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The differential equation describing the dynamic of a mass that is connected by an elastic shaft to its adjacent masses:
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SOLUTION: ADDING MODAL DAMPING
OBTAINED FROM MEASUREMENTS
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LOGARITHMIC DECREMENT

x(t) A . Solution of the equation of motion:
RN |
s N X(t) = Ae~**lcos(e,t— V)
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LOGARITHMIC DECREMENT
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MODAL ANALYSIS OF THE MECHANICAL
SYSTEM

Superposition of the modal contribution:

0 D, 6, D, 0. D0,
| | _~ _
| | 9—§Xi8i =Xo
D5 .5, @05, "
= : : + : : +o | Construction of the transformation matrix:
| ' | I\ y
P Do D, 0. D, .50 HoX+KoéX=0
I I I ~
| | I Eigenvalue problem, assuming &(t)=8eAt:
A’H+K)X=0 A=diag(4,4,...
0=D5 ®,5, D,05, O, ( +K) 9(4, 4, 4n)
Real system Transformation Modal system
Hi+DO+Ko=T =  [XTHX|8+(XTDX|6+ XTKX|6=XTT  mh Hpd+Dpd+Kpd=Tp

T
H, D, K, m
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EXAMPLE OF MODAL TRANSFORMATION
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MATHEMATICAL MODELING OF THE REAL
SYqé;lroEstotion :

2Ha(t) =T(t) - Do) —Ko(t)
0(t) =a(t)

« Numerical solution using the trapezoidal rule:

At 2(2H) 2(2H) 2(2H)

o(t)-o(t-At) _T(t)+TE-At) _ot)+ot-At) . 0()+0(t-At)
G(t):%[m(t)ﬂo(t—At)}LB(t—At) :

« Equations to be solved each time-step:

m(t):A—l{T(t)—T(t—At)+m(t—At)B—2K0(t—At)} A:{A%ZH+D+%K}
0(t) =2 o (t) + @ (t—At) |+ 0(t — At) 1200 A At
7 o0+ ] B_{A_tzH D 7K]
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MATHEMATICAL MODELING OF THE MODAL
SYSe];\gMips between the coordinate systems:

0(t)=X0,(t) 0(t)=X0,(t)
0)=X0,t) =) of)=Xo,()
0(t)=X0. (t) o(t)=Xa,(t)

« Transformation of the real system into modal system:

T(t) =2Ha(t) + KO(t)
XTT(t) = 2XT HX @ (t) + XTKX0,, (1) H,, = XTHX
Tin (1) =2H 1,00, (1) + K01 (1) KmZXT KX

« Equations to be solved each time-step:

com(t){ﬁl—tx}(T(t)—T(t—At)—KO(t)—Kﬂ(t—At))+mm(t—At)

em(t)=%[mm(t)+mm(t—At)}+em(t—At)
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IMPLEMENTED MATHEMATICAL FUNCTIONS
IN C

1. MATINV - Returns the inverse of a matrix.

2. MATMULT - Returns the product of two square
matrices and a constant.

3. MATMULT3 - Returns the product of three square
matrices and a constant.

4. MATEIG - Calculates the eigenvalues of a given matrix
(F). Sorts the eigenvalues in an ascending order and
calculates the transformation matrix X and its
transpose XT.
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RSCAD PROGRAM STRUCTURE

STATIC:

l

RAM_FUNCTIONS:

Executed only once RAM
Executed each time step l
CODE:
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RAM:

1 MATINV(NM, Harr, iHarr) H-1

2 MATMULT(NM, -0.5, iHarr, Karr, AEIGarr) A ;=-0.5*K*H!

3 MATEIG(NM, AElGarr, Xarr, XTarr, Farr) F=sqrt(eig(Agc)), X=sqrt(F), X'=transpose(X)
4 MATMULT3(NM, 1.0, XTarr, Karr, Xarr, Kmarr) Ky, =XT*K*X

5 MATMULT3(NM, 2.0, XTarr, Harr, Xarr, Hmarr) H,,=X"*2H*X

6 MATMULT(NM, 4.0, Harr, Xarr, FHXarr) FHX=4*H*X

7 MATINV(NM, Xarr, iXarr) X1

NM — Number of masses
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CODE:

Step 1: Calculate Initial Values (Only once) Step 6: Calculate 6,(t)
6(0)= f (T(0)), 6,,(0)=X"0(0) O (t)= [mm(t)mm(t At) |+, (t - At)
Step 2: Calculate w(t) Step 7: Inverse Transformation of wm(t)
o(t) =AY T(M)-T(t-At)+ ot -A)B-2K0(t-At) | o) =Xo,(t)
Step 3: Calculate 0(t) Step 8: Inverse Transformation of 6,(t)
o(t) = [m(t)m(t At)]+e(t At) 0(t)=X0,(t)
Step 4: Calculate om(t) Step 9: Write Output
o) = { 4Hx}(T(t) T(t—A) - KO(t) —KO(t— At) )+ o (- At) 0(t), 0,,(t), o), ®,(t)
Step 5: Add Modal Damping D, Step 10: Update History Terms
O () =on(t)[1-Dy(t)] 0(t—At)=0(t), 0,,(t—At)=0,,(1), o(t—At)=m(t) ...

USER SPOTLIGHT SERIES BY IIl|RTDS



IMPLEMENTATION OF THE MODEL

_rtds_multimass_template.def _rtds_multimass_template.def
SHAFT TORQUE SIGNAL NAMES r MODAL DAMPING | SHAFT TORQUE SIGNAL NAMES r MODAL DAMPING
SHAFT TORQUE MONITORING ENABLE SHAFT TORQUE MONITORING ENABLE
MASS ANGLE MONITORING ENABLE MASS ANGLE MONITORING ENABLE
MASS SPEED MONITORING ENABLE |/ MASS ANGLE SIGHAL NAMES MASS SPEED MONITORING EMNABLE |/ MASS ANGLE SIGNAL NAMES
INERTIA CONSTANTS r MASS SPEED SIGHNAL NAMES INERTIA CONSTANTS r MASS SPEED SIGNAL NAMES
CONFIGURATION |/ SHAFT SPRING CONSTANTS CONFIGURATION r SHAFT SPRING CONSTANTS

MName Description \Value Uni Min I ax Mame Description Yalue nit Min M ax
Mame  |[Multi-Mass Unit Na[n_e!_F minass N
freq Base Frequency " "'\,-l"’ 3 Hz ™ Dm Mode #1 Damping " 0 LogDe.. |0 1.0e38
rpsinit  |Initial Shaft Speed = Syl chrnnoﬁﬁpiaed'? Dmz Mode #2 Damping . 0 LogDe.. |0 1.0e38
rps Initial Shaft Speed (if riyfit = nr!}_lr Dma3 Mode #3 Damping & w 0 LogDe. . |0 1.0e38
nturb Mumber of Turbine Mafses Dmd Mode #4 Damping ‘I"'"__"‘ll_[l_ LogDe... |0 1.0e38
ExXCen |Include representation JfRntatinﬁ.citn _GEN_ ] LogDe... |0 1.0e38
Ifm Lock { Free mode switdh input frdfn * ::;_ﬁ
smm  |Single / Multi mass mo fjaess=rmput from T | i R
debug |Debug mode on or of | on |= L""'
priyp  |Processor Type | GPC | L™
Proc  |Assigned Controls&yffeffor 1
Pri Priarity Level 29
3Sb Basze MVA for the calculation of J 292 495 |MVA
UseMD |Use modal damping? Yes | v

Update Cancel Cancel All Update Cancel Cancel All
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_THE FIRST BENCHMARK MODEL
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COMPARISON WITH RSCAD (DM=0)
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COMPARISON WITH RSCAD (DM>0)
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MODAL TORQUES (DM > 0)
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_rtds_multimass_template.de
MASS ANGLE SIGNAL NAMES MASS ANGLE MONITORING ENABLE ol il "fl[' MEAARTTRRT AR R T T T T T
MASS SPEED SIGNAL NAMES MASSSPEEDMONITORINGENABLV/ E Zm |||||| |||||||||||||||“||||“||||“||||”|||||“|||||“|||||||| |||||| |||||| |||||| |||||| ||||| |||||||[||”|| rI|”|| |“||||||”||H||“|r||||||||r|||H||r||||||| ||||||‘[|'
CONFIGURATION |  SHAFT SPRING CONSTANTS | INERTIA CONS#ANTS R L A TR ,||||||”|||”||||”| |”| |”||||“||||||||||“||||||||||||||||||||||||||||||||”|| ||||||||”||
T e == quqggf.‘gozszanleu Iulj AN i “‘ nn
MName Description Value Unj Win M ax 5 55 5 65 75 8 3_5 9_5
D ode #0 Damping : o) | c ts]
Dmi Mode #1 Damping 0.001 LogDejj_E/ 1.0e38
Dm2 Mode #2 Damping 0002 bembec) |0 10238 _ ’n IR I n 1”” f |‘ f" T IH[ 1 T TTTT] T
s iage 4 Damping N —— : “wu|||||‘||Hn”||‘|||!|lli|‘!|||||Hn”||||||!”||hﬂ!r||||”n“||||||||”| r||||”||H|||||||!i”i|| |||“H||||” M|||||H|||||| Iﬂ'r||||““”||| ’Il ﬂ||||||“||||||IH F||||||“||||| m p|||||||||||| ||nl’n”n’r||||”|”||||||" ﬁ||||||||||||||ﬂ F||||“|”|”||||'nll M||||“|”|”
ode ampin . ogDec peay E | IRIA (L1 IRTA [l
ors :*:"ze::ga"";”g o N t?;zf'&ixig 1.0e38 %’J.’T”'?”.‘i‘:!‘?ﬁ.‘,f..?.s.?f‘.'ﬂ?a”gd A =0.002009 ||||||| NW'JL”.HHWW '””N VHH”U |J|4|||||“ U|1|1|n|t| UUUJH ”MUU I || I MH ”JU I
Dmé nde #5 Damping [ ‘\{\\\ De38 5 55 6 65 3.5 9 9.5
LogMgc(%) |0 1.0e38 tIS]
LogDec ' \ o0 | ' , l |
» 10e23 TN _ l [ I | I
w\fﬂ L I
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) Molclltlalé'l_gf 32.26 Hzand A = 0.004007
2{)5 llllllll 55 ﬁ 6.5 ?5 3.5 9 9.5
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COMPARISON WITH PSS®NETOMAC

B il fl'h I
i T ITTIIIT i
008l |ﬁ| | llll” At A |||I I '1' WA '||'||.| lf'“'"' WA VA
5 ]llllll || 1 i ||l”|.' JI '|¥|L|||I|| l'\'”m,.' [, WU RN VUV UVVRNI Y
= 0,07 POLLIRVRRETTY r " |
Z
10 15
ﬁﬂ{.\ﬁ— farint i
=% At A Mg AN AN ARARARAARANAL . ) -
LooT=T llll il .'Illl" I .'I ” 'l.l | ',“ i |.II' III'Illl,;l' IIIIIII.II' W Ill.u' "“"qu'” 'I'uu""' ! A A A A A A A A A AA A AAAAAAAA A AR AR A A
Soost— | | | | | |
0 5 10 15 20 25 30 35
t[s]
Mass6
E 0.08— Ahnh \I Iil n n M | A | I‘ ARAAAAAAN _ .
- s | I T L iyt T T N T T A e T v v
2 0.07 .ull | 'J | |,”II| " |'Iu v Iu' VI Iv \/ ”v YU PPANSAAANN
20.06(— ! l | | | |
Z
0 5 10 15 20 25
t[s]
Mass5
ﬁ Illl I I "
S0 I|'|I I '| ' 'IIII e '"'lll it I i |l"""Ilr"l"l". A I A ‘...,'I,f'",I W AP PP PP PP PP P PP PPt .
Booe lJ Hl'J"a A L
2o [ | | | | | |
0 5 10 25 30 35
T 007 AMARERA AN y
i{‘\'{‘\'ﬁs“"””"||||||I|'||“|III||II|II 'I,”'”' i '||'||||'I'II'I'"'I“ | 'I“II'.Il.'lInl'l"I”'. Ilun.lrlu Il".\,"\,"\." AP P
oD 0o Y N J'."L\l.' WiV VYRV
L I
£0.085{— | | | | | |
0 5 10 15 20 25 a0
tfs]
Mass3
L] pavansnand | | III-I A e
= 0.04— Vyry
<0.035 | |
0 20 25
t[s]
4 Mass2
R
w0
[=3]
LR | | | | | | |
0 5 10 15 20 25 ) 5
t(s]
w107 Mass1
B! ’
=0 #“‘ M|I| .||||! ,H,nl', I|.,",'.I'l|||,.”llﬁl‘ \f I,‘..‘l’u AN
) | | | | |
<.2
0 5 10 15 20 25 an
tlel

USER SPOTLIGHT SERIES BY l[RTDS

Technologies




CONCLUSION

An enhanced multi-mass model was developed

Validation against the classical RSCAD model

Validation as a standalone model

Validation against the PSS®NETOMAC model
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