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Problem :

• S e i z u re o f t w o m ul t i s t a g e p um p s du r i ng p e r f o r m a nc e
t e st c a u s e d b y c o at i ng d et a c h m e nt f ro m t h e w e a r
s u r f a c e s .

Object ive :
• D e te r m i n e r o o t ca u s e o f u n e x p e c te d fa i l u r e

• P r o p o s e s o l u t i o n

• L e a r n l e s s o n s

Case study
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• A P I 6 1 0 B B 5 p u m p s

• A p p l i cat i o n : P r o d u c e d w ate r i n j e c t i o n

P u m p  1 P u m p  2
S ta ge s  n u m b e r 7 8
S p e e d 3 5 8 3  r p m 3 5 8 3  r p m

R ate d  ca p a c i t y 2 9 . 5  m 3/ h
( 1 2 9 . 7  U S g p m )

3 0  m 3/ h
( 1 3 2 . 5  U S g p m )

R ate d  h e a d 1 1 5 6  m
( 3 7 9 2  f t )

1 4 1 1  m
( 4 6 2 9  f t )

Fo r t h e s a ke o f b rev i t y, d i s c u s s i o n f o c u s es o n p um p 2
( 8 st a g e s ) . S i m i l a r c o n s i d e rat i o n s a p p l y t o p u m p 1 .

Pump service and specs
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• Unshrouded impellers – no front wear rings, vaned diffuser
• D2 impeller / Dshaft = 4.9
• Wear components c l e a r a n c e :

Interstage sleeve: API
Balancing drum: 75% API

Coating:
• Process: H i g h  Ve l o c i t y  Ox y - F u e l  ( H V O F )
• M ate r i a l :  C o l m o n o y  6  – H a r d n e s s : 6 0  H R C
• C o ate d  co m p o n e nt s :

I n t e r s t a g e  s l e e v e  ( r o t a t i n g )  a n d  i n t e r s t a g e  b u s h  ( s t a t i o n a r y )
B a l a n c i n g  d r u m  ( r o t a t i n g )  a n d  b a l a n c i n g  d r u m  s t a t o r  ( s t a t i o n a r y )

Pump 2 design
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Components damaged
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• A l l p o te nt i a l fa i l u r e ca u s e s i d e nt i f i e d

• A l l p o s s i b l e co nt r i b u to r s to t h e fa i l u r e i nv e st i gate d

R a n k i n g :

• D I S C A R D E D : n o i nf l u e n c e o n t h e fa i l u r e

• E VA LUAT E D : p o s s i b l e ca u s e o f fa i l u r e , a n a l y ze d m o r e in
d e ta i l s w i t h m o d e l ca l c u l a t i o n s o r te st .

Root Cause Analysis (RCA)
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C a t e g o r y E v e n t R a n k i n g

H y d r a u l i c  d e s i g n E r r o n e o u s  h y d r a u l i c  d e s i g n D I S C A R D E D
Tu r b u l e n c e  i s s u e s D I S C A R D E D

M e c h a n i c a l  d e s i g n E r r o n e o u s  c l e a r a n c e s D I S C A R D E D
E r r o n e o u s  r o t o d y n a m i c  a n a l y s i s D I S C A R D E D

M e t a l l u r g y

E r r o n e o u s  b a s e  m a t e r i a l  s e l e c t i o n
( I n c o l l o y 8 2 5 )

D I S C A R D E D

E r r o n e o u s  o v e r l a y  m a t e r i a l  s e l e c t i o n
( C o l m o n o y  6 )

E V A L U AT E D

M a n u f a c t u r i n g  o f
c o m p o n e n t s

E r r o n e o u s  m a n u f a c t u r i n g  o f  b a s e
c o m p o n e n t s

D I S C A R D E D

O v e r l a y  p r o c e s s

E r r o n e o u s  p r o c e s s  s e l e c t i o n  ( t h e r m a l
s p r a y  V s  w e l d i n g )

E V A L U AT E D

D e f e c t i v e  c o a t i n g  e x e c u t i o n E V A L U AT E D
D e f e c t i v e  i n t e r p r e t a t i o n  o f  d r a w i n g E V A L U AT E D

A s s e m b l y

E r r o n e o u s  r o t o r  b a l a n c i n g D I S C A R D E D
E r r o n e o u s  p u m p  a s s e m b l y D I S C A R D E D
E r r o n e o u s  f i n a l  r o t o r  c e n t e r i n g D I S C A R D E D
A c c i d e n t a l  f o r e i g n  m a t e r i a l
c o n t a m i n a t i o n

D I S C A R D E D

Te s t i n g E r r o n e o u s  p a r a m e t e r  s e t t i n g D I S C A R D E D
S u m p  w a t e r  c o n t a m i n a t i o n D I S C A R D E D
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A f t e r r u n ni n g : s i g n s o f a b ra s i o n a n d a d h e s i v e
d e l a m i n at i o n a re p re s e nt o n t h e c o at e d c o m p o n e nt s

Po s s i b l e ca u s e s :

• s h e a r st r e s s co n c e nt rat i o n g r oo v e d d e s i g n o n
i nte r sta ge b u s h e s

• p r e s e n c e o f m i c r o d e fe c t s i n t h e co at i n g st r u c t u r e

• L o w e r s u b st rate b o n d st r e n gt h o f H V O F co at i n g

Re fe rence : R . Ahmed, Contac t fa t i gue fa i l u re modes o f
HVOF coat ings . Wear 253 (2002) , 473 -487

Investigation – Coating process
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T h e r m a l s p ray - H i g h Ve l o c i t y Ox y - F u e l ( H V O F )

C o at i n g m ate r i a l : C o l m o n o y 6

Pe r fo r m e d stat i o n a r y te st o n s a m p l e s :

• M i c r o g ra p h i c e xa m i n at i o n
• B e n d te st
• A d h e r e n c e te st

C o at i n g p ro c e s s p e r f o r m e d c o r re c t l y

S at i s fa c to r y r e s u l t s

Investigation – Coating process

B E N D I N G A D H E R E N C EM I C R O G R A P H Y
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Ro to r stat i c s t u d y i n d i cate s n o to u c h d u e to s h af t d e f l e c t i o n

Investigation – Shaft deflection
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U n d a m p e d ( d r y ) l a te ra l a n a l y s i s : f i r s t d r y be n d i n g m o d e ( 1 , 6 7 1 r p m )
l o w e r t h a n 1 . 2 x p u m p r u n n i n g s p e e d ( 3 , 5 8 3 r p m )

Ro t o r n o t c l a s s i c a l l y s t i f f
C a m p b e l l d i a g r a m – D r y P u m p m o d e s

1,671 rpm

3,583 rpm (1X)

Investigation – Rotordynamics
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S c o p e : inv e st i gate t h e p r e s e n c e o f co nta c t b e t w e e n w e ar
co m p o n e nt s a n d t h e i r l i ke l y i n f l u e n c e o n t h e p u m p s e i z u r e

I N T E R S T A G E  S L E E V E

Te m p o ra r y w e a r co m p o n e nt s :
• n o n - ga l l i n g  m ate r i a l  -

b r o n ze /ste e l  ( w i t h o u t  co at i n g )
• a c t u a l  ge o m e t r y  w i t h  g r o o v e s

( i nte r sta ge  b u s h  a n d  b a l a n c i n g
d r u m )

R e s u l t s :
• N o s e i z u r e
• S i g n s  o f  co nta c t  o n  t h e

w e a r  s u r fa c e s

Investigation – Shop test
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Fa i l u re c a u s e d b y a c o m b i n at i o n o f t w o m a i n f a c t o rs :

• S h e a r st r e s s co n c e nt rat i o n o n i nte r sta ge s l e e v e s d u e to
g r o o v i n g d e s i g n o f p a i r e d s u r fa c e s

• I n s u f f i c i e nt m e ta l b o n d i n g o f t h e co at i n g o n w e a r s u r fa c e

E n h a n c e d b y t h e n e g at i v e ef fe c t s o f

• P u m p h i g h r o tat i o n a l s p e e d

• N o n - st i f f o r f l e x i b l e r o to r

• I n c r e a s e d r o to r d i s p l ac e m e nt d u r i n g f i r s t s e co n d s o f sta r t - u p
d u e to t h e a b s e n c e o f L o m a k i n e f fe c t ( d r y p u m p )

• Tra n s i e nt e f fe c t s d u e to f l o w r e g u l at i o n

RCA conclusions
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R e d u c e s h e a r st re s s c o n c e nt rat i o n
i n te r s ta ge b u s h d e s i g n c h a n ge d f r o m g r o o v e d to f l a t
i n a l l s ta ge s

O p t i m i ze c o at i n g t o i n c re a s e i t s s u b st rat e b o n d st re n g t h a n d we a r
re s i s t a n c e

c h a n ge co at i n g p r o c e s s f r o m t h e r m a l s p ray ( H V O F ) to
w e l d i n g

D i f fe re nt h a rd n e s s fo r t h e m at i n g s u r fa c e s ( s t at o r a n d rot o r
c o m p o n e nt s )

O l d m at e r i a l : C o l m o n o y 6 ( r o t . a n d stat . ) - h a r d n e s s 6 0 H R C
N e w m at e r i a l :

o S te l l i te 1 2 ( r o tat i n g ) – h a r d n e s s 5 9 - 6 0 H R C
o S te l l i te 6 ( s tat i o n a r y ) – h a r d n e s s 4 3 - 5 4 H R C

Proposed solution
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Va l i d at i o n t e st pe r f o r m e d w i t h f i na l c om p o n e nt s to
d e m o n st rat e t h e s u i t a b i l i t y o f p ro p o s e d s o l ut i o n a n d to
v a l i d at e t h e p um p ro t o d y n a m i c b e h av i or w i t h t h e u ni f o rm
s u r f a c e i nt e rst a g e b u s h i n g s .

Results:
• P u m p r u n s w i t h o u t m e c h a n i ca l i s s u e s

• Pe r fo r m a n c e r e s u l t s : s at i s fa c to r y

• V i s u a l i n s p e c t i o n af te r te st : p e r s i s t i n g m i n o r s i g n s o f co nta c t
i n r o tat i n g w e a r s u r fa c e s

Design change investigation
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UP DOWN

Visual inspection: Balance drum stat.

SIGNS OF CONTACT
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0 deg 180 deg

SIGNS OF CONTACT

Visual inspection: Balancing drum
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UP DOWN

Visual inspection: Interstage bush

SIGNS OF CONTACT
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Visual inspection: Interstage sleeve

180 deg0 deg

SIGNS OF CONTACT
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• Fa i l u r e ca u s e d b y t he i nte r p l ay b e tw e e n t h e r o to r d y n a m i c
b e h av i o r o f t h e r o to r a n d t h e o r i g i n a l gr oo v e d d e s i g n o f t h e
i nte r sta ge b u s h i n g s .

• S o l u t i o n i nv o l v e s a ch a n ge o f t h e o v e r l ay p r o c e s s a n d d e s i g n
m o d i f i cat i o n o f t h e w e a r co m p o n e nt s .

• We l d e d co at i n g i s a c o n s o l i d ate d p r o c e s s , l a r ge l y u s e d i n t h e
p a st i n s i m i l a r p u m p s .

• S o l u t i o n v a l i d at e d w i t h t e st w i t h f i n a l c o m p o n e nt s :

M o d i f i e d d e s i g n : f l at s u r f a c e s

C o at i n g : P TA S t e l l i t e 6 / 1 2

Conclusions
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• T h e r m a l s p ray ( H V O F ) co at i n g h a s a l i m i te d s u b st rate b o n d
st r e n gt h w h e n s u b j e c te d to s h e a r st r e s s co n c e nt rat i o n .

• G r o o v e d s u r fa c e s ca u s e a s h e ar st r e s s co nc e nt rat i o n o n t h e
co m p o n e nt s u n d e r go i n g w e a r.

• T h e s u r fa c e s ’ co at i n g p r o c e s s s h o u l d b e ca r e f u l l y s e l e c te d
co n s i d e r i n g t h e p u m p c h a ra c te r i s t i c s ( s p e e d , w e ar s ur fa c e s
ge o m e t r y )

• I n m u l t i s ta ge p u m p s w i t h f l e x i b l e s h af t , m i n o r co nta c t i s
e x p e c te d d u r i n g t ra n s i e nt o p e rat i o n s

Lesson learned
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