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ABSTRACT

As an effective way of response evaluation in structural vibration analysis, the phase vector sum
(PVS) method used in shaft torsional vibration analysis is introduced. Basic relation of PVS
applicable to structural problem is derived and applied to Diesel engine structures. Concepts of
forced phase vector sum (FPVS) and significance level (SL) are proposed to visualize the correlation

between excitation orders and vibration modes in the SL map. The maximum responses and SL are
compared and reviewed to confirm the validity of the method. It is regarded FPVS is adequate to

newly evaluate the structural vibration based on excitation information.
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Fig. 2 Example showing PVS in shaft vibration
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Fig. 4 Typical force variation on engine structure
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Table 1 Classification of phase vector sum (SL)

Class S Resonance Evaluation
level
o . High level vibration
min ~ max operating - .
{ over 5 expected within operation
speed
range
min ~max operatin Significant level vibration
nol2s peraling) expected within operation
speed
range
0.571 of min Significant level vibration
il over 2 speed, expected outside operation
172 of max speed range
" Other cases No spec»al} attention
required
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Fig. 6 Finite element model for vibration analysis

Table 2 Specification of engines w8 F22Z Fig.7o)% A-engine o ™3] generator set

engine model 5H21/32 9H25/33 Fzo UEAH AF RESL AU diHez @4
engine name A-engine C-engine AAE generator setd] AFL AALFE e 6709 rigid
generator model |  HFC7 504-10P HFC7 636-8P body mode$t TZE AAe WL FWshe distortion
bore 210 mm 250 mm modeZ EHHCH [3]. AAREE 7 AXvRREY 74l
stroke 320 mm 330 mm F AAHD Wy Rus QA HA7], baseframes T2
speed 720 rpm 900 rpm component®] 74l ols] AuiEch EHA RE=ZA 7
Pmax 200 bar 200 bar Arce Hx e Wync HEY RSB AEYTH
power 800 KW 2610 kW
BMEP 24.1 bar 23.9 bar
firing order 1-2-4-5-3 1-3-5-7-9-8-6-4-2
engine weight 12,9 ton 25.4 ton
genset weight 22.1 ton 41.8 ton

(b) Distortion mode (Torsion, 79.0 Hz)

Fig. 5 Typical HIMSEN engine generator set Fig. 7 Modeshapes of genset structures (5H21/32)



Table 3 Natural frequencies of major modes (Hz)

model/mode 5H21/32 9H25/33
1st roll 4.65 4.65
1st pitch 6.04 6.38
bounce 8.21 7.87
yaw 8.95 8.66
2nd pitch 10.48 9.73
2nd roll 15.11 15.2
V-bending 69.1 29.8
H-bending 56.5 33.8
torsion 78.0 453

Fig8olls A7 ¥ Wgozn zt 7|78 A
ol3} z} m=o) #4715l phase vector sum (SL)2] X &
ANBHT Figd (a) 5H21/32029) A% 571% 979 &
A 253 53 717 AEY rolling moment7} 13} &
2 6% =9 roll modes}t ZH&3td PVS7E 2A UE:
WA pitch Fel9] 23 7]AY QRE 24 3 53 EE=9
pitch modedl] A3l Blmd & S RS 2H 7HAY
Fejst = Fele 2R 54 2 RYET Fig8 (b)
9H25/339] 7% 971F dWojm=z 453 AE9 rolling
moment7} AufHolojA] olg} RFgHE 13, 6314 roll
mode7t 2 UebdS AL & 4 X 0554 2 14 717
g ABo] 30 Hz o]At9] distortion modeol] 21-&3}ed wlm
A & PVSE uvehlled dil FRAQ mzo sRles
B} olad Fag PVS EL SL 30~609] o)lZ& gk
oz AA o> H4E TR gy 44 L3 g A3
of BEE. MAFojol 3= FEoIh ol B 7Y X
4 2 zeof dist PVSY gAly BXE B3l 54 7
o FHA EAS Yot AAH $Eg BIY & gloy
Aztet AF S A JMsAE vE wod £ e F
ol gith.

(a) PVS of 5H21/32 (A-engine)

(b) PVS of 9H25/33 (C-engine)

Fig. 8 Distribution of phase vector sum of two models

Fig.92 C-engined UlEQIMY e 89S S5
Zo| FHsl 28 Zolt}. 45 Hz F29 HEH HEo
dg e T gHol FEFo] vehe] 14 A&, 23
AEE Zzt Bl RedA BHES B 5= 9ok Table 390
E C-engined] B 714 Z%ol sl Atre SL ga AA
THE UEY F U ASAAY T4 £HE A vlns}
ek oAl SLel 4% AR AT §He) IA v
Ehim SLo| 58 {ow A HuxFe] HEX 4IE =
3= RS AF & Sith

Table 4o A-engineo] U SL7} 44 o) A5x4
Hn AFE AN A4 dAFH Bl BAE §U
g & Stk 53, neHe &3 99 ohx|t 2nd roll
modest F7138 GRS 253 AFEol FAHE BEE A
HREgk=d SLol 600 ©3hH oful oj&sHte Z HelAy
$HE 100 m/sE 33 vi$ & AFo2M PVSH
AA S A HVEE AF3o Fo

ols} #AstY F skA /KA4¥ FH}=A Fig. 109
A-enginedl] Wigt 358 $HASEE AuiEn 253 AHRo
735 2AH 500~1000 rpm &4 HHdAME 3] gl
Y (A4 FRAHL 363 mpm) A Fol AA 7 253 A
o] ZujHlH| phase vector sum ¥4 ajAE o2
H 3 $se] 7bd & Qloke doldh ol#g B¢t
28 9159 phase vector sumel$t 93} S92 B}
8 £ gl d7t HRen & PVS 3%e A% ®e Wy
o] di¥led FAIE £ gle HFR $% (non-resonant
response) FoE AME F9T 9o}

-387-



30

™~
o

Velocity (mm/s, rms)
=

Order 1.0

——— ower20

Orderd ¢

——f—— Order45
e OO 50

g Order 90

L

I/L’ sy )

1 L Il TG i SPETS
20 40 80 80 100

Frequency (Hz)

Fig. 9 Response of C-engine (BF V)

Table 3 Comparison of SL and responses (C-engine)

mode order fpvs actual response {mm/s, rms)
(SL) | Point 1 | Point 2 | Point 3 | Point 4
yaw 1st 3.1 5 [¢] 9 3
2nd pitch ist 4.4 2 3 3 5
2nd roll 1st 5.8 7 14 7 12
V-bending| 2nd 1.9 1 2 2 8
H-bending| 4th 5.0 20 3 35 6
4th 8.5 24 16 28 27
torsion 45th | 6.4 18 18 20 20
5.0th 5.9 15 10 19 18
Table 4 Comparison of SL and responses (A-engine)
mode order fovs actual response (mm/s, rms)
(SL) | Point 1 | Point 2 |Point 3] Point 4
Ist rolf | 0.5th | 5.1 30 8 21 9
2nd pitch 1st 8.0 1 16 1 22
2nd roll 1st 4.6 5 4 8 16
2nd roll | 2.5th [(61.3)] (117) | (100) | (125) | (117)
H-bending] 5th 2.1 5 1 17 9
torsion 5th 3.6 15 7 11 12
5.5th 2.1 9 4 6 7
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Fig. 10 Response of A-engine (gen top H)
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