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Abstract: Igniter is an important part of aircraft engine, which should be reliable to ensure safety. Spark frequency disor-
der is common fault to the aviation ignition device, and it is great hidden danger to the aircraft engine. To guarantee the
safety and reliability of aviation igniter, the fault mechanism of the aviation ignition spark frequency disorder is re-
searched in this paper. The factors which will result in spark frequency disorder are studied, and the mathematical model
of the ignition circuit and circuit simulation are presented, which lays the foundation for the follow-up research on the de-

sign of aviation ignition and the fault diagnosis.
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1. INTRODUCTION

Aviation ignition is one of the important parts of the
aero-engine, which is the heart of the aircraft. And its
function is to produce sparks to ignite gas mixture. Aviation
igniter is mainly composed of three parts: the ignition exciter,
ignition leads and ignition spark plugs. The major
performance parameters of aviation ignition spark include
spark frequency, spark energy and spark duration [1-3].
Spark frequency is a key factor affecting the safety of the
igniter. For high energy ignition that long-playing with high
frequency high voltage and large current can cause very big
workload to igniter itself, which threatens the service life of
the internal electronic components. So the aircraft
maintenance manual have clear rules on all technical data of
spark frequency, of which the working time of ignition
switch is also limited, which also shows the importance of
aviation ignition spark frequency in the field of civil aviation
[4, 5].

According to the long-term maintenance experience of
engineering maintenance personnel, it is found that the spark
frequency disorders fault occurs in the ignition exciter,
which mainly caused by three situations: 1) The high voltage
rectifier device fails to work, in other words, rectifier diode
suffers short or open; 2) The transformer winding suffers
short circuit between the turns or the layers, resulting in the
change of the transformer turns ratio; 3) Discharge tube
breakdown voltage changes due to aging problem. Spark
frequency disorders include three conditions: spark
frequency decreases, misfiring (no spark) and spark
frequency increases which rarely happens. In this paper, the
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fault mechanism of the aviation ignition spark frequency
disorder is researched. The Factors which will result in spark
frequency disorder are studied, and the mathematical model
of the ignition circuit and circuit simulation are presented,
which lays the foundation for the follow-up research on the
design of aviation ignition and the fault diagnosis [6].

2. WORKING PRINCIPLES OF THE IGNITER

Alternating-current high-energy ignition circuit structure
of aero-engine is shown in Fig. (1), which is mainly
composed of three parts: alternating-current voltage booster
module, rectifier voltage-doubling energy storage module,
discharge module [7, 8]. Power is supplied to the unit input
connector from the 115-volt, 400-cycle source in the aircraft.
Power is first led through a filter which blocks conducted
noise voltage from feeding back into the airplane electrical
system. In the secondary of the power transformer, an
alternating voltage is generated and then to be rectified and
multiplied to charge the storage capacitor. When this voltage
reaches the predetermined level calibrated for the spark gap
in the discharge tube SG (the control gap), the gap breaks
down to make the spark plug discharge [9-11].

The detailed process is: During the first half-cycle this
follows a circuit through the rectifier D; and the doubler
capacitor C; in parallel with the series circuit of the storage
capacitor C, and the doubler capacitor C; back to the power
transformer, leaving the capacitor C, charged. During the
second half-cycle when the polarity reverses, this circuit is
blocked by rectifier . The flow of this puke is through ground
to the rectifier Dy, storage capacitor C,, doubler capacitor C;,
and back to the power transformer, doubler capacitor C; in
parallel with the series circuit of the storage capacitor C, and
the doubler capacitor C;. No matter how the polarity of the
induced voltage changes, the voltage of the storage capacitor
C, remain the state of charging, with each pulse the storage
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Fig. (1). Aviation ignition circuit.
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Fig. (2). Igniter AC booster circuit.

capacitor C, assumes a greater charge. After a certain times
of cycles, the sum of the charge on the capacitor C; and C;
approaches voltage approximately twice that generated in the
power transformer. In this process, if the voltage on the C,
rise to discharge tube SG threshold voltage (approximately
3000 volts), the discharge tube SG can be breakdown into
the discharge process of spark plug with a strong spark
discharge in the igniter, and the sparks ignite the gas mixture
in the combustion chamber.

3. MATHEMATICAL MODELING OF THE AVIA-
TION IGNITION CIRCUIT

3.1. The Calculation of AC Booster Module’s Secondary
Output Voltage

As shown in Fig. (1), the storage capacitor charging
voltage is determined by the booster module. While as
shown in Fig. (2), the booster module mainly includes the
choke winding Ls;, winding equivalent resistance R and
transformer Ty(including primary winding inductance L,
secondary winding inductance L,). In order to get the

mathematical relationship among the input voltage and the
component parameters and the output voltage, and to find
out the main components parameters affecting the output
voltage, it is needed to build the corresponding mathematical
model to the booster module, namely, to build explicit
mathematical expression of output voltage with the input
voltage and the parameters of the various components.

g . g g g g
U =joL | +RL+ joL |+ joM 1, )
U, = joL, 1+ joM |,

When there is no load in the secondary winding of the
transformer, it matches this condition: 1,=0
u, =v/2U,sin(wt+¢) ,and here U, is the RMS (root-mean-
square quantity) of the input voltage, w=2zf . Assuming
that =0 , put it into the equation (1), and the u,(t) can be
obtained, as shown in equation (2).

u () =2 oMY, sin(ot+6) | @)
YR+ (L +L)°
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Fig. (4). Current direction of voltage rectifier circuit in negative half-cycle.

Where 6 is the initial phase of the output voltage in
transformer secondary winding. Assume that

U, =v2oMU, I |R* +?(L, +L,)* , namely the peak output
voltage of the secondary winding in transformer. Take 7 as
transformer coupling coefficient, then M =5,/LL, , and due

to the equation R<< a(L +L)), U, =n2LLU, /(L +L,) .The
parameters are: f=400Hz, L;=100mH, L,=60H, U;=115V,
7=0.98, L;=0.05H.

3.2. Mathematical Modeling of Voltage Doubler and
Energy Storage Circuit

In order to facilitate the analysis of the rectifier circuit,
the diode of the rectifier is considered to be the ideal diode,
namely, the forward conduction resistance is zero, the
forward conduction voltage is zero, back resistance is
infinite, and backward voltage is infinite. The sinusoidal
voltage across the secondary winding of the transformer
could be replaced with the square wave, which has the same
cycle time and the same peak voltage as the sinusoidal

voltage of the secondary winding of the transformer. C;, C;
have the same capacitance (which can guarantee the function
of voltage doubling), and each element voltage reference
direction are shown in Fig. (3) and Fig. (4).

During 0: t,, the square wave is in the first half-cycle.
As shown in Fig. (3), U,=U,, D, forward conducting, D,

reverse cut-off, and assuming that there is no initial stored
energy in the capacitor C;, C, , C3 ,u,(0-)=0.When t=0,

D, forward conducting, the voltage of the capacitor C; leap
to the peak value of U, ,u,(0+)=U,. Given that C, is in

series with Cs, according to the law of capacitor in series ,it
is easy to get u,(0+),u,(0+) . Duringt,: t,, the square

wave is in the second half-cycle when the polarity reverses,
U, =-U,, D, reverse cut-off, D,forward conducting. When

t=t,, D, forward conducting, the voltage of the capacitor C,,

C,, Csleap to new values, and the initial voltage of the
capacitor C;, C,, Cj respectively are: u,(t,—0)=u,(0+) ,

ucz(tl - 0) = uc2(0+) ’ ucS(tl - 0) = uc3(0+) .
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Assuming that it is in the positive half cycle of the output
voltage across the secondary winding of the transformer,
according to the law of conservation of charge and the
Kirchhoff's voltage law, equation (3) can be obtained.

u,(0+)=U_
u,(0-)=u_,(0-)=u_(0-)=0
u,(0+)=C,/(C,+C)U
u4(0+)=C,/(C,+C,)U

©)

Afterward, during the odd numbered half-cycle, equation
(4) can be obtained.

ucl(th + 0) =U m
_ 1,
oty *0) = & [ la®dt+u,(,~0)

(4)
1 e
Ualte*0) = [ i@ dt+ug(t,—0)

3 2n

uc2 (t2n+ 0) + uc3(t2n+ 0) = Um

During the even numbered half-cycle, equation (5) can be
obtained.

uc3(t2n+1 + O) = _U m

—u,(t,,,, +0)+u,(t,  +0)=U_

2n+l 2n+l

l PR
ucl(t2n+1 +0)=- E J.‘Z -0 Iz (O)ydt+ ucl(t2n+l -0) ®)
1 N+l

1 tna 0.
uc2(t2n+1 + 0) = C_2 ‘[tzn+1‘0 IC2 (t) dt + ucz(t2n+1 - O)

After several cycles of the above circuit derivation,
u.»(t,+0) during each half-cycle can be obtained respectively
(n=0,1,2,3...). From the above analysis, the voltage of C,
(voltage of energy-storage capacitor) can be obtained.

u,,(t,+0)= 2ai U, —of'U, (6)

The parameters are: C1=Cs, a=C1/(C1+C,)=C3 /(Cx+C3),
L=Col(C1+Cr)=Col(Cy+C3). And because a+p=1, deform
equation (6), and equation (7) can be obtained.

U@, +0)=2U ~(1+B)B'U,, 7)

Furthermore, the expression of the voltage of C, at any
time can be obtained.

u,(®=2U_ -@+B)p*"u, (8)
Where f is the frequency of the input voltage, and then

the spark frequency can be obtained.

lgp
f =2f ———
¥ 2Um_Ubr (9)

'9 1+ B

Xudong et al.
Substituting the equation of U,
(U, =ny2LLU, /(L +L,)) into equation (9).
£, =2f lgp (10)
g V2L~ (L L)Y,
J2LL, @+,

The f;, is the spark frequency needed in this paper, and
U,, is the threshold of discharge tube SG, under the condition
of U, <2U,,. Through the equation (10), it is found that the
spark frequency f;, shows a trend of increase with the in-
crease of L, and S, and shows a trend of decrease with the
increase of U,. In this paper, the parameter are:
C1:C3:1011F, C2:4/1F, ﬂ:09975

4. SIMULATION OF SPARK FREQUENCY DISOR-
DER

Awviation igniter constantly charge the energy storage ca-
pacitor in the process of rectification voltage doubling, this is
a process of charge accumulation, which need some time to
finish the whole work. But, as a matter of fact, the spark dis-
charge stage is a strong spark discharge process, the accumu-
lation of charge on the energy storage capacitor need instant
release, which will produce high-energy sparks, and the dis-
charge process is very short. The whole process for energy
storage capacitor on the voltage transformation process is:
after a slowly rising, the voltage of the storage capacitor
reach to the max value (the threshold of the discharge tube ),
then breakdown, discharge tube voltage instantaneous re-
duced. So the discharge tube breakdown discharge action is a
key link in the process of discharge frequency of aviation
igniter, take the time slot from the moment of power on to
the moment of discharge tube breakdown action as a dis-
charge cycle. As for the situation of continuous discharge,
take the time slot between twice breakdown actions of dis-
charge tube as a discharge cycle. Thus the voltage change of
the storage capacitor directly reflects the discharge cycle,
from which spark frequency is known.

4.1. Fault Simulation of High Voltage Rectifier Device

Fault of rectifier device mostly happens to rectifier diode,
and the typical faults are short circuit and open circuit.

Through the simulation results, as shown in Fig. (5), we
can see that any high voltage rectifier diode happening open
or short circuit fault will result in the energy storage capaci-
tor failing to be normally charged to the threshold voltage of
discharge tube, thus the discharge tube is unable to discharge,
which means the spark frequency is 0 Hz. Failure of rectifier
module will seriously affects the work of igniter, and if ig-
niter cannot produces sparks, the aircraft engine cannot do
ground ignition or re-ignition in the air.

4.2. Fault Simulation of Transformer Secondary Winding

In the process of aviation igniter maintenance, it is found
that the circumstance that igniter transformer winding gets
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Fig. (5). High voltage rectifier diode failure lead to spark frequency disorders.

short circuit between the turns or layers mostly occurs on
transformer secondary winding, which directly results in that
the secondary winding inductance decreases, and what’s
more, the primary and secondary winding turns ratio de-
creases, leads to the decrease of U,,. The equation (9) shows
that the decrease of U, makes spark frequency f,, decrease.

The Simulation results as shown in Fig. (6) shows that
ignition transformer secondary windings appearing interturn
or interlayer short circuit will significantly reduce the igni-
tion spark frequency to the value below the normal one, or
even cause the charging voltage being too low to make ener-
gy storage capacitor be charged to the threshold voltage of
discharge tube, lead to be unable to discharge. Because in the
practical application of air igniter it does not appears for
primary winding of the primary transformer to failure, here
the primary winding fault type is not considered. If second-
ary winding circuit goes open, it will also lead to the igni-
tion’s failure, which means the spark frequency is 0 Hz.

4.3. Fault Simulation of Breakdown Voltage Increase
Due to Discharge Tube Ageing

Due to frequent high voltage breakdown discharge,
discharge characteristic of discharge tube may have changes.
The common changes include: breakdown voltage increases,
breakdown voltage decreases, and even the discharge tube is
completely damaged and fail to discharge. As one of the
common faults, breakdown voltage rise is focused on here
[12].

In the simulation results, as shown in Fig. (7), when the
threshold voltage of discharge tube increases as a result of
aging, spark frequency obviously decreases, even when the
energy storage capacitor are full charged, discharge tube still
fails to be breakdown to ignite, which seriously affects the
normal work of the aircraft igniter.

CONCLUSION

In this paper, the mathematical model on the rectifying
energy-storing circuit of the AC type aviation ignition is
built, and the mathematical expression of the spark
frequency with each components parameters of the ignition
circuit is deduced, and then based on the mathematical
model, the circuit simulation of the way how the changing
parameters of the ignition circuit infect the spark frequency
is implemented. It is concluded that: 1) Open or short in any
of the high voltage rectifier diode will cause the rectifying
failures, which can’t charge the energy storage capacitor; 2)
Short circuit between the turns or the layers in the
transformer secondary winding, leads to the change of the
trFigureansformer turns ratio and the reduction of charging
voltage, which results in the extension of the energy storage
capacitor charging time and even is unable to charge to the
threshold voltage of the discharge tube, which ultimately
reduces the spark frequency or even produces no ignition
sparks; 3) The discharge tube aging causes the threshold
voltage changed in the process of using aviation igniter,
which makes the energy storage capacitor discharge earlier
or later, and then leading to spark frequency disorder.



198 The Open Electrical & Electronic Engineering Journal, 2015, Volume 9 Xudong et al.

~1.20K556 020 040 060 080 100 ~1.20K556 020 040 0,60 080 100
i) v) v V)
T (Secs) T (Secs)
(@) L,=60H, L5=0.005H, Uy, =3KV (b) Ly=40H, L4=0.005H, U, =3KV
480K 480K - - - -
360K
2 40K : : -
120K / : S |
000K
-120K550 020 040 0.60 080 .00 1 20K566 620 040 060 080 700
w1 V) w11 (V)
T (Secs) T (Secs)
(c) L,=20H, L3=0.005H, Uy, =3KV (d) L,=10H, L3=0.005H, Uy, =3KV

Fig. (6). Failure of transformer secondary winding leading spark frequency disorders.

07Kgho 020 040 0,60 080 100 “120K500 020 040 0.60 080 100
w1 V) v V)
T (Secs) T (Secs)
(a) L,=50H, L3=0.05H, Uy, =2KV (b) L,=50H, Ls;=0.05H, U, =3KV

“120K550 020 040 060 080 100 "1 20K550 020 040 060 080 100
w1 V) WV
T {Secs) T {Secs)
(c) L,=50H, L3=0.05H, U, =3.5KV (d) L,=50H, L3=0.05H, Up=4KV

Fig. (7). Discharge tube failure resulting in spark frequency disorders.
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