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Sweep perturbation testing as used in Modal Analysis when applied to a rotating 
machine has to take into consideration the machine dynamic state o f  equilibrium at 
its operational rotative speed. This stands in contrast to a static equilibrium of 
nonrotating structures (Fig. 1). The rotational energy has a significant influence 
on rotor dynamic characteristics. The best perturbing input for rotating machines 
is a forward or reverse rotating, circular force applied directly to the shaft 
(Fig. 2). 

ROTATIOW ENERGY 

M A- 

ADVANTAGES OF PERNREATlON BY USING A ROTATIONAL 
HARMONIC FORCE 

0 PERTURBATION BY CONTROLLED UNBALANCE IS EASY TO GENERATE, 
CONTROL AND MEASURE 

0 

* 

CIRCULAR PERTURBATION I N  THE P M E  PERPENDICULAR TO SHAFT 
AXIS PROVIDES THE BEST ROTOR BEHAVIOR INSIGHT 

CIRCULAR PERTURBATION CAN BE APPLIED TO THE ROTOR I N  FORWARD 
OR REVERSE DIRECTION (RELATIVE TO SHAFT ROTATION) 

Figure 1. - Perturbation technique for rotating machines. 

Figure 2. - Nonsynchronous perturbation of rotating machine through auxiliary perturbing shaft with 
control led unbalance. 
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OBJECTIVE 

Determination of Dynamic Stiffness Characteristics of the rotor bearing system by 
nonsynchronous perturbation of a symmetric rotating shaft supported in one re1 at1 ve- 
ly rigid and one oil lubricated bearing. 

EXPERIMENTAL ROTOR R I G  

The experimental rotor system consists of the main shaft rotating at constant 
angular speed (w ) and the auxiliary shaft generating a rotating perturbing force 
with sine-sweep Bariable frequency (w ). This force is applied to the main journal (Figs. 3 and 4). P 

1 4 I N  ROTOR : 2-FLEXIBLE COUPLINGS; 3-RIGID SUPPORTS WITH PIVOTING BEAR- 
INGS; 4-OISK WITH THREE OPTIONAL POSITIONS ON THE SHAFT: S-HORIZONTAL 
AN0 VERTICAL NONCONTACTING PROBES; 6+IN SHAFT; FROTOR WEIGHT BALANC- 
ING SPRINGS; 8-HORIZONTAL AN0 V E K I C A L  PROBES; +OIL LUBRICATED BEARING; 
10-PERTURBATION SHAFT; 11-PERTURBATION UNBALANCE MASS; 12-KEYPHASOR 
PROBE; U-PERTURBATION MOTOR 

Figure 3. - Rotor r i g  for perturbation testing. 

Figure 4. - O i l  bearing used for perturbation testing. 
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INSTRUMENTATION 

Primary instruments: 

0 

0 Keyphasor narrow beam optical probe for phase measurements 
* 
0 

Four eddy current proximity probes for measuring the journal and disk horizon- 

Digital Vector Fi 1 ter for fi 1 teri ng lx response during perturbation testi ng 
Spectrum analyzer for yielding amp1 i tude/frequency spectra of nonperturbed 

rotor runs 
Oscilloscope for continuous observation of the rotor motion 
Hewlett Packard 9836 computer with Bently Nevada software for data acquisition, 

storage, reduction, analytical computation and displays. 

tal and vertical displacements 

Peripheral instruments: 

Speed controllers for rotation and perturbation frequency 
0 Oil supply system including filter and pressure control 
* Oi 1 heati ng/cool i ng device 
* Three thermometers (at oil inlet, outlet and in bearing housing). 

I 

D m r r v c S R W N Q t M W t u t W r ~ ~  

Figure 5. - Dynamic stiffness measurement technique by perturbation testing. 

HINTS TO MAINTAIN DATA ACCURACY 

0 

0 Balanced rotor system. 
0 

Ri gi d rotor support, concrete foundati ons , rigid auxi 1 i ary fixtures 

Balanced perturbation system, with precisely known perturbation imbalance 

Rotor centered in the test bearing by adjustment of the external supporting 

(elimination of additional degrees of freedom). 

introduced 1 ater. 

springs for all deliberately centered tests. 
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Control of oil temperature a t  the bearing t o  floc. 
Accurate control o f  constant rotative speed U J ~ .  

Slow ramp of the perturbation speed. 

EXPERIMENTAL PARAMETERS 

Main rotor rotational speed: 

Perturbation speed range: 

Perturbation imbalance masses: 

0 (squeeze film test) 500, 1000, 1500, 2000, 
2500, 3000, 3500, 4000 rpm. 

d i  recti on) 

(Low mass was used for better eealuation of resonant amplitudes; high mass 
was used t o  increase the sensitivity i n  the out-of-resonance regions. ) 

-6000 t o  6000 rpm (minus indicates reverse 

m = 0.75, 2.35, and 7 grams. 

1.2" (0.03 m) 'P= Perturbation radius: 

T-10 oil density = 794 kg/m3 

O i  1 temperature: 8OoF (26.7OC) 

Corresponding o i l  dynamic viscosity: 

Oil pressure: 

7.25 x IO-g lbs d i n 2  (50 c pcal'se). 

The bearing is center fed and has two-direc- 
tional axial flow. 
well controlled pressure enable a uniform axial pressure t o  be maintained in 
the bearing. 

3 ps i  (20684 Pa). 
A circumferential oil feed groove and relatively low, 

Main steel shaft weight (including aluminum journal): 

Perturbation aluminum shaft weight: 

Di sk  weight: 1.79 lbs (disk mass 4.64 x loo3 lbs s2/in = 0.81 kg). 

A1 umi num beari ng radial clearance: 

Bearing length: 0.St  (0.013 m) 

Bearing diameter: 1.0" (0.0254 m) 

Bearing radial clearance t o  radius ratio: 0.015. 

0.614 lbs. 

0.U1 lbs. 

0.0875" (190 vm) . 

RESULTS (Example) 

The perturbation testing yields response data i n  form of vibration amplitude and 
phase, which are eventually used t o  obtain Direct and Quadrature Dynamic Stiffness 
characteri stics of the rotor/beari ng system. 
of the system modal stiffness, mass and damping, 

The results o f  t h e  perturbation tests are presented in Figures 6 through 10 i n  the 
form of Bod6 p l o t s ,  polar p lo t s ,  and Dynamic Stiffness versus perturbation speed 

The 1 atter permits the i denti f i cat4 on 

pl o t s .  
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Figure 6. - journal phase and apl i tude  of vertical response. Rotative speed, 1500 rpn; 5, 
1.6 9; 1, 80 OF; forwant perturbation. 
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Figure 7. - Disk phase and amplitude of  vertical.response (parwreters sane as in fig. 6). 
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Figure 8.  - Journal and disk response in  form of polar plots (parameters same as in f ig.  6). 
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Figure 9. - Rotorharing dynamic stiffnesses (journal) (parameters same as i n  f ig.  
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Figure 10. - Rotorlbearing dynwric stiffness (disk) (parameters same as i n  f ig .  6).  
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