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RRFRSSHANBE (MKER. EaiEilS) EERERES, MERREE. EEFRERENR
g, AEEREZIANE SR RIE T RAEREE, LINRAIN SIS T ERREIEE.

Marine diesel engine accessories (such as water pump, starting motor, etc.) are not
only affected by temperature, humidity and other environmental factors during use, but
also bearing the swinging load brought by the oscillation of the hull along with the sea

wave, as well as the vibration load generated by the engine itself.
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By, EHIMASBIIEKR. KR, EREES~mEE LSRNty STUEsRIRERE
AEX, BEERERAAGESERZNER. RERREER, %SSMAAMHHERR Diie+
RabEliRel. EEEE, SEARIETRENNDSH,. KENEBSESFTERE THA—
¥, AfE Rl EETRERS EEWIENHHEESDE T TRYEEE IR BRI S,

At present, Marine diesel engine accessories such as sea water pump, fresh water pump,
compressor and other products have been tested on the land bench, all the indicators meet the
requirements of use, but soon after use on the ship failure frequently occurred. The main reason
is that this kind of Marine engine accessories are not comprehensively applied vibration and
swinging loads in the land test, resulting in the inconsistency between the stress distribution or
failure mechanism of the accessories and their actual working conditions, that is, the weak parts
and reliability of the accessories under real operating conditions are not fully exposed and

verified in the land bench test.

MAKEDDNMBRERIBERRMN Zhejiang University Power Machinery & Vehicular Engineering Institute



. Sodb B 17 =2
N ﬁﬂ:ﬁ B R&/%\X Research Background and Significance

FRFIRE. ERSEINE S FRNIHHESERINSN, IEBESEKREANSR, NEESIR
TR TN SE, FEIERTOITRGE, MKRERS). BRSNS S/FA TRIM
NEHBREFEERITRID.

In order to study the influence of the combined action of vibration and swinging load on the
fatigue strength of accessories, a certain type of sea water pump was taken as the object, the
excitation response parameters were measured under the actual working conditions, and the stress

distribution and fatigue strength of the pump under the separate and combined action of vibration
and swinging load were analyzed systematically through the finite element analysis method.
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Vibration and Swinging Load Test and Analysis
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One third octave curve of vibration acceleration of each measure point of sea water pump

40

® 57J<§15<5|;}L:?2—§j]7]ﬂﬁ}§5)uﬁﬁ Vibration acceleration test of sea water pump
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N1 == = > S S=k
® /7J<7K¢)L_?Ej]7]ﬂﬁ§/ﬂ“1ﬁ Vibration acceleration test of sea water pump
RIFEBWHER, KEOIRSEEFZEERPEL000HzAT, SARIRFNINEE H40.2m/s2, A8 M =EYKETTE,

According to the test results, the vibration energy of the pump is mainly concentrated below 1000Hz,
and the maximum vibration acceleration is 40.2m/s?, which is in the horizontal (X) direction of PS.

i1/ Test value (m/s?) . P e “ o s
U 5 /Measure point : ENSIRSNINEEER, KRRIFTEMNVNELMESS M=, X
IKFE/X E)/Y #(G/Z .
—— _ _ 12 J71540.2 m/s?, Y[a]439.2 m/s?, Z[s]438.3 m/s2, [1.5fFH985
M 252/P2 36.5 i i WS HRBNINEE AR, SEKEINEZHMEE.
M z3/P3 - 36.7 - According to the vibration acceleration of each measuring
M 54/P4 37.8 - - point, the most serious vibration of the water pump occurred at
5l 55/PS 38.7 39.1 372 P8 (X: 40.2m /s2 ; Y: 39.2m /s? ;Z: 38.3m /s2?2). Taking 1.5 times
_ the vibration acceleration of P8 as the excitation source, the
M 26/P6 _ 302 pump acceleration amplitude was obtained.
M =7/P7 ' 33.6 . _ i {E /Test value (m/s?)
M 2.8/P8 40.2 39.2 38.3 m AR KF/X | /Y E(m/Z
/Vibration
B AE/Maximum 40.2 39.2 38.3 60.3 58.8 57.5
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/i7j< %’T ,j—\'fq:;ﬁﬁ/:E Determination of swing boundary condition of sea

water pump

RERREALITRY, REERAVPE NS A EMRE
BB, AR S X LR AR BRI~ £
HARURD, & THRANTERS. NI#HTERE
DT, FEBKRAEMMBERNNX B,

When a ship is sailing, it will be swayed by

waves. When the ship is swaying, the parts

installed in the ship will be stimulated

periodically, affecting the working condition of AR RN R E
Ship swing

each part. Based on the analysis of swinging load, diagram

the force boundary of sea water pump is determined.
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/'!:7J< %’T %,ﬁ'f*ﬁ%fﬁ Determination of swing boundary condition of sea

water pump
GJB4000-2000H #i7E, AEAAMEIERA T L. +45° (FEH
6-11S) ; MEAEAIERATR: +10° (FHA7-8S) ; ARAH es
EHRALI MEE0.1g, AHASs. BAKRRKELE //////
imER X RERILL, EMERNHRHNREMNENERFFR: _

In GJB4000-2000, the ship’s maximum rolling condition:

AR

15

+45° (period 6-11S): Maximum pitching condition: +10° . _
(p ) P g KR RER B TR

(period 7-8S); Maximum heave condition: acceleration 0. 1g, Installation position diagram of sea
water pump

period 5s. The sea water pump is installed at the face of

the flange and the bolt hole of the support. The

installation position in the hull is shown in the figure:
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Stress Characteristics Analysis of Sea Water Pump
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( ) J< 1:%7&\ \jltﬁ Modal analysis of sea water

IKIR A el WA R O AE — /S, IR
TR REN G, PUORIEZK IR AR LR A R Az T K s vl
IR . FEIKRA PR TCEARAR AL, % R R 46 29
R (teZIR) T8 RALR R I

The components of the water pump are assembled
together by bolted connection, and the connecting
surface needs to be closely fitted to ensure that water
leakage or oil leakage does not occur during the working
process of the water pump. In the finite element model
assembly of the pump, the binding constraint (tie) is
used to complete the assembly modeling of each contact
surface.

pump

IKFECADRE Y
CAD model of water pump

TKERA PR oA Y

Finite element model of water pump
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‘_&Lﬁﬁ Stress Characteristics Analysis of Sea Water Pump

(1) 7\7J<§< %Zﬁ?\ﬁj\*ﬁ Modal analysis of sea water pump

TERT K IR 22 3 S R i), SR S T &,
FHPAXT BE S 2R K FEXT /K IR B A PR BE 52 . 37481
K N187Tmm, ZZE2KEEN450mme.

Two support schemes are used to compare the

influence of the length of support on the
EHEFIT (187mm) GHRY 2 (450mm)

dynamic performance of the pump. The length of support 1 (187mm)

support 1 is 187mm and support 2 is 450mm. support 2 (450mm)
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(1) BKEIER

DOMER——BHES

Modal analysis results : Free mode

RS E HEASINE (Hz)
/Modal order /modal frequency
1 725.7
) 249.6 B—IERT725.7THz B MERT749.6Hz SE=MiE%847.6Hz
' First—order :725. 7Hz Second—order :749. 6Hz Third-
order :847. =

3 847.6

4 952.4

5 1011.6

6 1525.7 SEMURMERS952.4Hz SERMMRS1011.6Hz SB7\PMERS1525.7THz

Fourth—order :952. 4Hz Fifth-order :1011. 6Hz Sixth-
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of Sea Water Pump

(1) BKEEESDTER——187TmmARIESS

oy

Modal analysis results : Constrained mode (18 {h“

RS E HEASINE (Hz)
/Modal order /modal frequency

1 317.0
FE—IEA317.0Hz FEM1E75424.0Hz $F=M1E75630.5Hz

2 424.0 First—order :317.0Hz Second—order :424. 0Hz Third-

order :6 ~ =

3 630.5

a4 723.2

5 877.4

6 957.5 SIS ZT23.2Hz BRMIE8T7.4Hz B BE957.5Hz

Fourth—-order :723.2Hz Fifth-order :877.4Hz  Sixth-
y ) v, — b [ a . 55: . BII
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of Sea Water Pump

(1) BRRESDITER——A50mm Y RIRTS

Modal analysis results : Constrained mode (450mm

i EUTE HEASINE (Hz)
/Modal order /modal frequency

1 308.1
B—PE75308.1Hz B PE75420.6Hz B=PMEA597.7THz

2 420.6 First-order :308. 1Hz Second-order :420.6Hz  Third-

order :597.7Hz

3 597.7

4 667.2

5 723.1

6 g58.3 SEMEA667.2Hz SBAMIRET23.1Hz SB7\M1875858.3Hz

Fourth—-order :667.2Hz Fifth-order :723.1Hz Sixth-
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Modal analysis results

® KRB —F B BRSMET2H;, LRZH G, KRN—AREESAH308H, TH
A EBARINER, EERSTHRMEEE

The first-order free mode frequency of the pump assembly is 725Hz; After the
bracket is installed, the first-order constraint mode of the water pump is
308Hz Which is far away from the main excitation frequency of the engine, and

o KRR KRN RERE e

With the increase of the length of the pump support, the constrained mode of the
pump decreases;

R FEAS R RRAAS0mmE IR TR, ARk R T e ST,

Subsequent analysis will use a 450mm bracket assembly scheme with lower modal frequency
to test the reliability design of the sea water pump.
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=. WKRNNFF

(2) BKRIFNEAT FBRITOHT

Finite element analysis of sea water pump under

. 140 5
vibration load L =punes ] 5 wises
Avg: 75%
il
2 8 110.4
£ i
® 666
4 /\ 55.7
“ 37
o=t N T e
0 200 400 600 800 1000 0.9
3% Hz
IKEZEINDITELER: AN AH132MPa  Calculation results of dynamic stress: Maximum
:2 1 [ —punas | T
"
1 80 13.1;
® w0 I ‘ 170 MPa,
- A
- AN
— ~ \_J\Jx__\,___
OU 200 400 600 800 1000
BE/Hz
IKEEGMNDITEER: AN H170MPa Calculation results of dynamic stress: Maximum

170MPa
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Finite Element Analysis of Sea Water Pump under Swing Load

AR R i, ARIESMAR T RIBIEEY, WEEELEN5K, WY
2 42030  240.04987 rad/s, IR /K REIR AR 1143.8MPa, A 1 OB 7E K S (R By 1A
gizhh, FET, MBREEE e SBKES 4 — i,

When the ship is pitching, the axis of swing is the X-axis; According to the ship’s size
and swing period, the swing radius is determined to be 25 meters, and the angular velocity of
pitching is 0.04987 rad/s. At this time, the maximum stress of the water pump is 3.8MPa, and
the maximum stress is located at the bolt connection of the water pump housing. At the same
time, the ship swinging will also cause the pump to produce a certain distortion.

S, Mises
(Avg: 75%)
3.8
3.5
, c 3.8MPa

OO0 O0 s =N W
OWOVWRHDONNDN
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(3) BKREZEH T FAOVHRIT AT (1)

Finite Element Analysis of Sea Water Pump under Swing Load

HRAIHEIRRT, RIEML Nz, RIBMMRT RIEEEY, BERELFRHISK, WEE
AEFE H0.2618 rad/s, LLHIKRAIBRAN S A6.3MPa; AN THNE SIERRANIMNE
—I, #AKREENBEEREL. RN, AHERE GSSBUKRFE—ENHB LR

When the ship rolls, the axis of swing is the 7Z axis; According to the size of the ship
and the swing period, the swing radius is determined to be 15 meters, and the rolling
angular velocity is 0.2618rad /s. At this time, the maximum stress of the pump is 6. 3MPa;
The position is the same as the position of the maximum stress during pitching, both at the
bolt joint of the pump housing. At the same time, the ship swinging will also cause the
pump to produce a certain distortion.

S, Mises
(Avg: 759%)
6.3

COHENNWW A RNNC
[=TETSF. YT, TRRNTURNTAY.
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Finite Element Analysis of Sea Water Pump under Swing Load

e R E S HE (BEAEMNEAIRS, FEIN5s, INEE.1g) A, nylb\ﬁiﬁﬁ)ﬁi
R 71 414.8MPa, JKEEAR S147.4MPa, INFEEEMEHARIEIRERIR (>200MPa) ; KZE
S B AR 1 414.3MPa , INFSMBITHIEREIRFR (>300MPa) | TEWTZLKEA .

When the ship is subjected to heave load (low—frequency vibration in the vertical
direction, period 5s, acceleration 0.1g), the stress generated by the pump assembly is 14. 8MPa,
and the stress of the pump housing is 7.4MPa, which is less than the tensile strength limit of

cast aluminum material (>200MPa). The maximum stress at the pump support is 14.3MPa, smaller
than the tensile strength limit of steel (>300MPa), and there is no risk of fracture.

S, Mises
(Avg: 75%)
14.8
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Finite Element Analysis of Sea Water Pump under Swing and Vibration Load

HZFih 57

1. AEMRfERE T +45° (FEHA6—11S) | AEMRZAFET L. +10° (JEHA7-8S) |

2. R icsnARl: BB EIIXTIE6g. Y73[E5.8g. Z771E5.78, T4 0-1000Hz,

ERWM TR

1. Ship rolling condition: +45° (period 6-11s); Ship pitching condition: +10° (period 7-8s);
2. Engine vibration excitation: 6g in X direction, 5.8g in Y direction and 5.7g in Z
direction are applied at the same time, and the analysis frequency is 0—-1000Hz.

The results are as follows:

S, Mises
(Avg: 75%)

184 MPa
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Fatigue Life Analysis of Sea Water Pump
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(1) HERFIHTERE: UBEUHAETNSHIKRS T EEE

Determine the fatigue calculation model: multi—axial fatigue calculation model with shear force
as the main factor

RRON - TS AN TR

The traditional stress—strain fatigue formula is

shown as follows:

X, eAENE, I AMBIRRERIR, ENMBIREMRE, NABIORE, & ARRE
MR, bAREIEE, cAERMIEE.

Where, ¢ is the positive strain, 0} is the strength limit of the material, £ is
the elastic modulus of the material, N; is the number of cycles, e}is the ductility
coefficient of the material, b is the strength index, and c¢ is the ductility index.
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/gj(ﬁﬁjj /3%=F ﬁﬁ Fatigue Life Analysis of Sea Water Pump

(1) BERFHERE: NEUHAFNZHRTTTERE

Determine the fatigue calculation model: multi—axial fatigue calculation model with shear
force as the main factor

#] FBrownFIMillerfYJE ZHEIAE R, INARFTHUBEAEEARIRABNTHFERN, MES
BIANEHRABHNENHEXERN THEERANER, MRHRGREERWN TR

Based on the fatigue failure model of Brown and Miller, it is considered that the
fatigue crack first occurs in the plane subjected to the maximum shear strain,
while the fatigue failure is the result of the combined action of the maximum shear
strain and the maximum normal stress. The damage diagram of the material is shown

as follows:
/ #@  normal

wyxk  tangential
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(1) BERFHERE: NEUHAFNZHRTTTERE

Determine the fatigue calculation model: multi—axial fatigue calculation model with shear
force as the main factor

BN EESRAHENZTANART XN RR

The formula of normal strain and maximum shear strain can be expressed as

follows: Vmax _ €17 & 18
— 8" =
2 2 2 (2)
_tI:I:I ymaxjjﬁ_j( B X\, € j]/%[l_.lr——h_; ' 82’ 83?‘]EA7\€EJ:E,\]}Z—£§]\EO
Where, v, 1s the maximum shear strain, g, is the normal strain, and g, &, ¢gare

the strain components in three directions.

SNTEMKRANNATERS, SIALGIEEKy, UE: (1-v)
—V)§

If the surface stress of the structure is plane 5 =(1+v)g &= > (3)
stress, the proportionality constant v is g
introduced, then:
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(1) BERFHERE: NEUHAFNZHRTTTERE

Determine the fatigue calculation model: multi—axial fatigue calculation model with shear
force as the main factor

ZIRFEINNELR, THERENNAINETREEA!

After considering the average stress modification, the traditional stress—strain equation
can be changed into:
o
Aymax + Agn = Cl f
2 2 E

“n(2N,) +C,e, (2N,)

(4)
KRHITERNARE. BAAREHHNIETRNUTE; USSR AITEERAEM, RIE
SENFBERE; FAAR (@) TEFTHHETRLENEFTER.

The basic process of fatigue calculation: Firstly, the dynamic stress calculation of
structural parts is carried out; Based on the calculation results of dynamic stress, the
dynamic stress history was extracted. Formula (4) was used to calculate the fatigue life
at each node of the parts.
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(2) AEAMEKER IR Bt RRM I %

Cumulative fatigue damage prediction method for Marine sea water pump
ZHEFITEE —MREBAEITNEEEHE TIERES T RGERNITE L, N TEFHEREXRR, KT
CAER[RITIERS, BFEAINTARNEAN: —EMRINEFHESE —REMNN-N TN EHRE. &
BRIEE. iR UARRHHEHRSER THRHBRRDT.

Multi—axis fatigue calculation is a calculation method that can effectively predict the damage
accumulation of structural parts under working conditions. For the fatigue simulation process,
besides CAE finite element model, two other inputs are needed: first, fatigue performance
parameters of materials; second, the time history of structural stress — strain. Then the damage

accumulation amatysis,is carried out under the ac faterial P e coupling load.
MEHEFE 23 Daaralmgeuteer \ optimizati
on

Multiaxial ;
) fatigue
S EEEA Load history |—» fatigue ‘ life \

analyvsi

¢§;§;§J e
Geometric optimizati

parameters < Ot
and technologvy

N/

NEZHETE
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(3) BARREREZES G RRTUN

Swing damage accumulation prediction of sea water

SRR RS T, BARBESRE— N RANGENEER
B, M= KRN EEEWANL, REHETRE
AR LA KRN T NS, BRTREKRENITE,
D AT EBKRAE SERRTS TRROEZ T2 WK,

When the ship is swinging, the sea water pump will
receive a swing excitation from the hull, which will
affect the reliability and durability of the sea water
pump. Therefore, it is necessary to carry out
reliability analysis of water pump under ship swinging
condition. Firstly, the stress calculation of sea water
pump is carried out, and the stress distribution of sea
water pump in pitch and roll state is calculated
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Calculation model of pump stress in ship
pitching
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Calculation model of pump stress in ship
roll
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BRFEMERE T, KELHARAVon-Misesiz 11 43.8MPa, BAE—EFN (A
H4.2MPa, R KE=F /1 H4.5MPa ([ 1])

The maximum Von-Mises stress, the maximum first principal stress (tensile stress) and
the maximum third principal stress (compressive stress) of the pump assembly were 3. 8MPa,

4. 2MPa and 4. 5MPa when the sea pump was in *thn. nitrhirns ctote, o o
(Avg: 75%) (Avg: 75%)
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Stress calculation results of water pump in pitch First principal stress
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BUCRIINFEIRET, BKEFREKRNERAVon-Misesiy 71 42.9MPa, s KE—F N (BN T])
HA3MPa, ;R RKE=FN 1 H3.1MPa ([E 1) , AN A1.99MPa,

The maximum Von—-Mises stress, the maximum first principal stress (tensile stress), the

maximum third principal stress (compressive stress) and the maximum shear stress of the sea
pump shell were 2.9MPa, 3MPa, 3. 1MPa and 1.99MPa under the condition of pitching.
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Calculation of pump shell stress under pitch Shell first principal stress Shell third principal
stress Shell maximum shear stress
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AR IEFIRS T, BIKEMERAVon-Misesiy 71 46.3MPa, sxAFE—EN (NN SI) A

3.4MPa E%j:’?ﬁii}?m H11MPa (R 77)

The maximum Von-Mises stress, the maximum first principal stress (tensile stress) and the
maximum third principal stress (compressive stress) of the sea pump were 6.3MPa, 3.4MPa and

11MPa under the rolling state. o s s T
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Stress calculation results of water pump in roll First principal stress
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The maximum Von—-Mises stress, the maximum first principal stress (tensile stress), the

maximum third principal stress (compressive stress) and the maximum shear stress of the sea
pump shell were 3.2MPa, 2.5MPa, 3.3MPa and 3. 5MPa under the rolling state.
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Calculation of pump shell stress under roll Shell first principal stress Shell third principal
stress Shell maximum shear stress
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Vibration damage accumulation prediction of sea water pump

RBUKRIREIN DTEER, FITRKRIRIE 17KF TR HE DT, BRI ITEKR
ERNMIRTS, FHRBMIELOXETE, BToTRFITE.

The vibration stress calculation results of the pump were extracted, and the fatigue performance
analysis of the pump under the vibration stress level was carried out. Firstly, the stress state of each
point of the sea water pump was analyzed, and the key plane at each position was solved for fatigue
calculation.

DITEEBKRAERIDRIE T N &ER T E LR Ax=107.6mm, y=131.9mm, z=57.6mm, AAFRESHA
BKEED (,HEP, XA KRKFE TR, YiAAB/KRERSE, 2408 KEME) , &ElkFENTA
[61423% (0.24,0.663,-0.701),

The analysis shows that the most dangerous plane coordinates of the sea water pump under vibration state
are x=107.6mm, y=131.9mm, z=57.6mm, and the origin of coordinates is the center of gravity of the sea water
pump (in which, X axis is the horizontal direction of the sea water pump, Y axis is the vertical direction of
the sea water pump, and 7 axis is the axial direction of the sea water pump). The direction cosine of the most
dangerous plane is 24 — 1
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Vibration damage accumulation prediction of sea
BRI, 7J<§f"<%1z|:9’aa%jz>‘£ra@jﬁal71.3mpa, RASN /1 H161.1MPa, IR /]
R A{E A57.2MPa, KZEFH —F 14162 MPa, E=F L /1 5157MPa,

Under the vibration condltlon, the maximum normal stress of the pump shell is 171. 3MPa,
the maximum shear stress is 161. 1MPa, the maximum average stress is b7.2MPa, the first
principal stress of the pump shell is 162MPa, the third principal stress is 157MPa.

S, Max. Principal S, Min. Principal
(Avg: 75%)
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First principal stress Third principal stress Maximum shear stress
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Vibration damage accumulation prediction of sea é%
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safety factor

LOGUfe-Repeats
(Avg: 75%)

The calculation results of fatigue safety factor and fatigue life %
of sea water pump are shown in the figure. The calculation results of §§
fatigue safety coefficient show that the minimum value of vibration
fatigue safety coefficient of the pump is 1.0, which appears at the
bolt mounting surface of the pump housing. The pump is still in the
safe range under the action of dynamic stress, and there is no risk
of fatigue failure. According to the logarithmic life calculation . , .

. . .. . . Fatigue life calculation results
results, the fatigue calculation shows that the minimum fatigue life (logarithmic 1ife)
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Damage accumulation prediction of sea water pump under vibration and swinging combined load
EREBRIRMNGEERT, KEFENRAEEN S A184.6MPa, AN 1 H191MPa, &
KFHRN F14570.7MPa, E—F N 5145194.4MPa, F£=F N }15158MPa,

Under the combined action of swing and vibration, the maximum normal stress of the pump

shell is 184.6MPa, the maximum shear stress is 191MPa, the maximum average stress is 70. 7MPa,
the first principal stress is 194 AMPa, the third principal streSSSBSW&58MP

147 4»5
140.00

cipal
( g 75%)
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First principal stress Third principal stress Maximum shear stress

The stress distribution nephogram of the dangerous section
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Comparison of damage accumulation calculation results of sea water pumps under different loads
1. BKRRF

RAZBEZEHEN, KRN DKFEHKRTE
REBNLEREIKRT2,;

RN, BEFEERBITEERE, K

When the sea water pump is only subjected to swinging load, the stress level of the pump has

little influence on the reliability of the pump. The calculation results of fatigue safety
coefficient show that the overall safety coefficient of the pump is greater than 2;

2. MKRARAZRFETH, KRIENIRIN DNKRAOTEEEZWRK, MTEERE, oISN
TERTKENEFTLZEREAL0, EHHEWI.I<I00K, SFREFXE;

When the sea water pump is only subjected to vibration load, the vibration stress during the
pump operation has a greater influence on the reliability of the pump. From the calculation

results, the fatigue safety factor of the pump under dynamic stress is 1.0, and the fatigue life
is 7.9x10% times, which is in the failure critical region;
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Comparison of damage accumulation calculation results of sea water pumps under different loads
3. EMMBEERKRERMENIERAT, KENEFRERBITEERHF09, BFFw16x109K, &
RIS .
Under the action of ship swinging and pump vibration at the same time, the calculated
fatigue safety factor of the pump is 0.9, the fatigue life is 1.6x10% times, and there is a

risk of failure.

RFHITHEER BEIA HRENFEREE TR

/Fatigue calculation result | /Swing condition | /Vibration condition | /Combined condition

R4 FZ ¥ /safety factor >2.0 1.0 0.9

& % Fap /fatigue life >107 7.9x106 1.6x1068
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ANRREIBRTHTGE, REDT T IASETVKRER. EESRRRNREG(ER
THIMADSHREREE. ERRE: PHEER. RIEAT, KRIUESLZERSDHA (KT)
2.0f01.0, MifERs). EEESRE N, EESRZERHAG0.9, RENARBEMHIESEE
THMERTNE fEiRE]D. IERSEEIIESIER.

In this study, the stress distribution and fatigue strength of Marine diesel pump under the
single and combined action of vibration and swinging load are systematically analyzed by finite
element method. The results show that the fatigue safety coefficients of the pump are (greater
than) 2.0 and 1.0 respectively under swinging and vibration loads, but only 0.9 under the
combined vibration and swinging loads, which indicates that the combined effects of vibration

and swinging loads should be considered in the fatigue strength evaluation of Marine diesel

engine accessories.
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Thanks for Listening!
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Thanks to Zhang Wei and Yan Ruidong for their important contributions in this
study!
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