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A Study on the High Pressure Pump Simulation
Model of a Diesel Injection System
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Dept. of Mechanical Design Engineering, Dongyang Mirae University
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Abstract The high pressure pump of a diesel injection system compresses the fuel supplied at low pressure into high
pressure fuel and maintains the fuel of the common rail at the required pressure level according to the engine
operating conditions. The high pressure pump is required to operate normally in order to compress the fuel to a high
pressure of 2000 bar during the entire lifetime of the vehicle. Consequently, a suitable design technique, material
durability and high precision machining are required. In this study, the high pressure pump simulation model of a
1-plunger radial piston pump is modelled by using the AMESim code. The main simulation parameters are the
displacement, flow rate and pressure characteristics of the inlet and outlet valves, cam torque characteristics, and
operating characteristics of the fuel metering valve and overflow valve. In addition, the operating characteristics of
the pump are simulated according to the parameter changes of the hole diameter and the spring initial force of the
inlet valve. The simulation results show that the operation of the developed pump model is logically valid. This paper
also proposes a simulation model that can be used for current pump design changes and new pump designs.
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Fig. 2. Structure of the high pressure pump



FFAS & =B A18A A103, 2017

2
Q7eel nghREe) thalA $Ee) 259t 22
wele] sfeble e g s,

AMESim¢] MB ZHES o] &

o

R

ol
-

R
o2
&
K
s

do W 2@ 2@ rif
tlo [kl
fru

off H i ol

§°)

1=

KR
==
H

o

= 1z oo

ol
Qo
&2

uy
=

=

Fig. 3.5 AMESim2] AH
H A5 mEguEe] mdo|r)
3 WlB g FEo] B4l Fitshe A
Aetglom HWu o BAO042A,
MAS005, £#%°]=% FORC, 13} #9941 LAGI
PWM A% PWMI AE 29S8 Alg3t) Jgu &
9] Q¥ v AES Fuste T o#]e
Abc}E] E(trapezoidal with rounded edges) JE|Z 24
Yo WHo) FAEAS Auny] 3 ¥H TS
o APARALZEE FHEe A5 ¢HS 3 bar2
At WHe 920 & | mme] |9 2E A
25t §-81E 7hste Zbzbe] A B wdo) AMgH FQ
v E 5L Table 1.2} 2t}

s vEPHE e v gdS
3] mdof tejr] AlEol S A &lme]=
T5& 185 Hz9 PWM A 3E o]&3}al 12 B¢t F7E)
HE 004 1744 WstA| 7T

Fig. 4. (% 27 PWM 4lz9] FEHlel tiat =&
el 2w o gEF o) FEHA, 7| (b BHe
ST S e 2”3 o] 0014 1 AlojellA W
st FEH] uhel ~F9] W= FEH| vlHste]

AL Y-S & 4 3lom, F32 PWM FEH] 0.3

ol
o
N

[Ral)
e oY,
i
tlo

i O
SEE

3
el

[}

=

lo

[e]

A7) 918 Fig

104

3} 0.7 Apolol A 2AH 0.2 A8
9] W) oF 2.3 mm(PWM FE|

o ejvlze 998 BES O 5 ok

Fuel metering valve

3barcg
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Table 1, Parameters of fuel metering valve

No Parameters Values
1 Number of orifice holes 3
2 Spool diameter 7 mm
3 Ini. width of the trapezoidal opening 0.14 mm
4 Diameter of the round edge 5.98 mm
5 Underlap conespo'nding to zero displacement, 23,0, 23 mm
min/max area
6 Mass of spool 245 g
7 Lower/higher displacement limit 0, 3.5 mm
8 Time constant of solenoid 0.00325 s
9 Spring stiffness 3500 N/m
10 Initial spring force 1.75 N
6.0
=Tso | Displacement
< E
= L -~ Flow area
-\E,‘ﬂéj 4.0
@ E 3.0
Tia0 |
82
TF10 ¢
0.0
0.0 0.2 0.4 0.6 0.8 1.0
PWM signal duty ratio
(a) Spool displacement and orifice flow area
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T 08
E
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L
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2
202
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0.0 0.2 0.4 0.6 0.8 1.0
PWM signal duty ratio
(b) Flow rate at outlet port
Fig. 4. Simulation results of fuel metering valve
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Fig. 5. AMESim model of overflow valve

Table 2, Parameters of overflow valve

No Parameters Values
1 Number of orifice holes 4
2 Hole diameter 3.8 mm
3 Spool diameter 5.88 mm
4 Spool overlap 5.6 mm
5 Mass of spool 30¢g
6 Spring stiffness 1.69 N/mm
7 Lower/higher displacement limit 0, 9.4 mm
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Fig. 6. Simulation results of overflow valve
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_8 Table 3. Parameters of high pressure pump
E
%5 B No Parameters Values
:."'2 4 L 1 Drive shaft speed 2000 rpm
22 L 2 Piston diameter 7.35 mm
] 3 Piston spring stiffness 32.3 kN/m
0 L L . © .
0 a0 180 270 160 4 Initial force of piston spring 420 N
Shaft angle(deg) 5 Inlet valve hole diameter 3.86 mm
. . 6 Inlet val d diamet 2.06
Fig. 7. Measured cam position 1oet valve Tod ciameter m
7 Inlet valve poppet mass 0.66 g
_ . _ ~ oLe a0l 8 Inlet valve flapper diameter 5.2 mm
=y =1=9] 71 H
FTHEE FT750] AT EMHPT) AW Ud(CR) 9 Inlet valve spring stiffness 320 N/m
o F9 do] T/ A AH mdl S ARRSte] 2y o) 10 Outlet valve hole diameter 2 mm
:113]_1'1 ﬂ He %:Iloﬂ Slalﬁ]i% A2 ?—5}021 ﬂ He 11 Outlet valve ball diameter 3 mm
o orEl o MAE 2 o= A Mol ApeE 12 Outlet valve ball mass 011 g
o o) 3] o
of S AT s Ak Al ol A 13 Outlet valve spring stiffness 2890 N/m
= E]an] OEJEJ.'E %%iﬁg OE]E]_]_— E%/\]'Ook?l 1SO 4113 14 High pressure tube internal diameter, 3, 1.7,
o= _—ﬂﬁi‘?ﬂ' : 7_}_7_}_0 }\1—]1 E‘ﬂaloﬂ }\]_%_la =9 I‘l}—!ﬂ- thickness, and length 250 mm
15 Common rail internal diameter, thickness, 75,09,
"B &2 Table 3 2t and length 270 mm
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Fig. 8. Simulation model of high pressure pump
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Fig. 9. Simulation results of high pressure pump
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Fig. 10. Responses for inlet valve hole diameters
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