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Abstract

The sensing part of the remote-indicating magnetic compass has to be placed where the ship's mag-
netic effects are minimum, in order that the compass may remain usable under the varying magnetic
conditions likely to be experienced on board the ship.

In this paper the model of the overall ship’s magnetism is built using Vacquier's method frequently
used in determining the geomagnetic anomaly, on the assumption that the steel ship generate the mag-
netic disturbance in the geomagnetic field. It was found that the values of the magnetism observed
on board approximate to those of the magnetism calculated from the captioned model, under the condi-
tion that the ship’s material is dominated by the permanent magnetism. And on the basis of the above

model, it was feasible to locate the place of the minimum magnetic field by computer calculation.
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TABLE 1
SHIP ALLONGSIDE SHIP AWAY UBSERVED ANOMALY
NO NORTH EAST PLUMB  NORTH EAST PLUMB  NORTH EAST PLUMB  INTENSITY
1 .10 .o2 .12 .17 .00 .20 .07 ~-.02 .02 .1o&2
2 12 .03 .1z Y- .05 .20 .04 .02 .03 L0917
3 .12 .04 .14 .13 .04 .21 .0s .00 .a7 .09az
4 2 .01 .1la .17 .05 .21 .05 .0a .07 0943
5 .12 .04 .14 .17 .03 .22 .05 -.01 .0R .0949
] 13 2 .12 ] .06 .21 .08 .0a 02 .1105
7 .13 .01 .13 .13 Lo .20 .05 .07 .07 L1109
] .l2 .01 .13 R .03 .21 .0s .02 .03 .lo2o
9 .12 .04 .15 .17 .Da .21 .05 .00 .0s L0781
10 .13 .01 .12 17 .Da .21 .04 .03 .0 . 1030
11 .01 .04 .12 217 .03 .21 .16 =01 .09 . 1338
2 .13 .02 .01 .17 .0S .20 .04 .03 .12 L1965
13 13 .02 .12 .17 .04 .22 .04 .02 .10 .109s8
14 L0 .03 .10 .17 .05 .21 .08 o2 .11 .1375
15 12 .02 0 .12 .13 .0Ss .21 .06 .03 .09 L1122
iR L1 -0r .12 . .0A .22 .03 .07 .10 . 1453
17 .1a .01 .14 .12 .05 .21. .04 .04 .07 . 0900
& .13 .00 .14 .l .05 .21 .0S .05 .07 L0995
e .25 .00 13 .17 .03 .22 =.03 .03 .09 L1241
20 .13 .0l .15 .17 .05 .21 .04 .04 .06 L0325
21 .14 .01 .13 .1R .04 .22 .04 .03 .09 .1030
a2 .14 .oz .14 .17 .05 .21 .03 .03 .07 L0319
23 _15 .07 .15 18 .00 .21 .03 -.07 .0a .0%70
24 .20 .05 .14 .13 .01 .1e ~-.0D2 -.N3 .05 .0735
25 .10 .0k .1la .18 .01 .20 .02 -.05 .06 L1112
26 .15 a7 .20 .12 .02 .21 .03 ~-.0S .01 o592
27 .13 .02 .1la .17 .00 .21 .04 -_02 .07 .0Rr31
23 .13 .01 .12 .20 .03 .1 .07 .02 .00 L0723
2% .14 .03 .la .20 .0s .19 .06 ~_.03 .05 .0837
30 .13 .09 .14 ISR o (s B £ .05 ~.0% .05 .1145
31 .15 .03 .14 .13 .02 .20 .03 -.03 .0A .0735
32 .13 .04 .13 .13 .02 .20 .05 =-.02 .07 L0883
33 .09 .07 .13 .17 .01 .19 .08 ~.06 .06 L1166
34 .03 .03 .13 .13 .01 .12 .0% -.02 .05 .104%
35 .13 .04 .13 .1a .02 .21 .05 ~-.02 .03 .0%64
36 .07 .05 .12 .17 .01 12 .10 -.Da .07 las
37 .13 .04 .13 .18 .03 .19 .05 -.01 .05 .078
38 .14 .04 .13 .13 .03 .19 .04 ~-.01 .06 L0728
39 .10 .06 .10 .18 o2 .19 .08 -.04  .0% L1269
a0 .10 .0a .15 .17 .03 .18 .07 -.01 .03 L0768
41 .13 .03 .12 .17 .01 .18 .04 -.02 .06 .0748
42 .15 .05 .14 .13 D2 1B .03 -.03 .04 .0533
43 .15 .03 .15 .18 .01 .2 .03 -.02 .05 .0ALS
a4 .07 .04 .15 .7 .03 .17 .10 ~-.01 .Da .1u82



SRS G 12 % £ 158, 1988, pp55-69

ojloll = LicMiAnel MEAALZE E3ke] 036c 2  EE vhS 1 Kite) MRS A4 030 Oe
el e oW LA 15m £ % 2 GEES N 036 0eE wlolA e S #ifEm
MEMENA magnetometer?] sensor® MER, SOl 9% MM stdch 2 MERIES fiE
¥ 2 EEHESE M3k kol MMHAE M M= Figdsd 2ok

R

Noun Yok

. HORIZONTAL ‘\\ . UPWARD VERTICAL '\\ . DOWNWARD VERTICAL
" COMPONENT, * * COMPONENT, * * COMPONENT

Fig. 4 Observed magnetic force components on deck
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program for composition of hull magnetism in case of
m/v Hanbada’'s heading 030 deg

dimension d(?ea),dd(132),t(SO),tt(SO),pnl(SO),an(BO),pel(SO),
pez(SO).pz(30),nﬂrth(50),wdst(SU),plumb(SD),ppnl(EO),
ppA2(30) . ppel (30) ,ppez(30) ,ppz (30) ,x (3,4) ,a(3,4),
ce (50),res(50)

real north,inc

M

oper (5, file="taen.d’,status="old")

read(s,+) (d(k) ,k=1,264)

close(s)

open (&6, file="taen.r’,status="new’)

write(&e,+)

do 50 k=1,132
dd (k) =d(132+k)-d (k)

50 continue

do 100 n=1,44
t(n)=dd(3*n—2)*#2+dd(3*n"l)**2+dd(3*n)**2
tt(n)=sart(t(n))

100 continue

write(£6,650)

550 format(///3Llx, " TABLE 1I7)

write (e6,600)

00 format (/7x,SHIP ALONGSIDE ', 9x, "SHIP AWAY’,&x, "OBSERVED ANDMAL Y’
//SX,'NO’,lx,'NORTH',Zx,’EAST',lX,’PLUMB’,3x,’NORTH',
Ex,’EAST’,lx,’PLUMB’,3X,’NORTH’,2X,’EAST’,1X,’PLUMB’,
2%, "INTENSITY)

do 610 k=1,44

kk=k+44
wrrite (66,620 k,d(3%k=2),d(3*k—-1),d(3%k) ,d(3*kk-2) ,d(3+kk-1),
1 d(34kK) ,dd(3+k—-2) , dd (3*k=-1) ,dd(3*k) , tt.(k)

&20 format(3x,12,3(1x,F5.2),2%x,3(1x,f5.2),2x,3(1x,f5.2),4x,

f7.4)

GRS

[V

510 continue
z=3.2
call abrormal(z,pnl,pn2,pel,pe,pz)
write(es,+)
write (66,250)
250 format(7x, "MAGNETISM CAUSED BY HULL MAGNETISM®)
write(&s,30)
30 format(4x, N0’ ,3x," NORTH? ,3x,” EAST?,3x, " PLUMB )
do 200 k=l,22
north(k)=pnl(K)+pn2(k)
east{k)=pel (k) rpe2(k)
plumb(k)=pz (k) .
write(a6,35) k,north(k),east(k),plumb(k)
35 format(4ax,12,3(3x,f&.4))
200 continuge
71=9.7
call abrnormal(zl,ppnl,ppn2,ppel,pped,ppz)
do 300 k=1,22
kk=k+22
rnorth (kk) =ppnl (k)+ppn2(k)
mast (kk) =ppe L (k) +tppe2 (k)
plumb (kk)=ppz (k)
write (£6,35) kk,north(kk),east(kk),plunb(kk)
300 continue
call lesg(tt,north,east,plumb,x,q)
write(Aa,*) .
write(&a,70) ((x(i,i),i=1,4),1=1,3)
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70

400

500

1500

1000

1400
1800

2000

2500

500

1

1

aibrATE Gl % Compassell B & 9E( 11)

format (4x, "SIMULTAEQUS EQUATTONS /sp, Ix,F7.5,°A ,Ff7.3,'RB,
f7.3,°6G =",f7.3)

azq(l,4)

h=qg(2.,4)

3=a(3,4)

wr ite (66, )

write(Aa,400) a,b,g

format(3x,’A =", f2.4,5%,’8 =7 ,F3.4,3x,

dm=b/a

X1 z=aatbhrb

XxLi=seprt(xLl)

Xiz=g/x11

*atan (dm)
atan(xi)
Segl=g
wre i te (A6
writel(es,500) dec, inc,seqgi
Format(3x, "DEVIATION =’ f&.1,/3x, "INCLIMATION =’ ,f&.1/3x,
TINTENSITY =" ,f7.4)
wr i te (s, 1500)
format(///23x, TABLE 11')
wr i te (A6, 1000)
format (/3x,’ NO’,2x, "OBSERVED ANOMALY’ ,2x, *COMPUTED ANOMALY’,
£x, "RESIDUAL ")
do 1300 k=1,44
ce(K)=north(k)+ateast (k) +b+plumb (k) *g
res(k)=tt(k)-ca(k)
write(A6,1100) k,tt(k),cclk),res(k)
format(3x,1i3,4x,fl2.4,6x,fl2.4,4x,f12.4)
continue
sumt=0.0
sumr=0.0
do 2000 k=1,44
sumt=sumt+abs(tt(k))
sumr=sumr+abs(res(k))
continue
good=sumt/ sumy
write(sea,+)
write(sns,2500) sumt,sumr,good
format(//3x,’SUM OF OBSERVED ANOMALY=',f5.3/3x,’SUM OF RESIDUAL =’
L F5.3/3x, "GDODNESS OF RATIOD R=',f5.3)
close (66)
stop
erd

o i

subroutine abnormal(z.pnl,pn?,pel,pe?,pz)

dimension prl (30) ,pn2(30) ,pe L (30 .pe2(30) ,pz (30) ,perl (30),
pee? (30) ,peel(30),peed (30) ,pnnl (30) ,prn2 (30) ,prn3(30),
Prnd (30) ,pzz1(30),pzz2(30) ,xL(30), x2(30)

equivalence (peel (1),peel(1)), (pee2(l) ,peed (1)), (prnl (1) .prn3(1)) .
(prnn2(L),prinda (L))

X=45.0/120.0%3. 141592
o= (x)
sizsin(x)
do 500 k=1,90
x1(k)=float (k)
continue
do &D0 k=1,30
x2(K)=5_0*float{(k)-5.0
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&00 continue
do 1000 i=1,22
peel (i)=0.0
peer(i)=0.0
kount=0
do 1000 k=1,10
do 1000 n=1,%0
kount=kount+1
asx)l(n)+s.5-x2(1i)
b=-20.0
c=xL(k)-0.5-2
call hapkye(a,b,c,co,si,sum)
peel (i) =peel (i)+sum
bl=-34.0
call hapkve(a,bl,c,co,si,sums)
pre2(i)=pee2(l)4sums
pel(i)=peel(i)-pee2(i) :
write(#,#) 'kount=7,kount,’pel(’,1,')=",pel(i)
1000 continue
do 2000 i=1,22
pee3(i)=0.0
peed(i)=0.0
kount=0
do 2000 k=1,5
do 2000 n=1,47
kount=kount+1
a=x1(n)+27.5-x2(i)
b=-20.0
c=x1l(k)+9.5-z
call hapkye(a,b,¢,co,si,sum)
pee3(i)=pee3 (i) +sum
bl=-34.0
call hapkve(a,bl,c,co,si,sums)
peed (i) =peed (i) tsums
pe2(i)=peel(i)-peed (i)
write(#, %) "kounts=',kount,’'pe2(’,i,’)=",pe2(i)
2000 continue
do 3000 i=1,22
pni(i)=0.0
prin2(i)=0.0
kount=0
do 3000 k=1,10
o 3000 n=l,14
kount=kount+1
a=97.0-x2(i)
bz-(x1(r)+19.5)
ca=x1(K)=-0D.5-2 .
call hapkye(a,b.c,co,si,sum)
prnk (1) =pnn (i) +sum
al=7.0-x2(1)
call hapkye(al,b,c,co,si,sums)
pnn2(i)=pnn2(i) +sums
pnl(i)=prnl (i)-pnn2(1i)
write(#,#%) ‘kount=',kount,’pnl(’,i,”)=",pnl1(i)
3000 continue
do 4000 i=1,22
prin3(i)=0.0
prnd(i)=0.0
kount=0
do 4000 k=1,5
do 4000 n=1,14
kount=kount+1l
az75.0-x2(1)
bz=(x1(n)+19.5)
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call hapkye(a,b,c,co,si,sum)

prnn3 (i) =pnn3 (1) +sum

al= 0-x2(1)

call hapkye(al,b,c,co,si,sums)

prnd (i) =pnna (i) +sums

pr2 (i) =prn3(i)-prn4 (i)

write (k%) Tkount=" ,kount,'pn2(’,i,7)=",pn2(i)

continue
do 5000 i=1,22
pzz1(i)=0.0D
kount=0
do S000 k=Ll,14
do 5000 n=1,%0
kount=kount+1
asx1l(n)+&.5-x2(i)
b=-(x1(k)+19.5)
c=-2z _
call hapkve(a,b,c,co,si,sum)
pzzl(i)=pzz1(i)+sum
write(#,%) ‘kount=’,kount,'pzz1(’,i,’)="',pzz1(i)
continue '
do 6000 i=1,22
pzz2(i)=0.0
kount=0
do 000 k=1,14
do 6000 n=1,%0
kount=kount+1
if(n .le. 21) then
azx1(n)+&. 5-x2(1)
b=—(x1(K)+19.5)
c=10.0-2

if(n .le. ) then
a=x1(n)+27.5-x2(1)
b=-(xL(Kk)+19_.5)

c=15.0~z

call haphkve(a,b,c,co,si,sum?)
pzz2(i)=pzz2(i)+sum2

else '
a=xl1(n)+74_5-x2(i)
b==(x1(k)+19.5)

c=10.0-z

call hapkye(a,b,c,co,si,sum3) )
pzz2(i)=pzz2(i)+sum3
endif
write(#,+%) ’kount=’,kount,’pzz2(*,1,’)=",pzz2(i)
continue
do 7000 i=1,22
pz(i)=pzz1(i)-pzz2(i)
continue
refturn
end

subroutine lesg(tt,north,east,plunb,x,q)

dimension tt(50),north(50),east(50),plumb(50),x(3,4) ,hap(10),
tot(10),9(3,4)

real north

do 1000 k=1,10
hap(k)=0.0
tot(k)=0.0
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1.000 continue
do 2000 k=1,44
hap (1) =hap (1)+north (k) ¥north (k)
hap (2) =hap (2) +nor th (k) ¥east (k)
hap (3) =hap (3)+north (k) *plumb (k)
hap(4)=hap (4)+east (k) *east (k)
hap (5) =hap (5)+east (K)*#plumb (k)
hap (&) =hap (&) rplumb (k) #plumb (k)
2000 continue
do 3000 k=1,44
l tot(l)=tot(l)+tt(k)*north (k)
‘ tot(2)=tot(2)+tt(k)*east (k)
_ tot(3)ztot(3)+tt(k)*plumb (k)
3000 continue
x(1,1)=hap(1)
x(1,2)=hap(2)
x(1,3)=hap(3)
x(1l,4)=tot(l)
x{(2,1)=x(1,2)
x(2,2)zhap(4)
x(2,3)=hap(5)
x(2,4)=tot(2)
x(3,1)=x(1,3)
x(3,2)=x(2,3)
x(3,3)=hap (&)
x(3,4)=tot(3)

do 4000 1=1,3
do 4000 j=1,4
q(i,i)=x(i, )
4000 continue
call vunlip(g,3,4)
return
end

subroutine yunlip(x,row,col)
integer row,col,pivot
dimension x(row,col)
do 100 pivot=1,row
if(x{(pivot,pivot) .eq. 0.0) then
do LLD m=pivot+l,row
if(x{(m,pivot) .ne. 0.0) goto 120
110 continue
120 if(m .gt. row) then
write(*,1000)
1000 Format (3x,’ ERROR —— CANNOT FIND NON-ZERO®)
stop -
endif
do 130 k=pivot,col
tenp=x(pivot, k)
x(pivot,k)=x{m,Kk)
x{(m,k)=temp
130 continue
endi f
* subtract pivot line from kth line
do 10 k=1,row
if(k .eq. pivot) then
* this is pivet line
xpivot=x(pivot,pivot)
do 140 m=pivot,col
x{(pivot,m)=x(pivot,m)/xpivot
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continue

alpha=x(k,pivot)/x(pivot,pivat)
do 150 m=pivot,col
x{(k,m)=x(k,m)-alpha*x (pivot,m)

continue
endif
continue
continue
return
end

subroutine hapkye(a,b,c,co,si,sum
vac =za%atb¥b+c¥c

ha=1.0/sart(vac)

haazha+*ha*ha

sum=haa#* (a*co+c#si)

return

end
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