamic performance is studied theoretically 
using the developed computer simulation program.  Simulated results are shown for 
the transient response of the engine air and fuel flow control systems and its effect 
on the engine performance.   The simulation results of engine air flow control show 
an agreement with the validated experimental results. 
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Nomenclatures 
 
A Cross section area, m2 
B Bulk’s modules, Pa  
b Perimeter, m. 
C Absolute velocity, m/s 
Cd Discharge coefficient. 
Ch Friction loss coefficient, N.s/m. 
c Specific heat, J/kg.oK. 
D Diameter, m.  
E Energy, J. 
e Specific energy, J/kg. 
F Force; N. 
f Friction coefficient; N s/m. 
G Torque, N m. 
g The gravitational acceleration, m/s2. 
Hu Fuel heating value, kJ s/kg. 
h Specific enthalpy, J/kg oK. 
i Current, A 
j Polar moment of inertia, kg m2. 
K Spring stiffness; N/m  
kb Feed back gain, A/m 
L Length, m. 
M   Mach number. 
m Mass, kg.  
m&  mass flow rate, kg/s. 
N Number of compressor stage. 
n Speed, r.p.s. 
P Power, W. 
p Total pressure, Pa. 
Q Pump flow rate, m3/s  
q Heat added to the combustion chamber, kJ 
R Universal gas constant, J/mol oK, m or 
RL Pump resistance. 
r Radius, m. 
U Compressor rotor wheel speed, m/s  
V Volume, m3  
v Velocity, m/s. 
W Work, J or relative velocity, m/s.   
x Displacement, m. 
z Height, m.  
α Absolute velocity angle , deg. 
� Relative velocity angle , deg. 
� Air specific heat ratio. 
� Efficiency. 
� Compressor stage reaction coefficient. 
� Viscosity coefficient, N s/m2. 
� Pressure ratio. 
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� Pressurizing valve spool inclination angle, deg. 
ρ Fluid density, kg/m3. 
� Coefficient of conservation of total pressure or Slip factor. 
� Angular velocity, rad/s. 

Subscript  
1 Supply. p Pressure or valve piston. 
1i Valve down steam. pc Pressure compensated. 
2 Regulated. pr Pressurized valve. 
3 Reference. R Valve regulator 
a Engine intake air. rc  Spool radial clearance. 
A  Piston cap side. rv Relief valve. 
B  Piston rod side. s  Valve spool. 
c Solenoid core. seat Valve seat. 
f Fuel or Friction loss. spc Pressure compensator spool. 
i Internal leakage. st Short tube. 
g Gases or geometric volume. t Turbulent. 
lm Fuel pump losses. th Throttle or thermal. 
M Magnetic. u The tangential component. 
m Metering valve or mechanical. v  Pressure amplifier chamber. 
o  Valve return or stagnation. x Metering pressure amplifier. 

Abbreviations 
AGB Accessory gear box IGV Inlet guide vane 
CC Combustion chamber LPC Low pressure compressor 
DPRV Deferential pressure regulator valve LPT Low pressure turbine 
ECU Electronic control unit 
EHSA Electrohydraulic servo actuator 

LVDT Linear variable deferential  
transformer 

FCU Fuel control unit PT Power turbine 
FMU Fuel metering unit PTS Power turbine stator 
HPC High pressure compressor RC Recuperator 
HPT High pressure turbine RGB Reduction gear box 

1. Introduction  
The gas turbine engines suffer transient operation during the startup, shutdown, load 
changes, and abnormal emergency operation.  During the transient operation, the 
system response should be as short as possible and temporal peaks of main 
parameter such as turbine inlet temperature and component rotational speed should 
not exceed certain reference values required for safe and reliable operation.  
Therefore, a precise prediction of the dynamic response of gas turbine engines is 
very important for stable operation, fault diagnosis, controller design, etc.   To study 
the effect of air and fuel flow control on the dynamic performance of the gas turbine 
engine, the engine as a controlled system must be analyzed statically and 
dynamically.   
The study starts by deducing a mathematical model describing the engine operation.  
The deduced mathematical model consists of a set of non linear differential and 
algebraic equations.  These equations are obtained by the application of several laws 
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used to describe the physical phenomena such as dynamical motion, thermodynamic 
behavior….etc.  
The analytical and experimental investigations of the transient behavior of gas 
turbine engine began around 1950s.  Several mathematical models and methods for 
predicting the transient behavior have been proposed and applied to analyze system 
dynamic characteristics. 
On 1983, Rowen [1] presented a simplified mathematical representation of a gas 
turbine engine.  The engine is represented by a first order transfer function. He 
presented an analysis of a frequency response and a design of a speed control.   On 
1998, Corsa [2] presented a Simulink program for the aero-thermodynamic 
simulation of a gas turbine engine and investigated its transient response.  On 2001, 
Kim [3] presented an investigation of a transient performance of a gas turbine engine 
based on a one-dimensional conservation equation.  He presented also a modified 
dynamic simulation of full startup procedure of heavy duty gas turbine engine [4].   
A contactless controlled spool electrohydraulic proportional actuator is employed to 
control the air and gases flow through the studied engine.  Dynamic simulations of 
the air and gases flow control through the studied engine have been investigated 
theoretically and experimentally [5].   
Herein, in part 1, a mathematical model and simulation program were developed to 
study the effect of air and fuel flow on the dynamic performance of a land system gas 
turbine engine.  The governing equations were deduced and used to simulate the 
dynamic performance of the engine.     

  2. Gas turbine engine under study 
The engine under study is a turboshaft gas turbine engine of 1500 hp (1118.5 kW) 
output shaft power, Fig. (1).  It is a free-power turbine engine that utilizes a two-spool 
compressor and a counter flow type stationary heat exchanger (recuperator).  The 
studied gas turbine engine consists of: 
Inlet guide vane (IGV).  
Low pressure compressor (LPC); a 5-stage axial flow compressor. 
High pressure compressor (HPC); a 4-stage axial flow compressor and a single 
stage radial flow compressor. 
Combustion chamber (CC); single can type. 
High pressure turbine (HPT); single stage axial flow turbine. 
Low pressure turbine (LPT); single stage axial flow turbine. 
Power turbine (PT); a two-stage axial flow turbine. 
Recuperator (RC). 
Accessory gearbox (AGB); drive the engine fuel flow control unit (FCU). 
Reduction gearbox (RGB); reduce the PT speed. 

3. Mathematical model of the studied engine 
The basic equations are used to model the parts performance of the studied gas 
turbine engine.  The equations are written for different parts of the engine to predict 
the overall engine dynamic performance, [1] and [5]. 
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3.1 Low pressure compressor (LPC) 
LPT drives LPC by the interconnection shaft. The LPC receives the guided air from 
the IGV and increase its energy. The ideal enthalpy difference (Δh) across one stage 
and the enthalpy loss across the stage can be calculated, Euler's equation, [6]: 

)cucu(h 1u12u2ideal,os −=Δ        (1) 
filosses hhh Δ+Δ=Δ         (2) 

Where the incidence loss (Δhi) can be calculated by: 
stator,irotor,ii hhh Δ+Δ=Δ        (3) 

Where the rotor and stator incidence losses are calculated using the formulas [2]: 

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡

ρ
α

−σ=Δ
⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡

ρ
β

−=Δ

••

11o

2
1stator,i

11o

1
1rotor,i A

cotmU5.0hand
A

cotmU5.0h

 (4) 
The friction loss across a single stage of the compressor is given by the following: 

1
22

1
2
1o

2

h
f sinAD2

mLCh
βρ

=Δ

•

       (5) 
Thus, the total enthalpy difference across the compressor stage is calculated by: 

lossesideal,osos hhh Δ−Δ=Δ        (6) 
The following equation is for the compressor pressure rise (πlpc) in N number of 
stages with similar enthalpy rise. 

1

1op

oss
lpc 1

Tc
hN −γ

γ

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
+

Δλη
=π

       (7) 
Equations from (1) to (7) show that the pressure rise across the LPC is highly 
affected by the air flow rate, the compressor speed and geometry. 
The work done (W) and the temperature rise (T) through the LPC can be predicted 
as follows, [2]: 

( )

lpc

1

lpc

p1olpc

1
c*TW

η

⎥⎦
⎤

⎢⎣
⎡ −π

=
γ
−γ

      (8) 

p

lpc
1ox c

W
TT +=

        (9) 

3.2 High pressure compressor (HPC) 
HPT drives HPC by the interconnection shaft. The HPC receives the compressed air 
from the LPC and increase its energy.  So, the pressure rise (πhpc) across the axial 
and radial HPC can be predicted, [2]: 

1

xp

oss
hpca 1

Tc
hN −γ

γ

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
+

Δλη
=π

       (10) 
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1

a2p

oss
hpcr 1

Tc
h −γ

γ

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
+

Δη
=π

       (11) 
The work and the temperature rise through the axial HPC can be predicted by:  

( )

hpca

1

hpca

pxhpca

1
c*TW

η

⎥⎦
⎤

⎢⎣
⎡ −π

=
γ
−γ

      (12) 

p

hpca
xa2 c

W
TT +=

        (13) 
The work done and the temperature rise through the radial HPC and can be 
predicted as follows: 

( )

hpcr

1

hpcr

pa2hpcr

1
c*TW

η

⎥⎦
⎤

⎢⎣
⎡ −π

=
γ
−γ

      (14) 

p

hpcr
a22 c

W
TT +=

        (15) 

3.3 Combustion chamber (CC) 
The compressed air from compression system and the injected metered fuel mix and 
burn in the combustion chamber.  The heat added to the CC depends on the amount 
of fuel flow rate and the heating value of the fuel. 

ufadd H*mQ &=         (16) 
The CC outlet temperature can be calculated as follows: 

pgg

ccadd
34 cm

QTT
&

η
+=

        (17) 
The pressure at the RC cold side and at the CC outlet can be calculated as follows: 

rc23 *PP σ=          (18) 

cc34 *PP σ=          (19) 

3.4 Turbines section 
HPT and LPC are used to drive the HPC (axial and radial) and LPC respectively 
through connecting shafts.  Thus, the work done produced by the turbines can be 
predicted, [1] and [2]: 

m

hpcrhpca
hpt

WW
W

η

+
=        (20) 

m

lpc
lpt

W
W

η
=          (21) 

Then the temperature drop across the HPT and the LPT can be calculated by: 

 
pg

hpt
45 C

W
TT −=         (22) 
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pg

lpt
56 C

W
TT −=              (23) 

So, the expansion pressure gradient across the HPT and LPT can be calculated by: 

  
g

g

1

pg4hpt

hpt
hpt CT

W
1

γ−

γ

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

η
−=π        (24) 

g

g

1

pg5hpt

lpt
lpt CT

W
1

γ−

γ

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

η
−=π         (25) 

The response of engine components speed can predict from the angular equation of 
motion of the rotating parts, [2], [3] and [4]: 

hpthpthpchpt fjGG ω+ω=− &        (26) 

)WW(
m

W
m

GG hpcrhpca
hpt

g
hpt

hpt

g
hpchpt +

ω
+

ω
=−

&&
    (27) 

lptlpthpclpt fjGG ω+ω=− &        (28) 

lpc
hpt

g
lpt

lpt

g
lpclpt W

m
W

m
GG

ω
+

ω
=−

&&
      (29) 

3.6 Power turbine (PT) 
Engine output power is generated in the PT by the effect of the high energy gases 
pass through the PT cascade. The pressure drop in the PT is calculated by: 

rh98 /PP σ=          (30) 
Thus, the pressure drop across the turbine section and across the PT can be 
calculated from Eqs. (19) and (30). 

84tt P/P=π          (31) 

hptlpc

tt
pt * ππ

π
=π

        (32) 
Assume that there is no temperature drop across the PTS (T7=T6).  Thus, the PT 
work can be calculated by the following equation: 

pt

1

ptpg7pt
g

g

)1(CTW ηπ−= γ
γ−

      (33) 
From Eqs. (23) and (33) the outlet temperature from the PT and at The RC hot side 
can be predicted: 

pg

pt
78 C

W
TT −=         (34) 

pg

p
2389 C

C
)TT(TT −−−=        (35) 

3.7 Output shaft power 
Output shaft connects the PT to the RGB. The engine specific output shaft power can 
be calculated from the work done by the power turbine and the gases passes 
through. 
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gptpt mWP &=          (36) 
From Eqs (19) and (41) the engine efficiency can be calculated 

add

pt
th Q

P
=η         (37) 

3.8 Simulation results 
MATLAB and SIMULINK programs are used to simulate the dynamic performance of 
the studied engine parts from Eq. (1) to (37).   Figures (2) and (3) are an example of 
the simulation results.  They show the steady state simulation results for the pressure 
ratio of the HP compressor and the engine output shaft power at different air to fuel 
ratio.  This simulation results is for the studied engine with the maximum turbine inlet 
temperature (2200oK) (manufacturer given) and for constant engine rotors speed. 
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Fig. (2) Steady state simulation result for the engine high pressure compressor at 
different air to fuel ratio with engine max. turbine inlet  temperature=2200oK  and 
constant rotor speed=44500r.p.m 
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Fig. (3) Steady state simulation result for the engine output shaft power at different 
air to fuel ratio with engine max. turbine inlet  temperature=2200oK. 

4. Fuel flow control 
The studied gas turbine engine fuel flow control consists of the following, Fig. (4): 
Fixed displacement pump 
Differential Pressure Regulator Valve (DPRV). 
Step controlled solenoid. 
Hydraulic amplifier. 
Pressure regulator.  
Metering unit. 
Linear variable differential transformer (LVDT). 
   

TO FUEL NOZZLE

PRESSURE REGUATOR

HYDRAULIC AMPLIFIER

SOLENOIDXC

PX

VX

P2

P2

P2
PR

P1

P1

LVDT

METERING UNIT

P3

Xmv

Xmvi

Xi

Q3

Qx

Pv

QX

VR

QthX

QthR

Qm

Q2 Vvo

Qpr

Q2

Qb

Aprb
Pb

xpr

P2

P3

VPro

Aprc

P3

Qrv

Q1

P0

P0

PUMP

PX

Qpct

V1

P1

P1

Xpc

P2

 DIFFERENTIAL PRESSURE 
REGULATOR VALVE

P1

P2

xpco

V1i

 



 

Proceeding of the 12-th ASAT Conference, 29-31 May 2007 TMN-01 12 
 

 
Fig (4) Fuel flow control system of the studied engine 

 
The fuel pump is driven by the HPT shaft through the AGB.  The differential pressure 
regulator valve, (pressure compensator), maintains a constant pressure difference 
(p1-p2) across the metering unit orifice.  The step controlled solenoid and the 
hydraulic amplifier works together to convert the electrical signal into a high pressure 
hydraulic signal.  It controls the position of the metering unit servo piston and the flow 
orifice area.  The pressure regulator maintains a constant reference pressure (p2).  
The displacement of the metering unit spool is picked up by the LVDT and feedback 
to the ECU.  
Neglecting the losses through fuel control system passages, effect of jet action and 
clearance losses.  The following is the mathematical model describing the fuel flow 
controller. 

4.1 Differential pressure regulator valve (DPRV) 
This valve is indented to maintain constant pressure difference (p1-p2) across the fuel 
metering orifice.  Its transient response should be fast enough to keep this pressure 
difference constant irrespective to the pump flow rate and load pressure variations.  
The pump flow rate can be described by the following flow equation: 

 
L

1
g1 R

pnVQ −=         (38) 

The flow rates through DPRV restrictions are: 

ρ
−

=
)pp(2)x(ACQ o1

pcpcdpct       (39) 

pcpcpcpc xd)x(A π=         (40) 
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Fig (5)  DPRV used with the studied engine fuel flow control system. 
 
The metered fuel flow rate: 
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ρ
−

=
)pp(2ACQ 21

mvdm        (41) 

The DPRV is of overlapping spool type. Thus, the application of the continuity 
equation to the pump exit chamber yields:  

00

0

1

11
1

==−+−

>
+

=−−−+−

pcmrv

pc
pcspcipc

spcpctmrv

x    for                                                       QQQ

x    for    
dt

dp
B

xAV
dt

dx
AQQQQ

 (42) 

The valve spool motion is: 

)xx(k
dt
xd

f
dt
xd

mA)pp( pcpcopc
pc

pc2
pc

2

spcspc21 +++=−
   (43) 

4.2 Hydraulic amplifier 
The electric command signal is changed into an amplified hydraulic signal by the 
solenoid and hydraulic amplifier, Figs. (6) and (7).  The mathematical model 
describing the dynamic performance of the hydraulic amplifier and the driving 
solenoid is deduced the equation of motion of the solenoid core, neglecting the effect 
of magnetic hysteresis [4], [6]. 

c,seatpcc
c

c2
c

2

cc FFxk
dt

dxf
dt

xdm)i(F ++++=     (44) 
2
ccc3p dA        &     A*pF π==       (45) 

⎪⎩

⎪
⎨
⎧

≥−+

<
=

icciseatcseat

ic
c,saet xx                 xxkxf

xx                                             0
F

&
    (46) 

The flow rate passing through the hydraulic amplifier is written as: 

ρ
−

=
)pp(2ACQ vx

vodx        (47) 

ρ
−

=
)pp(2ACQ 3v

vxd3

       (48) 
2
vvocivvx d

4
A              &               )xx(dA π

=−π=    (49) 

The continuity equation in the hydraulic amplifier chamber is as follows, [7] and [8]: 

dt
dp

B
VQQ vvo

3x =−         (50) 

Vvo

Pv

Qx

Q3

Xi

P3

PX
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SO
LE
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ID

P3
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AMPLIFIER CORE

Fig. (6) Hydraulic amplifier Fig. (7) Fuel flow solenoid 
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4.3 Pressure regulator 
The pressure regulator maintains a constant reference pressure p2.  The pressure 
regulator dynamic performance is modeled mathematically.  The flow rate through 
the pressure regulator restrictions of the valve spool is given by, [9]: 

ρ
−

=
)pp(2)x(ACQ 32

prprdpr       (51) 

The geometry of the projected area of the pressure regulator is shown in Fig. (8) 

θθ−=

α=

cossinxdd
sinxh

prprpp

pr

2
       (52) 

[ ]⎪⎩

⎪
⎨
⎧

>θα−θ

≤
=

0

00

prprprpr

pr
prpr x                 cossinxsinxd

x                                                       
)x(A   (53) 

The flow rate through the damped holes is given by: 

ρ
−

=
)pp(2ACQ 3b

stst,db        (54) 

The pressures P2 and Pb are obtained by applying the continuity equations for the 
pressure regulator as [12]: 

dt
dp

B
xAV

dt
dx

AQQ 2prprpropr
prpr2

+
=−−      (55) 

0=
−

−−
dt

dp
B

xAV
Q

dt
dx

A bprprrpro
b

pr
prr

     (56) 
The equation of motion of the pressurizing valve poppet is written as: 
 

seatprpr
pr

pr2
pr

2

prprrbprc2 Fxk
dt

dx
f

dt
xd

mApAp −++=−    (57) 

⎪
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⎨

⎧

<+

≥
=

0x                 xk
dt

dx
f

0x                                           0
F

prprseat
pr

seat

pr

c,saet     (58) 
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Fig. (8) Pressure regulator and the geometry of the projection area  
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4.4 Metering unit 
Figure (9) shows a fuel metering unit equipped with contoured-double slab metering 
valve which varied the orifice area to produce a metered area proportional to valve 
spool travel.  The pressure difference (P1-P2) across the metering unit orifice is 
maintained constant by DPRV.  This let the metered fuel flow proportional to the 
orifice area.  Equation (41) is used to calculate the metered fuel flow as follows:  

ρ
−

=
)pp(2)x(ACQ 21

mvmvdm        

)x39.0x0029.0(Rr

 x      x                    )r(R

                           x    x                    )r(R
 0         x                              0
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mv
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=
 (59) 

The orifice flow around the metering valve servo piston is affected by the pressures 
PR and Px which controlled by hydraulic amplifier.   

ρ
−

=
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ρ
−

=
)pp(2ACQ oR

thodRo   and  QRo=0 at normal mode   (63) 

                                                   
The continuity equations of the fuel flow through metering unit are as follows: 

0QQQQ 2thRthxm =−−−        (64) 

dt
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The effects of pressure difference, geometry and internal properties of the valve on 
the response of the metering valve spool motion are represented by, [10] and [12]: 
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Fig. (9) Engine fuel flow control metering unit. 

4.5 Feed back system 
 LVDT is the feedback device to the ECU about the engine fuel flow rate, [9] and[13]:  

mbb

be

x*ki
iii

=

−=
          (70) 

4.6 Simulation results  
The deduced mathematical relations are used to develop a computer simulation 
program for the studied fuel flow controller by the SIMULINK program.   Figure (10) 
shows a sample of the simulation results.  It shows the response of the fuel flow rate 
to a step increase of the control current from 0 to 0.4 A.  The response shows a 
considerable percentage overshoot of about 2 ms duration.   
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Fig. (10) Mathematical model simulation results of the response of the metering unit 
flow rate due to step increase of the solenoid supplied current from 0 to 0.4 A.  
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5. Air flow control  
The engine intake air is controlled by a contactless controlled spool electrohydraulic 
servo actuator, Fig. (11). Construction and operation of the studied EHSA was 
introduced [5].  
Figure (12) shows the velocity triangle of the IGV which guides and controls the 
engine intake air flow.  The engine intake air mass flow rate depends on two 
parameters; angle of inlet guide vanes controlled by IGV-EHSA and LPC speed.   

11

lpc1,lpcLPC
a cotcot

Ar
m

β+α

ρω
=&         (71) 

5.1 Mathematical model of air flow control EHSA  
The mathematical model describes the air flow control EHSA was introduced in detail 
in the previous work [5]. The IGV angle depends on the EHSA displacement (yEHSA). 
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Fig. (12) Engine intake air flow control by IGV. 

5.2 Simulation results 
The deduced mathematical relations are used to develop a computer simulation 
program for the studied air flow controller by the SIMULINK program.   Figure (13) 
shows a sample of the simulation results, for open loop control.  It shows that the 
actuator displacement reaches, all the time, the same final steady state position, 
irrecspect to the magnitude of the input current.   The transient speed is max. for zero 
input current.   In this mode, the solenoid core is pushed in the direction of the spool 
under the action of its spring.  The pressure pv is maximum and the spool moves by 
its maximum speed under the action of the maximum driving pressure force.  
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Fig. (13) Simulation transient response of the EHSA for different solenoid input 
supply current. 
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5.3 Experimental study 
The experimental work, conducted during this study, aims at the validation of the 
simulation program of the EHSA controlling the guide vanes angle, IGV and PTS.  
The detailed derivation of the mathematical model and the theoretical performance 
analysis were previously published [5].     
 

 
1- Test stand 2- Relief valve 3- EHSV 4- IGV actuator
5- Adaptor 6- LVDT 7- Front panel 8- Data acq. card
9- PC 10- Power 11 Ammeter  
Fig. (14)Schematic diagram of the hydraulic test rig used to measure the EHSA 
displacement at different servo solenoid command current 
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Figures (14) and (15) show the scheme of the test rig and its arrangement.   It is 
used to measure the transient response of the EHSA displacement at different 
solenoid step input current and input pressure, for open loop arrangement 

Fig. (15) Hydraulic test rig used to measure the EHSA at different servo solenoid 
command current. 

5.4 Experimental results 
The experimental results are plotted in Figs. (16) and (17).  Figure (16) shows the 
transient response of the EHSA displacement to step variation of control current of 
different magnitudes, for open loop arrangement.  This experiment was conducted 



 

Proceeding of the 12-th ASAT Conference, 29-31 May 2007 TMN-01 20 
 
keeping the supply pressure p1 constant.  The transient response of the EHSA to 
step reduction of the input current from 0.3 A to zero A is measured and plotted in 
Fig. (17) for two different values of the input pressure; p1= 15 and 37 bar.  
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Fig. (16) Experimental results of the transient response of the EHSA piston 
displacement at step currents of different magnitudes with p1=37 bar in open loop 
arrangements.  
 
The study of Fig. (16) shows that :  
The transient response speed decreases with the reduction of the net current 
communicated to the solenoid.  Consequently, the settling time decreases for 
solenoid currents much greater or much smaller than the value of the null position 
current (0.3 A)  
The transient response speed is minimal for solenoid current near to the null position 
current (0.3 A). 
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Fig. (17)  Experimental results of the transient response of the EHSA piston 
displacement at step current with different pressure (p1=37 bar and 15 bar) in open 
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loop arrangements. 
 
Figure (17) shows the EHSA transient responses at constant solenoid step input 
current and different circuit pressures and the following can be observed:  
The null position is the spool position corresponding to a solenoid current of 0.3 A.  
This position is not affected by the variation of the supply pressure p1.   
The spool is driven mainly by the pressure forces. Therefore, the reduction of the 
supply pressure leads to lower transient speed and longer settling time. 
The uncertainty on the EHSA displacement measurements depend on the accuracy 
of the solenoid command current and the supplied pressure.   The measurements 
were repeated (10 times) to be confident with the measuring results.  The 
measurements have standard deviation about (1.08) and repeatability about (2.44) 
for confidence level (95%). 

5.3.4 Validation of the air flow controller simulation program 
The validity of the simulation program, previously discussed [5], is evaluated by 
conducting experimental work and comparing the simulation and experimental 
results.  The transient response of the EHSA displacement to step variation of input 
current was evaluated experimentally and by the simulation program.   
The experiment was conducted for step variation of input current from 0.3 A to 0.1 A, 
Fig. (18) and from 0.3 A to 0.7 A, Fig. (19).   
Figures (18) and (19) carry both the simulation and experimental results.  The study 
of these figures shows good agreement between the simulation and experimental 
results mainly on the level of the transient speed of actuator.   
The observed deviation between experimental and theoretical results is attributed to 
the adopted simplifying assumptions, mainly:   
Constant discharge coefficient through the orifices. 
Neglect the effect of jet forces on the valve ports. 
Neglect the minor and the major losses through the EHSA system, etc.   
The deviation observed from the comparison between the experimental and the 
theoretical results is from 8% to 16% which is acceptable. 
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Fig. (18) Comparison between the experimental and Simulation results for the 
EHSA transient response for step input current (0.1A) and pressure (37 bar). 
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Fig. (19) Comparison between the experimental and simulation results for the 
EHSA transient response at step input current (0.7A) and pressure (37 bar) 

6. Conclusions 
The dynamic performance of a heavy duty land system gas turbine engine is 
investigated in this paper.  The studied engine is controlled by means of three 
electrohydraulic servo actuators, two for the air flow rate and one for the fuel flow 
rate.  The equation describing the basic system subsystems and controllers of the 
engine were deduced and applied to develop a computer simulation program.  The 
simulation program of the air flow electrohydraulic servo controllers was validated 
experimentally.  The simulation results for the pressure ratio of the HP compressor 
and for the engine output power, estimated by the simulation programs could be 
observed reasonable behavior.  The investigation of the dynamic performance of the 
engine as well as the effect of the basic parameters will be included in part II of this 
paper. 
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