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A Study on the Propulsion Shaft Alignment Calculation
by the Matrix Method of Three-Moment Theory
Dukhong Moon - Hiojung Jeon

Abstract

The alignment of propulsion shaft systems by the fair curve method has been developed
over the past twenty years and in recent years its basic problems have been almost
solved. At the present time, studies on introducing actual conditions are being undertaken.

In a fair curve alignment, its aim is to achieve a stable shaft system which will be
relatively insensitive to misalignment or the influence of external factors such as thermal
variations due to the sunshine, speed change, etc. The key point of fair curve alignment
is the calculations of reactions in the straight support and reaction influence numbers.
The present authors have developed those calculating method by the matrix method of the
three-moment theorem.

The fair curve alignment is based on the analysis of propulsion shaft system which is
assumed as a continuous beam on multiple support points. The propeller shaft is divided
into several elements. For each element, the nodal point equation is derived by the three-
moment theorem. v

Reaction of supporting points of straight shaft and reaction influence numbers are
calculated by the matrix calculation of each nodal point equation.

It has been found that results of calculation for the model shaft agreed well with those
of experiment which had been measured by the strain gauge method. Results of calculation
for the actual propulsion shafting of the steam turbine had been compared also with those
of Det norske Veritas.
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Fig.1. Condition of nodal point.

Table 1. Sos Soss s fos(Horizontal forces)
Saa Sob Boa Sob
P
a Jo)
b
, P~ -ps- Pa& (1ep) -2 tha)
. L_....q =
Pb
Ay Pa, Po) | (Fay o)y 8Pa+7Py_3 _ _TPa+8Py 3
3 6 6 3 360E] 360 E]
Ma Mb Ma + M MasM .
__ Mat a+Mb _
, L seg (2Ma-Mb) | —= (2Mb-Ma)
0a1=0 —d Vi+dVe=—ChiMi+hi M) — (Boar—~0)
0174—0 d4V4“d4V5=_(h4M4+2h4M5)'—(0—001:4) (N

A, 6)y (DAL H=Y2z2 vehli,

/!

[~ ds 0 0 0 ) [ M Pyl [ Sua= 0 )
| di —(di+dy) d, 0 0 M, Py | | Seiz—Son
i 0 da — (d2+d3) ds 0 M, |=~| P4 ‘— Soas—Sos2 3
0 0 d —td) ds || M, Pel | Sous—Sus
l\ 0 0 d, -~ \ M, \Ps) | 0 —Su
i—d, ds 0 0 0\'V on  h 0 0 o‘\/M1 foa1— O]
| dy —(di+ds)  da 0 01V hy 2Chathe) D 0 01;1\{[2 Boaz—Bon]
0 dy —(datd) ds O |Vil=—| 0 By 2hthe) s OMy|—lfos—baus (9
‘ 0 0 dy —(ds+dy) d, Ve 0 0 By 2(hg+1t) /zA;‘Md Boas— Oass
k 0 0 0 d, -—d, ks 0 0 0 h, 2114)‘M5 O "‘ﬁouj



ZEfEe spie] ol =Y 25l AT HAKEMAREEN R S HiR 23

(2 WFHERS ik

B ES E=fES U FEIHEY |
we BboF ol 33 Ll v Xz g
HE A HEHERS REE Cr+2)7t ®let
R A o] KB BI0K/F =2z BF
e =2dlel= #iEel &rlssieh

(8), (DA$ 2=t shdd,

DM=—P—(S,~—Su) (10)
DT V=—HM—(65,—600s) an
(5t, D'= D] WETID
—He e = af Tsla Bk,
M=—HDT"V—H"(64a—00s) (12)
XL DK 4o,
[DH DT} V=P (Soa—Sos)
~DH™(6oa~00s) = P’ (13

ADKA A [DH2DT]2)
& A A Faid,

V=[DH™1DT]-1P’ a4
of BfrE (12X 3 Me Ttz (D, (2
Kol M& RAS]  (DRA Al X IE
T-3ket.

(3) Mis o ZHEe BE

el HHMY A (0a=0, 6,=03
ZA0] Harshxl geme (I1DRKAA —He i#t

e s ag T ¢

-
U :;r
]R1 la) R5= 4Lvs
0 -Ri
Y2 X
vi [T X
Vé X
L (5,5)/ Vs —4Vs

(b}

Fig. 2. Disposal of supporting points.
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Table 2. Average values of strains measured
by a strain gauge(X107%)
Ord. of Brg. 1 2 3 4 5
1 0 —~19 5 —1 0
2 0 40 —23 7 0
3 0 —25 38 =27 0
4 0 7 —27 48 0
5 0 —2 6 —25 0
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Table 3. Reaction influence numbers by the
values of experiment(kg/Imm)

Ord. of Brg. 1 2 3 4 5
1 2 —4 2 -1
2 —4 8 —_7 3 -1
3 —7 10 —8
4 ~1 3 ~—8 11 -5
5 —1 3 —5 3
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Table 4. Reactions calculated by the digital
computor in the straight support

Bearing No. 1 64. 14kg
Bearing No. 2 7.71kg
Bearing No. 3 23.89%kg
Bearing No. 4 46. 48kg
Bearing No. 5 16. 45kg

Table 5. Reaction influence numbers
calculated by the digital

computor(kg/1lmm)
Ord. of Brg. 1 2 3 4 5
1 2 —4 2 -1
2 —4 8 -7 3 —1
3 2 -7 9 —8
4 —1 3 ~8 11 —5
5 0 -1 3 5 3
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Table 6. Reaction of bearing in the straight support(kg)

Ord. of Brg. 1 2 3 4
Auth. results 83318.06 30259. 96 59861. 49 7145.48
N V results 85765. 00 29144. 00 60932. 00 6453. 00




S@en = iEEe ek oY MAKEMRRENR 23 B 27

RS S A G4ad] BRI Jdov AAE

2 REE RS
5 E+§F§—l H:& H] f‘i‘l’ 1711.%% b]-E}LH o] __.9_ OE_}- o) T}]-,

Table 8, 7414 Det norske Veritas®] %

I

Table 7. Reaction influence numbers(values in parentheses are results of Det norske Veritas)

(kg/0. lmm)

Ord. of Brg. 1 2 3 4
1 105¢ 120) ~—253( —263) 366(  370) —221( —227)
2 —253(—263) 717¢C  701) —1540(~1526) 1097(¢ 1089)
3 361( 370) —1540(—1526) 5386( 5276) ~4204(—4120)
4 —221(~—227) 1097( 1089) —4184(—4120) 3288( 3258)
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