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Dynam ic Character istics Study of a Power Turbne Rotor
of a Turbne Shaft Engne
DEN GW ang-qun, GAO Deping
(N anjing U niversity of A eronautics and A stronautics N anjing 210016, China)
Abstract: Thispéeper studies dynan-ic characteristicsof apow er turbine rotor of a new -type

turbine shaft enginew hen finite eleanentmethod isused T he dynam ic characteristicsof the rotor
in different conditions, such as critical geeds, vibration shagpes and unbalance reponses, are re-
pectively systamatically, calculated-and analyzed The first five-stage critical eeds the curves of
the first five-stage dom inant vibration shgpes and the first wo-stage unbalance reponses of the
rotor areobtained Furthemore, the influencesof balance wllarson dynam ic characteristicsof the
rotor are al® calculated The expermental results show that the calculation model can factually
express the dynam ic characteristicsof the rotor. T his study provides references and bases for sub-
squent high geed dynam ic balance of the rotor.
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Fig 1 Calculation model of pow er turbine shaft assambly
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Fig 2 Calculation model of pow er turbine rotor
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Table 1 M ater als properties

/( /GPa /GPa /(kg/m?)
203 79
, GH 4169 8240
300 172 72
K 403 208 78 8100
204.3 79. 4
16N i3CM oE 7790
200 193.5 75.3
193 81
1CriM i2 7750
300 164 69
184 S
1Cr18N 9T i 7900
300 159 —
211 80. 9
40CIA 7820
200 202 78.9




6 : 719

2
Table 2 Bear ngsparameter sand stiffnesses of supports

1* 2 5 6"

L /mm — 4 7 S
d/Mmm 12.7 S S 14. 288
n 16x 2 20 18 11

ﬁ/ ® 30 35 0 0 25 30
/(N /m) 7.26x% 107 4.37x 10° 4x 10° 7.25x 10° 1.42%x 10
3
Table 3 Concentrated masses character istics
/kg /(kgrm?) /(kg'm?)
1 2.591 0. 0309436 0. 0155492
( ) 2 4.93 0. 0451273 0. 0225704

1 0. 0559

2 0.0343

3 0. 0331

4 0. 0370

5 0. 0353

6 0.0719

1 0.132

4

Table4 Oil filmsparameters

) v p/
L /mm R/mm C/mm (x 10 m?/9)  (kg/m?) ( )
it 1I 110 7.3 28 0. 204 4.2 904 0. 025
5¢ 11 150 19.3 36.7 0.10 2.3 875 0. 025
2 : 13
4 4 , 8 131 1#
y y 2# 5# 6#
* ’ 2, 1",2" ¢
' * T700™ 5"

[11, 6 s 4x
12 10°N /m  7.25x 10°N /m

[2]
1 14
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(1 d ) : 4% 10 ° kg*m, 8x
10 ° kg*m, 1.272x 10 * kg*m, 1. 5% 10" * kg*m
(2 d ) :4x 10 * kg*m, 6x 10 *
: kg*m, 8x 10 * kg*m
( 1 2 ab c
1 ) L
5x 10 ' kg*m
2
21
15 (3]
2' 5 4 5, 5 (1) ,
(2)5
4 , 7.57%,
16 5"
, 14. 17%,
5
Table 5 Critical gpeedsof shaft assmbly and'rotor
5* /(r/min)
/(N-/m)
7 25x 10° 9352 23929 38994 49109 57993
4x 10° 8644 23079 38360 47990 57936
/(%) 7.57 3.55 1.63 2.28 0.10
a 7.25x 10° 8580 22004 38529 48367 57790
/(%) 7.25% 10° 8.25 8.04 1.19 1.51 0.35
7.25x 10° 8715 23927 38075 48661 56500
/(%) 7.25x% 10° 6.81 0.01 2.36 0.91 2.57
7.47% 10° 9974 S S— S S
/(%) 7.25% 10° 6.65" S —
7.25% 10° 8089 14509 34893 49483 > 50000
4x 10° 6943 14396 34892 49482 > 50000
0 . . . . _—
/(%) 14.17 0.77 0.002 0.002
a 7.25% 10° 7744 13522 34178 46789 > 50000
/(%) 7.25% 10° 4.26 6. 80 2.05 5. 44 —
7.25x 10° 7826 13777 33348 48387 56500
/(%) 7.25x 10° 3.25 5.04 4.43 2.21 —
7.25% 10° 7948 13550 —— S S
/(%) 7.25% 10° 1.74 6. 61 — — —

7.47% 10°N /m

7.25x% 10°N /m
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; (3) a 6. 61%,
C i
8.25%, 292
0,
4. 26% 5 7.25x 10°N fn |
0 .
6.80%:; b 3 4 |
6.81%, J )
3.25% 5.04%;
’ (15 1 (2)
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; (4) b

| e

' 2
6. 65% , 3
L3 — é
) ol fr s
:: 20 //\0... [ g_
E- A3 e
ﬁ i Rotation speed/ 10°- (r/min)
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| S 5
(5" :7.25% 10°N /m;

Axialength/1073 - m

1 4% 10 ° kg*m)

Fig 5 Curvesof unbalance reponse of shaft assambly

3 (Stiffnessof elastic supportNa 5: 7. 25x 10°N /m;
(5 : 7.25x _10°N /m) unbalancew eight: 4x 10" ° kg*m)
Fig-3 First five-stagevibration shgpesof
shaft assanbly 23
(Stiffnessof elastic supportNo 5: 7. 25x 10°N /m) 5 7.25% 10°N /m
4x 10 ° kg*m  4x 10 * kg*m
o L B ] 5
g 6 L
L «2 Bt "
2 1 ()5
g N (
% e ), ; (2)
§ *5 ( 1 d )
( 2 d ) 1
Axial length/102. m !
; (3) a
4 c ;
(5" : 7.25x 10°N /m) ) ,
Fig 4 First five-stage vibration shapesof rotor ;
(Stiffnessof elastic supportNa 5: 7. 25x 10°N /m) b ,

1. 74% ’ '
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ab c ) )
(3)
; (4) :
) :
( 1 L
)
: (4)
-1
E 12 ~H2
E £ ab c ,
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£ ab c
(]
E 1 1
g
4
= #
Rotation speed/ [0*- (r/min) (5) 5
1 L 5#
6
(5" :7.25x 10°N /m;
: 4% 10" * kg*m)
Fig 6 Curvesof unbalance reponse of rotor
(stiffnessof elastic supportNa 5: 7. 25% 10°N /m; [1] ~T700
unbalancew eight: 4x 10" * kg*m) R}~ - + 199
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