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A Theoretical Study on the Stability of
Marine Diesel Engine Supercharger

Jin-Gil, Park
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Abstract

Marine Diesel engines have most equipped with the supercharger driven by the exhaust
gas of engine to generate more power per volume.

Especially, when they is highly supercharged, we have frequently experienced the surging
of supercharger causiag the large trouble.

In this paper, the stability of supercharger due to the flow variation is investigated on
the base of the theoretical fcrmulae and it becomes clear that the intensity and magnitude

of surging can be more or less reduced by the partial improvement of the air charging
system.
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Abstract

Accuracy is the mocst important of the various properties of the compass, but it is necessary
to reafirm what is meant by accuracy and how it is determined. Most definitions of accuracy
of the magnetic compass, unless they are suitably qualified, are meaningless.

Therefore, in this paper, the random errors occurred in using magnetic compasses are
classified into two groups through the statistical methed; one is the difference between the
observed figure and the mean calibration curve, and other the difference between the mean
curve and the true mean. And from the above mentioned groups of errors two kinds of
over all standard deviations are derived and defined.

The errors of standard compass of S/S “Bando”, training ship of Korea Merchant Marine
College, were examined by taking the bearings of a distant terrestrial object and its 95
percent confidence level was determined by using the quantity of the total over all standard
deviations multiplied by 2 and thus an example was given to confirm the standard deviation
of each group of errors is regarded as a coefficient from which various confidence levels
of errors can be deduced, rather than as an accuracy figure.

A conclusion to be drawn from this experiment is that the double of the total over all
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standard deviation indicates that a single observation of a bearing line may be incorrect to
the extent of 38 minutes of arc about the true mean.

This method of determining the extent of errors may be applied to all manners of
observations with ship's magnetic compass and the accuracy may vary in accordance with
such specific conditions as dynamic or static conditions and so forth.

It is, therefore, always advisable to consider the accuracy figures on a statistical basis,
when the users are to make a decision on the safety margin of a bearing line taken from

the magnetic compass.
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ot
Azimuth reading error (JFfrfflliEiEss)

S HEme RS BN e AvEEme A2 BERe W Ueld
HEge] s ol o] b pf,[ o] BAZIE BR gEe] BAHAE BA
jﬁa?r 526l 4] AT L 45° 4bo] 0.3 r
AL 45 BIL o ) 0.°5 1.7
KERE 27° 4 o 0.°3 0.7
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scompasse] {SH#HIEH] BisE # (53
@ fAE © =B A (three islander)
& #amgsy - 3, 304. 09mg
@ E 101 41m
& Ml 14m
6) Bk 1 2.10m
3. RBiEBR % B=%
q P : 1974, 1. 15,
i PR 35°02'N, 129°10°E
@ JWE T BBk
& Ay s HEicie el el ARl mEE g, 16mile
& BElEe) IS 320m
B M fie) MR R (6°12'W. 1965. annunual increase 1)
A HERO A e BEINEE Belder MBS 28 Mo = st Hisia . 1S
ulek 16w o] e sholom o] 28 10 KiEshe] ABMIE B~ 160105 A )9 o).
Fold METAAA W 4 Bkl ol Bel EHHZE HEstd £ 15 o
x 1. B2 FHEE
My 1 2 I 3 l 4 5 6 I 7 ' 8 Il 9 10 ‘H B %
N ~06 -12 -13 -10 13 ~12  —0.9 13 —08 -1d -1
NNE —13‘ —1.7; “13 -19 —17 _1.4: —1.1i —1.6; -1.3 -1.7 —15
NE —2.51‘ —2.3|§ -2 1 -2.7 —2.5i —2.9i —2.8i' -2.3 2.5, -—-2.4 -25
ENE| -13 -18 ~16 -14 -16 ~14 -1.3 -17 -L1 -18 -5
E ~C.9 —0.9‘ ~0.6 14 -12 —0.8l —0.8I -1.6 -0.9 -0.9] -1
ESE| =07 -04 -06 -0.9 —03 —0.2! —0.6! -0.77 —0.2) —0.4 —0.5
SE +0.3 402 0.0 —0.3 —0,2] +o‘z! +0.20 —0.4 +0.1] -0.1 —0.0
SSE +c.9! +0.4 +o.21 +0.6]  +0.6] +0.6 +0.3 0.0, +0.6/ +0.8 +C.5
S +1.0 L0 +0.7, +1.1 +13 +0.8| +1.2 +0.7 +1.4 +0.8 +1
SSwW +1.7 +1.3  +1 2: +1.7 +1.6! +1.8€ +1.3 +11 +16 +1.7 +1.5
SW | 423 428 421 427 422 +2.8; 423 +2.6) +2.8 +2.4 425
WSW | +1.8 +1.7 +1.2§ +1.2 +1.7! +1.6I +1.3 413 +1.5 +1.7 +1.5
W +C.8  +1.2 407 +1.1 +0.8j +0.8! +L3 409 +1.20 +1.2 +1
WNW | 407 +0.8 +0.1  +0.4 +0.3 407 +0.3 406 +0.8 +0.3  +0.5
NW | +0.3  +0.3 —~0.3} 0.2 ~0.2 402 +0.1 -0.2 402 0.2 0
NNW | —0.7 —0.2 —0.8‘ —-0.3 —o.si ~o.2i —0.2' -0.8 —0.6 —0.4 —0.5
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{6) 19754 4 B @BRWEARE HICHE FH108
V. Fourier %= LIEPH BHEX

B EEYe] A 9 RHEEETS e velA BE 5 @RS #E R
SHFe BFo] 8o FEzEel REEE Fondle KXo wl Fourier 8z Jebd HELE
Eelel o o] Ko BWMBREEL As Ro ] PHHE A L WA stz skl

WSS FRshs Poissone] AKX o 2 3H

sind = A 088 + Bgsing + Cpcosp + Dsin(29+8) + EqCos(2p+8)  seeeererrecsennens )
S king )
6 o&:HZE
¢ el REITAL
1 (d-b
4= (7)
1
Bo=—k—(c-tant9+%)
1 Q
CO—T(f°tan6+T)
1 (a—
Do=-3- (%)
1

oAl A o] Eoll ¥l & vhad e HiE AR ek
Hig 1D =28 K2 radiane @ KR
2) —fxge = §, By, Cob Do #/NStE Ao Eor zuvie v fuhslmz oo 21-&
£% IxBoR 9 A% £% 2KEo2 272 v,

% 8, By, Co Do ## 1KE
Ay, Eoe %4 2RE
w} e} A SX By, BoxCo CoXDg, — woees Heo. KA ZRE
AgX Bo, BoXEg, — sveserseseeiseean: Mo KA SKE
ApKEp, Epl,  ewesevessercsesssineinns o g AR Eo.m H)h

D X& RBAstd
sind = A,€058 -+ Bosing + CoCosp + Dosin2¢cos + Dcos2¢sing + Eqcos2¢ccsd

—EoSinZgosinS .............................................................................. @
PAEES
3bs sinw} cose] Maclaurin #KEe) 254
83 85 87 — 33 ........................
Sind=8— 5 3 o s T g 4567 T 0T g ®
) o &° 1O s
cosd=1——g 4 5 g~ g5 T ' e @
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Wi compasse] fEHEEA BHEE E& C7)
@3 @F @ RAs 4xE DL #BOF 2435 HS Eilshd ofs] sl 2o

8(1— Docos2¢+ Esin2p) = Ay -+ Bysing + Cocosp + Dsin2¢ + E,cos2¢p — é Dyé%sin2¢

L 3 e e
+ 59 ®
@R A 3kE Dl REUT BEd HE Eilele o-eXe Bl
o= Bosingo_*_ COCOS§0+ DOSiHZSD B L TL LTIV LT TITTITIRTRRTIN @

®% @ KAz 4RE LlLE] REC @49 EHe ®misld v 2o nx).
6(1—Dgcos2¢+ Epsin2¢) = Ao+ Bosing + C ocosp + D sin2¢p + Eycos2¢

+ %Bo3sin3<p + %Bozcosinzgocosgo + %BoCozsingo cos?p— %E’oDozsin2 2¢

sing -+ —61~Co3cos3<p - %CoDozcosgosiano - % Dpsin®2p  vererieenenian. @

D 20 -+ E,Sin2 . ] . )
Dol A —f,i—%b‘;ﬁgzg’;;—iE‘;‘%g%% Rilel F53 1— (Dycos2o—Egsin2p) =12 5o 4y it

Blke) RE7 wad He Eilshd
0= Ao+ AoDocos2¢+ Bsing + B, D singcos2¢p + BoDysingces?2¢p — B, Esingsin2¢p

—+ %B&sin3 0+ ;— By*Cysin*p cosp -+ %Bocozsingx:oszg: - ; ByDy?singsin?2¢
+Cocosp+CoDoccs2gp cos2p+ C oD ycesp cos?2p— CoEpcosyp sin2¢p

+ % Coicos’p— %CoDozccs¢sin22go + Dgsin2¢ + D, ’sin2¢ cos2¢ - Dy’sin2¢ccs?2¢

~DoEysin?2¢ — éD03sin32¢>+Eoccs2<p+DoEoc0522go ................................. @
& ded olAe B4 mER Hest 2o,
1o o, 1 1 1 1 .
8=Ao+ | Bot £ BoCo+ B0’ 3 BoDo’ ~ 5 BoDo— 5CoF, |sing

+| Cot- LB, A BCot LCoDy+ 1CoD+Lcy Jeose

+ (Do) sin2p+ [ApDo+E,) cos2gp

+ [ 3 BoDo— § BuDo— 34Bo* + - BiCo'— LCoE, |sindp

+ [ 3BoBo— § BiCot 5Co Dot 3CoDg 4+ 310, Jcosp

+[ 4 Dot | sindpt | BoD, Jcostp+ [ 35, Dy |sinsp

+[—g—coDo]COS5¢>+ [: %Dos:!Sin&P ................................................ @
@kl 4 BRE 5, ol [ ) el WHS —Eaher, clslol radians s EEH el ol 5,

) kel A% MRS 6042 BAIR wiFel 8, A, B, C, ez ZeBisiw
8= A+ Bsinp + Ccosp -+ Dsin2¢+ Ecos2p+ Fsin3¢
+Geos3p+ Hsindg + Kcondg + LsinSp+ Mcos5@ + NSIn6@  eeveerereseesiivenaerees G 1019
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®2 & ) B ® &

1 2 3 | 4 5 6 \ 7 i 8
| .

ﬂ’ﬁ’ﬁ‘ﬁfi:ﬂiiﬁjéé sin ¢ 1%x2 cos ¢ ! 1x4 sin 2¢ 1x6 . cos 2¢
\ N —10 | 0 Sl 00 410 S| ~=1° | 0° S| 00 |+1° (S
NNE | —1.5+038 (S)| —0.57540.924 (So)| —1.386+0.707 (S| —1.060 +0.707  (S;)
NE —2.540.707 (S| —1.767+0.707 (S| —1.767+1 @Sl -2.5 | 0 (S»)
ENE | —1540.924 (S| —1.386+0.383 (S| —0.574+0.707  (S)| —1.767|—0.707 (—S.)
| E ~1.0/+1. ol -1 | o ol 0 0 ol 0 [=1 (=S
ESE | —0.540.924 (S| —0.462—0.383 (=S,)| +0.1911=0.707 (—S,)| +0.353{—0.707 (—S)
\ SE 0.0040.707 (SOl 0 |-0.707 (=S| 0 |-1 (=S| O 0 (=S
SSE | +0.540.383 (S| 40.191'—0.924 (=Sg)| —0.191:=0.707 (—=S,)| —0.353 +0.707 (S,
S +1.0 0. Sl \ i — 0 0 so| 0 |-1 S0
S SW | +1.5/—0.383 (=S| —0.589—0.924 (=S)| —1.386+0.707 (S| +1.060 +0.707 (S,
SW | +2.5—0.707 (=) —1.7671~O.707 (=S —1.767§+1 (S +2.5 | 0 (50
WSW | —1.5—0.924 (=S| —1.386-0.383 (=S —0.574E+o. 707 (S| +1.767)=0.707 (=S
) W $1.0-1 (=S| -1 0 S| 0 0 SH 0 |-1.0 (=89
WNW | +0.5-0.924 (=S;)| —0. 462;+0. 383 (S| +0.191 —0.707 (—S)| —0.353 —0.707 (—S.)
NW | 40.0[=0.707 (=Sp| 0 k+o. 707 (SO 0 =1 (=S| 0 0 (50
NNW | —0.5-0.838 (—S) +0.419+0.924 (So) —0.464~C.707 (=8, +0.353 +0.704  (5.)
+8.5 +0.610 +0.382. +6.033! +4.826
~8.5 —10. 394 ~10.109' —6.033 —4.8%6

\ Total 164=0 8B=—9.784 8C=—9.727, 8D=0 8E=0

A=0 B=—1.°223 C=-1°216 D=0 E=0

|

. 8,=—1.223sin ¢ —1.216 cos ¢ —0. 423 sin 3p+0. 279 cos 3¢ +0. 375 sin 4¢
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ifcompasse] FEUES] WY % €9

t & B # % #

9 10 1 12 13 14 15 16 17
1x8 sin 3¢ 1x10 cos 3¢ 1x12 | sin 4¢ 1x14 | cos 4¢ | 1X16
—1° 0" ol 00|+ Sl —1° 0° 0° | +1° | -1°
~1.060 +0.924 (Sy)| —1.386 +0.383 (S| —0.574 +1 ~15| 0 0
0 40,707 (S9| —1.767 —0.707 (=S +1.767 0 0 | -1 | +25
41,6600 —0.383 (=S| +0.574] —0.924 (=S| +1.386 —1 | +151 0 0
+1 1 (=S +1 0 11 0 0 | +1 | -1
+0.353 —0.353 (=S| +0.192 4+0.924 (SO —0.469 +1 ~0.5| 0 0
0 +0.707 (S| 0 +0.707 ol 0 0 0 | -1 0
+0.353 +0.924 (S| +0.462 —0.384 (—S)  +0.191 -1 —0.5| o0 0
+1 0 5 I S e B 0 0 | 41 | 41
r

11080 —0.924 (=S» 1385 —0.383 (=) —0.574 +1 150 0 0
0 ~0.707 (=S| —1.767, +0.707 (S 1767 o o | -1 | -2
~1.060 —0.383 (S) o514 +0.924 (S5 +1.3% -1 | +15| 0 ‘ 0
-1 +1 S)p +1 0 (So) 0 , 0 0 +1 ‘ +1
_0.355 —0.383 (S| —0.192 ~0.924 (=5 0461 +1 | 05, 0 ‘ 0
0 ~0.707 (=S| 0 ~0.707 ()| 0 | 0 o 1 ‘ 0
~0.533 —0.924 (=50 +0.462 +0.383 (S —0.101 -1 +0.5, 0 ‘ 0
3,690 +6.497] +5.5 +4.5

—7.072 ~4.962 ~2.5 -5

8F=3.382 8G=+2.235, 8H=+3 8K=0

F=—0.°423 G=+0.°219]  H=+0.°375 K=0
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(105 19754 4 A HMEEERNE @R #1108
ez B9 @R 3R BT Habd EElg & =9 Fourierfk #= vebd HaEfol .

maw @3 @A HEE v wol METF, = £ BfEe FHEEEAA Ko HERRE
A4 99 R HEUF 2e1R Aol

il HEY BESIAAR 4, -, K 7bA 9] HS WE R FA

Llbe) AR EHERE @t 29 OXd @&l v Rl 4, - N: mBgs %
e REC Aoy e » Eo®l BRI A Khe] mildAmz, o Re HEBES S
T BAARIE 2 FHAERNC] Efgslolol vt 2& ¢ vk ¥l HEBE %o BY
Bz BEONRC] o] X& HATE. K RICIA L £MEFAC B B2 257 2.°8
DIRSl A& st Agel RBRZE B & FHEERS Rt o o RX& M
71z e

V. ®hEFE0 KB BEHA

Sl ob e Jikell fkshel ke HEARE FIAS S BRAIEE=Sv F#Ze Rfinse =
718 FARSHE HAREE HEsts] A RAEFRES @G

AFEAAL o2 HEHEE HHEES 49 Lond FHEZERANA & HE0 2 58
SrAAE] shar o] ARl kst & REE PEstg o Tl RFFES BBt £ 2%
fERGEFSL et

ol BRG] Ak(true value)S Rebr] fiste] Himel AAA BHe g W 2 ABH
TEE my, mg, o, m, o2k 3har, o] wle & BEE x, x-, x, olztm B o] E Fs A
Rroll BAEY BX P=

D U g N @

Py gho] zAl A5 Fgkdl 77 BREEfE(the most probable value)sb == @380l 4]
(x* +2 45,008 Bhz S ftel T BEEfECI Y = —fe s BREESC vu 5
AA WERE 7ol & 3kt B observed value)sho] 2Eq) 3w Al Bl M
obe] ZERQ B (residual) & RASHS BEEME KT + A F

X2 2,2 e+ 2,2 20,24 0,2 e F 0,2 ererrreriiein s s e ®
850,00, 0, BE
AF 2, 2, 2y 2og RETA SHe REKCTSHA o BREEMD, a; by, oy 1,5 o)
Reel Bmefie] #¥eh oha 2 BRI (observation equation)-e-
a2+ 8,2, +c125+ oeeeen +nz,=m
@521+ 0525+ o235+ e veee FTAZLZME | et ees e ra e aeraees ®
Gyt byty Oyt orreve s Hoy ey
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hegcompasss) B B % 1)

RS
L

7% 2 55k (residual equation)-&-

a,z,+ b2+ cizg4 e +nz,—m; =0,
@21+ by2y + o2yt oeeees FRZ, M=V L e e caes e @
bt e
2 J}4
X2y, 2, 20l B EHITER
(aa)z,+[ablz, + [ac)z;+eeeer +[an)—[am)=0
(ablz,+ (bb)z; + (bc]zy ++-+--+ [bn]) — (bm]) =0 l .................................... ©
Can), + (bmlzs+ Com)zs oot Cnm) — Crm) = O
{H (@a)=a,a,+ a.a,+ -+ +a,a,
(ab)=a,b,+aby+ e+ +a,b,
(an)=an,+ayn,e--s-- +an,
ot GRE ED 2, monnd G R 4o B0
205 Mo s AR MR Azol Eier BEIEER SPMEE RIS mEEM EHEFRE A B,
C,weey B T3] Bshel AKX @ BEEZE 6, 0, 84+ 8% A Eizeol E9 Al

BRE A5 vt e
Sy =A+ Bsing, -+ Ccosyp, + Dsin2¢, + Eccs2p,+ Fsind¢, -+ Gees3g, + Hsindg, + Kccsde,
8,= A+ Bsingp, +Ccosg, + Dsin2yp, + Econ2g, + Fsin3¢, + Gcos3p, + H’sm4;o2 + Kcesde,

...............................................................................................................

...............................................................................................................

830 = A+ Bsinp,, 4+ Ccos p3o+ DSIin2¢,, + EC0S 20,5 + Fsin3p;y 4+ GCos3p5, -+ Hsindp, + Kcosdps,
30 P £ 2 ¢ P 12 12 2
......................................................... 15

A S MEE 3

sing,=sin(11°15’ X 0) =S, cosp,=ccs(11°15 x0) =S,

sing, =sin(11°15’ X 2)=S, ‘ cosp,=ccs(11°15" X 2) =S,
singg=sin(11°15’ X 30)= —S, cespye=ccs(11°15” % 30) =S,
sin2¢p,=sin(2x 11°5’ x 30x0) =S, cos2g,=ccs(2x 11°15" x 0) =S,
\51n2<p2_sm(2><11 15'x2)=38S, <crs7<p2 ces(2x11°15"x2)=3S,
sin2¢p;,=sin(2x11°15’ x 30) = — S, lc“s‘)y*,b:chs(‘)xll 15/330)=S,
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125 197542 4 7 WEHEARSE

[ sin3p,=sin(x 11°15'x 0) =S,

sin3p, =sin(3x 11°15' X 2) =S,

sin3pg=sin(3x 11°15’ x 30) = &,
 sindp,=sin(4x 11°15" x 0) =S,

B #1080

ces3p,=cos(3x 11°15" X 0) =8,
cos3p, =cos(3x11°15’ x2) =S,

cCs3p;o=c0s(3x 11°15’ x 30) =S,
cesdp,=cos(4x11°15/ X 0) =S,

i
cosdgp,=cos(4x 11°15" % 2) =S,

sindgq,=sin(4 X 11°15" x 30) = — S,

cesdpyo=cos(4x11°15” X 30) =S,

Gk o JPRez el Fom @Ae st el R
Oo=A+B(+S8) +C(+S)+D(+8)) + E(+59) + F(—S,) +G(+S) + H(+5,) + K(+8,)
82=A+B(+SZ)+C(+SG)+D(+S4)—I—E(+S4(+F(+SG)+G(+SZ)+H(+SS)+K(+SO)
34=A+B(+S4)—.LC(+S4)+D(+Sa)+E(+SO)+F(+S4)+G(—S4)+H(—SO)+K(—Ss)
86:/1+B(+S?)v%~C(—'rS?)+D(+S4)+E(—S4)+F(*Sg)+G(—SG)+H(—Ss)+K(-—SO)
3.;.:14—!-B(+SB)+C(+SO)+D(—SO)J.‘E(—Ss)+F(—SB)+G(+SO)+H(+SO)+K(+SS)
610=A»1—B(+SG)+C(—Sz)+D(—S_;)—I—E(~S4)+F(—Sz)+G'(+SG)+H(+SS)+K(+SO)
814=A—{-B(+S4)+C(-—54)+D(—Ss)-!—E(—SO)-I-F(+S4)+G(+S4)+H(—So)+K(-—Sa)
812=A—,B(+Sz)—'r-C(—SG)-%—D(——S4)+E(+S4)+F(+SG)+G(—32)+H(—~Sg)+K(——So)
3;6:A+B(-SO)+C(—SS)+D(+So)+E(+SS)+F(+So)—l—G(—Sg)+H(+SO)+K(—I—SS)
8182A~:-B(~Sz)+C(—SG)»—}-D(+S4)~:—E(+S4)+F(*SG)+G(—82)+H(—}—Ss)—I-K(—I—SO)
320=44—%B(~S4)+C(—S4)+D(+Sg)+E(+SO)+F(—S4)+G(+S4)—E—H(—So)—I—K(—SS)
823:A+B(—SG)+C(—Sz)+D(+S4)+E(—S4)+F(+Sz)+G(+S6)+H(—SB)—I—K(-So)
824-——-1‘1»%8(—5‘8)+C(~SO)—I—D(—SO)—FE(—SS)%—F(-.LS,,)+G(—So)+H(+S°)+K(—|—Ss)
825:"4"?B(‘SQ+C(“'FSz)“I‘D(_S4)+E(_S4)+F(+Sz)+c(_ss)+H(+Ss>+K<+So)
325=A+B(~S4)-1‘-C(+S4)+D(~Sg)+E(—So)—}—F(—S4)-I~G(—S4)+H(—So)+K(—SB)
830=A».’—B(—Sz)+C(+SG)»I«D(—S,,)-{—E(%—S',;)+F(—SG)+G(+SZ)+H(—SS)+K(—SO)
............................................................................................. ©
Zedise 8% oo
16A=8,+8,48,+ - F8gp e e ®
Ko 3=},
el REBBE Rebol skl @9 & R A B BT el FE o5 @isd ohd
83:80<So)"9‘82(32>+84(S4)+85(sa)"!‘33(88)‘T“Bm(sc)+812(S4)+814(Sz)+815(_So)
—I—Sm(—Sz)+320(—S4)+822(—SG)+824(—SS)826(—S,3)+828(—S4)+830(—Sz)

8C=08,(8s) +82(Ss) -F8,(S) +8,(S2) +85(Se) +8,,(—S,) +81:(—S)+8,(—Sp)
+816(—S5) +815(—S6) +820( —S4) +820( —S5) + 824 (4 85) +8,5(Sa) +- 8,5(S4)
A B3g (S ) e e e e @
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Wi compasse] FHEE B3 H (13)
SD=SO(SO)+82(S4)+84(Ss)+86(S4)+BS(S(,)+810(~S4)+812(—58)+8H(-S4)
+816(S0) +815(S:) +020(Ss) +82:(S4) + 824 (Se) +825(—S,) + 855 — S
F 03008 e e g
8E=3,(S;) +82(S4)~2484(So)+86(—S4)+88(—Sg)+8m(~s4)+812(So)+814(S4)
+815(53)+8,8(34)+810(SO)+822(—S4)+8“(—Ss)+326(—S4)+828(So)
+330(S4) .................................................................................... &9
8F=80(SO)+82(SG)+84(S4)+86(—Sz)+63(st)+810(—Sl)+812(54)+814(Se)
+6;5(Sy) +6:5(—Sy) + 8200 —81) 4+ 822(S5) + 824(S5) +8:6(S,) -+ 825 — S,
+830(_Ss) ................................................................................. @
80:80(5‘8)+82(SZ)+84(—S4)+86(—Ss)+88(So)+810(56)+8,2(84)+814(—~82)
+015(—85) +815(—82) +826(Se) +822(S) +824(So) + 825 — So) +825( —S,)
_{_830(5‘2) .................................................................................... @
8H=82_86’i‘810“814+313“822+826_830 ................................................ @
BE =0,=8,+85— 81,4 8,5—8sgF 82y —8sg  ++rvrererrrrmmiiiiaaaaaiie e &
o F Ko wpre] e
nA=338,

e 1

X
oe}
Il
™M
Q2

(sing;

o) =

| =

nC = 2.8,c0s¢;

=N

<5 nD=34,;sin2¢,

RE=X8,0082¢; ] e PR 5

= ro

™M
%)
2.
5

Y

rO! —t
X
"y

—

s 1G =20,0083¢; i

[XH

5 nH =¥ 8 ;sindy; }

]

S

}

LK =38 costg,

SORIRE P12 ol g g5 A B, e, K2 puirdlis WL o)
e ERERA fealel FAMPIT Aol 2 201vh. & KEEHI A R Rcompasss] i %

ol AESTE T2l 1sh 20 j@aesl Eibadel FE#MEeh AWML JoEd Zoly.  whobd

# 29 GHIE Mstel R SERME —M) Bkl A ILEBES 9% KBS 2 Hie)
Pheeh o7 Ae chil compasse] FEE N BHEEET duishel 3, MRl el
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(14) 19754 4 3 BEREKRE HouE F108H
BREES) 2V E Lol & HiMgo nq Atz el 2 Hige] slet

v 22 20 Jrhy R B 2 Col zhel: MRS o m W 3 DiStel  compasse] card
error, carde] HE(3%E, bowl dfuirell ¥3h pivote] EEDzE %3} 20 FXE @Al JdvhD X
ofof wtek. = F, G F A4yEzEC &= Bittel FEHE o=t A7) #X =& compass
Bl Bl Hoshel BEgPel Holsl R 7S Bl #HxE o BIEM A
W Foll A7) BB o) @aElel e Aes Mopof dhrh

# 2= A=0 & F##Ex- gdx, B=-1.°223, C=-1.°216, D=0, E=0, F=—0.°423,
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