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Exper mental Investigation-on D ynam-ic Character istics
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Abstract: M ore than 20 dynamic characteristic experiments of rocket engine oxygen
turbopump rotor with different combination of elastic support and metal-rubber damper
(combined bearing) were conducted High gpeed dynamic balance and repeatability check
experimentsof the rotorw ere alo conducted w ith an optimum combined bearing T he results
show that the dynamic characteristics of cantilever flexible rotor can be mproved by
optmum combination of elastic support and metal-rubber damper. T he dynam ic deflection of
the rotor and the dynamic stress of the elastic support can significantly be reduced by single
plane high gpeed dynam ic balance technique, and additional unbalance caused by disassanbly
and assambly will not materially destroy the original balance ©0 long as the accuracy of
balancing and the quality of assambly are ensured
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1
Table 1 Exper mental results of dynam ic character istics
D2
/
( ) /mm (r/min) /pm /9 A Pa
1 9 1 2.5 3.5 0.018 0.015 0.025 9 892 612 7.0 99. 8
2 1 3 4 0.015 0.02 0.025 9 292 > 1600 16.0 262.9
3 1 3 4 0.03 0.03 0.02 8 933 1 400 13.0 271.5
4 1 3 4 0.01 0.03 0.03 8 333 1320 12.0 297.7
5 8 1 3 4 0.03 0.02 0.025 9 892 409 3.0 80.8
6 10 1 3 4 0.03 0.015 0.02 9 292 741 4.0 146. 8
7 7 1 3 4 0.025 0.025 0.005 8 813 613 4.0 175.7
8 4 1 3 4 0.03 0.01 0.025 8 933 859 7.0 232.3
9 6 1 3 4 0.03 0.01 0.025 8 813 770 5.0 211.8
10 3 1 3 4 0.025 0.01 0.025 8 933 671 5.6 181.8
11 9 1 3 4 0.035 0.03 0.015 10 491 290 7.4 27.3
12 8 1 3 4 0.025 0.04 001 9.772 364 6.4 39.2
13 4 1 3 4 0.03 0.015 0:02 9 052 593 .0 5 284.3
14 6 1 3 4 0.035 0.04 '0.01 9 052 301 5.0 48.7
15 5 1 3 4 0.03 0.035 0.01 9412 361 5.0 39.8
16 3 1 3 4 0.03+-0.03 0.015 9292 608 5.2 56.0
17 1 34 0.02..0.025 0:-02 8 813 1470 13.0 282.5
18 5 13 .4 0.035_ 0.02-0.01 8 693 538 5.6 136. 3
19 6 145 0.03 0.02- 0.01 8 933 1 060 5.0 183.7
20 6 1 3.5 4 0.02 0.03 0.01 9 052 275 3.0 13.2
21 6 1.2.5 3 0.035 0.02 0.01 8 933 1 100 9.0 46.5
22 6 1 25 3 0.035 0.02 0.01 8 813 1 000 9.0 179.7
23 6 3 4 0.03 0.01 0.03 9172 1 860 5.2 274. 7
24 6 3 4 0.03 0.02 0.03 9172 1 690 4.8 268. 4
25 5 3 4 0.04 0.02 0.035 9 292 1 500 4.4 308.8
26 ( 5 1 3 4 0.04 0.03 0.01 9412 724 2.2 150.7
27 ( 5 1 3 4 0.04 0.03 0.01 10 132 64 1.2 13.1
28 ( 5 1 3 4 0.04 0.04 0.04 9772 256 1.0 34.0
29 ( 5 1 3 4 0.04 0.035 0.01 10 491 97 1.6 13.8
(1) :
8333 10491 r/ (3)
min
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; Table 3 The second procedure of high speed
(5) , dynam ic balance
(6) ( /P
) , (whnin) im0
) ’ ’ 9 220 243 235 ( )
9224 22 336
! ’ 9213 21 337
5 1
1 3 4( 1 26)
1 2 3 ,D2
477 um 243 um
( ) 51mm 21im,
( ) , 1 89.31% 91.36%,
23 1 860 um, 22
’ D+ D2 -
( 724 ym, 1 26), 2 3
64 tm (
1 27)
2
) 0 5 10 15 20 25
&3 N0* (r/min)
2 D1
, D2 , -
( ) Fig 2 Curvesof vibration anplitude versus peed
8 820 r/f‘n in 9 220 r/m in measured by D1 transducer before and
51 after high gpeed dynamic balance
, 800
2 3 5 600
= 400
2 5 200
Table 2 The first procedure of high speed 00
dynam ic balance 3 /10° (r/min)
/ D2
. 3 D2
(r/nin) fim /O _
8 828 477 205 ( ) Fig 3 Curvesof vibration anplitude versus speed
8 813 1 316 measured by D2 transducer before and
8 821 51 209 after high eed dynam ic balance

2 3,
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Table 4 High speed dynam ic balance effect (Based on rotor def lection)
D1 D2
/um 196 724
/im 41 64
( ) /% 79. 08 91.16
5 ( )
Table 5 High speed dynam ic balance effect (Based on elastic support stress)
S S
M Pa 99.5 150. 7
M Pa 8.55 131
( ) /% 91. 41 91.31
, 4
4 : Di1 D2 4 5
79.08% 91. 16% 2
3 160
é" 120
80
23 S 40
0 -
0 5 [0 15 20
S S 34 /10° (r/min)
4 5 5 S
120 —
[+
E 80 Fig 5 Curvesof elastic support stress versus gpeed
R 40 measured by vertical orientation
2 0 straingauge S before and after
0 5 10 15 20 25 . .
B /10" (rfonin) high gpeed dynam ic balance
4 St
Fig 4 Curvesof elastic support stress versus geed 3

measured by horizontal orientation
straingauge S1 before and after
high speed dynamic balance ( ), ,

91.41% 91.31%,
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Table 6 Contrast and analysis of vibration amplitude

D: D2 D1 D2
/im 196 724 44 155
/im 41 64 11 58
/% 79.08 91.16 75. 00 62.58
/um 122 256 58 24
( ) /% 197. 56 300. 00 427.27 58. 62
/im 82 97 55 47
( ) /% 100. 00 51.56 400. 00 18.97
, 6
32
D: D2 e
6 7 S\ S e
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5534 /10% (/min)
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Fig 6 Curvesof vibration/anplitude versus geed
measured by D1 transducer in
three different state
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Fig 7 Curvesof vibration anplitude versus geed
measured by D2 transducer in
three different state
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Fig 8 Curvesof elastic support stress versus geed
measured by horizontal orientation
straingauge S: in three
different state
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Fig 9 Curvesof elastic support stress versus gpeed
measured by vertical orientation
straingauge Sz in three
different state
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Table 7 Contrast and analysis of elastic support stress
S S S S
M Pa 99.5 150. 7 15.5 19.6
A Pa 8.55 13.1 5.7 8.8
/% 91.41 91.31 63.23 55. 10
M Pa 27.2 34.0 5.6 5.7
( ) /% 218.13 159. 54 1.75 35.23
M Pa 11.1 13.8 7.0 10.3
( ) /% 29.82 5.34 22.81 17.05
4 5 8 9, ;
(5)
: 7 :
6 7
. (6) :
: ( )
427.27% , ,
218.13%,
, , [1] , , : : -
( ), ( 19 )M
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