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Analysis of Torsional Natural Vibration Characteristics of Rotors
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Abstract
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A method to estimate the torsional critical speed for practical rotors has been developed in this
study. First, the rotor with a uniform shaft segment is modeled for undamped torsional motion
analysis, while satisfying all the boundary conditions. This eventually generates governing
equations for the torsional critical speeds of the system. The set of governing equations has the
form of a sparse and banded matrix. The elements of banded matrix can be arranged in partitions,
which correspond to the specific boundary of the rotor. This permits an automatic generation of
the system matrix using a computer. In order to calculate the determinant generated by the
simultaneous equations, which leads to the torsional critical speed, a recurring numerical algorith-

m for a (3x4) sub-matrix has been used. This numerical algorithm practically examines succes-

sive (3x4) sub-matrices, one at a time, instead of treating a huge matrix. The output of the
program provides the mode shapes with continuous curves. The method has been implemented to

three rotors given as examples
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Table 1 Specifications of rotor mode! and calculated torsional critical speeds

% % % NO. OF SEGMENTS: 3
% % % NO.OF DISKS: 1

% % % ELASTICITY : 21E+07

% % * GRAVITATIONAL ACC: .98E+03

* % * SHAFT DENSITY . .78E-02
% % % POISSON RATIO: .290

% % % NO.OF NODES: 4
% % * NO. OF DIMENSION : 6

% % % % * NODE POSTITION (1) : .000E+00
% x % * * NODE POSTITION (2) : .865E+02
* % % % * NODE POSTITION (3) : .166E+03
% % % * * NODE POSTITION (4) : 172E+03
% % % * * SHAFT RADIUS (1) : INNER; .00 OUTER; 254
* % * % * SHAFT RADIUS (2) : INNER; .00 OUTER; 254

% % % % x SHAFT RADIUS (3) : INNER; 00 OUTER. 150
% % % % %* NODE NO. OF DISK LOCATION : 2

% % % % % % * POLAR MASS MOMENT INERTIA :
## START RPM. : 100.00 DELTA RPM. : 100.00

--------- CRITICAL SPEED() : 57691.085PRM
--------- CRITICAL SPEED(2) :  115363.380PRM
--------- CRITICAL SPEED(3) :  173038.151PRM
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Table 2 Specification of Prohl’s rotor and calulated torsional critical speeds
% % % NO. OF SEGMENTS : 20
% % % NO.OF DISKS: 8

% x % ELASTICITY : .21E+07

% % % GRAVITATIONAL ACC.: .98E+03
% x % SHAFT DENSITY . .78E-02

% % % POISSON RATIO : .290

% % % NO. OF NODES : 21
* % % NO. OF DIMENTSION : K40

% % % % % NODE POSITION (1) .000E+00
% % % % x NODE POSITION ( 2) .206E+02
% % % % x NODE POSITION ( 3) 298E+02
% % % % % NODE POSITION ( 4) 338E4-02
% % % % x NODE POSITION (5) : 430E+02
* % % % % NODE POSITION ( 6) ATIE+02
* % % % x NODE POSITION ( 7) .605E + 02
* % % % * NODE POSITION ( 8) .738E+02
% % % % * NODE POSITION ( 9) 57TE+02
* * % % % NODE POSITION (10) : .865E+02
% % % % *x NODE POSITION (11) : .878E+02
% % % % % NODE POSITION (12) : 891E +02
% % % % * NODE POSITION (13) : .105E+403
% % % % * NODE POSITION (14) : J11E+03
% % #* % % NODE POSITION (15) : 120E+-03
% % % % *x NODE POSITION (16) : 133E+03
% *x % % % NODE POSITION (17) : 138E+03
* % % % x* NODE POSITION (18) : 151E+403
* % % % % NODE POSITION (19) : 161E+03
% % % % * NODE POSITION (20) : 176E+03
% % % % x NODE POSITION (21) : A77E+03
* % *x % x SHAFT RADIUS (1) : INNER; .00 OUTER; 210

* * # % * SHAFT RADIUS ( 2) : INNER; .00 OUTER,; 262
% % % % * SHAFT RADIUS (3) : INNER; .00 OUTER; 298

% % % % x SHAFT RADIUS (4) : INNER; 00 OUTER. 298
% % % % % SHAFT RADIUS (5) : INNER; 00 OUTER,; 734
% % % % x SHAFT RADIUS (7) : INNER; 00 OUTER; 7.34
* % x % x SHAFT RADIUS ( 8) : INNER; .00 OUTER; 7.34
* % % % x* SHAFT RADIUS (9) : INNER; 00 OUTER; 298
% % * % % SHAFT RADIUS (10) : INNER; 00 OUTER; 6.35
% % % % x SHAFT RADIUS (11) : INNER ; .00 OUTER ; 6.35
* % x * % SHAFT RADIUS (12) : INNER; 00 OQUTER; 278
% % % % x» SHAFT RADIUS (13) : INNER; .00 OUTER; 254

% % % % x* SHAFT RADIUS (14)-: INNER; .00 OUTER; 278

Table 2 Continued
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* % % % * SHAFT RADIUS (15) : INNER,; 00 OUTER; 278
* % % % *x SHAFT RADIUS (16) : INNER; 00 OUTER; 627
* % % % % SHAFT RADIUS (17) : INNER; 00 OUTER; 278
% % x % « SHAFT RADIUS (18) : INNER; 00 OUTER; 278
% % % % & SHAFT RADIUS (19) : INNER; .00 OUTER; 278
% % % % * SHAFT RADIUS (20) INNER; 00 OUTER; 278

* % * * x * NODE NO. OF DISK LOCATION : 4

% % % % % x * POLAR MASS MOMENT INERTIA : .25247E+03
% % % % % x* NODE NO. OF DISK LOCATION : 6
% % % % % x * POLAR MASS MOMENT INERTIA : .18842E+-03
* % x x * * NODE NO. OF DISK LOCATION : 7
% % % * % * *x POLAR MASS MOMENT INERTIA : 64388E4-03

% % % % % %* NODE NO. OF DISK LOCATION : 8
% % % % % % x POLAR MASS MOMENT INERTIA : 18842E +03
% % % % % * NODE NO. OF DISK LOCATION : 11

* % % % % % kx POLAR MASS MOMENT INERTIA : 81671E+03
% % % % % * NODE NO. OF DISK LOCATION : 18
% % % % % x ¥ POLAR MASS MOMENT INERTIA : .85510E 402
% % % % % * NODE NO. OF DISK LOCATION : 19
% % % % % % x POLAR MASS MOMENT INERTIA : .16425E+03
% % % % % * NODE NO. OF DISK LOCATION : 20
* % % % % % * POLAR MASS MOMENT INERTIA : 69470E+02

# START RPM. : 100.00 DELTA RPM. : NO. OF STEP : 1200

--------- CRITICAL SPEED(1) :  16253.072RPM
--------- CRITICAL SPEED(2) :  36409.284RPM
--------- CRITICAL SPEED(3) :  63046.419RPM
--------- CRITICAL SPEED(4) :  64289.650RPM
--------- CRITICAL SPEED(5) :  99906.310RPM
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Table 3 Specifications of MacMillan Bloedel rotor and calculated torsional critical speeds (disk volume
density @ 1.00)
% % % NO. OF SEGMENTS : 13
%% x NO.OF DISKS: 4

% % % ELASTICITY : 21E+07

% % x GRAVITATIONAL ACC.: .98E+03
% % * SHAFT DENSITY : .78E-02

* % % POISSON RATIO : .290

* % % NO. OF NODES: 14
% % ¥ NO. OF DIMENTSION : 26

% % % % % NODE POSITION (1) : .00E+00

% % % % ** NODE POSITION ( 2) : .889E+01
% % % % % NODE POSITION ( 3) : .133E+02
% % % % * NODE POSITION ( 4) : .330E+02
% % % % % NODE POSITION (5) : 457TE-02
% % % % * NODE POSITION ( 6) : S514E+02
* % % % % NODE POSITION (7) . .600E+02
% % % % ¥ NODE POSITION ( 8) : T37TE+02
% % % % % NODE POSITION (9) : .822E+02
* % % % % NODE POSITION (10) : 927E+02
* % % % % NODE POSITION (11) : 103E+03
% % % % * NODE POSITION (12) : .116E+03
% % % % % NODE POSITION (13) : 138E+403
% % % % % NODE POSITION (14) : 152E+03

% % % % x SHAFT RADIUS
* % % % % SHAFT RADIUS

(1) INNER; 00 OUTER; 1.27
(2) INNER; .00 OUTER; 318
% % % % % SHAFT RADIUS (3) INNER; 00 OUTER: 381
% % % % % SHAFT RADIUS ( 4) INNER; .00 OUTER; 6.35
% % % % %k SHAFT RADIUS (5) : INNER; 00 OUTER; 6.74
% % % % * SHAFT RADIUS ( 6) INNER; 00 OUTER; 699
% % % % x SHAFT RADIUS (7) INNER; .00 OUTER,; 6.99
# % % % x SHAFT RADIUS ( 8) INNER; .00 OUTER; 699
% % % % x SHAFT RADIUS (9) : INNER; .00 OUTER; 6.99
* % % % x SHAFT RADIUS (10) : INNER; .00 OUTER: 6.99

* % % % * SHAFT RADIUS (11) : INNER; .00 OUTER; 6.35
* % % % * SHAFT RADIUS (12) : INNER; .00 OUTER; 5.08
% % % x x SHAFT RADIUS (13) : INNER; 00 OUTER; 4.45
* % % % % ¥ NODE NO. OF DISK LOCATION : 7

% % % % % % % POLAT MASS MOMENT INERTIA : 42953405

* % % % % % NODE NO. OF DISK LOCATION : 8

% % % % * % % POLAT MASS MOMENT INERTIA : 21475405

* % % % % % NODE NO. OF DISK LOCATION : 9

Table 3 Continued
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% % % % % % x POLAT MASS MOMENT INERTIA :

L

21475+05

% % % x % * NODE NO. OF DISK LOCATION : 10

% % % % x * %k POLAT MASS MOMENT INERTIA :

21475+ 05

## START RPM. : 100.00 DELTA RPM. @ 100.00 NO. OF STEP : 2000

--------- CRITICAL SPEED(1) :  21961.153RPM
--------- CRITICAL SPEED(2) :  43379.230RPM
--------- CRITICAL SPEED(3) :  65603.235RPM
--------- CRITICAL SPEED( 4) :  119175.201RPM
--------- CRITICAL SPEED(5) :  163764.420RPM

Table 4 Various torsional frequencies

Disk volum density

100% | 50% | 25% 0

1 Natural frequency (rpm)

2196130635

421511102408

2 Natural frequency

4337860626

83366 |158397

3 Natural frequency

65602 92204

1211921208650

4 Natural frequency

119175}120712

132091262872

5 Natural frequency

163764164550

166168335341

123 4 56 7 8 9 1011 12

13 14

Fig. 11 MacMillan Bloedel rotor
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