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A Study on the Geometric Optimization of Truss Structures
by Decomposition Method
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Summary

Formulation of the geometric optimization for truss structures hased on the elasticity theory
turn out to be the nonlinear programming problem which has to deal with the cross-sectional
area of the member and the coordinates of its nodes simultaneously. ‘

A few techniques have been proposed and adopted for the analysis of this nonlinear prog-
ramming problem for the time being.

These techniques, however, bear some limitations on truss shapes, loading conditions and
design criteria for the practical application to real structures,

A generalized algorithm for the geometric optimization of the truss structures, which can
eliminate the above mentioned limitations, is developed in this study.

The algorithm proposed utilizes the two-levels technique. In the first level which consists
of two phases, the cross-sectional area of the truss member is optimized by transforming the
nonlinear problem into SUMT, and solving SUMT utilizing the modified Newton Raphson
method.

In the second level, which also consists of two phases the geometric shape is optimized
utillzing the unindirectional search technique of the Powell method which make it possible
to minimize only the objective functlon.

The algorithm proposed in this study is numerically tested for several truss structures with
various shapes, loading conditions and design criteria, and compared with the results of the
other algorithms to examine its applicability and stability, The numerical comparisons show
that the two-levels algorithm proposed in this study is safely applicable to any design criteria,
and the convergency rate is relatively fast and stable compared with other iteration methods
for the geometric optimization of truss structures,

It was found for the result of the shape optimization in this study to be decreased greatly
in the weight of truss structures in comparison with the shape optimization of the truss utilizing
the algorithm proposed with the other area optimum method,

* o Y ATREE S AE

* ok o pAE ARE LR

- 73 -



WEE LS8 gE B29% §14 5% 19874 128

1. F &

BURN A8l o3 BEmel BR&&H T
BESA w2 Al wjabe] Hojg o]y
SrhAL KE el R MR Hikel A
W e s ol s o kol

2l AR K-S B8 ks RS
el EE OB KBRS HEES R E ol
& o 7 ek =hebd BUIRRERE A A6
#wigs ol ek el WMikel BIis (b
oh ERE S i 2 R R K] M
shre s FEfbM s e Y ek obvlel A
e el Aok dha, FVIMEME vl kol
gl v}

olelal o2& F4slr] ¢sled w2 HEE
8 2w} Dantzig-wolfe ! = Jr@ LIRS ¥l
Me|gho = GEiHEE W BOME S mve
Foode FEE askdel. 2y o] Hikl
B R E R e =L kel
odr}. Vander plants? 788 ¢ ~ 2 two-phases§
Hz ke s o@std ¥ BT 7
# = o kol 4 PreEsl meilel dHuk A
Tab FrER S wAsksich

Uri Kirsch™= i 2 % (beam grid)
o] HE{LRIEE two-phases R@E{LRTER Bl
3te] %  phaseol| LERE iHEB W BIKOIE
RS BEY KEEE RERFe 24 AWiE
EWe BAEbE 7HeA & b el

A BERd A= OBk 2R BigS B B
otk ol MR Bkel el Ed=%
two-phases2 sy#ste] % phaseol] LEL it
sapy u IR RS ERES] Bim Rk
EiTehe o] A EEE level-lolelal ghr}, level
20l A= ke B#EE Y EESEEES it
B slod Mk E#ELE RITT o4 Bl K
Re 2 KAEA~ BEDS MKk EELE st
%} greh,

A Bl A EEE g ool B

i} Vander plants®] H i ©-% #5730 three-pha-

ses 3 four-phases®] Wik ket & + A

weha] A PRl s KBREHAHER B
REHILE $18te] three-phases B@fbhik 2
four-phases J|@F{LFE S FIRStd Egjito
TRE W|AHELE SIFEEG 2 BIRE G
B KRIE 2 BiEhe MK EEL o el

T4 kel 2 e T sleh
2. BRRIMS] EE

Wil kit B R ES ML &
bR e olul vk PRREERIT BE &=}

A fheel BER PR @) At NES B
el chg ok el

19624 Schmit, L. A ¢ Kicher, T.P, ¥ =
e 3 MHME e~ Bt EdEmik 2 md
MFHE: Gradient Method® j£iEsFol o}

1964 % Dorn, Gomory 2} Greenbery M gy
St EsS #Aske] ground structure@E-E| red-
uced optimal structureZ EiHs}e] o}

1969 7F Dobbso} Felton ™ ik Vo) B 42 4%
okl SEAHEMN HEMA ¥ MMS BEEHOE
o 2 & gt Lol Gradient Method 2]
PTGkl STk ol BRRssRelel R
of] wiske] EgEsHA |

LB #Feh Schmit®] B#HS Baste L
RO e bol EEAEES WSk ol A
of e fliet Bl A EaEme REkstd B
B hol Bl HHE B sk Aol m R st
FrRel MK iE#Eftebie & gk

1972, 19737F Pedersen "*-2 HB#IR K (move -
limit) & z+& Gradient Methodel] &3l “Fi =
e 20 MRS FHUCH

19724 Vander plaats} Moses” = Zz+7BRe
2 o ® et BBl MEEtE
JriEshe kel ol

o] Bifew= m#19] two-phases®] WMk L=
4] phase-onedl] 4= stress-ratio % Zoutendijk
2] feasible direction methods #1E3F dxe|s
L 2 BimAEbat % phase-twooll 4] steepest
descent method®] Figkell o)l Mk @ LiES
vHEd ek

ol olzto| ik Mk s AR 24 @bl
LEY ATINE AUAE R F UeS
Belal lom ) AR ke BURMS RaEki
®ow BEpdcl

19754 Spillers Y= Friedland V2] B2}
T2 Bt=d o Kuhn Tucker & FIM
T Enls EEWS MREHLCERZS BEIA
S o] BIRAERE = SEWEHEM HilED 2
BATHS 8T PREEEE & 5+ g7 o

_74_



yEE AL Bikol ojat Bl WEwel BkEE bl e %

ol 1980%F Lol HARS MiEste AISCRA
Bol Hied nbEels BAME Fusigch U

19807 Saka ™ = BT ABIE(SLP) o
o2 BEMIKS HEshdck

19814 Kanji Imai % Schmit, L. A, "= 5
ol BBy ABIS FREE EEUE(multiplier
method or primal and dual method)ol] 2|3k 4] i
oW kS [l Gfesk vt

19834 Topping B.H. 1> = 80% # 7x]2]
ik B Bl Hat BaS sk

19834 U. Kirschel G. Toledano 5% itk el
Bi{bo} BEe #Lcls HSE R 2 BB
FE R kel el whel vl B I
feshed kS REEE & v S #®rsh
dom o Bkl AMEEEMS) WKt
BRI Bt ER=ch

YRR 19754 Liaiel Ky BRRE B
B it#lkol (k3 Sdifbol Aok

BRI SHBIES B B 2 FER 3R
HRS T fEEme) B AR deb it
S Y GRS Bt WSt S 8
B BEREe) RyRie) Abuds] pigEebAl =it

olefdl o) el ¢ A& FEalr] 9le) 1975 L
ol = AR LREE T B sepE S
2 REetd ARESE®S Rt Bl
o Bt A oo 53l rEREEE
WERRTS Elshel WAL KT A
2 4 ARE sk HoRmel Hikolrh

EEF R HBBRIS BRE K8 (design variable
linking), = Al M8 EA Mk 2 Hiame
HEBHS At R giEme ket E
dow FEb@iRd Criticaldt HI#ELEAS) B
= f)Eheiek

SER el e Bl A Aules BB
¥y GBS AT EEREe] e Rl
kel 'e ek

st Vel 42 kel EiEH A0 BMAHRE
A& Lt el gamgel Kogesl 71 glet.

PLES] BRRsE R el B kS (RSl
BElts BAMme 2 42 old WESZE F
S WM RIS B

o213t MBSl MAEW WeRIFike) 2ek &
WS Tobsl wubeleh, wlebd ok BResl A e
BiEe BEftel Mk BELS BiImes X%
1 + 5% two-level EILS A=

A level 1ol 4+ HEBHLE RIHEH 2 HE
B RS B Mbohol KRS MS R RALL
of FEIA} e},

3. 9F @l BE0| 2f3t
iz Ao

A Bl A= Eols B B GG
Wik BdtE ¢35l three phases % four
phases?] Multiple-phaseZ 43&5}+= Multi-pha-
ses DEIBALE®KS AEstd o o] kS B
#sbd chga e

@ Three phases®} iR B &1L

Three phasesol] 2|3t Eel~ HiEHme B8P
e drlslat —#el H#EL MERAE oS
3} Zef, N

- -
Minimize;W=W (X, Y, Z)

-5 o o
Subject to;M (X, Y, Z) =0
f= 1, e K
3
G X, Y, Z 20 - eweeeens (3-1)
j=1, e L
XrsXsXY, Y'2YSYY, ZrsZ<ZY

|

BT RS BB

;RGN O] R EHE
VoETm R RiPBEel TRE
UiETmiRg RaipEeel ERE

ENEL FEEE wlelo] TFERE

SETRL FEEE wele] LRRME

FHEAA T EelL #EHY Ak A
o] ZolslAl Wk BdETE 213 Level 1o4&
Two-phases® 3EIsto] Bim-S Fdifbshi Level
20| 4= Two-phases2 sy#Elsled BIR-E B#A1L
= DERBL RS [ERe

o] R3-¢ BAlt BAL ozt 2o

7}. Level 1

kel EER E2l£E Two-phases® &3t
o R#EE ZfTehd, HiEB~ FEKe =
o}, oledt ¥l R#ERE AEIRIES BALF
&e ohesh 2ok,

1) Phase 1

Minimize ; W=W(
Subject to; H‘()_(’,

+

<

’

=

S A e
<l =<l

N
a

—
v Zo)
a>=0

<X}

—
o
-
ol



HRE TG $£29% H45% 1987F 128

GJ()'(*,((’O'ZO)gO ........ (3-2)
o7 4, )_() ; phase 1049 FiH#E
Y,; phase 14l4% #M= =& &
FHERR
N
Z,; phase 1o+ EEBE S+ &
SHEE
L) phase 2
e
Minimize ; W=W(X,, Y, Z,)
- o5 -
Subjectto ; H,(Xo,Y, Zo)=10
5 -5 o
G,(Xo Y, Zo)=20--+(3-3)
o 71 4

-
X ,; phase 2¢{] 4]

R v HiHEE

V : phase 20l 4 2] iy

2’0 ; phase 26| A=

t}, Level 2

Minimize

Subject to

714

X ,: Level 26| A =
Y.; Level 261 4=

HME e BB

- -
Yo, Z)

HWE 5
HBE 5

R
HAHEE

Z ; Leveloll 4 2] 881
@ Four-phasesell k3t B2~ #iEHe K&
BkS 271918 RBLREEAS oh3k 2ok

Minimize ; V= \_/)(W—‘))_(;iZ)
Subject to ; ‘,%\[V % %{(, %)):(())
W sWsW
X=X <Xv
Y sY =YY
ARV VA
i1 e K j=1, - . L
o471 4
W, X ; meimiEe ek
Y. Z ; mmedmsct
Wr XL meEe o) FRE
WY XY meEe ek RmRME
Zb . mmEEe ek FR(E
7 e Weke) LERfE

A HRdAe el #BEw UkEHE It
Lo)sHAl 1 pEl Rdt HES FHL
o] 749 HALHE AR chgat Ak

7}k, Level 1
kel EEs Eel&e Two-phases Ffibol
o BT EEiel H9 Eels BEwE
2 @ae Bt B #Ewz sEdc ol
g mEREAEY BEl BAL oS3 2
t},
<) Phase 1
Minimize; V=V( o
Subject to; H,(Wf )—(’o, ?o Zo)=
G (W, X, ¥, Z

=l

o 71 4 ;paase 1olj A 2| Zatistgy
WEHE Slv FIEN
HHE = REIHERR

HHE Sv REHBK

o; phase 1 o] A 2]

o; phase 1 ¢l] 4] 2]

Ny =<y L

o3 Phase 142
L) Phase 2
- -
Minimize ;V=V( ,,Z
Subjectto ;H, V_\’/o,z?
-
G, (W, X,
o371 4,

Wo,phase 164 EHE S+ F

X ;phase 20| 4 9] FEHBM

Y o;phase 1914 #HBME == 3%
-

FHE
Z o;phase 104 HHE S« FHHBH
v}, Level 2

1) Phase 3 N
Minimize ; V=V(W,,

FAEy

X, Y, Zo)

Subject to ; \—()L Y= \_()”

o 714,

Wo 5 phase 3ol 4| B2 S|t
HFHE == IR
HFHE 5= REHEE
[t TRRME
FEHEEel L@

REHEN
Xo ; phase 3¢l 4
Zo ; phase 34} 4
?L ; phase 3ol] 4
Yy ; phase 3oi| 4
L) Phase 4

_76_



SEREE Bkl ¢1% Euls Wity MkEHd BT BE

- o

— -
Minimize ; V=V(W, X, Y, Z)

i e S
Subject to; Z*<Z<=Z"V

2
N
2

I T

; phase 4ol 4 BB 5= FRIHBE
; phase 4ol 4 HH=2 S FFHEK
; phase 4ol 4 HEE == FIHEK
; phase 40| 4 FREHEES] TRRE
phase 40l 4 FRitS8ES] EIR(H

Ny N =<
~ oo ) °

=

4. WELDY
4-1. BaYEN

mf@e] MHE o] FolA EdjLEme EE
& BMEsts) $1% AEEE EYL R KB
shed et ek
(1) Phase 1
M‘(v_\’r)={w‘}f 3 O ST TO (4-1)

o714, (W)} =(LRxX 1) {HEmEHf &=
et
k=Phase lof| 4] #®=+= HHM
{Lib=(kx 1)29 #HAs] mlEa]2
(2) Phase_)Z
Mi= (W) = {W b T{L b eeeerererrnneennennnn (4-2)
A7 A, (Wab=(jx 1)¢ HHTEK =
A
j=Phase 264 #Rs]+= HMHW
{Lap=(ix 1)9 #HHAo] nlEYL

4-2. HINEL
(1) FE Sl #ote i

WO MEMITY 45 BORMEERS
g3t ol #RE 4 ek

@ Phase 1
<Uca}
S(DJ) (T (K (8) ((A(K) (8) ™ {A)
- PP PRI (4-3)

714, {ocod = HABBES B2
{ocal = (kX 1)2] HAZ|RMEH &
gL

- 77 -

Lo

(:) ....... ‘%k (kxk)
A= ] B
(Ta)=({Tul, (Tw))

[ .1 .............. 0
(Tu)= g " 1 . é
L eeeeenreenaases 1 Jkxk)
[ evmerenssanneen 0 )
[Tu] - :
0 sereeveseenerns 0 J (kX (m—1K))
Ky eeeonsernaes 0]
®=|i kK i
L (:) ............. k;n ) (mx m)
AE,
K[ L‘

Li=i#A &k 2o

E=i% B BWEEN
(B)T=(nxm) M#EMFR B2
n=F HEK

T=v|22]~ 9 i

{Ab=(nX 1) MBsHjEaEa) s

@ Phase 2
{Uca}
=(Dy) (Ty) R) (8 ((ATR) (8) A}
S Gagherrererrrerriinerre e, (4-4)
1

A,
[Dx] - [

(T =((Tu), (Ts))

aixi)



HEIE LG F120% 45 19874 128

() seemsevenconens 0 {02 = (G, eveereeerns ”gh)T
(Ta)= | i (2) EHAEERRET T B P HRIE IR A
l_' (@ Phase 1
() soevecennancene 04(ix (m—j)]) (oot
—(C) (T R) ((ATR) (&7 A =0
1 eeverersosennes O e (4-7)
g "..- : A7 A, {ocst = (f1x1) 8] RFFEANA Wigsh
(Te)=1 ¢ 1, A RES B2 A
g "-... g 0cm=at+bz(L1/etAtﬂ)
| PO 1) Gxy) aibi, e =R A Bl 4 BiEshs Rl
a= SR Vel A Fo}al = i
4-3. 1RERE DI HE @ Phase 2
(1) Euler®] H3mHE /15 0 & ase
y [UCB>
(D Phase 1 _
(C 18 —(Ca) (T2) (R) (B ((AT(R) (&) {A
- g{()} ............................................. (4-8)
—(D,) [TJ (R v 1A
Sy [T R (BRI L8 A foes = (f1-) o) A @A Bigak
D B P (4 5) H{:ﬂ}fﬁ)‘]lﬂﬂEE‘/‘-
A7) 4, dogd = (foa) @] HEHRIE P E 2~ s
f,=Phase 12| BEHE T HEL 4-4. WM FIFMEER
. B ERS W E s pee  Hmskd
Kx .............. Q r/},_g_;]. 7hc),
Do, : (1) Phase 1
cy-| i P e U= | PP O P (4-9)
: 15 1A, {aah = (nx 1)) iz A W =2
0 desonncncsena ‘Kf,(]xl) Kt
{ait = (ayy, Qygy oo G1e) v= Phase 19|
CER"T
B = (6, oereerennnn PP DT Tt
td = (6., 8 6.1) au={(A) (EJ (L] [T T{F')
] =M T -
‘ p (T\) (R) (B ((B'(R) (8) "+ (A
ai=1.34 Ok 2 B (E2) (L) (T'(F%,) (T)) (R) (8)
@ Phase 2 ((AT(R) (A)71h {Afeeemerenen
(Ca) {Ad ) )
—(D)) (T ®) (8 (AR} (8) A AZIA, (A= gy A (1xV
g{g} .......................................... (4-6) [EJ=§?—,1§H9] g@ﬁgg:glnﬂg} aa_}i—_
047]'(", {ost = ({) 2} P ORE fye| E =] &
f.—Phase 2 9 BE# I HE
1
KL]:. .............. 0 T— 0
(Ca=| i =\ :
0 eesenvasnnen An 0 ereeemveonceee £, (kxk

- 78 -



SEGGEL Siel 23 Bl HWiEY e MBSl Bt iR

L, :

(L=
e
i

(oesereonnes e 7 (kXK

{F's} =Phase 14 i FA #Barfime] BAr
HEe.2 gk (1 xk) Hsiml eals
(2) Phase 2

{qa — {q.t = B PPN (4-10)
o:17|,<-]' {qz}z(q“‘ ...... Qagy "oreee qzﬁ)T
Qu= [El] [Ll] [TJT}Flo.} [le

[K] [ﬁ‘] UBTEKY (B) '+
(A2) (E.] (L.) (Ta)™{F'g} (T2) (R)
(8) ((AT(RY (B) '} (A} (4-11)

1
(A’)=<_A', ............ T,)(lx;)

L.

[Ez]= E ;
o G
1.
L

(La} =y ¢
(5) (xj)

{Fta} uxey=Phase 204 i &~ kG
MirHECR o7 (1 X)) MHhrilEds

4-5. FETRMERAHIFOMEX
(XL} S XD S XV eereenrmerensnnnns (4-11)
o714, (X' = PR B FIRME &~
(XY} = P R By

AF7A HE EAHGEELES) W (4-0,

Y RRE DHRIFORE R (4-5) B (4-6), LTI
#HR4-9) H (4-10), FIPHBERFHFMEEA
4-11), ¥ HHOEBE SREEELE 5
&3%bd ch&3 o),

@ Phase 1

Minimize . M, (W) = {W,} T{L.}
Subject to: {oa) =~ (D) [T1] (R) (A (A"
(K) () {A™ =0}
(D) {6:4—(C) (T 8 (AT
®) ) A
or {geca —[C] [Ty (RK) (A UST
(R (4) 1AL ™ 200} - (4-12)
{a% — {at " 2{0}
(X — XM =40}
(XU — Xt =240}
@ Phase 2
Minimize : M* (W) = {W,} T{Ly}
{oat —(D2) (T2) (K] (A (BT
(K) (&) "{Aat™={o}
(D) {62 *[Dz] (T:) (K)
(8 ((B)(8) HA{™ or {oed
—(C2) (T:2) (K} (B (8«
[ﬂ])*!{A}NLg“)} ........... (4-13)
{a% — {qt " ={0}
(Xt — (X" ={0}
(X" —{Xt 2{0}
of 714, NL© #0848

Subject to

5. SUMT X0 2|5t Eifm&E1t
A4-12) ¥ (4-13) 9 BHLRIEEE SUMT it
BIRgfES #gst chg 3k 22 interior penalty

functiond &l &rv},

5-1. Phase 1
L K
Minimize . W, ( w‘ 1?) {wit+R, ( DI
NL=1 =1
L --------- -
bt +§G - ) (5-1)

od714, R,: & RFANA Penalty Para-
meter :Z:,IG,,"'“, é,G“‘NL' I)L_:]G“"L%uj}ﬂxq
28 {Gv,t1, {Gvit 1, (G} & £HsHE o2t

2},

{G\h}l = {Ué_[DJ[TIJ[k(][ﬂ]
(K™ (ALY
{Gv,}aor (D) {64 —(Dy) [Tl] [K]
1B ATRIE) " (A e (5-2)
{oest — (DT, ][K] 8
((B'(K) [ﬂ]) (A
{Gwt) Yad—{at™ ’

- 79 -



WEHSE TREE F20% F 45 19874 125

5-2. Phase 2
Minimize : W, (ws, R) = {W,} T{L.} +R,

(3 5 At s il )6

+
N1 T G, N ¥ G ™ 31

{Gvib 2, {Gv,} .2 EBIEHH ob53 2o
{

Gv,t oy = (lod —(DJ (T (K) (B

(8 (K) (A) A

{G¥} Yor |(D*){6"} — (D) (T*)(K)

< LB (BT (RY) AT }
{o* —(D:) (T4} (R)(A)

((AT(R)(A) A

UGvb o Nad—{g™

L3 s
Y Gu™, 'E_IGHNL% NI H O R {Gy} s,

6. Milift A12|E

Level 12] two-phasesd] 4 4}-83l+= SUMTH:
2 Level 2 2] Powell Method®| —75aE% ol
o HEEEEe] BvE SIEE EdA Y
o e BEMbdte FEaMY dEFL o8
3 zFo] Sk 5 i}

Step 1 : ¥Is iR

Step 2 : WIS FHAME (X} BHER

Step 3 : WY FIHE =+ REAATPAL
Emmel WAToTaEMRE AeAE B
e RERATH 4 WimEe) K
TATREmE s oA ok shAl 2 A
Yk 1Y) gf o= WITAREERK
o] Hmtmio g Mol

Step 4 ! oh&9 FIMIXTHE B2 ST
Modified Newton-Raphson Method?]
RORAT
(X7 = (X7} — {87
28] WHHE K3}

Step 5 : & @A A Phase 1] #gsld -
Phase 2 2 f47¢] =V 28x 9
o Step 4 2 5Fo} 2o,

Step 6 : of ;BB UrHFRAME AT AW
Eek 7FA13L Powell Method®] —
FEEEA A BREmnte]l &
NV HEE EE 3 Gkl
HAYEME o] KddtA HARM
G =@db AR 1y o

o Step 22 HEo} 2brh o] o
A& K=12 3o RERTS 42
3

o|4e] BBl AT flow-chart=
Fig. 6-13 e}

START [

Grrem>

Yas

Ci

9

<\
2

Fig. 6-1. AXMM4t flow chart

7. B X R
7-1. F MEMARY & MEARA 1R

& el A BERY deE o Kkt 5
371 18l ol BWEs E2o HRAKLY
T A prksy EEShT + 4 e m®
9] Two-phases Hi#E: B, 113# EalLe H3}
o] phase 19| A& stress ratio®} phase 2 o] A=
Steepest Descent Method& {#fste Egjig)
R AT B &R oY B Eus
BE FAst 18814 E2l~0) MR MAILY BF
7o) R % M2V Two-phasesttis B, ph-
ase 19l A & Modified~Raphson, phase 2¢l| 4 & Ro-
senbrock Method®& F|Bsld 7 $ét ExL 2 1
RBMEYL el HRE Lerdtcl,

ot ¥ 3l b Pl 4 MY Fig.7-1(s) 9 11

- 80 -



FEEGEIE Bkl Slg B o) Bikg o] w3 BE

Table-7-1. 11884 E2A (31 B) Ol 2431 EHEM

. AR EE O NERH Eel A (5
w0 RO 6) 4 —2Xx10*
FE h H #(Psi) —2X 10" 20 ,52% 10"
wo® E @ PEPRIE DI (P si) -
B B Wiin -
O R B(Ps) 10"
B oz & #&(1b/in’) 0.1

Table-7-2. UKL 98¢ Mk ?2'R2| miisne @A ¢02E

- L] R s 2T R A it %
- - Phase i | Plase 2 | Phase | | Phase 2 Level 1 Level 2
Stress- Steep- Modifi- Rosen- Phase 111)}12150 2 Phase 1| Phase 2
now M ratio est ;dewmn brock Modified Powell
= ol A Feasible | Descent Raphson Noewton Raphson
direction
Table-7-3. Tt % Wit 'Y & WES &R
I o ; ol 4k
e | R o st 20 B s S
o Kk o ik
WA W ] 797120 | 79.7128 | 140.4067 | 237.2723 140.4] 140.41
&k kel e A9 80O 80.0481 80.0480 | 80.0480 81.06 81.06
HRIE D ! 65.3767 65.3767 65.3767 72.49 68.93
H 8] 2 62.5 65.3767 65.3767 65.3767 67.43 65.72
3 64.89 63.96
4 63.37 62.86
5 62.4) 62.12
6 61.77

WA =l 20 Rt -2 Table-7-1 88 ¢iLe| =
< Table-7-29} 23 W Wm0l 3 g 2
RV O] BRgeel A BFFe e} = Table-7-30l)
A B9E2] 3vhase Hipiol 2% H#ME Table-
7-4oll JggEslol AT 1 FHEE FAISHY Fig
7-1(b), Fig. 7-2¢9F 2ton ¥ 5 o2 o
RS Hshd Fig 7-33% 7o}

7-2 XMV A BAT Fig. 7-4(a) o 7THHE
29 WitMEHE-L Table-7-5, HH <2
Table-7-63+ 1 #AAMEA B TRV B
ot A B B Table-7-7¢, & Bfzee]
3phases Hiyhioll 3 B @M+ Table-7-89 dekk
Hol lor 1 BE Ersld Fig7-4(0b) 2

Fig. 7-52F A & W78 4phases fyiEoll {43t
BB Table-7-90l &Sl 3 2 HERE
W=t Fig.7-6 % Fig. 7-73} 2too rgi2e)
HRE ®Mrsld Fig.7-83 2c},

7-3 IR WN A FHE Fig. 7-9(a) 9 184t
E A9 FitHEeE-S Table-7-10, &H ¢ =
€ Table-7-115} 23 FAME He @199
Pl & e i+ Table-7-129, & BFoe
2] 3phases Hitkoll &3 H#MLE Table-7-13 ¢l
@slol o 1 ERE BRstd Fig. 7-90)
% Fig.7-105} 72+ (el SRE MRs
Fig. 7-115 Ze}.

- 81 -



MRS TR F20% F4 9% 1987F 121

=3 - —
o % g 1z vE
- L s <% ig
¥ S =« % £ o
ol ﬁﬁ qe u.m.unmu.Lu
. : g itz
g & X ¥ Hx ] e 54 LD

N AN v

ST #* B R Uy S NS
3 40 oo g oo 5 &
m s_ﬂ ﬂ__ 0 -4 = .%HMTW
ol ol = m MWOW

- & % ﬁ @ % |
& B = ™ ¥ < v X o7
H % g B mEERY
g ) a2 & i~ E_ofﬁ.mwmwr
g TN = Uy — K e
S ~ o QI =
= = Z | & gt Em
e m ZEHE&_.
v.a = . lﬁow?
w“ = 4\ 4..W~M,L.E iu
HBHTY 0\ T T T \J T T T L _W/Wo ﬁ,l
= 2 8 8288 82 3 3 ~ T 3aH

019 [eresl|olise]9r 61| ¥52ze| 9v 161 9% L51| € e81 067821 002K 0 |r90oz0]z90]vcoco0 vea] oozr (ve0fze0|ven]ozo| o |eoo|voo] @o
1729 | Lv 18| 80'vLE | 62861 | ST BIC|6Z8611SL (91| 1671812652t |vwey 0 |evolozolovo|veoloso|veo|wrar [veotoooiveo|ozo| o [o90|e90| BlS
8¢9 [s961] 1985 | es 02| v8zle|eszoz|9us9t]|ss6stfoe izt [Liey o |90 |ozolssolveofssolveo] ey [peofss0lre0ojozo] 0 [850j190| @y
6879 | L0541 | S6v9E | 98022 ] 6475081 9€°022 | ST wLL| 6L°SLL|SOSIL (2L vy 0 Jesol6t0f9so|seolvso|seo] ey [Seolvso|seo|6l0] 0 |950| 90| Ml
€ve9 | py8oL|0cse | ezice| covez | eesse| czeat| vrgollog vor [ve oy o [esofetafesofocofoso[oco]veor foco| sofseofero] o jesojs0] e
6¥'2L ozt szooy| ovz| cezl ovz|ooz81) oziSL6L |ESES 0 750|710 |6v0|pr 0050 |77 0| c5cs |7p0| SO |vp0|v10| 0 |6v0|vS0]| Il |
90°18 ozt| osy| ovz| o9c| ovz| ozl el1] o 00°9§ 0 | solceo|zvolzeo]oso zeo]oo9s |e0] sololco]| 0 |4v0
Ly orl ozi| osr| ovz| ove| owz] oz} ozifo 29°66 100 L] 50 L] so L] sofzose [sol t]so]so]io0 [
A X A X A X A X
WELH 9 3 ¥ 4 WEH [ 1oLy 6 8 | ¢ o | s gmH | £ | 9| S |y |c¢ 4
£ aseyd 7 aseyd | eseyqg saseyd
¢ [ene] | [ead] [9A97]

DENELE BVIRS HELL S ElRTR seseydt ¥tk v-L-2I98L

- 82 —



S#gcEit Bikel o3 el B MikioELel %3 R

/<>5_ 41 9?9__&2_&!_4;"164) \

(]29 4 ]25 612_—‘ ',. \\‘(’3526 125 7)
\\

(a) ikt V2| MERR

(b) Ut 22| IR
Fig. 7-3. XY, 2 o MEER

i 2 BBl =2 RS Table-7-154
ehdl o= KNIl R ArEEmES Bt
d Fig.7-133} 23 R#EMIK-S Fig. 7-12(b) 9172
o},

=3}t 4phase ¥ AT

ol Wb AngsEEE 2 REREel o5 IR
-2 Table-7-169 Viebwl 2 KE B 3t |
MEBES Brshd Fig 7-149F 22 A@ipk
2 Fig. 7-159}F e},

15 FAYE A KEN

Table-7-5. 7 84t E2{22| ®WEMKM X HHEEH 58

|EE S P FiTuei case | case 2 case 3 case 4
B OEAE R (ke) 3 - 710° ~7x10° —7x10* ~=7%10°
BT 0k 2 HMHE O (k) 4 ~-7x10° —5% 10
2 ~5x10° —5x 10°
HE 171 %9 (kg / enf) —2000%=0,%2000 — 140020 ,=1400
LI 1 PESRHE %9 (ke /onl) PR ES H 8
e (r i #(em) 5,51.4 8,=1.4
T B (kg/om) 2.1% 10°
Aol A SIRIE 2SS HES (FHERE
Table-7-6. ST 2V 2 AMES HHEMRol @A A102E
wh B R Sk P09 RER A Bt e
Level 1 Level 2
Phase | Phas
7 @ e o) 2 rase ase 2 Phase ] ] Phase 2 | Phase3 ] Phase 4
IH H == Modified Modified
Newton Ra- Rosenbrock Newton Raph- Powell
phson son
Table-7-7. XMk 2V % & HRS &R
_ X HRY &%
S 1 210 o
“ oW MO | X T omE B RV RREER snhases BiE aphases I
WMo~ 8 |8 e i 3.730.193.00 3,730.193.00 3,730.193.00
% pp | ROl EES 1.359.999.25 1,359.999.28 1.359.999.88
#* A5 KB N 1 1,153,083 1.153.088.09 1.153,083.34
& 2 2 1,153,083 1.153.082.85 1.153,083.06
3 1.153.088.09

- 83 -~



WM TG H20% 45 19874 128

90C80CS L 289 |81 1vEl [2e 8.9 2885 |2e 8981 IvEL [2e 829 | 28852 667161 1vS | 8e°56 | 86729z [c8'¢zz|8ess | 91sez88Y |8E'S6 287022 | 8E907 85297 B ¢
PEEBOES T EE89 [81°Lvel{zeB9|z885c | oov|silvEl| oOv [28'852) 8ZZSUIVS |8E'S6 [8S9Z [/8°Czz|8ESe | 51567889 |8CS6 | 8¢z |8e 90z |85 19z [l |
88'66665¢'t | oov | oozi| oov| oov| oor| oozi| oov| voos| 66°686°68s |66°6vTissEse {8vve| 0S| 20°000°028 05z }8v vz 66 6vE [SSE5¢E
ooesloese | oov | oozi| oov| oor| covl oozt oov]| oov| s9s0ciz| o008y o08{ o08| oo8| S9s0'seiz| o008| o008{ oo8| ‘008
A X A X A X A X
B HMWH 14 4 v B EEE { 9 s v | ¥ WHE v £ z L
y oseyd £ oseyd Z eseyd | aseydq sasey
¢ [9re] | 2497 Joae]
BEDRE V2o E 2o o2 I2r B seseydy g ¥Hi¥ "6-L-3198L
60°880'ES L' 00y |vz ive1|62949 |92'852 | 89220 1¥S §9°66| £9°292 | ¥1'¥zZ |$9°56 | zZ¥ 85889 §9°56 | ¥1'¥ZZ {00°£0T | £9°£49C | €
S/°ZBO'ES1'L 00 |81 1¥ELB1'8/9 [28'85Z | LEWWL LIPS Ov'S6 |8S£9z | 88'€ZZ [OP'S6 | £5'8ST'889 [Or'se |88€zz [E¥90Z |8SL9C B ¢
60'880'ES 11 oov vNA;m_om,oB 9/°85C | 897220 1¥S §9°66 197492 | vi'vzg [59°56 |zrs85'889 5956 | vivzz |00z | 49492 | o1
82°666'65¢" | ooy | oozt 007 00% | ¥S 166'68L 66°6¥Z| SSESE | 8V LT [66°6¥C | 587666618 66°6vZ | 8472y |66°6vE |55ESE ME*_W%M
00°€61'0EL'E oov | oozl oor 00¥ | 05°960°581°C 008 008 008 008 {06°960°681°C 008 008 | 008 008 | B M @
A mozl| A X Ao
GO H v 14 BWHGHH L 9 S v WHGHH 14 € 4 L o M
, ]
€ wmasnm Z ®md£n~ i wmdr—nm m@m.&&&
Z [eae] | [94a97] [0AD]

DEBUE 5T Wi L 2l ElTR soseyde |[cXH ¥ '8-L-9IqBL



TR Bikel o3 Eelx Mol MkRE{Lol W3 B

@ (400.400) 2

0.0) (800, 0)

(a) TR 22 SR

(B & MR J@ERHK
Fig. 7-4. XM 2Vo| M&MMK % & HR M@k

BB M (kg)

N ® I ERE AL
40x10 O ®Bihhel BEd A
2.0x10%
10x10% —e

1 2 é.ﬁmwm
Fig. 7-5. RARITO o2 BavgEM (Case 1)

ERIOE] 4
404
30

] L

o | PRk L
Qe R A

1 I

1 2

3

4 5 ()

Fig. 7-6. RMENKN 2 HeogEm

(258,76, 676 29)
F-4

Fig.7-7. X B%ES ®Em®

(258 82, 678.32)
-

Fig.7-8. e MERR
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