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Abstract

In industrial production, the basic working principles of fuel engines are realized by fuel entering
and ejecting high-pressure fuel pipes. In this paper, use the idea of mathematical modeling,
through the use of MATLAB, SPSS, Excel, CAD and other software for intuitive data analysis, and
then improve the fuel entry and ejection rate of the high-pressure fuel pipe to improve the inter-
mittent operation of the engine and realize the pressure control model of the high-pressure fuel
pipe. In the first place, under the condition of a certain amount of fuel and constant temperature,
by setting the time interval for each opening and closing of the one-way valve, use Boyle’s theorem
to establish a model: P,V + PgVy — PV, = PgV,, and fit according to the collected data of the

relationship between elastic modulus and pressure by Excel Processing, use the pressure, volume
calculation formula and differential equation to solve the calculation, and finally use MATLAB to
solve programming: when the pressure inside and outside the tube is controlled at about 100 MPA,
t=2.7457 ms ; when the internal pressure of the tubing is adjusted from 100 MPa to 150 MPa

within 2 s, 5 s, and 10 s, and becomes stable, t=5.7934ms, 5.7862 ms and 5.7838 ms. After that, by
controlling the cam angular velocity of the internal pressure, the angular velocity calculation for-

mula: a)=i—f, and Af@, At are unknown, first analyzing by SPSS the searched needle valve

movement curve data, make the needle valve movement curve, and then use the CAD software to
make the cam movement schematic diagram. By the Excel processing of cam edge curve data, use
the idea of parametric separation of ordinary differentials to make a graph of the fitting relation-
ship between polar angle and polar axis, analyze the graph and data and combining the law of
conservation of mass to obtain the value of Af, At. And then calculate the angular velocity:
®=0.7575rad/ms . In the end, under the premise of adding another fuel injector, readjust the fuel
supply and fuel injection strategy, establish a high-pressure dual-track fuel injection model, using
MATLAB software to process and analyze the selected indicators to make a data image, and ana-
lyze the image to draw a conclusion: Oil nozzles B and C are opened alternately, and the time in-
terval is 50 ms, the rotation angular velocity of the high-pressure oil pump cam: 0.0993 rad/ms; if
a one-way pressure reducing valve is added, according to the discriminant formula: Q, >Q,, the
initial pressure range when the pressure reducing valve is opened is calculated. And it is con-
cluded that the pressure reducing valve needs to be opened at the time when each injector is
closed, and the high-pressure oil pump is set to control the angular velocity of the cam:

®=0.7575 rad/ms . At the same time, the designed high pressure dual-track fuel injection model is

compared with the database to verify the practicability of the algorithm.

Keywords

Boyle’s Theorem, Data Fitting, Mass Conservation, High-Pressure Dual-Rail Fuel Injection Model

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

DOI: 10.12677/pm.2024.144136 286 Eiile e


https://doi.org/10.12677/pm.2024.144136
http://creativecommons.org/licenses/by/4.0/

ZE—L, B

1. 5|15

ORiE R B A OSSR PRI N R 5 SRR, R R 5 L T R 28 5 W 8
REIREE, T EH T L . RIS RIGE Hh B I B T 4 B TR P IR A, AT
R B BRI, AT B R B T 2 o R R 2 5 £ 39 3
2 R B WL R A T 3 EL 8 R — AN AR A A

RS B i MO R e T 7 o R S R s, R, W R R
AR S B A T AR, i SURSE TR PV, + PV — PV, = PV o ARHEIE T30 (BRI P IR
BRAF AU B SPA S A BRI MATLAB. SPSS. Excel S5 AbFRMLIR e s it L
s ] 5t o K 25 R 3 B 7 B — A R 05 3 e 0L R
37 T USRI SRR, o Y T 5 5 T 3 S kA 1) D % 2 T T i, T
i 2 0 P PR P b7 2, S P M B R FR 5, 8 MO0 T Rl R BB T4k
MR, IR TR PR

2. BEHERE T @3 ERES
2.1 BEHE

211 BEHENIERE

R NS HH 5 R H 7 R AN I R 2 2 BRI R LS 3% TR ERLE, Wil 1 &R R & AT
o5 H A R TR R 48 AR R B, BRI AE SRR AOVE R N i A AR NS R, Tl B AR M T
[1]

—

5 |A

o i

%m%k B

Figure 1. Schematic diagram of high-pressure oil pipe
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Figure 2. Fitting curve diagram of the relationship between elastic
modulus and pressure
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Figure 3. Instantaneous injection rate diagram of the entire
cycle of the fuel injector
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Figure 4. Relationship between needle valve movement time and distance
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Figure 5. Cam motion diagram
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Figure 6. Intuitive relationship between cam edge polar angle and polar
diameter
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Figure 7. Linear processing diagram of the relationship between cam
edge polar angle and polar diameter

E 7. OEINSER A SREXR R IEE

WRYEE 7 WEEE, WM A SRR S R W T
r=-2413t+4.826,_,
(R* =1)
t=-cos@

HIT R =1, WA RCRIER LR, TSR HARAR AL R Ar SRiH5 AG -

(4-3)

XET A FROSR A AR R RT R, AR Ak UM R[] R AR ROl 2O (IR AR, F BIR (B #E 0.5 MPa,
id: NIERER S 0.5 MPa IEEN p, » HLFIRTTH AL S J172 100 MPa (R N p, - o HS TR
RV, » BRMESRDY 100 MPa i e il ZRAABUAV, o B2 IR I A 2 5E A0 5T S e Ja AR

FWR )RS, B RS E AR
pgvg :pAVA
SHTATAL, RATEEXREE p, « pas V, oV HHATRIRIZH,

(4-2)

HEXT py ~ pp IR, FATERAZE 3 | rhHATC A 3L 0 e o 5 5 FE B AR 5¢ R RIB (3-7)

F. ZP=05MPa. P=100MPalitf, BIn/fft p, =0.5196. p,=0.85-

PN RIERV, BRI, AW r AT Iz, g v bk s, ARIEIE 4 Bt IR s Bl i 2 1w R

S bk mEsh E R Ik R d
d=r, —1; =7.239 mm - 2.413mm = 4.806 mm

CAI 2B a) 2 bk, EREERREBNV =20mm®, ICHEERERERY, , WH

DOI: 10.12677/pm.2024.144136 294

LN


https://doi.org/10.12677/pm.2024.144136

ZE—L, B

2

Vy =Vy +V' o FHEIERRI AV, = nxd x[gj . Hob R ONHZER N ER, AR
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