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“Bang-Bang” Control: An Equivalent to the

Maximum Energy with Free Final Time Problem
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Abstract

In this paper, the minimum time problem of nonlinear dynamic
optimization has been considered in the different way in order to
facilitate a direct numerical scheme. According to the character
of the minimum time problem, it seems to be the same meaning
as a maximum energy with free final time problem. This paper
describes the details on the similarity between these two types of
the problems for nonlinear dynamic systems. However, by
considering a maximum energy with free final time problem, a
number of advantages are discussed such as switching function,
transversality condition. Towards the end, the compared results
from these two types of problems are revealed for both direct and

indirect numerical schemes.
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Wa A, Fund alaBawanigu( Switch function)aany

A { ' A
[1+/116’2 +/126’21I:t L fzai3undnadiinitedn niu
ad a o . . P o o«
LIARRNIA AdWATY (Transversality condltlon)l,dauvlm“n’mtﬂwllad
mildwssnugigalaslidsnagarino(Necessary Conditions

from a Maximum Energy with Free Final Time)l“ﬁgmﬁuﬂ’ﬁuau

fadwilowimualuaumsit 16 1azldi
H =—u12 +/11(6’2)+/7,2(92). (45)
oin dewlfiduduvesiymilde
6, =0,

6, =—-0.00456; (46)
—(14.7sin 6, +0.088 cos 6, )+,

A1 = (14.7 cos 0] +0.088sin 1) 1> 47)
Ay =-11 48)
[ -

U2+ 440, + Al | =0 (49)

uaz Fuauiiadulitoud1ga(minimize the Hamiltonian).neadasny

U alén

50, 4, <0,
ut) = (50)
-50, 4, >0.

1 3 '3
5.2 ﬂtqu%ﬂ%mmunatmnfwmi ( The polar manipulator
problem )
& A o Aa o A &
Awdlaunuszuuuawnanfnsausaluaaun 3.2 T
iR dnlunannisuuulasdanidanlvdniuann

ATUWLULAN (Necessary Conditions from Classical Method)ilaywn



MNAauN 3.1 AamsihwiRsandnasanuinaiaiznmlasday

Enannmisuaufasuiitouinrualuaunisn 8 151azladn

H=1+2(c3)+2,(6,)

+25(¢5) (521 ; )
. 5
+2,(6,)
H =1+ 4(c;) + 4(6,)
+ /13(— 9.8sin 6, +C,05 — u2) (52)
—29.4cos 6, —9.8¢, cos &, +2¢,C50, + U,
+ A4 >
(11+¢?)
doiudonlaisuduastlymit Aesun1sfl 20 uas
A = X4(9.8cos0,)
. | 29.4sin0, +9.8c,sinb), (53)
! (11+c2)
. 2
(11+c¢3)
: 2¢,0
by =M =y | ——— (85)
(11+c3)
e
[H]_, =0 (56)
uazugnfadwiouaiosiigafiisadasiy U, w5aeldi
. 50, 4, <0,
u = 57
12021 s, d34 > 0. N

o o

YIum Ay inaiduinguafidaian 13andt aiade Naridu

(Switching function) &MT |1, ; (5. )+ ,(6, )L, =0 §aiita
1 2 2 -

=t;
a oAl ad a ad a o
LSUﬂ'J']LGa%VLTVliquL'J DTINARIDNTINIWLIDTING AD UG T U(

Transversality  condition) leandlsidaulunsuduanmsld

wasiugagalanlidilsfisnaigariny (Necessary  Conditions
from a Maximum Energy with Free Final Time)l“ﬁﬁuﬂ’ﬁLLmlﬁaﬁu

a ° A o
Wiowihmueadluaunsn 16 13azlein

H=1+4,(¢3)+4,(0,)
+ 25 (-9.8sin 0, +c,02 -, ) (58)
—29.4cos 6, —9.8c, cos 9, +2¢,C560, +U,

(11+c3)

+ Ay

o & oA Ao @ o o e
AINL Nau‘l‘nﬂﬁnLﬂua’MSUﬂ@‘mu fa

DRCO023

A, = 2;(9.8c0s6,) -

29.4sin 6, +9.8c, sin 6, (59)
¢ (11+c2)
: 2¢c,¢C
(11+c¢3)
: 4c,c
Ay =2y e (61)
(11+c3)
: 2¢,0
Ay ==A = : 22 (62)
(11+c;
[H], =0 (63)
uazAuaniiaduiiiosigafiiadasiy U,
) 50, 4;,<0 64)
u =
12 (0 50, A34 >0

YT A3 viaduauanidaian 1Sund adads Neridu

_ o Heilze

=ty

(Switching function) &N [1 +2,(0,)+ 2, (9‘1 )l

a a o

a oA ad a &
Lif_lﬂ'l']LGauvLTYli']uL'Ja‘ﬁqﬂﬂﬂsa'ﬂiﬁl‘%l"}asﬁqaﬂﬂauﬂﬂju

(Transversality condition) ladnee

5.3 fymiuenduuy 2 Tudalas  (The planar  two-link
manipulator Problem)

a

< A o Aa o A &

findaunuszuuurunfansanusaluaani 3.2 ywiHazd

° a a o o A o & aa
MR samsnlunannisuuulasdeuIaulednduainis
LUULAN (Necessary Conditions from Classical Method)ﬂiywm”m
AauN 3.1 AansivIRTBnASINUmaRadTN1elandan 14

nanmskaulaawiluuinrualuaunisn 8 iazldin

H :1+11(Q3)+/12(Q4)

+25(ds) (65)
+ 24 (dy )
unud 43, G4 aslusuns 65
H =1+24(0d5)+ 4,(04)
—1.6(1+ cos q, ) — 28.42 cos q
R ~15.68cos(q, +ds)
(66)

+—
(4.5+3.2c0s, )| +3.2050, sin g, +1.60; sin g,
+1.60; sinq, + U,

4—ﬂu4((—1+cosq2)q3 —q32 sin g, —9.8cos(q1 +q2)+ u1/1,6)

wazuavliaduiloudipanganjseaadasnu U, mvuaidu



t 100, 2, <0 67)
u =
12() ~100, 254> 0

6. a3lua

' '
a

Anunlawnwszninadgrinisldiianiesgauas

a

®

= a

Jywimildwasnugegalaglidisisnagarie wisudioy
TeriamTulsdesninanitlasasiuazitden wiinldinit
lavass maSoudisuirldlasmsfinnsanguaroge nsas
gragsfamaianduiyrinanuasinuispuazuaaInNgaINmms
Aarsangmildwdinugige lasliddsfisnaegadana
wiuanannninlasaniznaaasilanwidn (Input solutiuons) dan
o Ao & o o & PRz} 9 A ad

Saulafsndudwsuilyninisasndslduinnnaiaitlasass

& a do @ & A o
LLa@dﬂmeWldaa\‘mL\‘]a%vl”ljﬂﬁ]’ILﬂ%Ylmuauﬂ%
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