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ABSTRACT

Squeeze Film Dampers (SFDs) are effective means to ameliorate 

rotor vibration amplitudes and to suppress instabilities in rotor -

bearing systems. A SFD is not an off -the-shelf mechanical 

element but tailored to a particular rotor -bearing system as its 

design must satisfy a desired damping ratio; if too low, the 

damper is ineffective, whereas if damping is too large, the SFD 

may lock thus aggravating the system response. In many cases, 

SFDs are also employed to control the placement of (rigid body) 

critical speeds, hence displacing the machine operation into a 

speed range ensuring an effective structural isolation.  

Industry demands engineered SFDs with a low footprint to reduce 

cost, maintenance, weight, and space while pushing for higher 

operating shaft speeds to increase power output. 
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Learning objectives
The tutorial reviews the way SFDs produce viscous dissipation 

and fluid inertia forces that aid to reduce the amplitude of rotor 

vibrations. The knowledge extends to describe modern predictive 

tools vis a vis test data, a discussion on pervasive air ingestion 

at high squeeze velocities, and an effective selection of end seals 

to increase damping in a short physical space.

Pressing questions on the design and operation of SFDs 

and Integral SFDs are answered.



Learning Outcomes: the tutorial answers
(a) Is damping  always  desired?  Is physical  damping  the same as a damping  

ratio . Which  one is  important?

(b) Is a SFD a journal  bearings  that  does  not  spin?  

(c) How come  SFDs do not  have a stiffness  (static  centering  ability)?  Why do 

SFDs produce  a significant  virtual  mass?  

(d) How much  more  damping  is  available  if  the damper  has end seals?  Are  

piston  rings  better  than  o-rings ? Which  type  to select?  

(e) Does the amplitude  of  rotor  whirl  motions  affect  the SFD force  

coefficients?  

(f) Is air  ingestion  a persistent  issue  with  SFDs, open  ends  or  sealed  ends?  

Tell  me how to quantify  the amount  of  gas ingested  in  actual  operation .

(g) How do predictions  from  classical  and modern  SFD models  correlate  with  

the experimental  record?  

(h) How do Integral  SFDs work?  Are ISFDs being  used?
5
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Why and when are 

dampers needed?
Do I really need to know this stuff?
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Common problems in rotordynamics  

Improve balancing.

Modify rotor -bearing systems: tune system 

critical speeds out of RPM operating range.

Introduce damping to limit peak amplitudes 

at critical speeds that must be traversed.  

1. Excessive steady state synchronous vibration levels:

2. Subharmonic rotor instabilities

Eliminate an instability mechanism, for example 

change bearing design if oil whip is present.

Rise natural frequency of rotor system as much 

as possible. 

Introduce damping to increase the onset rotor 

speed above the operating speed range.  

SFDs

SFDs

w/o SFD

w SFD



Squeeze Film Dampers ( SFDs)

SFDs reduce rotor vibrations, alleviate 

system instabilities, and provide 

mechanical isolation.

Too little damping  may not be enough 

to reduce vibrations .

Too much damping  may lock damper & 

will degrade system performance . 

Lubricant

film

Shaft

Ball bearing

Anti-rotation 

pin

Journal

Housing

In a SFD, the journal whirls but does not 

spin . The lubricant film is squeezed 

due to rotor motions, and fluid film 

(damping) forces are generated

8



SFD typical configurations

 

w 

housing 

journal 

lubricant 
film 

shaft 

anti-rotation 
pin 

ball 
bearing 

Feed

groove

oil inlet

end 

seal

Discharge

groove

Lubricant film 

c

dSFD with elastic cageb

SFD with anti -rotation pina

(c)   with a supply groove & open ends

(d)   with a supply hole & end seals
9

(e) Integral SFD



10

History helps
Must I know this stuff?
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Brief history of SFDs
Parsons  (1889)  

Discloses  first  use of  a SFD in first  

modern -day steam  turbine . 

Cooper  (1963)  

Rolls  Royce  engineer  tests  the performance  of  

a jet  engine  with  a SFD. 

Since  the 1970s, SFDs are essential  

components  in  aircraft  engines  and high - 

pressure  centrifugal  compressors .

1963



12

Zeidan  et al. (1996)  

Discuss  issues  for  SFD integration  into  

turbomachinery :  oil  cavitation  vs. air  

ingestion  and fluid  inertia  effects .

Test  open  and sealed  ends  SFDs Ą an 

optimized  damper  reduces  rotor  imbalance  

response  and increases  its  stability .

Kuzdal  and Hustak  (1996)  

Brief history of SFDs (Turbomachinery Symp. )

SFDs: A Further Experimental Appraisal of 

their Dynamic Performance,  
https://doi.org/10.21423/R1BC7T   

San Andres  et al. (2016)  

https://doi.org/10.21423/R1BC7T


SFD applications
Jet engines with rolling element bearings:  
a) Reduce synchronous peak amplitudes.

b) Limit  peak amplitudes at critical speeds. 

c) Isolate structural components (lower 

transmissibility) .

d) Provide  a margin of safety for blade loss.

Hydrocarbon compressors & steam turbines

a) Stabilize  a unit by introducing damping and reducing cross -coupled 

effect of seals, hydrodynamic bearings, etc.

b) Enhance  the limited damping available from tilting pad bearings . 

Other benefits of SFDs  on rotordynamic performance:

Å Tolerance to larger rotor motions * Simpler alignment

Å Reduced balancing requirements * Less mount fatigue 13



How does viscous 

damping affect the 

response of a mechanical 

system?
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M

F=Muw2

X(t)

SEP

K C

Start with the basics!
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Me

F(t)

X(t)

SEP

Ke Ce

1DOF spring -damper -mass system 

System response defined by 

natural frequency (fn) &

damping ratio (z)
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Damping  helps only when rotor traverses a critical 

speed (natural frequency=fn) but increases force 

transmissibility for operation above 1.44 fn

Equation of motion (EOM)
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M

F=Muw2

X(t)

K C

2 DOF K-C-M system : rotor on flexible supports 

Excessive damping LOCKS 

supports and increases 

system response.

More complicated response. Damping helps only when 

rotor traverses a critical speed (natural frequency=fn1 

and fn2) but increases force transmissibility.  
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The amount of damping needed is critical. 

SFDs fundamental design consideration

SFDs must be designed with consideration of the entire 

rotor -bearing system.

If damping is too large  the SFD acts as a rigid 

constraint to the rotor-bearing system with large forces 

transmitted to the supporting structure. 

If damping is too low , the damper is ineffective 

and likely allows large amplitude vibratory motion at both 

synchronous and sub harmonic frequencies.

Physical damping is not as important as

the system damping ratio! 2
z= =

crit

C C
C K M
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A typical SFD application in a compressor

Å A compressor vibrates ++ at its 1 st forward mode.  

Bearings cannot help since they are placed at 

mode -nodal locations.

Rotor 1 st forward mode w/o SFD

Rotor 1 st mode 

with  SFD

w/o damper

w/ damper

Besides adding 

damping, dampers 

are used to control 

the placement of 

(first) critical 

speed.
2015 Ertas  et al., J. Eng. for Gas Turb . Pwr

Å SFD elastic supports are soft Ą drop the system 

natural frequency and increase the effective 

damping ratio.

Å Rotor motions greatly reduce while passing the 

(low) critical speed.  Subsynchronous vibrations at 

the first forward mode eliminated.
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Spakovszky. Z., 2021, ñInstabilities Everywhere! Hard Problems in Aero-Engines.ò ASME Paper GT2021-60864

Bearings in modern aircraft

Legacy

Advanced

Slender & 

longer rotors 

demand 

more bearing 

supports. 4-6 

SFDs are 

common.
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Typical journal motions
How is the squeeze film dynamic pressure 

generated?

20

X

Y

X

Y



Single frequency excitation 

SFDs work only if shaft moves!

Squeeze film

rotor

Multiple 

frequency 

excitation 

LP shaft

HP shaft

Aircraft two spool rotor

21
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Typical journal motions & film pressures



Imbalance response analysis:  
SFD forces for circular centered whirl orbits 

(synchronous frequency) ï finite size orbit

Rotordynamic eigenvalue or& 

stability analysis :
SFD force coefficients for small -amplitude journal 

motions  about a static (equilibrium) position.

Time transient response  analysis of rotor-bearing 

response. (ab)use in academic studies; nowadays too common with 

fast computing machines.

SFD models for forced response

\omega 

Anti -rotation pin Feedhole

Squeeze film

Rotor

Ball Bearing

Journal

Bearing cartridge

O-ring seal

Industry  still  relies  on analyses  that  models  SFDs as a 

simple  version  of  a hydrodynamic  journal  bearing . 23



Rotordynamics models   the SFD reaction force 
F={FX,FY}T

 with constant force coefficients Ą 
damping C & inertia  M. 

( )t- +F =Cz M z rotor (journal) displacement 

about static position (e).

z={x,y}T

X

SFD forces and force coefficients

24

X XX XY XX XY

Y YX YY XY YY

F C C M Mx x

F C C M My y

ë û è ø è øë û ë û
- = +ì ü ì ü ì üé ù é ù

í ý í ýí ý ê ú ê ú

SFDs cannot generate a (static) stiffness K 

Y

Function of damper
Length L,

Diameter D,

Clearance c,

Orbit radius r,

Viscosity  m,

Density  r
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Practical SFDs implement (use) 

end seals to amplify damping in a 

short (length) physical space.

Letôs introduce END SEALS. 



26

Compressors use

O-rings, and 

commercial jet 

engines use piston 

rings.

O-ring issues:
Special groove 

machining,

Material 

compatibility,

Add viscoelastic 

effect.

Piston ring issues:
Cocking and locking

Slits ï leak too much

Design is highly empirical , except for end plate seals .

Types of end seals for SFDs
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The higher the seal resistance to flow, the larger the film 

pressures (and reaction forces), hence  ++  damping

Flow models for end seals

 31
~

12

end
end seal end seal

seal

P b
q C P C

R lm

å õD
= = D « æ öæ ö

ç ÷

Model NOT good for PRs!

Flow resistance =1/flow 

conductance Ą R=1/C 
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But lubricant in SFDs does 

cavitate, and end seals do not 

always prevent air ingestion!
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Detour 1

I am confused..! 

what is lubricant  cavitation?

what is air ingestion? 
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Oil cavitation vs. air 

ingestion & entrapment
Are there any differences? 



Ps
*

Oil cavitation in journal bearings

Absolute

zero 

pressure

Negative pressure

(fluid in tension)

Fluid vapor

pressure

ambient

pressure

Generation of (+) hydrodynamic pressure

Fluid vapor liberated

Dissolved gases liberated 

(1-5% in volume)
Gaseous 

Cavitation

Vapor cavitation

Pressure

31

Pressure is uniform (constant) inside cavitation ñbubbleò ï Flow 

reforms at trailing edge of bubble.
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SFD basics



Piston ring

Feed hole

PR slit

Feed hole

Squeeze film

Flow field in a SFD for 

aircraft engine

Oil feed: 30 psi (2 bar)

100 Hz whirl frequency 



Air  ingestion  and entrapment :

as local gap opens, air  is  

drawn  to fill in the empty 

volume (void). 

Lubricant  vapor  cavitation : A 

constant  pressure  zone at nearly zero 

absolute pressure.

Gas cavitation : Cavitation zone, 

contains released dissolved  gas in 

lubricant and appears steady in a rotating 

frame. 

Lubricant cavitation vs. air ingestion in SFDs

34
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The experimental 

record & analysis

The work since 2016!

shaker X
shaker Y

Static loader

SFD

base

support rods

Static loader

X

Y

shaker X
shaker Y

Static loader

SFD

base

support rods

Static loader

X

Y



SFD test rig

SFD test 

bearing

2 electro magnetic -shakers (2 kN ~ 550 lb f)

Static loader (4 kN ~ 1 klbf ) at 45°

Customizable SFD test bearing  

Static loader

Shaker in X 

direction 

Shaker in Y 

direction 

Top view

36

Built  & operated  by Turbo  

Lab students



Lubricant flow path

in

Oil 

inlet

37



Short length damper ( L/D=0.2, D/c=340)

Journal diameter, D 127 mm (5 inch)

Axial film land length, L 25.4 mm (1 inch)

Radial clearance, c 0.373 mm (15 mil)

Feedhole diameter, fin 2.5 mm (1/10 inch) 

angular location, qin 45o, 165o, 285o

OR-SFD Discharge hole diameter, fexit 1.0 mm (40 mil)

hole location, qexit 240o

PR-SFD  slit location, qslit 345o

Y

X
ɗ=0Á

ɗ=90Á
Static Loader 

ɗ=45°
Feedholes

Discharge tube

ɗ=240°

Y

X
ɗ=0Á

ɗ=90Á
Feedholes

PR slit

ɗ=345o

PR-SFD

OR-SFD

38

ISO VG 2 oil Oil inlet temperature Ts = 23 oC (74 F)

Density ɟ = 800 kg/m 3

Viscosity ɛ at Ts= 2.7 cPoise

Oil physical properties as in jet 

engines (high temperature).

mass  oil  = 0.003 kg = (rpDLc )
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Modern model for 

prediction of SFD 

forces
Bubbly mixture (2001, 2019) and orbit -model (2016).

Diaz and San Andres, 2001, ñA Model for Squeeze Film Dampers Operating with Air Entrainment and Validation with Experiments,ò ASME J. Tribol., 123.

San Andrés and Koo,  2019, ñModel and Experimental Verification of the Dynamic Forced Performance of a Tightly Sealed Squeeze Film Damper Supplied with 

a Bubbly Mixture,ò ASME 2019-90330.

San Andres and Jeung, 2016, ñOrbit-Model Force Coefficients for Fluid Film Bearings: A Step Beyond Linearization,ò ASME J. Eng. Gas Turb. Pwr., 138(2).
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Squeeze film pressure & boundary conditions

( ) ( )
3 3 2 2

212 12 12

h P h P h
h h

R R z z t t

r r r
r r

m m m

å õ å õµ µ µ µ µ µ
+ = +æ ö æ öæ ö æ öµQ µQ µ µ µ µç ÷ ç ÷

Extended Reynolds Eq.

PR flow: a major departure from 

simple practice: Q ~ Cseal DP
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Gas volume fraction GVF = b
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viscosity

Oil 
viscosity

Gas 
density

Oil 
density

Temporal fluid 

inertia
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Detour 2

How does the test rig work? 



Experimental 

estimation of force 

coefficients

42

Bearing  mass, MBC 
15 kg (33 lb)

Structure stiffness,  Ks
10 MN/m (57.1 klbf /in)

damping, Cs
0.9 kN-s/m (5.1 lbf.s /in)

fn=131 Hz, z =0.03



Evaluate SFD force coefficients from

Max. clearance (c) 

X Displacement [ ɛm]

Y
 D

is
p

la
c
e

m
e

n
t 
[
ɛ

m
]

Impose whirl motions

whirl orbits: amplitude ( r) grows.

Y

X

with offset or static eccentricity 

(es) ï 45o away .

43



Measurement procedure and identification

Shakers apply forces

Record BC

displacements 

and accelerations

CCW

CW

Y

X

X

Y

1

1

1
Re i tX

Y

F
e

iF

w
å õè ø

= æ öé ùæ ö
ê úç ÷
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1 1
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z

2 2
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2 2
(t)
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w
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2
z

1
a

Load F(t), displacement z(t) and acceleration a(t) recorded at each frequency

Step 1 : Apply PERIODIC loads and measure BC motions

EOM: Frequency Domain
Unknown Parameters:

2[ ] BCi Mw w+ - = -L L LK C M z F a KL, CL, ML

2
a

­ LH z
44



Complex 

dynamic 

stiffness

SFD coefficients (K, C, M)SFD = (K, C,M)L ï (K, C, M)S

Test system

(lubricated)
Dry structure

Measure forces and displacements Ą transfer functions

( )1 2Re [ ]BCM w-- ­ -L LF a z K M ( )1Im [ ]BCM w-- ­ LF a z C

r/c=0.2

45

Physical model Re(HXX) Ą K-w2M  and Im(HXX)ĄCw 

agrees with test data. Damping C is constant over (short) frequency range
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Practical questions 

answered by 12 y funded 

experimental program



ÅDo end seals work? how much 

more damping do they enable?

Are piston rings better than 

Orings ?

ÅWhat if the damper operates 

largely off -centered? 

Is the damper performance 

nonlinear?  

ÅWhat  if  one feed hole  plugs,  is  

a damper  still  effective?

ÅTell  me about  integral  SFDs! 47

Queries

ÅHow do the film length and clearance affect 

SFD force coefficients? 

ÅIs a damper configuration with feed holes 

as effective as one containing a feed 

groove? 

ÅDoes the amplitude / shape of whirl motion 

affect the force coefficients? 

óóSqueeze Film Dampers: A Further Experimental 

Appraisal of their Dynamic Performance, ôô 

2016, Proc. of the 45th Turbomachinery Symposium, 

Houston, TX

This tutorial

Read 

me:



END SEALS  IN A SFD:  

PISTON RINGS OR 

ORINGS: WHICH ONE TO 

SELECT?

48

San Andrés, L., Jeung, S-H, Koo, B., 2018, ASME GT2018-76224

San Andrés, Koo, B., 2019, ASME GT 2019-90330
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PR-SFD lubricant flow path

in

Oil 

inlet

Piston 

rings

Oil out

Proper installation of PR with slit on correct 

side is important.
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OR-SFD lubricant flow path

in

Oil 

inlet

Oil out

O-rings

Y

X
ɗ=0Á

ɗ=90Á
Static Loader 

ɗ=45°
Feedholes

Discharge 

tube

ɗ=240°

ORs fully seal film land (low vs); hence oil evacuation through hole needed.

Adequate squeeze  and 

volume fill ensure proper 

sealing. If too low, the OR 

does not seal; if too tight 

OR  permanently deforms 

and becomes overly stiff.

Groove 

width

Groove 

depth 

Gland 

depth 
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Detour 3

The tests demonstrate pervasive 

air ingestion in SFD sealed with 

either piston rings or o-rings ! 
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Onset of air ingestion

SFD sealed with piston rings

Oil foamy mixture forms through piston ring slit.

oil feed pressure:

high                                low 



Time evolution of exit flow r/c  =0.45, ɤ=80Hz

53

ĄBubbly  mixture  makes  a 

foam . Air  ingestion  becomes  

pervasive  as squeeze  velocity  

(r x w) increases

Low supply pressurehigh supply pressure

Rodriguez, L., San Andrés, L., GT2023-100495 

vs=rw=63 mm/s  (2.5 in/s)
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How much air is 

ingested? 
Quantifying air ingestion aids 

to select adequate operating 

conditions and produces 

accurate predictions.

r=0.45 c x ɤ=70Hz = vs=55 mm/s  Ą GVF~58%

Rodriguez, L., San Andrés, L., GT2023-100495 
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Effect of oil supply pressure

on SFD force coefficients

OR-SFD vs. PR-SFD

c=373 mm (15 mil), r/c=0.3, 

w =10-100 Hz 

Ą Max. vs=rw = 70 mm/s (2.75 in/s),

                     

=12.85 kN s/m

(73 lbf.s /in)
=44 kg

(97 lb)

Fully sealed SFD

mass  oil  = 0.003 kg = (rpDLc )



- Damping C Ź as lubricant supply pressure Ź
- Damping C for  OR-SFD is 11% larger  than C for PR-SFD. 

- Added mass M ~30 kg (66 lb) ~ 2 x mass bearing cartridge.  

OR-SFD vs PR-SFD C and M vs. supply pressure

56

Fully sealed 

SFD model

Fully sealed 

SFD model

20 kN s/m = 114 lbf.s /in

30 kg = 

66 lb

r = 0.3 c



Effect of static eccentricity

on SFD force coefficients

57

X

= 0c & ¼ c

orbit size r = 0.15 c

OR-SFD vs. PR-SFD

Y
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Damping CSFD vs. orbit amplitude 

PR-SFD: CSFD same with  static  eccentricity  & orbit  size; 

OR-SFD: CSFD increases  ~50% and with  orbit  size. 

Predictions  good  for  OR-SFD.

Ps=0.69 bar(g)

OR-SFD PR-SFD
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three feed holes

=12.85 kN s/m

(73 lbf.s /in)
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PR-SFD and OR-SFD show  same added  mass  (MSFD), not  

affected  by static  eccentricity,  and growing  slowly  with  orbit  

size. Predictions  show  the same.

OR-SFD PR-SFD
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Added mass MSFD vs. orbit amplitude
three feed holes

Ps=0.69 bar(g)

=44 kg

(97 lbm )

mass  oil  = 

0.003 kg = 
(rpDLc )
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Closure OR-SFD vs PR-SFD

(a) O-ring  damper  provides  more  damping  as it  

reduces  air  ingestion . O-rings  add stiffness  and 

viscoelastic  damping  to test  system .  

(b)PR-SFD Film  pressures  show  oil  vapor  cavitation  and 

persistent  air  ingestion  for  operation  at a low  supply  

pressure  and/or  with  a large  squeeze  velocity  (vs=rw).



What if  a hole  plugs,  

is  a damper  still  

effective?  

61
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Effect of number of open  feed holes 

on SFD forced performance

Plugged

OR-SFD vs. PR-SFD

=12.85 kN s/m

(73 lbf.s /in)
=44 kg

(97 lbm )

Fully sealed SFD

mass  oil  = 0.003 kg = (rpDLc )
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# of feedholes Ą damping  CSFD

OR-SFD with  one feedhole  produces  60% +damping  than  SFD with  

three  holes .  

For  damper  with  1-feedhole,  CPR-SFD < COR-SFD due to  air  ingestion  

through  PR slits .

Ps=0.69 bar(g) [10 psig ]

OR-SFD PR-SFD
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=12.85 kN s/m

(73.4 lbf.s /in)
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# of feedholes Ą mass  MSFD
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Prediction, 3 feedholes

1-hole  damper  produces  ~80% more  inertia  than  damper  

with  three  holes . OR-SFD and PR-SFD produce  same M.  

Although ends are sealed, test coefficients are 50% of fully sealed 

SFD model due to local pressure distortions.

OR-SFD PR-SFD

Ps=0.69 bar(g) [10 psig ]

=44 kg

(97 lbm )
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Closure Holes Plugged

What if a hole plugs, is a damper still effective? 

PR SFD

For one -hole SFD, damping & 

added mass coefficients are 

larger (> 60%) than for 3 -hole 

damper.  

OR SFD

Damping coefficient is same 

for 1 - and 3-holes SFD! 

One hole -SFD shows larger 

virtual mass.

Yes!Need at least one (open) hole!



Closure
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Know How on 

Sealed Ends 

Squeeze Film Dampers

After  so much  work,  

what  is  learned?



(a)A sealed  SFD produces  significantly  (4X) more  damping  and (++) more  

added  mass  than  an open  ends  SFD. SFDs do not  generate  a stiffness .

(b) A sealed  O-rings  damper  with  one feed hole  is  more  effective  than  a 

damper  with  three  feed holes .

(c)  The amplitude  and shape  of  whirl  motion  have a small  effect  on SFD 

force  coefficients .  

(d)  Air  ingestion  impairs  the growth  of  film  pressures  for  increasing  

squeeze  velocities   = (orbit  amplitude  x whirl  frequency)  Ą damping  

coefficients  decrease .

The experimental  record  shows  SFDs perform  as a 

linear  mechanical  element .

SFD learning:

67



68

SFDs in the 21 st century

Integral SFDs

A few pointers é
Invented by F. Zeidan in early 1990s.

At last!!!



Integral Squeeze Film Damper ( ISFD)
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Advantages
-  low number of parts

-  short axial span

-  light weight

-  higher tolerance 

precision.

No squirrel cage

 EDM (Electro Discharge 

Machine) manufacturing 

process produces separate 

damper film lands with S -

shape -type flexures.
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Hydrodynamic bearing + ISFD

Flexure 

pivot tilting 

pad 

bearing

Squeeze film 

land (arc 

damper)

S-shape 

elastic 

support

Commercial 

Bearing tested by 

Childs et al. at 

TurboLab  (2012)

ISFD produced significant damping and virtual mass force coefficients.



A severe rotor instability issue

ÅReports a sub -synchronous 

vibration on a 46 MW M ultistage 

Utility Steam Turbine.

ÅNominal turbine speed is 5,500 

rpm.

ÅSSV at 1,800 rpm occurs for 

power output > 35 MW.

ÅOriginal design features two 5 

pad TPJBs, load on pad, diameter 

=200 mm (8 inch), pivot 

offset=50%. 71

2015 Ertas  et al. at GE, J. Eng. for Gas Turb. Pwr



Resolved RD issue with TPJB -ISFD

2015 Ertas  et al. at GE, J. Eng. for Gas Turb. Pwr
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ÅThe ISFDs reduce equivalent 

bearing system stiffness from 

~ 700 MN/m (4 M lbf /in) to 131 

MN/m (0.75 M lbf /in).

ÅThe reduction modifies the 

mode shape and increases 

the system effective 

damping to reduce the 

amplitude of  SSV.



TL Rig for Dynamic Load Tests

Max Speed: 16 krpm

Max Static Load: 22 kN (5 klbf )

Max Dynamic Load:

4.4 kN (1 klbf ), 1 kHz
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End seals amplify damping!

Quantify the effect of end 

seal gaps on the forced 

performance of a test 

ISFD.

Tilting pad journal 

bearing
S-Spring ISFD film land

ISFD tests at Turbo Lab

San Andr®s, L., Lu, X., Koo, B., and Tran, S., 2021, ñOn the Effect of the Gap of End Seals on the Force Coefficients of a Test Integral 

Squeeze Film Damper: Experiments and Predictions,ò ASME J. Eng. Gas Turbines Power, 143(1).



Diameter  at film  land,  DISFD 157 mm    (6.18 in)

Length,  L 76 mm      (3 in)

Film  clearance,  c 0.356 mm (14 mil)

Arc  radius,  Ŭ 73°  - 4 pads

End seals  gap,  b1 0.28 mm, 0.43 mm, 0.53 mm, open  ends

ISO VG 46 Viscosity,  ɛ 31.2 cP (at 46 ºC)

Density,  ɟ 860 kg/m 3

Supply  flow  rate,  Q 9.5 L/min  (set  pressure)

Test ISFD Ą Load between pads 
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Shim

End plateISFD 

inner

ring

ISFD 

outer

ring

Bearing

Cartridge 

(BC)

shims

D/c=441


