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Abstract

It is important in design of vertical pumps to consider external excitation in addition to rotor
vibration due to unbalance. In this study, a model of a vertical pump was developed for the
analysis of its dynamic response. The vertical pump was modeled with lumped masses and springs
which represent multi-cylinderical and rotor structure. A dynamic simulation program was
developed and numerical calculation on the above mentioned problems were carried out.

1. A 2

J¥szE wa

=
L L -

AE 5o THY Fad 717
24 Ags ok HERe HS dAxE T
2% Za g7 Wi nHAEF5IE PP o
vl wlwd wvh =& 3 AA (rotor) ¥,
(column) - = w2 (barrel) ¥ 59
e, 33 ddgas %}1 et oz A
A3 7kl Eol AMYA glomz HTo AFo] o
8 AEAE oA %7& A5E A e
olzig Az ML AAEHE TIE T2
249 £3YAFolt -‘Hfé%ioﬂ E
off 7124 A 5o 9=
o

5
A 5ol 4B HE 5

é_l.u.
oS 2
N
N
o
o

o
sin

%ﬁﬂﬂ%ﬂﬂ
s 71sekat
ﬂ%ﬁ?i%zﬁ
HE Y Pz A

A,
A,
A4,
.”‘Zéﬁlo-],

it ot oft e

oX, ok of ¢

off of v >

ofd ofd ex 2

@ o2 A £
o o
£

o~~~

R

o AZHHo R Mcdonald“)h AA o
sl 29 FrlAZEE nEsled Akl
ol Aol $AD £ B 2adia 3
t}, Matsushita® $& g3

o BAY4L Tese] FAe

sasigion, odds Be oﬁy} ootz
Ak, @9 asjf dFEe] AFsl wE 2 5o
Avh, gz AHA Lol duchs By

2 FAGES AAT Ao 27H,
H
oll

4l 2

o] 2L Ao s Ix 9)\1:].'
¥ FlAE J¥MZE AWM, 2Y % )
d, 283 sg58 Hojdes AXH 3F T=2E
2 oS3 A4 ¥¥ 452 $ARE FAHE 19
g Ay saRde A FAA A& 9y

A
a3E Fritz®9 A4
)

o S8 £ ¥obuge
2, 29z Qe 2 geld Yo FAA+4E
Yang®el Al ¢ ol &3l AEatodch olF olga
o Y8Yz TR A4T 2HY AFSF 2
CERCEEE RS LI R



7S e Ay A +ee) Newmark-g8g o
Fohod Fohn Y¥HZY FASUSAE 299
ek
2. oj 23y
dubde g AFE AATE FRES FAol
A zo} WolgA4RTt 2d TRES HAS
o AEEAC) e vlAA g et 4
Azsl ol B F4E AE T2EE AAH 3
A2AL A& F259 d4AZA 4F
271 ok wekd B dFeMde d¥yg=e A
23 AAF2EL B nelstd 2T A4
£ g,
2.1 FxEgo 2gst
2 Qe e Axz A4l Yzl Yg
g AFoidAAGze 2L P AL 27
|
head
Motor L
Coupling Spacer -
Motor Coupling [ 2 ¢ 610 §
Mecharical Seal 4 HL
Motor Frame
f—w ;
- S
T ¢ 610
Drscharging Casing —
.. g %EE:L—______.j__r
Kg*—> 777777, 7 I 1/ A4
L1
Barrel Cosing/{ E
] m
] <
Column Pipe 1 =
shatt — T 1L 0216.3 ig
S |
¢ 508 =
Couphng__g____‘__q <
¢91L.L
water 9@qmng—”//////
Guige Casing
\ ‘__:'
Impelier <
Bell Mouse

Fig. 1

(a) Vertical pump

20 712 dle]E & "}EP””DP 2y 3

22 =Hof 9li, HEoA vy, Ay, fﬂ’ﬂ*ﬂ
Fojch, WAL FTAR ) 93 sz mPH ]
ok, AL Aalgo miAUA A, +5F
wlolg], o]l oz A=l gich, zelm )
Hiol AYH siiol= A3 2 2K (guarder)
7} A=A Ee] glew, ol =AY 8o uz}
ey, o Fi2 FEoY £4 HH S o

BJ2

r
¢
.

Barrel Column Rotor
casing pipe shaft

Fig. 1(b) Lump mass model for dynamic analysis
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Fig. 1(c) Reduced model of vertical pump
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Fig. 2 Lump mass model
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Table 1 Data of beam elements

365

S}Eﬁg}l‘t N (ide N%de Length fj)il;t;g ter gi’gﬁfe ter Area Moments of area
) 1 2 445 56 0 2.463 4.827%10°
(2) 2 3 280 56 0 2.463 4.827X10°
(3) 3 4 355 56 0 2.463 4.827X10°
(4) 4 5 600 56 0 2.463 4.827%X10°
(5) 5 6 740 56 0 2.463 4.827%x10°
(6) 6 7 650 56 0 2.463 4.827%10°
(n 7 8 650 56 0 2.463 4.827%10°
(8) 8 9 650 56 0 2.463 4.827x10°
(9 9 10 762 56 0 2.463 ° 4.827%10°

(10) 10 11 110 56 0 2.463 4.827X10°
(11) 12 13 445 355 236 55.240 6.273 X 10°
(12) 13 14 635 558.8 533.4 21.790 8.127%10°
(13) 14 15 600 558.8 533.4 21.790 8.127x 10°
(14) 15 16 740 508 489 14.880 4.623x10°
(15) 16 17 650 508 489 14.880 4.623%10°
(16) 17 18 650 508 489 14.880 4.623%10°
an 18 19 650 508 489 14.880 4.623x10°
(18) 19 20 847 508 489 14.880 4.623x10°
(19) 20 21 323 508 489 14.880 4.623x10°
(20) 22 23 600 216.3 199.9 5.361 2.906 X 107
(21) 23 24 740 216.3 199.9 5.361 2.906 % 107
(22) 24 25 650 216.3 199.9 5.361 2.906 X 107
(23) 25 26 650 216.3 199.9 5.361 2.906 X 107
(24) 26 27 650 216.3 199.9 5.361 2.906 X 107
(25) 27 28 650 216.3 199.9 5.361 2.906 % 107
(26) 28 29 112 287 271 7.012 6.828 X 107
(27 29 30 85 287 271 7.012 6.828 107
(28) 30 31 155 165 145 4.869 1.468x 107
Unit mm mm mm mm?® X 10 mm*
(M +1CHU+IKIU={0} (4)

{F={F, F;, F, F)T (2)
A7 A Mz Mye AeAAs ARe] 4
dg Ty, WUl FAURE xYs

{Fl= #agd (6) 2244
Fi=—Ma:X + (M, + M) X,
Fy=— M X + (M + M) X,
F= (lﬂx + Mma)j(l - (Ml +M3 +MH13) Xa
Fo= (M + Mz Xo— (Mo + Mo+ M) X, (3)
A (2), (3 (DAl Y dhe] EwAAL Hashd

o 7] 41

{m=

(Ml + MHIS)

0

— (M, + Mio)

0

0
(MZ + MH24)
0
- (MZ + MH24)

- (M1+MH13) 0

0

— (My~+ Mizd)

(M3+Mx + M+ Mins) 0

0

(MrFMz +M4 + Muza)
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Table 2 Add mass of water
Element | Node | Node Ir}ner O_uter Length s N as
number 1 2 diameter | diameter
1 4 20 56 199.9 600 2.941X1077 | —5.455X1077| 3.748x107¢
2 5 21 56 199.9 740 2.941x1077 | —5.455X107"| 3.748x107¢
3 6 22 56 199.9 650 2.941x1077 | —5.455%1077| 3.748%10°¢
4 7 23 56 199.9 650 2.941X1077 | —5.455X107"| 3.748X10°°
5 8 24 56 199.9 650 2.941x1077 | —5.455X1077| 3.748%10°®
6 9 25 56 199.9 762 2.941X1077 [—5.455X107"| 3.748x107®
7 20 13 216.3 533.4 600 5.255X107% | —8.975X107%| 3.178%x107°
8 21 14 216.3 489 740 5.574X107% | —9.323X107%] 2.849x107°
9 22 15 216.3 489, 650 5.574x107% [—9.323x107%| 2.849%10°°
10 23 16 216.3 489 650 5.574x107% |—9.323X107%| 2.849%X10°°
11 24 17 216.3 489 740 5.574X107°% [—9.323X107%| 2.849%x10°°
12 25 18 216.3 489 650 5.574X107% | —9.323Xx107%| 2.849%10°°
13 28 19 165 489 323 2.743%107% [ —4.924x107% 2.409x10°®
Unit mm mm mm  |kgs?/mm/mmkgs?/mm/mm|kgs?/mm/mm
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Table 3 Undamped natural frequencies for reduced

model (rad/sec)
Mode With guarder Without guarder
1 232.7 57.3
2 275.9 274.0
3 346.6 294.7
4 489.4 348.9
5 603.5 495.2
Table 4 Damped eigenvalues for reduced model with
guarder
Mode Real part Imaginary part
1 —3.4248 235.46
2 —5.4577 276.06
3 —6.7578 348.73
4 ~9.4112 494 .25
5 —11.6400 605.422
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Fig. 13 Model of fixed flange
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Table 5 Value of «

b/a 0.3 0.4 0.5 0.6
a 0.500 0.301 O.IGU 0.084




