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Examples for Ver 19.00

Three examples are used to demonstrate the new features implemented in Ver19.00 and
some other commonly used features while performing the rotordynamics analysis.

Case 1 — Air Compressor
The rotor and bearing used in this example are shown below.

%1 DyRoBeS_Rotor - C:\W1900\mytest. datalexample files\Case 1\Case 1 _ Air Compressor.rot

Project Model Analysis PosktProcessor  Tools  Wiew Help

RIS

For Help, press F1 I_ UM A
71 DyRoBeS_BePerf - C:W1900\mytest. datalexample files\Case 1\AirCompressor_Brg1.LDI I3
Project  Fixed-Lobe Tilking-Pad Floating-Ring Gas-Brg  Thrust-Brg  Lubricant-Flow  Hydrostatic  Tools  Wiews  Help

NERI

High Speed Compressor Bearing - Bearing at collar end - Used by Rotor Example

PY

Bearing Data
L=1251in
Ds=1.375in
Ch=0.00175 in
2Ck/D = 0.0025
Cp=0.004375 in
Freload = 0.6

K
Offzet=095 |
Thetal=85
Thetaz= 189

Kw

Load Angle = 2589

For Help, press F1 MM A




%1 DyRoBeS_BePerf - C:1¥1900\mytest. dataexample files\Case 1\AirCompressor_Bra2.LDI

B

Project  Fixed-Lobe Tilking-Pad Floating-Ring Gas-Brg  Thrust-Brg  Lubricant-Flow  Hydrostatic Tools  Wiew  Help

0= Tk

High Speed Compressor Bearing - Bearing at impeller end - Used by Rotor Example

Bearing Data
L=1251n
Ds=13791n
Ch=0.00175 in
2Ck/D = 0.0025
Cp=0.004375 in

Preload =06 /

Y

-
Offset =095 |
Thetal= 50
ThetaZ= 190
Load Angle = 260 kw

For Help, press F1

ML

Fixed Pad Bearing - Dimensional Analysis

Comment; |High Speed Compressar Bearing - Bearing at collar end - Uzed by Rotor Example

Coordinates: |Standard Coordinates [+

Bearing Type: |5 - Three Lobe

ﬂ Load &ngle; |259 degree
ﬂ K. and C Coordinate Angle; |0 degree

Bearing Data for Pad # 1

Leading Edge: |53 Preload: |06
Trailing Edge: (189 Offset: |0.95
Hew | Open | Save |

Analysiz Option: |Heat Balance j Bearing Load =0 + W1 & RPM +'wW2 » RPM™2 —LEh
Convert | Units: [English - Wi [145 wi: |0 Wz |0
Asial Length L: |1.29 fneh) Raotor Speeds [RPM] [ Additional Speeds
Journal Dia. D: [1-373 linch] Start: {5000 End: (50000 Inc.: 5000
Erg Radial Cir Ch: |0.00175 [irch) et |.l’-‘~mu:|k|:|n 500G 32 j
Mumber of Pads: |3 Inlet Temperature: 120 (degF]

Heat caried away: |80 [%]

Advanced Fetaures

Save Az | Cloge

Note that the special characters, such as dot “.” and white space “ *, are allowed in the
file and path name. The bearing coefficients are calculated using BePerf from 5,000 to
50,000 rpm with an increment of 5,000 rpm. After the bearing run, the bearing
coefficients can be outputted and then imported into the Rotor program.



%] DyRoBeS_BePerf - C:W1900\mytest. datalexample files\Case 1\AirCompressor_Brg2.LDI [ |[B]fX]
Project WkacseMaa=8 Tilting-Pad Floating-Ring Gas-Brg Thrust-Brg  Lubricant-Flow  Hydroskatic  Tools  Wiew  Help

Dirnensional Analvsis |

Dimensional PostProcessor

Mon-Dimensional Analysis
Mon-Dimensional PostProcessor ¥

Text Cukput
Tabulated List

Eccentricity Ratio vs, rpm

lUsed by Rotor Example

Minimurmn Filn Thickness ws. rpm

Elearing Data Maximum Film Pressure vs. rpm

L=125in Frictional power Loss vs, rpm
Ds=1.375in Side Leakage Flow s, rpm
Ch=0.00175 in Temperature Rise vs, rpm
2Ch/D = 0.0025 Critical Journal Mass ws. rpm 8
Cp=0.004375 in Instability Whiel Fatio vs, rpm
Preload = 0.5 Journal Equilibriurm Locus L X
Offset = 0.95 Pressure Profile at < L.
Thetal= 50 Pressure Profile - 30
Thetaz= 190

FEA Meshes, BCs, and Clr
K, Ky and Cxx, Cywy ws, rpm
Koy, Koo and Cxw, Ty ws, rpm

Load Angle = 260

/

Output K, C for DwRoBeS_Rokor

Cutput K and C into a file o be used by DvRoBeS_Rotor |

Output K and C into file for DyRoBe5_Rotor

Current Unitz: £ = Lbfdin, C= Lbf-z/in

[.C] output = [K.C] current % Conversion Factaor

Dlutput units for K and C: | Reverse direction of rotation
: Corversion Factar
5 Lbfin M M dmm
@i P ®iem, ¥ U | 1

Cutput Hlename: Enter the filename below, or Click. <5 ave Ag> Button to change/edit the filename

Save Az |E: W1 A00Nmytest. datahexample files\Case 1%AirCompressor_Brg2.brg

There is a Check Box named “Reverse direction of rotation” when outputting (saving) the
bearing coefficients. Do NOT check this box unless you are performing a coupled
Lateral-Torsional vibration analysis on a geared system and this particular shaft is
rotating clockwise. Referring the previous bearing figure, all the bearing coefficients are
calculated based on the shaft counter-clockwise rotation. For a single rotor system, this is
always the case. For more details on the coupled lateral and torsional analysis, see book
“Practical Rotordynamics and Fluid Film Bearing Design”, Chapter 8.

The bearing coefficients can be imported into the Rotor program using the Bearing Type
2 — Bearing Coefficients From Data File (Rotor — Model — Data Editor — Bearings —



Select Type 2 — then Browse the bearing file outputted from BePerf). In Ver 19.00, the
interpolation method for the speed dependent bearing coefficients can be either spline
function or linear interpolation. Spline function was used before Ver 19.00.

itor Bearing System Data
= St et Eoint ittt

Auial Forces ] Static Loads ] Constraints ] Mizalignments ] Shaft Bow ] Time Forcing ] Harmonics ] Toarsionalfdial ]
Urnitz/Dezcription ] kd aterial ] Shaft Elements 1 Dizks ] Unbalance Supparts ] Foundation ] Uzer's Elements ]
Bearing: 1 of 2 [ Foundation Add Brg J Del Brg I Previous I Mext J

Station |: 12 J: |0 Angle: |0
|T.'-JDEZ 12-Eearing Coefficients From D ata File _v_l iSpIine Fit lj

Comment; |Bearing at collar end

FileM arne: ]E:\WEIDD\myte&t.data\e:-:ample filez\Caze 1%AirCompressor_Bral.brg Browse. .
Open
Laok in: | ) Case 1 | ¢ cf E-
]ﬂ AirCompressor_Ergl . brg
B AirCompressor_BrgZ. brg
|.'_‘1 Brgl.brg
m Brgz.brg
File name: IAirEompressor_Brm brg
Files of type: | Bearing K.C Files [*.big) >l Cancel b Lbf-3/in

Save I Save bz I Cloze I Help I

To keep the file simple and portable, we use Bearing Type 1- Speed Dependent Bearing
and import the bearing coefficients from the BePerf output. If you have the bearing
output file from BePerf program, this can be easily done by open the *.brg (output file
from BePerf) using MS Excel, delete the first header line, save the file into xIs format,
then use the Import *.xls button in Rotor Bearing Tab to import the bearing coefficients.
Note that this option is not commonly selected since you have all the necessary rotor and
bearing data files and Bearing Type 2 is more suitable for this purpose. In some cases, if
you obtain the bearing coefficients from other sources or if you need to share your rotor
file but not the bearing data, then you can enter the bearing coefficients as the speed
dependent bearing (Type 1).



Rotor Bearing System Data @l

Puial Forces ] Static Loads ] Constraints ] Mizalignments ] Shaft Bow ] Time Forcing ] Harmonic:s ] Torzional/duwial ]
Inits/Description ] M atenal ] Shaft Elements ] Dizks ] Unbalance  Bearngs l Supports ] Foundation ] |Jzer's Elements ]
Bearing: 1af 2 [ Foundatian DelBig ‘ Previous | MHext |
Station |: |2_ J: ID_ Angle: [0 ||mpnrt “.H|S| Export “.HIS|

|T.'r'I3'33 |1-Speed Dependent Bearing _‘” |S|:|Iine Fit ﬂ
Comment: |Eearing at collar end
1pm | Kot | Koy | K | Ky | Cax | Cay | Cux | Cuyy | el |A
1 500000 - 8721640 - 1488880 ¢ 16058000 28523300 17064 - 8373 0 8373 0 BER M 1] .
2 | 10000000 @ 12802000 @ 4658280  173R2R00 28882800 15308 @ -2597 2597 @ 32924 1]
3 | 1900000 © 17336500 0 FA036.50 197574000 32193000 0 14585 0 281 0 281 2he.7a 0
4 | 2000000 © 21803500 - 109104.00  -223148.00 36033500 14023 7.7 7.7 216,76 1]
5 | 26000000 © 260018.00 13649700  -24783500 39853800 13487 524 524 194 44 1]
E | 3000000 @ 29958600  161846.00  -271369.00 43851500 12998 381 -3.81 17874 1]
7 | 3[000.00 © 33683700  185491.00  -293711.00 47093700 125654 24592 292 166.79 1]
g | 4000000 @ 372089.00  207687.00 -31492500 HO4771.00 12148 -2.31 -2.31 157,23 0
9 | 45000.00 ° 4085531.00 © 228636.00  -335105.00 &37093.00 11776 -1.88 -1.88 145930 1]
10 | 5000000 @ 43736000 @ 248498.00  -354348.00 56801000 & 11434 -1.657 -1.57 142 56 1]
11
12
13
14
15 -
1 v
st Bl ‘ Delete Fiow Unit:[2) - Kt LbEAn, Ct: Lbfsin
Save ‘ Save fs | Cloge | Help ‘

The first analysis illustrated here is the Critical Speed Map, which is required by API.
Note that the “spin/whirl ratio = 1” in the analysis input indicates the calculated critical
speeds are the Synchronous Forward Critical Speeds commonly excited by the mass
unbalance. The result can be viewed using the PostProcessor. The operating speed line
and the bearing dynamic stiffness in the critical speed map can be plotted using the menu
— Options — Settings. The bearing dynamic stiffness including damping effect is
recommended in this map and required by the API. There are two intersection points
(critical speeds) according to this map; one is around 23,000 rpm caused by Ky and the
other is around 26,000 rpm caused by Kg,. Due to significant damping in this case and the
bearings are non-isotropic, there will only one critical speed around 26,000 rpm be
observed in the unbalance response curve and machine test. In general, the higher one
with more shaft flexibility will be observed.



Lateral Analysis Option & Run Time Data.

[

3 - Critical Speed Map)

Analyzis: Transient Analysis

RP: |35000

Shaft Element Effects
IV Ratatary Inertia

Frequency

Time
Damain

Dramain

v Shear Deformation W Gproscopic [ Gz |

Critical Speed Map

SpinSwhirl Ratio: |1
Bearing K. - Min: {1000
Waw |1e+008

Stiffness to be waned at

Static Deflection

Iv Constrained Bearing Stations

Critical Speed Analysis

Spinwhirl Ratio: |1
Mao. of Modes: |5

Mpts: |0

Solution Methad

Constant Speed: 35000 rprm

Time-Start: |0
Ending: |0.05
Incrament: |1e-008

Mazs Unbalance
Const. Unbalance
Shaft Bow

Digk Skew
Gravity [+,7]
Gravity [£)

71" RAA

| Mewmark-beta

Brg Stiffness: ’m
@ pm: (23000

“Whirl Speed and Stability Analyzis

RPM-Starting: {10000
Ending: |40000

Bearings; Al

- i
[ &llow Bearings in Senies Iritial Cs:

Steady State Spnchronous Response Analysis

RPM-Starting: |10000

Ending: |40000

Effects:
Iv Mass Unbalance
[¥ Conzt. Unbalance

Increment. {500 Increment. {100 WV Shaft Bow
Mo. of Mades: |6 Excitation Shaft: |1 W Disk Skew

W Al Spnchiorized Shaits W Misalignment

Steady Maneuvers [Base Constant Translational Acceleration andfor Turn Rate)

Static Loads
Time Forzing
v Mizaligrnment

< %

-

Steady State Harmonic: E xcitation

RPM-Starting: (10000

Ending: |40000
Increment: (100
Excitation Shaft: |1

W Al Shatts with same speed

Turn Rate - % |0

Acceleration - 3 |0 iy |??2.1?B

Speed [RPH]); |35000

]

Gravity (9]

o
v [amelm
zp

Mone zero Gz
Wertical Flotor

Run

Cancel

Fief Pag: |0

£

B Critical Speed Map

W=l Linear-Log
Rtz
i Critical Speed Map
Prirk ba File . . i _ '_ T T
Export Data SpinMhirl Ratio=1, Modes =123
£ 10
e
o
e
o SRR I SRR i JSPRN . iviiotuptyoi.- i s
]
o
s
@
o
S5 1wt
Kdx  Kdy
Beaymg Dvnamic Stiffness
10°

10% 108
Bearing Stiffness

104

107 108




Critical Speed Map

Title: |Eritiu:a| Speed Map

#-Label: |Bearing Stffress

r-Label; |I:riti|:a| Speeds [rpm]

Modes: |'I 2.3

For example: 1,2,35.7.9 or 3

For Selected Modes, enter mode numbers zeparated by commans.

Operating Speed Fange: (40000 to |0

v Print Spindadhinl B atio

[+ CurveFit | Symbol [v M ajor Grid [ Minor Gnd

[ Manual Scaling

b anual Scaling Data

Hnir: IW i IW

Hmnas: IW Inas: lm Dgﬁfrl!ﬁiirg
®Diw: 5 YD [

Cancel

Bearing Stiffness

Import from the exizting DyRoBeS Brg files

Ey

" Direct Stiffness - K |f7 Dynarnic Stffness - [K7240w] "2 105 | Reset Expart Data Ok
| |E: W00 mytest. datahexample fileshCaze 1'WwirCompressor_Brgl.brg
m |E: W1 3004 mytest. datahexample fileshCasze 1\4irCormpressor_Brg2 brg
|

Color Murnber: | 40 | 40 | 40 | 40 | 40 40
rpm-1 | K1 | -1 | pm-2 | Frs-2 | -2 | Tpm-3 | Fams-3 Fpn-3 o

1 5000 124859 43501 5000 130397 456826 1] 1] 0 _

2 10000 205136 449768 10000 207937 463477 I I 1]

3 15000 287306 511170 15000 286731 521913 i i 1]

4 20000 3BETTR B7P9R03 20000 366399 REBA0S i i 1]

5 25000 438488 B4R4592 25000 4385490 BR47E3 i i 1]

f 30000 AOE447 710620 30000 B0E174 718254 1] 1] 1]

7 38000 B70240 Tr1EE3 35000 BEIEZ4 FrLtsar 1] 1] 1]

a 40000 G30320 229787 40000 B23601 226605 1] 1] 1]

9 45000 gavI3 gah132 45000 B26355 29166y 1] 1] 0

10 50000 742 937962 50000 F40NE 944269 1] 1] 0

11
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To examine the critical speed mode shapes, the critical speed analysis is performed.
First, let us examine the critical speed around 26,000 rpm estimated from the Critical
Speed Map. In Ver 19.00, the dynamic stiffness option is added and the speed can be
specified. Before Ver 19, only the direct stiffness and the bearing coefficients from the
Last speed point (for the speed dependent coefficients) were used. For compatible with
the old versions, the speed ZERO can be entered to indicate the last speed point will be
used. From the energy distribution, the bearing at impeller end has much more potential
energy than that of the collar end (33.7% vs. 5.2%). Therefore, this bearing is more
critical in the design. For the critical speed around 23,000 rpm (in the x-direction), enter
23.000 rpm and select Kxxdynamic in the stiffness option. Most of the potential energy
in this case is in the bearings and the shaft only has 36% potential energy. This mode is
more close to the rigid bode mode compared with the mode at the 26,000 rpm, therefore,
this mode is not observed in the unbalance response curve, which will be shown later.

In Ver 19, the bearing coefficients after interpolation and used in the analysis are also
printed in the text output for reference. A warning message will appear if the analysis
speed is outside the speed range of the bearing coefficients. Again, in the Critical Speed
Analysis, the ZERO speed indicates the last speed point will be used as before ver 19.

E R

Brg Coefficients after Interpolation

No. rpm Kxx Kxy Kyx Kyy Cxx Cxy Cyx Cyy
1 26000. 268110. 141715. -252637. 406053. 133.853 -4.91026 -4.91026 190.982
2 26000. 269498. 137247. -259252. 410936. 133.480 -6.44488 -6.44488 193.375

Critical Speed Analysis **riiriiiiiiiidhitritirix

*** Y-Direction Properties are specified ***
Dynamic Stiffness = sqrt(Kyy”2+(omegaCyy)”™2)

Bearing Coefficients Used @ Speed = 26000.00 RPM

Bearing No: 1 Stiffness Kt
Bearing No: 2 Stiffness Kt

659747 .46 Kr
667890.00 Kr

0.0000000
0.0000000

xaxxxkxk Spin(1)/Whirl Ratio = 1.000 — **xxksx

no rpm R/S Hz

1 26408.9 2765.53 440.148
2 63294.6 6628.20 1054 .91
3 98313.0 10295.3 1638.55
4 302000. 31625.3 5033.33
5 590132. 61798.5 9835.53
6 0.101755E+07 106558. 16959.2
7 0.176134E+07 184447. 29355.7
8 0.342898E+07 359082. 57149.7
9 0.463345E+07 485214. 77224 .2

AEEAXEAEAAXAEAAXEAAXAALAEAAAAXAXAAXAAXAEAAXXAAXAAXAXAAXAAAXAXAXAAXAAAXAAXAAAAAAXALAXAXAX*X



Lateral Analysis Option & Run Time Data.

|Anal_l,lsis: |2 - Critical Speed Analysis

Ll Transient Analysis

Shaft Element Effects
IV Ratatary Inertia

Static Deflection

Iv Constrained Bearing Stations

Critical Speed Analysis

Spinwhirl Ratio: |1
Mao. of Modes: |5

Brg Stiffness:

Kypd dpnarnic

| @ rpr; |2sunu

“Whirl Speed and Stability Analyzis

RPM-Starting: | 10000 |
Ending: |40000

Increment (500

Mo. of Modes: |B

v Shear Deformation W Gproscopic

hd Fawd dynamic
Ko
K

RP: |35000

[ Gz

Gravity [g)

X;’Ui

Frequency

Time
Damain

Dramain

Critical Speed Map

SpinSwhirl Ratio: |1
Bearing K. - Min: {1000
Waw |1e+008

Stiffness bo be waned at

Mpts: |0

| Constant Speed: 35000 rprm

Time-Start: |0
Ending: |0.05
Incrament: |1e-008

Solution Methad

T

Y. |-386.088
Z |0

Mone zero Gz
Wertical Flotor

Mazs Unbalance
Const. Unbalance
Shaft Bow

Digk Skew
Gravity [+,7]
Gravity [£)

71" RAA

- Mo
Bearings in Series IR Es

[Ka+ )2
Fad dynarnic:
| Kuwd dunamic

a2 ]

{Synchronous Response Analysiz

10000

Ending: |40000
Increment; {100
Excitation Shaft: |1

[v Al Spnchronized Shafts

Effects:
Iv Mass Unbalance

[¥ Conzt. Unbalance
[¥ Shaft Bow

¥ Disk Skew

[v Mizalignment

Steady Maneuvers [Base Constant Translational Acceleration andfor Turn Rate)

Speed [RPH]); |35000

Acceleration - =

| Mewmark-beta

Static Loads
Time Forzing
v Mizaligrnment

< %

-

Steady State Harmonic: E xcitation

RPM-Starting: (10000

Ending: |40000
Increment: (100
Excitation Shaft: |1

W Al Shatts with same speed

Run

Cancel

]

i |??2.1 76 TumnPRate -

0 0

Fief Pag: |0

X

M Critical Speed Mode Shape

Mode Animation  Zoom

Qptions

Critical Speed Mode Shape, Mode Ho.=1
Spinftvhirl Ratio = 1, Stiffness: Ky dynamic
Critical Speed = 26409 rpm = 44015 Hz

£

"

o1




M Critical Speed Energy Distribution

Opkions

Mode Energy

Mode Mo=1, Critical Speed = 26409 rpm = 44015 Hz
Potential Energy Distribution (shw=1)
Crverall: ShattiSi= 61.08%, BearingiBro)= 38.92%

oo
=
o
-
o3
(e}
4
Percentage: L
Component 5 Bro Brg
Mo, or Stn: 1 2 4

B Critical Speed Mode Shape

Options

Mode Animation  Zoom

=1Es

Critical Speed Mode Shape, Maode Ho=1

Critical Speed = 23285 rpm = 387 59 Hz

]

Spinthirl Ratio= 1, Stiffness: kK dynarmic ﬁ
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M Critical Speed Energy Distribution

Options  Mode  Energy

Mode Mo=1, Critical Speed = 23255 rpm = 387 59 Hz
Potential Energy Distribution (shw=1)
Crverall: ShattiSi= 36.16%, BearingiBro)= 63.84%

o7
L)
Lo
Lo

[im)

o

[an)

Percentage:

Component 5 Bro Brg
Mo, or Stn: 1 2 4

The next analysis is the unbalance response analysis. The analysis speed starts from
10,000 rpm to 40,000 rpm with an increment of 100 rpm. Since this speed increment
(100 rpm) is smaller than the speed increment (5,000 rpm) in the bearing coefficients,
interpolation will be implemented in the program. The interpolation method (spline or
linear) is specified in the Bearing input tab. The vibration at the probe station (station 5)
is shown in the Bode plot (PostProcessor — Steady Synchronous Response — Bode Plot).
Some graphic settings can be adjusted under Options — Settings. In this example, English
units are used. The response displacement is in inches. But, it is common to use mils in
US to describe the vibration amplitude. Therefore, we entered 1000 in the Amplitude
Scale to convert the inches to mils. The Text Color box is checked to show the
corresponding color in the text printout in the plot. The curve color can also be changed
in the Preference Settings — Post-Processor Graph Colors. Also, the amplitude printout is
formatted with floating point with 2 decimal points. Some of the graphic settings can be
pre-defined and saved in the Preference Settings File (Project — Preference Settings —
Post-Processor Graph Settings and Post-Processor Graph Colors). These graphic features
are implemented in all the post-processor plots when applicable. Again, use Options —
Settings to make necessary adjustments to meet your needs.

11



Lateral Analysis Option & Run Time Data.

Analysiz

| Transient Analysis Gravity [g]

Shaft Element Effects
IV Ratatary Inertia

Static Deflection

Iv Constrained Bearing Stations

Critical Speed Analysis

SpinAwhirl Ratio: |1
No. of Modes: |5

Brg Stiffness: ’m
& pm: 26000

“Whirl Speed and Stability Analyzis

RPM-Starting: {10000
Ending: |40000

Increment (500

Mo. of Modes: |B

v Shear Deformation W Gproscopic

Critical Speed Map

SpinSwhirl Ratio: |1
Bearing K. - Min: {1000
Waw |1e+008

Stiffness to be waned at

Bearings; Al

[ &llow Bearings in Senies

Mpts: |0

[ Gz

Frequency

Time
Damain

Dramain

RP: |35000

| Constant Speed: 35000 rprm

#% |0
: |-386.099
Z |0

Steady State Spnchronous Response Analysis

RPM-Starting: |10000

Ending: |40000
Increment; {100
Excitation Shaft: |1

[v Al Spnchronized Shafts

Time-Statt lﬂi g Mazs Unbalance
v Const. Unbalance
Ending; |0.05 v Shaft Bow
|reremnent: |1e-006 i Disk _S ke Mone zero Gz
[ Gravity [X.Y] Yertical Fotar
Solution Methad [ Gravity [£)
| e e v Static Loads
N v Time Forcing
Initial Gs: |No Tl v Misalignment
Steady State Harmonic: E xcitation
Effects: RFt-Starting: (10000
W
Iv Mass Unbalance Ending |40000 .
[ Const. Unbalance ,1007
| I
™ Shaft Bow rieremen
B B S Excitation Shaft: |1
™ Misal Cancel
Izslignmert W Al Shatts with same speed

Steady Maneuvers [Base Constant Translational Acceleration andfor Turn Rate)

Speed [RPH]); |35000

Acceleration - 3 |0

W |??2.1 76

Turn Rate - % |0 v |0

Fief Pag: |0

&

I Bode Plot - Displacement

Options  Station
Bode Plot
Station: &, Sub-Station: 1
FProbe 1 (x) 0deg: Amp =027 phase = 79 at 26800 rpm
60 Frobe 2 {y) 90 deq: Amp = 0.34 phase = 154 at 25600 rpm
—_ . | ]
(7] [ ' ]
g | o
@ 180 | 1
@ ; :
= o0f 3
o :
ok
0.50 — - - y
— [ 1 ]
in i AF=2.35 - ]
= 0.40 25600 rpm I
o 0.30¢ I
= ; ' ' ]
2 0.20f | | [ 1
2 ol A =
£ o b e
|:||:||:| AN I MR RN S e
T ROOO 15000 25000 35000 45000
Fotational Speed (rpm)
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Il Bode Plot Bode Plot (Amplitude and Phase)

Stakio
Redram Title: |EndeF‘Iu:ut
Settings s abet |F|Dtatiana|5peed [rpm] Cancel
Prink - -
Print to File “-Label |p‘-‘-.m|:|lltudes [rmilz] |
Export Data Z-Label: |F'ha$ex [Deaq)
List Peaks
[ Station: |9 Sub: |1 Fielative to Station: |0 Sub: |0
o
o 180 Frobe Angles [deg) - = [1]: |0 Probe 'y (23 |30
m
“ a0
o Operating Speed B ange: |4DDDD to |D
o
Safe Margin Speeds: |E| |D
050 F
w 040 Label Amplification Factor: [ % [1] | W (2] W Mark &F Iinesl
£ ’ Phasze Display: & Academic © Instrument [ADRE]
w030 .
a W Pesk -Peak [ Phase Shit-%[1} |0 (2 |0
=
E 0.20 [~ CurveFit [ Symbol  # MajorGrid [ MinorGrid | Text Colar
£ 010
< W Manual X Seale: [1 [mpliude Seale: [1000 |
0.00 A t anual Scaling Data
Hrire | 5000 “roir; |0 Zrir: |0
Hmax: 45000 Ymax: |05 Zmaw: | 360

#Div: |4 YDiv: |5 ZDiv: |4
Decimal Places for the Respanze Graphic Printout

|Amplitude: |2 - F:decirmals jl Phaze: |0 - Integer -

%1 DyRoBeS_Rotor - C:\W1900\mytest. datalexample files\Case 1\Case 1 _ Air Compressor. rot

Model Analysis PostProcessor  Tools  Wiew Help

Mew

Qpen...

Close Graphic Settings E‘
Save As...

Save As Different Units ary graphic sattings can be preset and saved as a preferences files [*.pf)

Mode! Flipping (Reversing) The program will automatically start with a default preferences file [MyPreferences.rpf]

Model Combining {Merging, Appending) IF file MyPreferences. ipf does nat exist, a set of commonly used default setttings will be applisd.
Print This dialog allows you to Open a references file, Change the settings. Save the settings into a file,
Print Previsw or, Reset the settings back to the default settings used by ETI.

Print Setup...

Print to File FileM amne: ‘C \yFoldet\DyRoBeStver 1900 Exs\MyPreferences.ipf

Comment; ‘Defaull Settings

File: Corwerter 3

‘warking Directony: ‘E \MyFoldertDyRoBeStWer_1900_Exe
1 Case 1 _ Air Compressar.rob
2 Ciwioooh, . \Wase 1itest.rob
3 Case 0 _ Air Compressor Flip.rot Model Display Model Display Post-Processor Post-Processor Post-Processor
4 Case 0 _ Air Compressor.rot Settings Colars Graph Settings Graph Labels Graph Colors

S Lateral_Torsional _Trainl .ot

& Ciwi900h,, \BulGear_revE.rot
7 C:AD00WD. rat

& AirCompressar_Lingar, rot

Open ‘ Save ‘ Beset ‘

Exit

uu 5000 15000 25000 35000 45000
Ratational Speed (rpm)

UM




B Responses at Multiple Stations

Options  Bespanse  Linear-Log
Lateral Steady State Response:Displacement - Major Axis (2a)
Station: 5, Sub-Stn: 1, Peak Response =035 at 25200 rpm
100 Station: 6, Sub-Stn: 1, Peak Response = 0.69 at 25400 rprm
0.80¢ AF=2734
25400 ram
T 060}
= L
L
[}
o
= I
o040;
[} L
020}
000t
G000 12000 13000 24000 30000 J6000 42000
Raotational Speed (rpm)

I Polar Plot
Options  Skakion

=1[E3

Falar Plot (pk-pk)
Station: 5, Sub-Station: 1
Speed range = 10000 - 40000 rprm

Probe @ 45 deg: Amp =0.33 phase = 111 at 24700 rpm

270
f\ .
180 o 0 degres
10000
40000
25000
=]

Full Scale = 0.5 (pk-pk)




Case 2 — Turbine — Generator Set

This example is a turbine-generator set. The model was built in three separate rotors
(files) as shown below. It is noticed that the individual Rotor 1 was modeled in the
reversed direction (right to left) compared to the entire train. This can occur frequently
since all the drawings (data or model) were provided from different suppliers, or modeled
by different engineers. In this example, the Model Flipping and Model Combining
features will be demonstrated.

R = |8, [OOEE T O] B b O e o LN L e G D e ey 3 L] L] L] bl T | -

Rotor 2

Rotor 1 Rotor 3

Rotor 1

%4 DyRoBeS_Rotor - C:\W1900\mytest. datalexample files\Case 2\Case 2 _ Turbine 1.rot

Project Model Analysis  PostProcessor  Tools  Wiew  Help

D= 7\

or Help, press
For Hell F1 MM
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Rotor 2

1 DyRoBeS_Rotor - C:\W1900\mytest. datalexample files\Case 2\Case 2 _ Turbine 2.rot

Project Model Analysis PaostProcessor  Tools  Wiew Help

D[s| 2]

For Help, press FL ’7 MUM él

Rotor 3

1 DyRoBeS_Rotor - C:\V1900\mytest. datalexample files\Case 2\Case 2 _ Generator. rot

Project  Model Analysis PostProcessor  Tools  Wiew Help

D[s| 2]

For Help, press F1 ,_ MUM él




Step 1 is to flip the rotor 1 model before combining with others: Open the original rotor 1
file, Select Model Flipping under Project menu, then Save the flipped model in a different
file name (in case, the original file is needed for other purposes). After this is done, the
main window will be updated with this new file name and new model.

TA DyRoBeS_Rotor - C:\W1900\mytest. datalexample files\Case 2\Case 2 _ Turbine 1.rot CEX

GRS Model  Analysis  PostProcessor  Tools  Wiew  Help

Mew

Qpen... l
Close

Save As...

Save As Different Units

Model Flipping (Reversing)

Model Combining (Merging, Appending)

Print...

Prink Previgw
Prink Setup...
Prink to File

Preferences Setkings
File Corwverter »

1 Case 2 _ Turbine 1.rok

2 Case 2 _Generator.rat

3 Case 2 _ Turbine 2.rot

4 Case 2 _ Turbine 1_flip.rot

5 D-11 for Cakenary 2 Shafts _ RLink.rot
6 Case 2 _ Turbine HP_IP.rot

7 D-11 for Cakenary 2 Shafts.rot

& D-11 For Cakenary 1 Shaft.rot

Exit

MUM

Save in: |@ Caze 2 j =5 Ef-

jCase 2 _iaenerator.rak
jCase 2 _ Turbine 1.rot
;jCase Z _Turbine 2. rok

File: narmne: |I:ase 2 _ Turbine 1_Flip.rot Save ||

Save as lype: |H|:ut-:|r Files [*.rat] j Cancel |
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7| DyRoBeS_Rotor - C:\W1900\mytest. datalexample files\Case ?\Case 2 _ Turbine 1_Flip.rot

Project  Model Analysis  PostProcessor  Tools  Wiew Help

D= 7\

| Far Help, press F1 UM

Step 2 to combine (merge, append) the Rotor 2 file into this rotor 1: Select Model
Combining under Project menu while the Rotor 1 is still an active project in the screen.
A dialog box will appear once the Model Combining is selected. Since the rotor 1 is still
active and is used as the base model. Click Add Model to add the second rotor and also
click Combined Model to save the combined model into a file. Since all three rotors are
in-line in this case, we can simply append the rotor 2 into the rotor 1 in a single shaft
without generating a second shaft in the model. We can also use Rigid Link option to
keep the rotor 2 in a second shaft and rigidly link to Rotor 1. Both will yield the same
analysis results. The Merge Material Number box is checked, that is, if the material
properties (Rho, E, G, and description) in rotor 2 can be found in the Rotor 1 material
library, then the existing material number in Rotor 1 will be used for Rotor 2, and it will
not duplicate the same material in another material number. If the Merge Material box is
not checked, the material number in rotor 2 will append to the material numbers in Rotor
1 as a new material. After this step, the main window will be updated with this new
combined model.
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5| DyRoBeS_Rotor, - C:\W1900\mytest. datalexample files\Case 2\Case 2 _ Turbine 1_Flip.rot

Model Analysis PostProcessor  Tools  Wiew Help

Mew I
Open...
Close

Save As...
Save As Different Units

IModel Flipping {Reversing)

Prir]

Prir] - - .
Baze Model |C:\V1 S00%mptest. databexample fles\Caze 2vCaze 2 _ Turbine 1_Flip.rat

Pred

Fild | Add Model I |E:\V1 004 mptest. datahexample files\Case 2Case 2 Turbine 2.rat |
14 -
2] Combined Model | F:\V1 00 mytest dataexample files\Case 24Case 2 _ Tunbines 121at |

3d

+J Thiz feature will combine the base model and additional model into a single final model. i.e., Bage + Add = Combined Model
S0

6 d Mate: The shaft speed ratio, axial distance, and ' distance must be manually adjusted ta fit your needs.

0 The relationzhip between the Last shaft of the Baze model and the First shaft of the added model

&0

Exi Append the first shaft of the added model to the last shaft of the baze model into a SINGLE shaft

I Rigid Link - the first shaft of the added model will be rigidly linked ta the last shaft of the base model oK
This remains two separate shaft entries, although they are Rigidly linked.

(Merge Material Mumbers - if the material properties (tho, E. G) of the Added model and the Base model are the sam
he materail number of the Based model will be used. Otherwise, new material number will be created. Cancel

1M

DyRoBeS_Rotor, - C:\W1900\mytest.datalexample files\Case 2\Case 2 _ Tunbines 12.rot

Project  Model Analysis PostProcessor  Tools  Wiew Help

|| 7w

For Help, press F1 MM

Step 3 is to combine the generator (rotor 3). Again, Select Model Combining under
Project menu and enter the necessary information as shown below to add the generator

19



into the system. After these two steps, the separate three rotors are combined into a
single model.

Combine (merge, add) Models E|

Baze Model IC:W'I 00 mytest. dataexampls fileshCaze 2ACaze 2 _ Tunbines 1200t

Add Mode |C:W1 004 mytest. datahexample files\Caze 2\Case 2 _ Generator.rat

Combined todel |C:W1 00%mytest. dataherample fileshCaze 24Caze 2 _ Tunbinez_Generator. ot

This feature will combine the baze model and additional model into a single final model, i.e.. Baze + Add = Combined Maodel

Mote: The shaft speed ratio, axial distance. and v diztance must be manually adjusted to fit vour nesds.

- The relationzhip between the Last shaft of the Base model and the First shaft of the added model

v #ppend the first shaft of the added model to the last shaft of the base model into a SINGLE shaft

[ Rigid Link - the first shaft of the added model will be rigidly linked to the last shaft of the base model ok
This remaing two zeparate shaft entrieg, although they are Rigidly linked.

v terge Material Mumbers - if the maternial properties [tho, E, G) of the Added model and the Baze model are the same. |
the materail number of the Based model will be uzed. Othenwize, new material number will be created. ; Cancel

%1 DyRoBeS_Rotor - C:\W1900\mytest. datalexample files\Case 2\Case 2 _ Tunbines_Generator. rot

Project  Model Analysis PostProcessor  Tools  Wiew  Help

D= 7\

or Fel Fess
For Help, press F1 HUM

If you prefer to keep these three rotors in separate shafts in the system, then you may use
the Rigid Link option instead of the Append in the check box as shown below. Both
methods yield the same analysis results.
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Combine (merge, add) Models

Baze Model IC:W'I 00 mytest. dataexampls fileshCaze 2ACaze 2 _ Tunbines 12_RigidLink. ot

Add Model |C:W1 004 mytest. datahexample files\Caze 2\Case 2 _ Generator.rat

Combined Maodel |C:W1 00mptest. datahexample files\Caze 2\Caze 2 _ Tunbines Generator_RigidLink. rot

This feature will combine the baze model and additional model into a single final model, i.e.. Baze + Add = Combined Maodel

Mote: The shaft speed ratio, axial distance. and v diztance must be manually adjusted to fit vour nesds.
i The relationship between the Last shaft of the B aze model and the First shaft of the added modsl
I Append the first shaft of the added model to the last shaft of the base model into a SINGLE shaft

igid Link, - the first shaft of the added model will be rngidly linked to the lazt shaft of the base model
This remaing two zeparate shaft entries, although they are Rigidly linked.

v iMerge Material Mumbers - if the material properties [tho, E, G) of the Added model and the Base model are the zame. |
ithe materail number of the Bazed model will be uzed. Othemwize, new matenial number will be created,

oK

Cancel

| DyRoBeS_Rotor - C:\W1900\mytest. datalexample files\Case 2\Case 2 _ Tunbines_Generator_RigidLink. rot

Project  Model Analysis PostProcessor  Tools  Wiew  Help

D= 7\

Rigid Link between shafts

| Far Help, press F1

MM
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M Critical Speed Mode Shape

Options  Mode  Animation  Zoom

Critical Speed Mode Shape, Mode Ho.=1
Spintdhirl Ratio =1, Stifness: Ky
Critical Speed=1014 rpm = 16.89 Hz

M Critical Speed Mode Shape
Options  Mode  Animation  Zoom

Critical Speed Mode Shape, Mode Ho= 2
Spintdhirl Ratio =1, Stifness: Ky
Critical Speed = 1349 rpm = 22 449 Hz




M Critical Speed Mode Shape

Options  Mode  Animation  Zoom

Critical Speed Mode Shape, Mode Ho= 3
Spintdhirl Ratio =1, Stifness: Ky
Critical Speed=1718 rpm = 2863 Hz

M Critical Speed Mode Shape

Options  Mode  Animation SdElsE))

Critical Speed Mode Shape, Mode Ho= 4
Spintdhirl Ratio =1, Stifness: Ky
Critical Speed = 2605 rpm = 43.41 Hz

A [ =
=
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Case 3 — Rotary Compressor Train

In this example, we will demonstrate the coupled lateral and torsional analysis and the
effect of the gear mesh coupling on the system natural frequencies. This system is a
motor, which drives a rotatory compressor with a male rotor and a female rotor.

Male Rotor

Female Rotor

Again, the rotors are modeled separately as shown below. Each rotor is analyzed first
before assembly into a complete system. For each individual rotor, the lateral whirl
speed analysis is performed to examine the system natural frequencies. They show that
all the natural frequencies are far above the rotor operating speed and all potential
excitation frequencies. Also, the gyroscopic effect is insignificant in this example. The
natural frequencies do not vary much with the rotor speed for all three rotors. However,
the coupled lateral and torsional natural frequencies of the entire system (3 rotors
together) decreased significantly in this example show below.

Motor

7 DyRoBeS_Rotor - C:\W1900\mytest. datalexample files\Case 3\Case_3_Motor. rot

Project Model Analysis PostProcessor  Tools  Wew Help

[=] 2/

| Faor Help, press F1 ,— W ’_ /‘l
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Project  Model
Ol= %
1

PostProcessor - Tools

Lateral Vibration
Torsional Vibration
Azxial Yibration

Lateral-Torsional-Axial Vibration

Il Whirl Speed Map

Shaft Element Effects

v Rotatony Inertia

Static Deflection

[~ Constrained Bearing Stations
Critical 5peed Analysiz
Spinfwhil Ratic: 1
Mo. of Modes: ’3—
Brg Stiffness: ’m
(@ rpm: lﬂi

‘wihirl 5peed and Stability Analysis

FP-5tarting: ’07

Ending; 'W
Increment; (500

Mo, of Modes: '297

7| DyRoBeS_Rotor - C:\W1900\mytest. datalexample files\Case 3\Case_3_Motor. rot
' Lateral Analysis Option & Run, Time Data

¥ Shear Deformation v Gyroscopic

Critical Speed Map

Spinwhirl Ratio: |1
Bearing K - Min: |100
Mpts: |50 pgae [Te+003

Stiffrness to be varied at

Bearings: &1

[ Allow Bearings in Series

Steady State Synchronous Responze Analysiz

RPM-Starting: ’07

Ending; ’07
Increment: |0

E xcitation Shaft: ’17

¥ Al Synchronized Shafts

W Gz

Tranzient Analyziz

RPM: |0

Time

Damain

| Constant Speed: 0 rpm

Time-Start:
Ending:

Increment:

——
—
—

Solution Method

| Wilson-theta

Initial Cs: Mo

4

EUE U URE VR U VR VR VY

Mazs
Cans!
Shaft
Digk !
Gravi
Gravi
Static
Time
Mizal

Steady State Harme

Effects: RP-Starting: |—(
'
IV Mass Unbalance Ending |-[
¥ Const. Unbalance |—[
¥ Shat Bow Increment:
W Disk Skew Excitation Shaft: |—1

v Mizalignment

Steady Maneuvers [Base Constant Translational Acceleration and/ar Turn Rate)

Speed [RPM]: |0 Acceleration -3 |0

T |D

B=E3

Cptions
Whirl Speed Map

£0000 s
= | | ]
S 40000 ¢ i | -
i ! i | ]
= : : : 1
5 i | | 1
S 30000t : : -
[ L |
o I . . ]
- ! | | ]
© s ! ! ]
2 20000 | I ]
find L ' ' |
= A | | ]
E ' '
jwi L | | 1
£ 10000 ¢ : : .
O ' ! ! '

[ i i 11X
0 1000 2000 3000 4000 5000

Motor Rotational Speed (rpm)

[ &l Shafts with

Tumn Rate - %: |0 ' ,D_
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B Precessional Mode Shape : E| f'5__<|

Cptions  Speed  Mode  Animation

Mode Mo.=1 STAELE STRAIGHT LINE Mation
Shaft Rotational Speed =0 rpm
Whirl Speed (Damped Matural Freg.) = 12905 rpm, Log. Decrement = 0.2386

+02

B Precessional Mode Shape

Qptions  Speed  Mode  Animation

Mode Mo.=2 STABLE STRAIGHT LIME Mation
Shaft Rotational Speed =0 rprn
Whirl Speed (Damped Matural Freq.) = 13933 rpm, Log. Decrement = 0.16039

+02
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Compressor — Male Motor

7| DyRoBeS_Rotor - C:\W1900\mytest. datalexample files\Case 3\Case_3_Rotor_1.rot

Project  Model Analysis PostProcessor  Tools  Wiew  Help

NEE

| Faor Help, press F1

|

I Whirl Speed Map

Opkions

a0000

40000

30000

20000

10000

Damped Matural Frequencies (rpm)

Whirl Speed Map

1] 1000 2000 3000 4000 5000

Compressaor Male Rotor Rotational Speed (rpm)
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Il Precessional Mode Shape :

Qptions  Speed  Mode  Animation

=S

Mode Mo.=1 STABLE STRAIGHT LIME Mation
Shaft Rotational Speed =0 rprn
Whirl Speed (Damped Matural Freq.) = 26749 rpm, Log. Decrement = 1.3278

+02

M Precessional Mode Shape

Qptions  Speed  Mode  Animation

Mode Mo.=2 STABLE STRAIGHT LIME Mation
haft Rotational Speed =0 rpm
Whirl Speed (Damped Matural Freq.) = 47137 rpm, Log. Decrement = 1.1713
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Compressor — Female Rotor

7| DyRoBeS_Rotor - C:\W1900\mytest. datalexample files\Case 3\Case_3_Rotor_2.rot

Project  Model Analysis PostProcessor  Tools  Wiew  Help

NEE

| Faor Help, press F1 ,— W ’_ 4'

I Whirl Speed Map

Options

BO000 T e T

50000 ! ! i

40000

30000

20000

Damped Natural Frequencies (rpm)

10000

0 1000 2000 3000 4000 5000

Compressor Female Rotor Rotational Speed (rpm)
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B Precessional Mode Shape ._ E|[$__(|
Qptions  Speed  Mode  Animation

Mode Mo.= 1 STABLE STRAIGHT LIME Mation
haft Rotational Speed =0 rpm
Whirl Speed (Damped Matural Freq.) = 33580 rpm, Log. Decrement = 0.58939

+C2

M Precessional Mode Shape
Options  Speed  Mode  Animation
Mode Mo.=2 STABLE STRAIGHT LIME Mation

Shaft Raotational Speed =0 rpm
Whirl Speed (Damped Matural Freq.) = 43434 rpm, Log. Decrement = 0.3133




Combined Gear Train

Now, let us combine three rotors together. The steps are described below:

1. Open the Motor Model as a base model

= DyRoBeS_Rotor - C:\W1900\mytest. datalexample files\Case 3\Case_3 Motor.rot

Project Model Analysis PostProcessor Tools Wiew Help

NERI]

Far Help, press F1

]

2. Select Model Combining under Project menu and enter the data blow. In this example,
three rotors are coupled by the gear meshes. Therefore, do NOT check the Append and
Rigid Link boxes. After this is done, the combined model will be shown in the main
window. Since the Append and Rigid Link boxes are not checked, the second rotor will

be shown in the right hand side of the first rotor with a small gap in between.

Combine [merge, add) Models [Z|

Baze Maodel | iE: W1 9004 mytest.dataherample fleshCaze 3Case 3 Moator.rot

i

Add Model I 1[:: "1 9004mytest. databexample files\Caze 2Caze 2 Rotor_1.raot

Coarnbined Maodel | iC: S 19004mytest. datatexample fles\Caze 3WCaze 3 Motor+Fotor] .ot

Thiz feature will combine the base model and additional model into a single final model. i.e.. Baze + Add = Combined todel

Mite: The shaft speed ratio, axial distance, and ¥ distance must be manually adjusted ta fit your needs.

i~ The relationship between the Last shaft of the Baze model and the First shaft of the added model -

[~ Append the first shaft of the added model to the last shaft of the base model into a SINGLE shaft

[~ PRigid Link - the first shaft of the added model will be rigidly linked to the last shaft of the baze model
This remainz bwo separate shaft enties, although they are Rigidly linked.

v terge Material Numbers - if the material properties (tho, E. G] of the Added model and the Base model are the same, |
ithe materail number of the Based model will be used. Otherwise, new material number will be created.

oK

Cancel
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5 DyRoBeS_Rotor - C:\¥1900\mytest. data\example files\Case 3\Case_3 Motor+Rotor1.rot

Project Model Analysis PostProcessor  Tools  Yiew Help

D= 7|2

For Help, press F1 UM

3. Since this is a geared system, we need to enter the speed ratio and also adjust the rotor
position for proper display. Model — Data Editor — Shaft Elements — Second Shaft. Enter
speed ratio, Axial and Y distances.

Rotor Bearing System Data E|
Awial Farces ] Static Loads ] Conhstraints ] Mizalignments ] Shaft Baow ] Time Forcing ] Harrmonics ] Torzsional AAsial ]
U nits/Description ] Material | ShaftElements | Digks ] IUnbalance ] Bearings ] Supports ] Foundation ] lser's Elements ]

Shaft; 2of 2 Starting Station #: [13 ™ R Link AddShaft | Del Shaft | Previous |
|5DBBC| Riatio: [-1.347 Aial Distance: |757.523 Y Distance: 120 | Impart * #ls | Export * sl
Comment: |Eompressor tale Rator
Ele [Sub[Mat]Lev] Length | MassID | MassOD | StifID | StfoD | Comments -
1 13 1 1 0 3 i} 39 i 39 |
2 13 2 1 0 17 i} 435 1] 435
3 13 2 ] 1 17 435 102133 435 102133
4 14 1 1 0 17 i} 435 1] 435
5 14 1 ] 1 17 435 102133 435 102133
E 14 2 1 0 1 i} 435 i] 435
7 1m0 1 0 21.2 0 435 1] 55
2 15 2 1 0 1265 i} 55 i E5
9 16 1 1 0 1265 0 55 1] 55
10 | 16 2 1 0 195 i} £9.288 i £9.288
11 17 1 1 0 34.25 1} 11E.2 1] 98
12 | 18 1 1 0 34.25 i} 116.2 1] 98
13 | 19 1 1 0 34.25 1} 11E.2 1] 98
14 | 20 1 1 0 34.25 0 116.2 1] 38
15 | 21 1 1 0 34.25 ] 1162 0 98
16 | 22 1 1 0 34.25 0 116.2 1] 38
17 | 23 1 1 0 34.25 i} 116.2 i 98
18 | 24 1 1 0 34.25 0 116.2 1] 38
19 | 25 1 1 0 3021 i} 59,288 i 59,288
20 | 25 2 1 0 10.25 1} 35015 1] 35,015 -
Inzert Row Delete Raow Fielumber | Copy & Paste Unit[4] - Lenath, Diameter: mm
Save Save fiz LCloge Help
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A DyRoBeS_Rotor - C:\V1900\mytest. datalexample files\Case 31Case_3_ Motor+Rotor1.rot

Project Model Analysis PostProcessor  Tools  Wiew Help

D= 7k

For Help, press F1 LM

4. Combine the last rotor into the system. Again, we need to enter the speed ratio and the
axial and Y distances in the Shaft Elements tab. We also need to enter the gear mesh data
to couple these three rotors.

Combine (merge, add) Models E|

Baze Model ]E: W 1900Nmytest datahexample fileshCase 2\Case_3_Mator+Fotar] rot

Add Model HC:W'I 00%mytest. datahesample fileshCaze 34WCasze_3 Rotor_2.rot

Combined Madel IE:\V'I 00mytest datalexample files\Caze 3WCase_3_Motor+Fotor] +Rotor2. rot |

This feature will combine the base model and additional model into a single final model. i.e., Basze + Add = Combined Maodel

Mate: The shaft speed ratio, axial distance, and Y distance must be manually adjusted to fit your needs.
i~ The relationzhip between the Last shaft of the Baze model and the First zhaft of the added model

[~ Append the first shaft of the added model ko the last shaft of the base model inta 2 SIMGLE shaft

[ Pigid Link - the first shaft of the added model will be rigidly linked to the last shaft of the base model oK.

Thiz remains two separate shaft entries, although they are Rigidly linked.

v erge Material Mumbers - if the material properties [tho, E. G) of the Added model and the Baze model are the same, ;

ithe: materail nurnber of the Bazed model will be uzed, Othenwize, new matenial number will be created, Cancel
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| DyRoBeS_Rotor - C:\W1900\mytest. datalexample files\Case 3\Case_3_Motor+Rotor1+Rotor2. rot

Project  Model Analysis PostProcessor  Tools  Wiew  Help

D= 7\

| Faor Help, press F1 UM
Rotor, Bearing System Data El
Agial Forces ] Static Loads | Constraints | Misalignments ] Shaft Bow ] Time Foreing ] Harmanics ] Torsional/Axial ]
I nits/Description ] Material ~ Shaft Elements l Disks ] Unbalance ] Eearings ] Supparts ] Foundation ] Lzer's Elemants ]
Shaft: 3af 3 Starting Station #: |29 [ R Link Add Shaft | Del Shaft | Frevious |
Speed Ratio: |0.835 Auial Distance; |532.523 " Distance: ’207 Impart “.:4|3| Export “.Hls|
Carmment: |Cnmplessor - Female Rotor
Ele [Sub[Matllev] Length | MassID | MassOD | StifID | SO0 |  Comments -
1 23 1 1 16 R 0oz R a0maz2 |
2 23 2 1 0 1.605 R 284 R 234
3 29 3 1 I 81975 £.a a0z £.a omz
4 an o1 1 I 81975 £.a a0z £.a omz
5 o2 1 I 875 I 43.001 I 43.001
E a0 3 1 0 875 I} 4300 I} 430
7 kil 1 1 0 3425 I} 104 I} 95
g 32 1 1 0 3425 I} 104 I} 95
q 33 1 1 0 34.25 0 104 0 95
10| 4 1 1 I 34.25 I 104 I 95
11 ] 3%/ 1 1 I 34.25 I 104 I 95
12 | 3 1 1 I 34.25 I 104 I 95
13 kN 1 1 0 3425 I} 104 I} 95
14 33 1 1 0 3425 I} 104 I} 95
15 31 1 1 0 15105 I} R3 288 I} R385
16| 3 2 1 I 15108 I h9.288 I 55,288
17 ] 3 3 1 I 10.6075 I 40.015 I 40.015
18 | 40 1 1 I 89375 I 40.015 I 40.015
19 40 2 1 0 97725 I} 40.015 I} 4005 brg
20 A0 3 1 0 97725 0 A0.015 0 4005 -
Inzert Row Delete Raw ReMumber | Copy & Paste Unit4] - Length, Diameter. mm
Save Save fz Cloze Help
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Rotor, Bearing System Data f'5__<

nitz/Description ] M aterial ] Shaft Elements ] Dizks ] Unbalance ] Bearings ] Supports ] Foundation | Uszer's Elements
Luial Forces ] Static Loads ] Conshraints ] Mizahgnments ] Shaft Bow ] Time Forcing ] Harmonics TarsionaldAsial

Tarzional and/or Axial D ata Targional Time Dependent Excitations
) Excitations in Equations
Lirear iC
Connectivity s
E xcitations from Files
Mon-Linear Torsional Startup Transient Torques

Couplingz/Connechions
Mator Driving T arque

Load Torque
todal Damping

Reciprocating Excitation [ri< Harmonics)

Engine E xcitation
Steady State
Excitation
[Single Harmonic)

Recip. Torque

Lateral-Torsional-Axial Geared Coupling

Gear Mezh Data

Save Save fs Cloge Help ‘

Lateral-Torsional-Axial Gear Mesh Coupling

Gear Mesh 1of 2 Add | Delete | Presious ‘ I ext ‘

Gear 1

Gear Dat
Station |; [l Pitch Diameter; [137.57 {* Driving (" Driven Gear Fartata
Pressure Angle: (20

Heliz &ngle: |23.43

Gear 2

Station J: |14 Pitch Diameter: |102.133 Angular Position; |180

Gear Mesh Stiffness and Damping Matrices in [I't'a’) coordinates Thrust Collar [Rider Ring]
Stiffness [amping
= = = Diamneter. |0
k. r t a [ r | £ a
r 0 u 0 ' o 0 o dialK: |0
| i JE0E6S ] | ] 100 ]
| 0 a a ] i i 0 dyial C: | 0

Urit:[4] - Angle; deg., Length: mm, K:Mmm, C:M-z/mm
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Lateral-Torsional-Axial Gear Mesh Coupling

GearMesh: 2of 2 Add | Delete | Presious

Gear 1

Gear Dat
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5. The regular bearing with a spring display can complicate the plot. We can display the
bearing with a representing small box by changing the bearing length parameter under
Project — Preference Settings — Model Display Settings — Bearing Length — make it a
NEGATIVE value. Also, noted that one parameter is added in Ver 19 is the L/D ratio. If
the element L/D ratio is less than this pre-defined value, a warning message will be
prompted.
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To perform the coupled lateral and torsional analysis, Select Lateral-Torsional-Axial
Vibration under the Analysis menu. A dialog box shows up for the analysis inputs.
Select Whirl Speed & Stability Analysis. In the Vibration Included group box, check the
Lateral and Torsional boxes to include the lateral and torsional vibrations. That is,
coupled lateral and torsional vibration through the gear meshes. Check the Convert
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Cross-Coupled Bearing Coefficients box. This indicates that if the shaft rotates
clockwise, then the bearing coefficients for this shaft will be converted to comply with
this direction of rotation. For more details on this conversion, see book “Practical
Rotordynamics and Fluid Film Bearing Design”, Chapter 8. For a multiple rotor system,
the speed input in the analysis dialog is the first shaft speed. The first shaft in DyRoBeS
is always the reference shaft. In this example, it is the motor speed. The compressor male
rotor is designed with the speed range of 1200-2900 rpm. Therefore, the motor speed
range is 891-2153 rpm. The excitations considered are 1X Motor, 1X Compressor
(1.347X Motor), and 4X Compressor (5.388X Motor). In this example, there is one
interference point at 9660 cpm present within the operating speed range. The X-Axis
(speed axis) in the whirl speed map can be converted into the compressor male rotor
speed by multiplying the X-Axis by the speed ratio of 1.347 in the Options-Settings.
Once the X-axis is converted into the compressor male rotor speed, the 1X Motor
excitation is 0.7424 X Compressor excitation. To avoid confusion, a small label “LTA”
is shown in the right bottom of the plot to indicate this plot is from the coupled vibration
option. The mode shape for this interference point at 9660 cpm frequency is also shown.
For the coupled vibration, since the displacements are normalized with different units,
different scale may be required. In this example, the torsional displacement is enlarged
fifty times. Again, go to Options — Settings to make necessary adjustments.
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Ml Precessional Mode Shape
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From the mode shape shown above, it indicates that this mode is a coupled lateral and
torsional mode with very large torsional motion at the compressor and significant lateral
motion at the motor driver end. Consequently, torsional excitation from the compressor
rotor can cause high lateral vibration in the motor gear end, mainly in the Y direction
(line of action) and small vibration in the X direction. With the natural frequency of 9660
cpm, the strong 4X response occurs at the compressor rotor speed of 9660/4=2,415 rpm
and motor speed of 9660/5.388=1793 rpm.

To further study this system, in the Lateral-Torsional-Axial vibration run time input, we
can check the Torsional vibration only. This will only analyze the torsional vibration
with the flexibility in the gear meshes.

Lateral-Torsional-Axial Geared Vibration Run Time Data

Analysis |1 -whill Speed & Stability Analysis | Cancel

Wibrations Included

v Convert Crozz-Coupled Bearing Coefficients

[ Lateral [~ Awial If Ratation is Cw: from Local » to Global =
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B Whirl Speed Map
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In summary, only the coupled lateral-torsional vibration analysis produces the
interference point (potential resonance point) in the whirl speed map (Campbell
Diagram). All the individual analysis on the lateral vibration and purely torsional
analysis do not have interference point. Since the gyroscopic effect is very small and the
frequencies stay almost the same as the speed increases, the following table summarizes
the first several frequencies at zero rotor speed for various analyses:
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Frequency (cpm) Comparison @ zero rotational speed

Mode Torsional Torsional Lateral Motion | Lateral Motion | Lateral Motion Coupled

(Rigid Link) | (Flexible Link) (Motor) (Male Rotor) | (Female Rotor) | Vibration

1 12,905 (X) e 9660 (T,Y)

2 13,933 (Y) =" 12,978 (X,T)

3 18,857 (T) 17,549 (T) = 14,537 (Y,T.X)

4 26,749 (X) | 26,749 (x)

5 27,794 (X) 27,816 (X)

6 27,942 (Y) 33,580 (X)

7 33,580 (X) | 34,255 (T,Y)

8 35,134 (X) 35,128 (X)

g 38,438 (V) 38,347 (V)

10 47,137 (X) 39,201 (Y,X,T)

11 47,247 [Y) 48,171 (XY,T)

12 49,434 (Y) 48,278 (Y,T)

13 | 72,146(T) | 72,031(T) 62,232 (X) 62,232 (X)

14 73,776 (X) 69,440 (X,Y,T)

15 76,421 (Y) 73,775 (X,T)

Note: T indicates Torsional motion, X lateral motion mainly in X direction, Y lateral
motion mainly in Y direction.

In view of the above table and the corresponding mode shapes, the frequency of the
motor lateral motion mode (13,933 cpm) in the Y direction (line of action) decreases
significantly due to the flexibility introduced by the gear mesh to become the lowest
natural frequency (9,660 cpm) of the complete gear train. The frequency in the X
direction (12,905 cpm) of the motor lateral motion is nearly unaffected by this torsional
coupling effect and becomes 12,978 cpm in the coupled system.

To further study the torsional excitation effect on the rotor lateral vibration, the torsional
excitation caused by the compressor is added into the model. The compressor has a 4/6
lobes design for the male and female rotors. It is known that it produces a strong 4X
(male rotor speed) port passing torsional excitation from the compressor. This excitation
is entered from Model — Data Editor — Torsional/Axial — Steady State Excitation as
shown below. Note that the excitations are applied at shaft 2 (compressor male rotor),
the excitation frequency is 4X of the compressor male rotor speed, not the motor speed.
Also, the exciting torque increases with the square of the compressor speed.
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Rotor Bearing System Data
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When performing the coupled lateral-torsional analysis, select Lateral-Torsional-Axial
Vibration from the Analysis menu and enter the data below. Note that the analysis rotor
speed is always referred to the shaft 1 rotor speed. Since the excitation is on shaft 2
(compressor male rotor), enter 2 in the excitation shaft field. Check the Torsional
Harmonics to include the torsional harmonic excitation in the analysis. Several
postprocessor plots are shown below. Although the excitation is due to torsional torque,
the lateral vibration can be significant in this coupled gear system.
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Again, by default, the rotor speed shown in the plot is the analysis speed (shaft 1 speed).
To plot the vibration vs. the compressor male rotor speed, we can multiply the X-axis by

1.347.
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Carbon Ring Seal Calculation

The feature calculate the leakage for a carbon ring seal commonly used in the

compressors and blowers. The calculation method is based on the air force report by
Bauer et al. (1965). The original equations were adjusted with some correction factors to

fit the experimental data tested by AMS Seals Inc.

Bauer, P., Glickman, M., and Iwatsuki, F., May 1965, "Analytical techniques for
the Design of Seals for Use in Rocket Propulsion Systems, VVolume Il Dynamic
Seals,” Technical Report AFRPL-TR-65-61, Air Force Rocket Propulsion

Laboratory, Research and Technology Division.

To activate this feature, Rotor — Tools — Estimate the Carbon Ring Seal Leakage.
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Carbon Ring Seal Leakage Calculation

Camment; ID_','FE oBes - Rotar

Urits:  |English - — Gas Properties

Gas Type: |1 -Ai -
Total Seal width:  |0.422 it I _I

Temperature:  |[225 degF
Shaft Diameter. [1.2439 " P | g

] Yizcosity: |3-22529E'D9 Lbf-=An"2
Seal Diameter; |1.2532 in

Gaz Const.; |53.34 fe-I6f Albm-F

ID.2
Cloze |
— Results:
Radial Clearance [C): |0.00165 2C/0 = 1000 |2.54|:|21

Larninar Flaw bModel Turbulent Flaw kodel

al. Flow: IE.EEEEE SCFM al. Flow: IE.EHEEEI SCFR
bl azs Flow: ID-‘”:"I 98 Lbrdmin bl azs Flow: I':|-3BEEEEI Lbrdmin

1

197

High Pressure; |140 psia

E tricity F atio :
Law Pressure: |15 psia o A

1)

Speed [rpm); (45000




The Maximum Allowable Residual Unbalance per API and I1SO Specifications

The feature calculates the amount of maximum allowable residual unbalance in the rotor
per API and I1SO specifications. For more details, see book “Practical Rotordynamics
and Fluid Film Bearing Design”, page 400-401.
To activate the function, Rotor —Tools — Residual Unbalance per API and ISO.
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