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Abstract : The aim was to develop a new generation of electronic pressure regulator that can continuously vary the rail
pressure in front of the injectors. The new pressure regulator can react on different pressure requirements in the CNG
rail. The focus was on the functional optimization and size reduction. The proportional valve, which is a solenoid valve,
is controlled by a PWM signal. Duty cycle 0 % means a closed valve, while 100 % means the proportional valve is fully
open. The pressure regulation is divided into two stages. The first stage is mechanical regulation from a tank pressure of
0.2 to 26 MPa to a constant middle pressure of 2 MPa. The different type regulators was labeled as 1) A sample and 2)
B sample. Through the bench experiment, the stroke characteristic of supply voltage, heat exchange effect on the low
pressure side depending on cooling water capacity and cross-section area, the mass flow of different inlet pressure and
rail pressure, and behavior in the regulator were evaluated and compared.

Key words : Electronic pressure regulator( % 2}2] 942 2| & 2| ©] E]), Compressed natural gas(5 3 <1 7+2), Pulse
width modulation(8 2= 3% 3), Fuel rail pressure(d 5 @ ¥ 22)), Solenoid valve(£ & =] = W H) Heat exchange
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Fig. 1 Experiment schematic diagram
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Item A sample B sample
Operating temperature (°C) -40 ~ 140 -40 ~ 125 Table 2 Experiment 1
Inlet pressure range (MPaG) 1.2~25 2.0~26 Item Value
Outlet pressure range (MPaG) 03~12 0.1~1.0 Inlet pressure 0.2, 10,20 MPa_gage
Operating signal (kHz) PWM(0.5 ~2) [PWM(0.5 ~2) Supply voltage 12V
Operating voltage (V) 12 9~15 Frequency 2000 Hz
Max. current (A) 2 22 Coolant out temperature 30°C
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Table 3 Experiment 2

Item Value
Inlet pressure 20 MPa_gage
Supply voltage 12V
Frequency 1000 Hz
Coolant out temperature 30, 50,70 °C
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Fig. 3 Stroke results of CNG solenoid valve

Table 4 Specifications of 2-stage solenoid valve

Item A sample B sample
Spring diameter (mm) 0.9 0.9
Spring width (mm) 10 18
Resistance (£2) 4.1 5.4
Number of spring coils 573 497
diameter 0.5 0.4
Stroke (mm) 3 2
Plunger weight (g) 23.88 31.62
Plunger size (mmx®) 22.2x13.96 20.65x16
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where L :inductance

N :number of turns

R, :magnetic reluctance

1

= 2
T oA @
where 1  :stroke
Lo space permeability
u, : permeability
A :area
1 2
W) == L(z): 3)
F(x) = dw(x) / dx 4
where w :stored energy of inductance

F  :magnetic force
i :current

X :stroke
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Fig. 6 2-stage solenoid valve diagram
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Table 5 Specifications of coolant capacity

Item A sample B sample
Coolant capacity (cc) 4.461 3.334
Cross section (mmz) 2728.14 2287.59

Material (-) AL60 AL60
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