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Case Study 39: Pump 
Vibration due to 

Reciprocating Engine 
Balance Gear Issue 

S E B A S T I A N  A N A K  S I D I  
P E T R O N A S  C A R I G A L I  S D N  B H D

K H A I R U L  F A T A  B  A H M A D  A S N A W I  
P E T R O N A S  C A R I G A L I  S D N  B H D

Open



PRESENTER BIOS:

K h a i r u l  Fa ta  b  A h m a d  A s n a w i  - P r i n c i p a l ,  Ro ta t i n g  
M a c h i n e r y
P E T R O N A S C a r i ga l i S d n B h d

K h a i r u l  Fa t a  i s  P r i n c i p a l ,  Ro t a t i n g  M a c h i n e r y  i n  P E T R O N A S  
w i t h  1 7  y e a rs  ex p e r i e n c e  i n  o p e ra t i o n ,  m a i n t e n a n c e  a n d  
p ro j e c t  d e l i ve r y.  H e  o ve rs e e  t e c h n i c a l  a s p e c t  a t  u p st re a m  
a n d  d o w n st re a m  s e g m e n t  w i t h i n  o rga n i za t i o n .  

S e b a s t i a n S i d i – Ro ta t i n g M a c h i n e r y E n g i n e e r
P E T R O N A S C a r i ga l i S d n B h d

S e b a st i a n i s a ro ta t i n g m a c h i n e r y e n g i n e e r, w i t h 1 1
y e a rs ex p e r i e n c e i n o p e ra t i o n a n d m a i n t e n a n c e .
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ABSTRACT
T h i s p a p e r p re s e n t s t h e e f fe c t o f b a l a n c e ge a r o n a
re c i p ro c at i n g e n g i n e w h i c h d r i ve t h e c r u d e o i l t ra n s fe r p u m p
t h a t h a d ex p e r i e n c e d v i b ra t i o n a t o n e o f t h e o f f s h o r e
p l a t fo r m i n M a l ay s i a .

B a s e d o n t h i s c a s e , i t i s i m p e ra t i ve t o u n d e rst a n d m o re o n
t h e re c i p ro c a t i n g e n g i n e v i b ra t i o n b e h av i o r e s p e c i a l l y t h o s e
re l a t e d t o t h e b a l a n c e ge a r p o s i t i o n i n g . T h e b a l a n c e ge a r i s
a c r i t i ca l c o m p o n e nt t h a t m u st b e f i t t e d r i g ht a t t h e f i r s t
i n s t a l l a t i o n . D u e t o t h e ra r i t y o f re q u i re m e n t fo r b a l a n c e
ge a r a d j u s t m e n t s , t h e re a re ga p s i n t e r m o f ex p e r i e n c e a n d
ex p o s u re o f t h e o p e ra t o rs w i t h re ga rd s t o t h e m a i n t e n a n c e
o f t h i s c o m p o n e n t . H e n c e , t h i s p a p e r a d d re s s e s t h e ga p .
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INTRODUCTION
P u m p

H o r i zo n t a l  M u l t i s t a ge  
C e n t r i f u ga l  P u m p

3 5 6 0  R P M  ra t e d  s p e e d

C r u d e  O i l  P u m p i n g ,  2 2 0  G P M

D r i ve  S h a f t  

F l ex i b l e  C o u p l i n g

G e a r b ox

3 . 0 2 8 : 1  ra t i o

I n p u t  S p e e d  1 2 0 0  R P M

E n g i n e

8 - c y l i n d e r,  N a t u ra l  A s p i ra t e d  
G a s  E n g i n e

1 2 0 0  R P M
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PROBLEM STATEMENT
• S i g n i f i c a nt h i g h

v i b ra t i o n a c ro s s
e n g i n e , G B a n d
p u m p a s s e m b l y
p o st e n g i n e
m a j o r o ve r h a u l
a n d ra d i a t o r fa n
re p l a c e m e nt
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Point Description Point ID 14/10/15 Unit

Engine Outboard
Hori 6.43 mm/s RMS
Vert. 10.73 mm/s RMS
Axial 2.87 mm/s RMS

Engine Inboard
Hori 7.95 mm/s RMS
Vert. 11.90 mm/s RMS
Axial 3.65 mm/s RMS

Low Speed Gear DE
Hori 6.65 mm/s RMS
Vert. 7.30 mm/s RMS
Axial 7.47 mm/s RMS

Low Speed Gear NDE
Hori 8.06 mm/s RMS
Vert. 6.53 mm/s RMS
Axial 10.8 mm/s RMS

High Speed Gear NDE
Hori 7.61 mm/s RMS

Vert. 7.63 mm/s RMS
Axial 7.04 mm/s RMS

High Speed Gear DE 

Hori 7.68 mm/s RMS
Vert. 6.68 mm/s RMS
Axial 8.04 mm/s RMS

Pump DE 
Hori 3.29 mm/s RMS
Vert. 4.12 mm/s RMS
Axial 3.31 mm/s RMS

Pump NDE
Hori 5.99 mm/s RMS
Vert. 2.28 mm/s RMS
Axial 5.58 mm/s RMS

Engine Speed 900 RPM



DATA REVIEW

S p e c t r u m
o b s e r ve d h i g h
a m p l i t u d e o f
2 X T S a t b o t h
d i re c t i o n D E a n d
N D E p o i n t s
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DATA REVIEW

S p e c t r u m  
o b s e r ve d  2 X  
a n d  4 X  
d o m i n a n t  
p e a k s  
c o r re s p o n d  t o  
E n g i n e  
r u n n i n g  s p e e d
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DATA REVIEW
• B a s e d o n d a t a a c q u i s i t i o n , v i b ra t i o n i n c re a s e s i g n i f i c a n t l y w h e n

s p e e d re a c h e d 8 5 0 r p m a n d a b o ve . A m p l i t u d e d i f fe r e n c e s h o w
m o re t h a n t w i c e i n c re m e n t .

• S u s p e c t e d e n g i n e u n b a l a n c e w h i c h c re a te h i g h v i b ra t i o n o n
e n g i n e a n d t ra n s m i t t e d to a l l re l a t e d c o m p o n e n t i n c l u d i n g
ra d i a t o r fa n , ge a r b ox a n d p u m p
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FAILURE ANALYSIS CHART

High vibration 
observed across 

engine, GB, pump 
and radiator fan, 
with dominant 

peak at 2X. 

Cylinder related 
issues

Compression check and 
exhaust temperature 

within limit, spark plug 
replaced

Radiator fan in-
balance

Fan was recently 
refurbished

Alignment Check 
for pump to 

GB/GB to 
engine/radiator 

fan 

Alignment check done. 
No abnormalities found

Suspect blockage 
of engine exhaust

Check exhaust 
parameters and visually 
check for blockage. No 

abnormalities 

Engine mounting 
loose

All bolts secured and 
torqued

Balancer gear out 
of position

Installed as per marking. 
Marking was accurate, as 

per factory

Recheck position of spare 
engine balance gear at 

workshop and notice the 
new balance gear is off 

position by 4 teeth. Proceed 
to replace accordingly

Issue resolved
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INSPECTION AND FINDINGS

T h e b a l a n c e ge a r a c t a s a c o u n t e r - fo rc e to t h e u n b a l a n c e
fo rc e s p ro d u c e b y e n g i n e d u r i n g ro t a t i o n , w h i c h re s u l t s i n
b a l a n c e d e n g i n e . T h e b a l a n c e ge a r i s i n s t a l l e d a s p e r
m a r k i n g , i n t h i s c a s e , a s p e r fa c t o r y m a r k i n g . Fa i l u re to t a ke
n o t e o n t h e a s fo u n d p o s i t i o n o f t h e g e a r l e a d t o t h i s
c o m m o n m i st a ke , e s p e c i a l l y o n wo r k s e l d o m d o n e , s i n c e
re p l a c e m e n t o f b a l a n c e ge a r o n l y h a p p e n s d u r i n g m a j o r
o ve r h a u l .
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Resolution and Final Vibration 
Results
Point Description Point ID 14/10/15 24/05/2016 Unit

Engine Outboard

Hori 6.43 2.10 mm/s RMS
Vert. 10.73 1.16 mm/s RMS
Axial 2.87 1.32 mm/s RMS

Engine Inboard
Hori 7.95 1.89 mm/s RMS
Vert. 11.90 1.41 mm/s RMS
Axial 3.65 1.17 mm/s RMS

Low Speed Gear DE
Hori 6.65 4.43 mm/s RMS
Vert. 7.30 2.34 mm/s RMS
Axial 7.47 3.54 mm/s RMS

Low Speed Gear NDE

Hori 8.06 4.06 mm/s RMS
Vert. 6.53 1.23 mm/s RMS
Axial 10.8 2.80 mm/s RMS

High Speed Gear NDE
Hori 7.61 3.89 mm/s RMS

Vert. 7.63 2.21 mm/s RMS
Axial 7.04 2.95 mm/s RMS

High Speed Gear DE 
Hori 7.68 4.09 mm/s RMS
Vert. 6.68 1.47 mm/s RMS
Axial 8.04 2.22 mm/s RMS

Pump DE 

Hori 3.29 1.51 mm/s RMS
Vert. 4.12 1.19 mm/s RMS
Axial 3.31 0.74 mm/s RMS

Pump NDE
Hori 5.99 2.43 mm/s RMS
Vert. 2.28 1.20 mm/s RMS
Axial 5.58 0.92 mm/s RMS

Engine Speed 900 850 RPM

T h e  b a l a n c e  ge a r  w a s  
re p l a c e d  a n d  
i n s t a l l e d  a s  p e r  t h e  
c o r re c t  p o s i t i o n

S i g n i f i c a n t  re d u c t i o n  
i n  v i b ra t i o n  o b s e r ve d  
a c ro s s  t h e  e n g i n e ,  G B  
a n d  p u m p  
a s s e m b l i e s .
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Lessons Learned

• In i t ia l spectrum analys is does indicate unbalance
force , introduced by the engine which in turn affect
the whole assembly. Th is has narrow down the scope
of troubleshoot ing

• As found pos i t ion of the ba lancer gear is important to
be noted dur ing disassembly process . Factory mark ing
might be inaccurate and might induce v ibrat ion post
eng ine overhaul .
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THANK YOU!
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