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A Study on the Analysis of Fuel Injection

Pump for Marine Diesel Engine

Greego—Woon Kim

Department of Marine System Engineering
Graduate School

Korea Maritime University

Abstract

Engines for the purpose of merchant vessels are getting bigger and
issued life and strength problems due to long-time exposure with high
pressure of fuel injection pump to improve the output of engine. Also, even
though considering enough strength or safety margin of product, there is
lots of unexpected damage of failure in marine engines. This fatigue of
material can infect to the most of damage and failure accident.

Fuel injection pump for the marine engines, which is installed the top of
engine and directly exposed to vibration, should have enough durability
against to the vibration.

Tronically, in comparison with the advanced shipbuilding industry in
Korea, most of fuel injection pump is imported from other countries. It is
needed to develop a design and production technology of fuel injection pump

based on the reliability of material.

_Vi_



This study examines existing fatigue failure studies and finds a method
to improve life and reliability of fuel injection pump by analyzing frequency
resonance with vibration analysis of fatigue test by adjustment of pressure.

An analysis program "ANSYS” and sample fuel injection pump which is
equipped on the MAN 5T23LH-4E, a four stroke cycle, medium speed

marine diesel engine are used for this study.

- vi —
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Fig. 2.1 Cross section of MAN 5T23LH-4E

Fig. 2.2 Assembly drawing of fuel injection pump
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Table 2.1 Specifications of the barrel

[tems Specifications

Length 12.1 ecm

Diameter 4.2 ecm
Dimension

Volume 22.13 em?®

Mass 1.2784 kg

Material type KPF

Young's modulus 210 GPa
Material Yield stress min. 900 MPa
Part

Elongation min. 16%

Poisson's ratio 0.30




Fig. 2.3 Model of F.O. injection pump with barrel and plunger
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Table 4.1 Constraint conditions in analysis

Plunger Rigid body
Upper part on the barrel Rigid body
Temperature 150C, Adiabatic

Contact surface

Frictional
between plunger and barrel 1ctiona

Table 4.2 Number of mesh of fuel injection pump

Nodes 201,088
Elements 116,458




0.000

0.045

0.090 (m)

2‘1

Fig. 4.1 Boundary and constraint conditions

0.040

0.080(m)

R

Fig. 4.2 Mesh sizing



ANSYS Code® Fd3taom 423+ Figs. 4.3

Figs. 4.3 ~4.9 oA H=npep o] Hof vz 94 Hddo] 2=
g el wAlE FFol vEbb Hoghe Wik om Aughe vhea 2l

Fig. 459 Fig. 4.6 1200 bar, 1300 bar ¢# ¥ 74 S
< 6.8m, 7.3 moltt. ZHE AL} wdo ek 73197 uiel| W
WA gEvhE A ugka e o o §he o] &Sk Fdo]l ¥R &
= g vaste] 2 WEgs vhvh

Fig. 4.7 % Fig. 482 &3 1400 bar, 1500 bar ©] 2}&3k= gl A]
Hy e s woFa k. Hul Mg Yojuhis G99 g gt oA
Ao} 2o gAolm AHFY gk 7.9 m, 84 mmolTh.

Fig. 49 &= #Z f st#o] 1600 bard 2-%<] 3l
O g Hoge] Wgoln o] WP gro] S W ofuz} AmFAMEE

A% WAUZ AR AR e FA @k
!

i
i
i)
o,
H
o,
B
rlo
©
<O
=

=

ghol .



0.000 0.080 ()
)
0.045 “

Fig. 4.3 Total deformation of fuel injection pump (1000 bar)
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Fig. 4.4 Total deformation of fuel injection pump (1100 bar)
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Fig. 45 Total deformation of fuel injection pump (1200 bar)
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Fig. 4.6 Total deformation of fuel injection pump (1300 bar)




0.000 0.080 ()
)
0.045 “

Fig. 47 Total deformation of fuel injection pump (1400 bar)
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Fig. 4.8 Total deformation of fuel injection pump (1500 bar)
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Fig. 4.9 Total deformation of fuel injection pump (1600 bar)

Table 4.3 Total deformation at each working pressure

Working pressure |  Total deformation
[bar] L]
1000 5.6
1100 6.2
1200 6.8
1300 7.3
1400 7.9
1500 8.4
1600 9.0
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Fig. 410 Maximum principal stress of fuel injection pump (1000 bar)
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Fig. 411 Maximum principal stress of fuel injection pump (1100 bar)
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Fig. 4.12 Maximum principal stress of fuel injection pump (1200bar)
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Fig. 4.13 Maximum principal stress of fuel injection pump (1300bar)
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Fig. 4.14 Maximum principal stress of fuel injection pump (1400bar)
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Fig. 4.15 Maximum principal stress of fuel injection pump (1500 bar)
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Fig. 416 Maximum principal stress of fuel injection pump (1600 bar)

Table 44 Maximum principal stress

Working pressure Max. stress [MPa] Safety factor

[bar]

1000 78 11.54
1100 86 10.47
1200 94 9.57
1300 102 8.82
1400 110 8.18
1500 117 7.69
1600 126 7.14
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Fig. 417 Safety factor of fuel injection pump (1000 bar)
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Fig. 4.18 Safety factor of fuel injection pump (1100bar)
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Fig. 4.19 Safety factor of fuel injection pump (1200 bar)
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Fig. 4.20 Safety factor of fuel injection pump (1300bar)
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Fig. 4.21 Safety factor of fuel injection pump (1400bar)
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Fig. 4.22 Safety factor of fuel injection pump (1500 bar)
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Fig. 423 Safety factor of fuel injection pump (1600 bar)

Table 45 Safety factor

Workin[i aliliessure Safety factor
1000 —
1100 —
1200 0.94
1300 0.87
1400 0.81
1500 0.75
1600 0.70
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Fig. 4. 24 Minimum life cycle of fuel injection pump (1000 bar)
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Fig. 4.25 Minimum life cycle of fuel injection pump (1100 bar)
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Fig. 4.26 Minimum life cycle of fuel injection pump (1200 bar)
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Fig. 4.27 Minimum life cycle of fuel injection pump (1300 bar)
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Fig. 4.28 Minimum life cycle of fuel injection pump (1400 bar)
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Fig. 4.29 Minimum life cycle of fuel injection pump (1500 bar)
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Fig. 4.30 Minimum life cycle of fuel injection pump (1600 bar)

Table 4.6 Minimum life cycle

Working pressure Minimum life cycle

[bar]

1000 1.00x 107
1100 1.00x10"
1200 0.44

1300 0.14

1400 0.05

1500 0.02

1600 0.00
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Table 4.7 Specifications of AISI 6000 Series Steel

[tems Specifications
Material type AISI 6000 Series Steel
Young's modulus 205 GPa
Material * 'g;0 14 Stress min. 1230 MPa
Part
Tensile stress 1 240 MPa
Poisson's ratio 0.29

Table 4.8 Specifications of AISI 9000 Series Steel

[tems Specifications
Material type AISI 9000 Series Steel
Young's modulus 209 GPa
Material Yield stress Min. 1560 MPa
Part
Tensile stress 1780 MPa
Poisson's ratio 0.30
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Table 4.9 Initial safety and safety factors

Initial safety factor Safety factor
Working
pressure Yield strength [MPa] Yield strength [MPa]
[bar]
900 1230 1560 900 1230 1560
1000 11.54 15.77 20.00 1.13 1.50 1.83
1100 10.47 14.30 18.14 1.02 1.30 1.56
1200 9.57 13.09 16.59 0.94 1.19 1.43
1300 8.82 12.06 15.29 0.87 1.10 1.32
1400 8.18 11.18 14.18 0.81 1.02 1.23
1500 7.69 10.51 13.33 0.75 0.95 1.15
1600 7.14 9.76 12.38 0.70 0.89 1.07




Table 4.10 Minimum life cycle

Working Yield strength [MPa]
pressure
[bar] 900 1230 1560

1000 1.00x10" 1.00%10" 1.0x10"
1100 1.00 1.00 1.0
1200 0.44 1.00 1.0
1300 0.14 1.00 1.0
1400 0.04 1.00 1.0
1500 0.02 0.95 1.0
1600 0.00 0.00 1.0
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