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

Moon Dukhong

Abstract

The alignment of propulsion shaft systems by the fair curve method has been developed
cver the past twenty years and in recent years its basic problems have been almost
scived. 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
relctively insensitive to misalignment or the influence of external factors such as thermal
veriations 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 author has 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-
mcment theorem.

Rezction of supporting points cof 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 propulsicn shafting of the steam turbine had been compared also with those
of Det nerske Veritas.

boo : fEFITHEC A% MY A A

iR R Oos : fEFITF S €% AR AR
Sa t =W ZES ByETH Liiig =8¢ Zo]
St =) HHES BEH M;:iy @igEolAe 2lde
Soo : fERIBIE &€ £ BIEH E; :if x~se) #EpLE%
Sos : fEFBTIE & HHS ByEEH Vi iigd Higel g A3
6. : =0e £H AAA L :id =se) HiE2K Erle

6y : =8 A ARA P femss



CENLIERE NS B B3 H 301

Myt iE ‘4"‘1" gAEy ju AfEEE) Eale
Wh
S i CLAREE BAURS JH TZIVERS] BTA

2l S

Z, v 2=sde] HE SRR
Roooiw Fypwh sgigey o 2ipELel LOLE
e
S
1. B B

»-;H,'ﬁ_o_i e A, 7k osleid

o) i po] mEmxl ¥3bmE  oldhed HEER
L“'-I‘ ””rﬁ- ok, TPAEE el o EEATIR
Mg, s A, MOEEE e ER. FURTE

R ‘r}f‘?% Bl e R
A ARG HREE e RS
2oabpreban 7 #iE el g g el e
ez e MERt S, ROPERE
oA zb wlolg e {IEE BHE R MERY
oz &z 3o 24 “EIRA#H (faired curve)”
18

o iRl BECE A oo el® e okt o
RN HL‘E el el piREshar oM sh
tl-«—'c ’ﬁ:fl'v% $3):4)

ele] THEE WPe = 19504F4C o] BB ¥

jlﬁm“ /‘Vi /] Z}il < J 1}- o\ U}'/{q HL =) _5:_ ?Zg)\ /\)\ aL

106040 gored 19704048 #fell 23 i
REESL MERE s TTORMERCl A TREES] ETT

x| (,1 3,1,1—,7_ 1)~8)

figs] L‘;E'] it f’fi'f‘Jo ToeE AL R
olan, Bifuis TIEAY MRIFS K@t s Aoz
%‘rit""& =, %ﬂ WA E S H

ez
o LA :

7t\FT ’“‘1 H*ﬁﬁ« = E7hbA] BARE S B
el Hel & TEMizwlEwHE JEfe HE
oz RO WLHIRE R R
Fiftel LB 2K YRS JMShed gleh

e G WRE AFHShs

s A EHEZoAL PRI

B GEE Trskgd eed ol &
A CIEEE R EE RERIECE
sk H#igl ok, =gk Det norske Vertics ™t
Fidye = BBY BFitfizmogla 3
EWmEFal Bl 78 MM iy
t},

2. XHRN U4 RNAZEFRE
2-1 XHRA

(1) BARK

Fig. 15 2e] o %nel 4 SHEE 2o

738 HE S 2 AN ME Tk,
A" —“ a .
Saz=iu‘z—jg+sm Sie Mﬁ% - S‘m‘;
; (D
S =Moo M=y g |
/3 13
YT v SR B V)
-3 3E a GEI 52
. Vie—1,
-+ 2[2 2 4 foar—
A 12 1Y ____[__2
On== ¢g,1, Mo—3g,1, Mn
1 V.,
+—2 T R
b= S Mgt — M o
a3 3E3] ¥ a3 653] 4¥Lp3 — ()
1',»3[_1 a3 +Bg.s—
3
Hra= — /3 M M,
BT TURET, Tt 25,13 ’
TR P "3[_“3 +60ss—
3

(D, (DHketA Soazs Soses Soazs  Sasss fouz

Boszs Boaz T Oorgr= Table 1ol 4 T &k

Zel o FIE3e] A
Sus—Spe=—P; My=M. (=M (3)
SN P VA S
doM— (dy++ds) My+dsM,= —P3— (Soaz—Sosz)
O
2, di=1/1)



302 SHEHEEEY ey iRkl K3 MARENMREENN MY HX

=3 2539 el BEGIIF )L

1 1 1 i l l +338 ael BB ook Bz
Os2=0,3 Vise="Vas(=V3) 6D
r2 3 4 s dVo—(ds+-dy) Vet dy V= — haMa+2(hs
1 L2 V30T 15) My+hsM,} — (Bois—Boss) 6

(5, hi=1/(6E.IL))
Mb?2 1 Ma3 Mb3

Cr b d b q.._..._,,b ERe =@re gEE bl A

Sa2 Sb2z Sb2 Sa3 Sa3

Fig.1. Condition of nodal point.

Table 1.  Sos Soss 6oss 6os(Horizontal forces)

Soa Sob Boa Oob
JPs b
-8 et G _ _Pab
IL P P seu (1+b] sErL (L ra!
P Py 8Pa+7Py |3 TPa+8Pb 3
a ____ [ fa It at — ar
R’ﬂﬂ[ﬂﬂ (3 5 ) (s ; 3)L 360EL - 360E1 -
Ma Mb
_ MatMp _ . Ma+Mb
=) '. : SEI(ZMa Mb) sex (2 Mb-Ma)
2, 49 HiFES] HIAAHNE EL Ko] dof =0 —d\Vi+d\Ve=—ChM,
X, WS XEEAN 98 2ok, m +haMz) — (6o —0)—
2 Bl gt -4 5k, 0,,=0 d,V,—dVi=—M, — M
+2hMs)—( 0—60s)—
4, (6), (NAL g2z Yehdd,
—dy d, 0 0 0 M, Py Soa1— 0
dy —{(d1+dy) d, 0 0 M, P, Sos2—Sos
0 d, —{(ds+d,) dy 0 M, [=—| Py |—| Soss—Soss ®
0 -0 dy ~(ds+d) d, M, P, Sosc—Soss
0

0 0 d, —d, || M, P, 0 —Sou



BERHERE AR RE H368 303

—d o 0 oyn {2111 hy 0 0 o (foi— 0
dy —(di+dy) d» 0 0 l‘\Vz hy 20+h) e 0 OiiMz Boaz—0o0s1
0 dy —(dr+ds) ds 0 ‘1Va=“ 0 hy  2(he+-hs) I3 OE%Ms —960113-60&‘: ®
% 0 0 ds —(ds+dy) d ‘Vc 0 0 hy  2(hs+hy) h4JEM¢ ifocs—Eosy
\ 0 0 0 d, —d‘,\Vs v 0 0 0 hy ZIZ‘Wﬁ \0 —bosy

(2) ME RS Mk

BHES R EMES e FAEHER] 5
el ot d=3t3t ZivEel olv Re g 4
WY A EEAERG R¥E @rt+2)7) "ot
AR A= o] RKE7F WI0OKZE Hzz BF
aP SRS =2 ol FHie]l EbEsheh

&, DX& 7ds] &4,

DM=—P—(Se.—Sss) (1t
DT V=—~HM—(80,—80s) an
(&, D'= Do} ®ETTID
—He| @i ed 2% T8la M,
M=—H"DT V—H"(60,—00s) (12
RS ADRKR Fod,
[DHD" V=P~ (Sos—Sos)
—DH (64— 80s) = P’ 1

(AKX A [DHDT]e] #-jed 28 73 v}

& ZfHA A Fekd,
V=[DH-1DT P’

o] Wiy (12)Kd &4

Rel Mg ftAste

T ket

(3) Wisg == ZZEhe) Al

aH
Mz s (1,02
(BRal A ZFEAE

pigel el A5 (0a=0, 8,,=0q]
z7le] KangEhA] germg (DK 4 —He i

= R I e S e R
Pristn ez Mg oy BAEENS 12
T GRS vhA] e w A &3

Fig. 28} e} [iflell FEio] 9l ASE o
$AViel Belm FHES —Rie) A7, HA
= {EAS 8] @ Felme FEEP Y A
of Bhvh RinBelng siwes $rExX Rig
Efehe HHERAS BEYT L . BRES
= Zel Bkl edart HiEor o HEo
Helsteh, & (1) [DHIDT}e =
"5 7359

1 2 3 4 5

p— P 14
A 1 2 3 4 ¢
s

(a) 77 IRs=_uvs
oH' D v P
NN\ ( 0 -Ry
e y
e PoX
Vi
| s | Vs ) s

(b}

Fig. 2. Disposal of supporting points.

HEE Bom T HAEKDT 1= ¥ IK
= 94 Boz BT F B VE Tk

2:2 ROZEHEK

Fig. 3(a)s} o] Hifh3o] dsmb3 ##f{rsiehd
o] MiIE o o7 HAAE [E3e S IRE
EHAL et b gebA DR Fig.3
(b))} el et

A= EHE, Res Ruielnz BLALRE
Hog &7y RHEST T HREAE IR
#3k9 Fig. 3(c)st z2e] =+t

AR REITHIE 33l LT F3be] $4
o FEEANA o 1 HMIES ¥ Ao BRE
= fr3b| et cheh, REATHIS 3772 3709
EHE ZF Feow shd Vegh(eld e 4o &
o] whEA T A gurh oldH ZeEd I
371 §ste Fig. 3(c)sh #e] HREfT51]
EHE 12sty FERE O FIEEA 4
o4 Fot.



304

1L 2 3 4 5
A~~.__  >Sgq--12
ol oy
a
-t 1
DH'D v P
( NP Y ( W
¢ o K3 & o Vi X
® o Koz & @ v2 X
K13 K23 K33 Ku3 Ks3 | {43|=|R3
[ ] [ ] Kl.3 o ] \Y/A
L] [ ] K53 [ L (3 X
\ / \ / \ /
(b)
~N 0N 4
e o (0 o o Vi{ |X-Kid43
d 0 U v2| |X=-K23/43
0 1 0 v3 |~ 43
¢ o Q0 . V4 | |X— K343
o o (0 o o Vs X- Ks343
/ N\ K
{c)

Fig.3. Disposal of the nodal point deflection.

SHE EEEY o By Ak KR MAREMREERIRA BT KR

fgfra S BUE do A 4 FEY EiE
HEENY Bt RAOZERE]
x 58
31 EBEES RBHAE

Fig. 4+ ERZEEBELRE Jeux, Figbd+s
RE#EEY BEEE Jehic. EREES &
W e HAEE A st 5 XELE X
3 o S uAg FAENE £ F A

317 9le IS BESS

Fig. 4. General arrangement of experimental

o] o} & Ko v 7 FEo] JHAMoZ H apparatus.
J— —— *‘——1 R amm
@-u‘
L] L

®

©)

@ Automatic scanning box
® Weight
® Adjusting screw

® Digital strain indicator
@ Strain gauge

Fig.5. Schematic diagram of experimental apparatus.



RIAHEAE NP HE £ 38 305

CEES D Mg el T

wmote o HEE ‘%LS&D}.
dio B T EA B el sl 2z el

ol (1, RRRE %0k, KFC-20-Cl-1D%E -

!

2k zutomatic scanning box ({1 A&, JLRANE
it ASB-32E)s) ml e wh fol A d g AS
Lo digital strain indicator(f1 A, JLH7L

S10A)2 Bk %S 5 4

A ELel BEE

r

Imm 5 g Hal 7F LT

e A
vm &;.:15 B

12687 600 560 1578 800 66.1 512
bttt + t et

ﬁ LI E -
R

N SR Na2S.P Na3sP NoASE  NoSSA
Pz XL3 I A A U] [4=30.57 b5
Fiz. 6. Dimensions of the model shaft.
i =22 & 44 Fig. 634 et
) T 4
o mhul

Hes P

Table 2. Average values of strains measured
by a strain gauge(X107%)

Ord. vf 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 43 0
5 0 —2 6 —25 0
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Table 3. Reaction influence numbers by the
values of experiment(kg/lmm)

Ord. of Brg. I 2

3 : 5
1 R ! n
o 4 8 =7 1 1
3 I T R — 3
4 — 3 -8 11 =3
5 0 -1 3 -5 3

4. HiEHEL REBRERS &

i me HEsea7s FORTRANS=Z

#E sk oh-% FACOM U-300 @73t = 17
sk et

Fig 6o BUASES 8/rHsi 4 GRS frekad.,
SfAfe] ZZffEho 1 K F‘*"ak e AREEE) L

AN L.
fPEE Imm RS o 9

T3 ,/q Table 4, 52 vhebwch,

e
HIREE

| S
&

Table 4. Reactions calculated by the digital
computor in the straight support

Bearing No. 1 64. 14kg
Bearing No. 2 7.7lkg
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/lmm)
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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
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The: Study on the Optimal: Adjustment: of PI: Controlller
for a General Second-Order System;

Jin Ganggyoo

Abstract

The task of adjusting control systems which are more optimal in feed back control systems
‘being used the P.I1,D. controllers for various process controls, in some sense, is one of impor-
ant problems,

In order to keep pace with the requirements to modern control systems, the author uses the
integral square error (ISE) criterion for solving the control problem of the PI controller, whose
controlled objects are described by a general second-order system. In general, the controller’s
variables being two and above, It is of no ease‘ that-we find theoretically optimal parameters.
Therefore, sometimes those are numerically - computed by means: of digital-computer techniques.
However, the author proposes a theoretical method, in this paper, to determine the optimal
parameters(z:: integral time, ks: gain) of the PI controller,

Using this result, all optimal parameters can be theoretically determined by substituting the
parameters of the various contolled objects into the expressions evaluated respectively. Its adva-
ntage and effectiveness can be shown by the experiments for the indicial responses and exam-
inations- for the frequency domain responses.
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