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_w
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x=oDUO QO =yv; sQi R= QDxO=U |UQv}= x=oDUO QO |r=kDv= |m}t=v}O CqO=at sQi
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m�� = R�

2664 0
0
�U1

3775+
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0
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%|va}

�x = �U1
m

[cos sin � cos�+ sin sin�]

�y = �U1
m

[sin sin � cos�� cos sin�]

�z = g � U1 cos� cos �
m

(8)

|v=QwO l}t=v}O CqO=at "2"2"2
xO=iDU= Qr} w= |x}[k R= O}=@ |vO@ x=oDUO QO |v=QwO |m}t=v}O CqO=at uDWwv |=Q@
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) + Jrq
r
Ixx
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Ixx
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)� Jrp
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Iyy

+ U3
Iyy
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%OQw; CUO x@ R}v Qr} w= |=}=wR ?ULQ@ u=wD|t =Q |v=QwO |m}t=v}O2664 ��

��
� 

3775 = d(T�!)
dt

= _T�! + T� _! (11)
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x =
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(1)

�n = [� �  ]T C}a[w w �n = [x y z]T C}akwt |=yQ=OQ@ u; QO xm
|v=QwOCaQU w Vb = [u v w]T |r=kDv=CaQU |=yQ=OQ@ w |Q@ w=v x=oDUO QO
p}mWD Cr=L Q=OQ@ |=yxir-wt R= xO=iDU= =@ |vO@ x=oDUO QO !b = [p q r]T

u=wD|t |UQv}= x@ |vO@ x=oDUO R= |r=kDv= |=yCaQU p=kDv= |=Q@ xt=O= QO "OwW|t
%CWwv2664 _x

_y

_z

3775 = R( ; zn)R(�; y(2))R(�; xb)

2664 u

v

w

3775 = R�

2664 u

v

w

3775 (2)

%CWwv u=wD|t |UQv}= x@ |vO@ x=oDUO R= |v=QwO |=yCaQU p=kDv= |=Q@2664 _�
_�
_ 

3775 =

2664 p

0
0

3775+ R(�; xb)

2664 0
q

0

3775+ R(�; y(2))R(�; xb)

2664 0
0
r

3775
= T�

2664 p

q

r

3775 =

2664 1 sin�tan� cos� tan �

0 cos� � sin�

0 sin�
cos �

cos�
cos �

3775
2664 p

q

r

3775
(3)
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CQwYx@ xQB Q=yJ Q@ OQ=w |m}t=v}OwQ}; |=yQw=DWo w =ywQ}v ,qwtat "CU= x@P=H w
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21 + 
22 + 
23 + 
24)

U2 = bl(�
22 + 
24)

U3 = bl(
21 � 
23)

U4 = d(
21 � 
22 + 
23 � 
24) (4)
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hQY xQB Q=yJ pOt x@ =yv; uOQm OQ=w R= VywSB u}= QO 'Ovvm|t =O}B |yHwD p@=k

"s}vm|t Q_v
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=QH=

|=Q@
QwL

tQ=D
iQO

Qm}w
Q

"QwLtQ=DiQ C}=Oy Q=Owtv lwr@ "2 pmW

s=ovy QO `v=t R= ?=vDH= w Q@y=Q ?}kaD |=yQ=DiQ pt=aD l}D=tW Q}wYD "3 pmW
"`v=t Q=vm R= Qw@a

%R= Ow@ Oy=wN CQ=@a xQB Q=yJ |=Q@ Q@y=Q ?}kaD Q=DiQ R= pY=L Q=OQ@ "Ovm ?=vDH=
Rlf = Klf (Dd �Da) (15)

Da = Ra �Rref

Dd = Rd �Rref (16)

`v=t R= ?=vDH= Q=DiQ "2"3
w C}akwt |rw 'OwW|t ZQi XNWt `v=t C}akwt `v=t R= ?=vDH= Q=DiQ QO
xOy=Wt 3 pmW QO xm Qw]v=ty "CU= OwHwt C}a]k sOa =@ xQB Q=yJ CaQU
QO `v=t Qy h=Q]= QO |[Qi |xk]vt wO '`v=t R= ?=vDH= Q=DiQ p=ta= |=Q@ OwW|t
u; OQ=w O}=@v xQB Q=yJ xm CU= Q]N |xk]vt QDlJwm |xk]vt "OwW|t xDiQo Q_v
u; QO `v=t R= ?=vDH= Q=DiQ xm CU= ?=vDH= |xk]vt QDnQR@ |xk]vt "OwW xk]vt
O}rwD |Q=OQ@ Q@y=Q ?}kaD Q=DiQ '`v=t Q=vm R= xQB Q=yJ Qw@a u}L QO "OwW|t p=ai
xm Ovm|t O}rwD |Q=OQ@ `v=t R= ?=vDH= Q=DiQ w CU= Q@y=Q C=@ Q CtU x@ xm Ovm|t
|xrY=i pk=OL OwW|t Ea=@ Q=DiQ wO u}= Ov};Q@ "CU= `v=t R= uOW QwO CtU x@
xH}DvQO "OwWv QDsm Q]N |xk]vt `=aW R= Q}Ut |] QO `v=t RmQt =D xQB Q=yJ
OQwNQ@ R= p=L u}a QO w Ov=t|t l}ORv Q@y=Q C=@ Q x@ umtt |=H =D xQB Q=yJ
x�=Q= 4 pmW QO `v=t R= ?=vDH= Q=DiQ CQ=Jwri "OwW|t |Q}owrH `v=t =@ xQB Q=yJ
OwW|t h} QaD u=vJ `v=t R= ?=vDH= Q=DiQ \UwD xOW O}rwD Q=OQ@ "CU= xOW xO=O
xQB Q=yJ uOW l}ORv CQwY QO w OwW p=ai ?=vDH= |xk]vt x@ xQB Q=yJ OwQw =@ xm

QwDwQ pOt "3"2
xm CU=yQwDwQ QO OwHwt Q}N-=D '=yQwDwQ |}x} w=R CaQU |xQ=@ QO syt |xDmv
p=@ |=y=t}B=wy hqNQ@ xQB Q=yJ `k=w QO "OQ=O |ivt Q}F-=D xQB Q=yJ |Q=O}=B Q@
=yQwDwQ xJv=vJ w OQ=O R=}v |}q=@ Tv=mQi x@ |rQDvm |=y|OwQw p=ta= |=Q@ 'C@=F
|Q=O}=B=v Q=JO xQB Q=yJ 'OvW=@v jiwt q=@ Tv=mQi =@ |=y|OwQw |R=UxO=}B QO
u=wD|t w CU= |m} QDmr= w |m}v=mt p�=Ut R= |W=v =yQwDwQ Q}N-=D "OW Oy=wN
p=Lu}= =@ "OQm |R=UpOt swO |x@DQt p}O@D `@=D =@ j}kO ,=D@Uv Qw]x@ =Q u;
w CU= |m} QDmr= Q}N-=D R= QDW}@ Q=}U@ |m}v=mt Q}N-=D R= |W=v |v=tR C@=F
uOR ?} QkD p@=k pw= |x@DQt p}Uv=Qi}O |xrO=at l} =@ QwDwQ l}t=v}O xH}DvQO

[11]%CU=
_
 = 1

T
(
d � 
) (12)

OWm|t pw] QwDwQ |=Q@ xm |v=tR COt |va} &CU= QwDwt |v=tR C@=F T u; QO xm
w ?wr]t |}x} w=R CaQU Q=Okt 
d u}vJty "OUQ@ xrB |OwQw Q=Okt �63 x@ =D
OW=@ QDnQR@ Mrt w QwDwQ xR=Ov= xJQy ,qwtat "CU= |ak=w |}x} w=R CaQU Q=Okt 


x@ Cr=L |=[i QO QwDwQ p}O@D `@=D xH}Dv QO "Ow@ Oy=wN QDW}@ |v=tR C@=F u}=
%O};|t CUO


(s) = 1
Ts+ 1 (13)

TBU w xOW ?Q[ =y|OwQw Q=Okt QO =yQwDwQ Q}N-=D p}O@D `@=D 'CU= QmP u=}=W
xQB Q=yJ |m}t=v}O pOt Q=Owtv lwr@ 'xt=O= QO "OwW|t OQ=w xQB Q=yJ |xv=t=U x@

"CU= x_Lqt p@=k ?1 pmW QO xDU@xkrL |xv=t=U pN=O QO

C}=Oy |xv=t=U "3
u=O}t OQm} wQ R= xDiQoQ@ xm s} Q@|t xQy@ QwLtQ=DiQ OQm} wQ R= xQB Q=yJ C}=Oy |=Q@
R= xO=iDU= =@ VywSB u}= QO "CU= [19]u=Q=mty w pw�=B \UwD xOW x�=Q= p}Uv=DB
"OW=@ xOW h} QaD p@k R= Q@y=Q C=@ Q Q}Ut OwW|t ZQi 'QwLtQ=DiQ sD} Qwor= l}
w Q@y=Q ?}kaD Q=DiQ R= pY=L |=yQ=OQ@ xm CU= pmW u}O@ sD} Qwor= u}= Q=m RQ]
`HQt Q=OQ@ w OvwW|t `tH Qo}Om} =@ |vwvm C}akwt Q=OQ@ w `v=t R= ?=vDH= Q=DiQ

%�2 pmW� OvyO|t p}mWD xQB Q=yJ |=Q@ =Q x}rw=
Rtot = Rlf + Roa + Ra (14)

Q@y=Q ?}kaD Q=DiQ "1"3
QO "CiQo Q_v QO |R=Ht =} |ak=w CQwYx@ u=wD|t =Q Q@y=Q C=@ Q 'Q=DiQ u}= QO
|R=Uxv}y@ |xO}J}B |=yVwQ R= xO=iDU= |=H x@ 'Q[=L Q=DWwv |O=yvW}B VwQ
xDiQo Q_v QO Q@y=Q |R=Ht C=@ Q l} '`v=wt u=}t R= =yC=@ Q Q}Ut |L=Q] |=Q@
"Ovm|t CmQL xOW u}}aD V}B R= Q}Ut l} |wQ `v=wt x@ xHwD uwO@ xm OwW|t
`v=wt uwQO R= VQ}Ut CU= umtt xm CU= |[Qi lQLDt hOy l} Q@y=Q C=@ Q
`v=wt =@ OQwNQ@ R= Q@y=Q C=@ Q ?}kaD u}a QO Ov=wD@ O}=@ Qo?}kaD C=@ Q |rw OQPo@
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v=mt

|U
Ovyt %OQm h} QaD xQB Q=yJ CaQU T=U=Q@ u=wD|t =Q

Raz = Razmin +Kazjj _~Ra;tjj (19)

|Q}owrH |=Q@ "CU= Raz |=Q@ xv}tm Q=Okt l} Razmin w ?} Q[Kaz u; QO xm
|}=yv `HQt Q=OQ@ xR=Ov= QFm =OL |=Q@ |D}OwOLt CU= sRq pQDvm |xv=t=U `=@W= R=

%s}yO Q=Qk
R0tot = minfjjRtotjj; Rmaxg Rtot

jjRtotjj (20)

Q=OQ@ |=Q@ pw@k p@=k |xR=Ov= xv}W}@ Rmax w |}=yv `HQt Q=OQ@ R0tot u; QO xm
|xv=t=U pN=O QO C}=Oy |xv=t=U Q=Owtv lwr@ '5 pmW QO "CU= |}=yv `HQt

"CU= xOW xO=O u=Wv xDU@xkrL

pQDvm |xv=t=U "4
[� �  z] |=DU=Q QO xQB Q=yJ 'OwW|t\=@vDU=C=@ QCmQLCqO=at R= xm u=vJ
|t}kDUt pQDvm |OwQw '[x y] |=DU=Q QOCmQL|=Q@|rw OQ=OpkDUt pQDvm |OwQw
QO "O};QO CmQL x@ =DU=Q wO u}= QO Vv=Q Q=OQ@ CyH Q}}eD =@ CU= sRq w OQ=Ov
|=y|OwQw ?}kaD 'OQ=O |Oa@xU |=[i QO Q}Ut ?}kaD x@ R=}v xm |}=yC} Qwt-=t
|=Q@ "O}; j�=i uOw@ Qortasm pmWtQ@ |}xvwox@ O}=@ w OQ=O CQwQ[ [xd yd zd]

VwQ R= xO=iDU= =@ pw= OQm} wQ QO "CU= xOW xO=O O=yvW}B xOta OQm} wQ wO Qw_vt u}=
u=U; C=@F= u=mt= QO VwQ u}= |=}=Rt "OwW|t xDN=U |rQDvm uwv=k ?ka x@ wQ s=o
'xO}J}B |rQDvm uwv=k O}rwD p}rOx@ 'OwHw u}= =@ "CU= xDU@xkrL |xv=t=U |Q=O}=B
OQm} wQ u}= 'OyO|t x�=Q= K} QYQ}e w xOWpB wm CQwYx@ =Q |rQDvm |=yQ}eDt xm
=@ O}=@ |rta |R=UxO=}B QO Qo}O CQ=@a x@ "CU= xDi=}v |}xOQDUo OQ@ Q=m pta QO
s=o OQm} wQ =@ xm 'OQm p}rLD =Q xDU@xkrL |xv=t=U OQmrta |rQDvm |=yQ}eDt s}_vD
xO=iDU= =@ CU= QDG}=Q xm swO OQm} wQ QO "CU}v umtt |DL=Qx@ Qt= u}= ?ka x@ wQ
[x y z] CyH xU QO sRq |R=Ht |=y?=DW '|m}t=v}O |R=UuwQ=w l}vmD R=
Q}O=kt w U1 q=@ x@ wQ Vv=Q Q=Okt =ywQ}v u}= T=U=Q@ u; R= TB "O};|t CUO x@

"`v=t R= ?=vDH= Q=DiQ CQ=Jwri "4 pmW
%|va} "O@=} V}=Ri= xDUw}B Qw]x@ `v=t x@

Roa;i =

8<:Koa( RazjjDojj � 1) DojjDojj for jj ~Dojj < Raz

0 else
(17)

Do = Ra �Ro (18)

?=vDH= Q=DiQ ?} Q[ Koa '`v=t R= ?=vDH= Q=DiQ R= pY=L Q=OQ@ Roa u; QO xm
'`v=t RmQt =@ wQyQ |xQB Q=yJ u}@ xrY=i Q=OQ@ Do 'wQyQ |xQB Q=yJ |=Q@ `v=t R=
Raz "CU= ?=vDH= |xk]vt `=aW Raz w |}xv=wDU= `v=t RmQt C}akwt Q=OQ@ Ro

"xDU@xkrL |xv=t=U pN=O QO xv=o =OH CQwYx@ C}=Oy |xv=t=U Q=Owtv lwr@ "5 pmW
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"""u
=tRs

y|
=QH=

|=Q@
QwL

tQ=D
iQO

Qm}w
QuOw@ lJwm ZQi =D OW p�=k 27 |x]@=Q j@=]t `=@W= `@=D l} O}=@ u}vJty

"OwQv u}@ R= I}B w pwQ |=}=wR

�dnew =

8>>>><>>>>:
�max �d > �max

�dnew ��max < �d < �max

��max �d < ��max

�dnew =

8>>>><>>>>:
�max �d > �max

�dnew ��max < �d < �max

��max �d < ��max

(27)

=Hv; R= [21w18]"CU= xOW xO=iDU= lJwm |=}=wR ZQi R= Cq=kt R= |NQ@ QO
OQ}o|t s=Hv= x=oW}=tR; R= GQ=N |=y\}Lt QO QDW}@ =yxQB Q=yJ C} Qwt-=t xm
Oy=wNv TQDUO QO |y=oW}=tR; j}kO Q=}U@ C=R}yHD CQwYu}= QO xm ��
|R=UuwQ=w R= VywSB u}= QO �� CU}v |QwQ[ O}OW |=yQwv=t s=Hv= w Ow@
Ov=wD|t xQB Q=yJ 'Qo}O u=}@ x@ "CU= xOW xO=iDU= lJwm |=}=wR =@ |m}t=v}O
xH}DvQO w Ov=UQ@ s=Hv= x@ Qr} w= lJwm |=}=wR uDW=O =@ =Q ?=DWsm |=yQwv=t
QopQDvm |L=Q] QO u}=Q@=v@ "Ovv=t|t |k=@ lJwm C} Qwt-=t |] QO Qr} w= |=}=wR
xO=iDU= Qr} w= |=}=wR uOw@ lJwm ZQi R= CqO=at uOW xO=U |=Q@ u=wD|t

%OQm

�� � _� _ (Iyy � Izz
Ixx

) + Jr _�
r
Ixx

+ U2
Ixx

�� � _� _ (Izz � Ixx
Iyy

)� Jr _�
r
Iyy

+ U3
Iyy

� � _� _�(Ixx � Iyy
Izz

) + U4
Izz

(28)

pQDvm |xv=t=U p=ta= "1"4
|]N hrDNt |=yVwQ "OUQ|t pQDvm VwQ u}}aD x@ C@ wv 'pQDvm OQm} wQ u}}aD =@
j}kLD |xv}W}B VN@ QO xm CU= xOW O=yvW}B =yxQBOvJ pQDvm |=Q@ |]NQ}e w
|R=UxO=}B |oO}J}B w OQmrta u}@ xLr=Yt pQDvm VwQ ?=NDv= |=Q@ "OW QwQt
|rY= |=yQ=}at xrtH R= |R=UxO=}B C}r@=k xm u}= x@ xHwD =@ "O@=}|t CQwQ[ u;
� |@U=vD QopQDvm |va} |R=UxO=}B ^=Lr R= QopQDvm u} QDxO=U 'CU= VywSB u}=
|rQDvm VwQ OQ@ Q=m 'xOW s=Hv= C=ar=]t R= |NQ@ QO "OwW|t ?=NDv= |kDWt
QO [22w12]CU= xOw@ R}t;C}kiwt =yxQB Q=yJ pQDvm |=Q@ |kDWt � |r=QoDv= � |@U=vD
xOW xOQ@ xQy@ |rQDvm VwQ u}= R= R}v Q=R=@ QO OwHwt |=yQ=mOwN u=@rN R= |Q=}U@
OQmrta |=v@tQ@ |rQDvm uwv=k s}_vD u=mt= w u=U; |R=UxO=}B 'Qt= u}= p}rO "CU=
OyO|t Vy=m =Q xv=t=U |Q=O}=B |r=QoDv= |xrtH xm u}= x@ xHwD =@ "CU= xv=t=U
|=y?=DW Q=Okt "s}vm|t Q_vhQY xrtH u}= R= 'OQ@|t q=@ =Q `=@W= p=tDL= w
O}rwD 29 |x]@=Q CQwYx@ |kDWt � |@U=vD VwQ j} Q] R= =yQw=DWo w |R=Ht
uDiQo Q_v QO =@ u=wD|t =Q pQDvm |kDWt w |@U=vD ?}=Q[ 'xt=O= QO "OwW|t
'VywSB u}= QO p=Lu}= =@ "OQm s}_vD VyH=Qi w CUWv u=tR uwJty |}=yQ=}at
s}_vD |DUO xw}W x@ XNWt |w} Q=vU l} |=QH= =@ |kDWt w |@U=vD ?}=Q[

"OwW|t

'pQDvm [x y z  ] Cr=L Q}eDt 4 OQm} wQ u}= QO "OwW|t x@U=Lt �d w �d sRq
|R=UuwQ=w |x@U=Lt "OvwW|t Q=O}=B Q=mOwN Qw] x@ [� �] Cr=L |=yQ}eDt w
"OW=@ Qw=y Cr=L pwL xOW |R=U|]N =} |]NQ}e CQwYx@ Ov=wD|t |m}t=v}O
|R=Ht |=y?=DW =OD@= '|m}t=v}O |R=UuwQ=w l}vmD R= xO=iDU= =@ VywSB u}= QO
|=y?=DW |wQ R= TBU "O};|t CUO x@ ?wr]t C}akwt x@ uO}UQ |=Q@ sRq
"OvwW|t x@U=Lt Q=mOwN Qw] x@ I}B w pwQ |=}=wR w Vv=Q Q=Okt xOW O}rwD |R=Ht
R=wQB Cr=L pwL xOW |R=U|]N =} |]NQ}e CQwYx@ Ov=wD|t C=@U=Lt u}=
|R=Ht |=y?=DW "s}vm|t C@LY l} Qy x@ `H=Q xt=O= QO xm OQ}o@ s=Hv= =DU}=

%OwW|t x@U=Lt |r=kDv= l}t=v}O T=U=Q@ �z w �y '�x

�x = �U1
m

(cos d sin �d cos�d + sin d sin�d)

�y = �U1
m

(sin d sin �d cos�d � cos d sin d)

�z = �U1
m

(cos �d cos�d) + g (21)

%O};|t CUO x@ |R=Ht ?=DW xU u}= |wQ R= R=}v OQwt Vv=Q Q=Okt TBU
U1 = m

q
�2
x + �2

y + (g � �2
z) (22)

%s} Q=O �d w �d sRq Q}O=kt |x@U=Lt |=Q@ xt=O= QO

�d = arcsin(�m�x sin d � �y cos d
U1

)

�d = arctan(��x cos d + �y sin d
g � �z ) (23)

OwW|t Qw;O=} [20]CU= xOW C=@F= |r}rLD CQwYx@ OQm} wQ u}= |}=Qoty w |Q=O}=B
lJwm ZQi p=ta= =@ u=wD|t OW=@v O}OW |=yQwv=t x@ R=}v xm |}=yC} Qwt-=t QO
|=y?=DW Q=Okt O}=@ =OD@= xH}DvQO "OQm QDxO=U =Q CqO=at u}= 'I}B w pwQ |=}=wR uOw@

%OwW x@U=Lt R=}v OQwt
�xnew = U1

m
[sin�d sin + cos�d sin �d cos ]

� U1new
m

[�d sin + �d cos ]

�ynew = U1new
m

[sin�d cos � cos�d sin �d sin ]

� U1new
m

[�d cos � �d sin ]

�znew = � U1
m(cos�d cos �d)

+ g � �U1new
m

+ g (24)

%OwW|t x@U=Lt |Owta R=}v OQwt ?=DW |wQ R= Vv=Q Q=Okt p=L
U1new = m(g � �z) (25)

%CWwv u=wD|t TBU w

�dnew = m
U1new

[��xnew sin d + �ynew cos d]

�dnew = m
U1new

[��xnew cos d � �ynew sin d] (26)
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v=mt

|U
Ovyt

"xDU@xkrL |xv=t=U pN=O QO xv=o =OH CQwYx@ pQDvm |xv=t=U Q=Owtv lwr@ "6 pmW

[22]"|R=Ux}@W QO xO=iDU= OQwt xQB Q=yJ C=YNWt "1 pwOH
OL=w Q=Okt QDt=Q=B

(kgm2) 0 075 Ixx

(kgm2) 0 075 Iyy

(kgm2) 0 13 Izz

kg 1 65 m

(kgm2) 0 00006 J2

(m) 0 23 l

(Ns2) 0 0000313 b

(Nms2) 0 00000075 d

"pQDvm |xv=t=U |=yxQy@ Q=Okt "2 pwOH
Kd�;�; Kp�;�; Kdz Kpz Kdx;y Kpx;y xQy@

0 3 0 9 8 9 2 9 1 9 0 5 Q=Okt

Q@ xr=kt u}= RmQtD xm u}= x@ xHwD =@ "CU= |kDWt � |@U=vD |rQDvm xQy@ xOR=wO
s}_vD x@ =yvD CU= OQwNQ@ R= ?=vDH= OQmrta XwYN x@ w C}=Oy |xv=t=U
|=yxQy@ Q}O=kt xm u}= K}[wD "s}vm|t =iDm = pQDvm |xv=t=U |=yxQy@ |DUO
=]N w |aU |=v@tQ@ [22]xOW s=Hv= C=ar=]t R= |Q=OQ@ wor= =@ pQDvm |xv=t=U
xOy=Wt 2 pwOH QO pQDvm |=yxQy@ |xOW s}_vD Q}O=kt "CU= xOW s}_vD

"OwW|t
C}=Oy |xv=t=U s}yO u=Wv xmCU= u}= pQDvm |=yxQy@|DUO s}_vD Qo}O p}rO
xO=O u=Wv R}v xt=O= QO xm u=vJ "OQ=O =Q pQDvm |=yxv=t=U `=wv= =@ |Q=oR=U |}=v=wD
Ovm|t u=Q@H =Q pQDvm |xv=t=U QO OwHwt |=yOw@tm C}=Oy |xv=t=U OW Oy=wN
|x@U=Lt xm CU= QmP u=}=W "Ow@ Oy=wN ?wr]t |}=yv |xOW xOwt}B Q}Ut w

�xnew = Kpxex +Kdx _ex

�ynew = Kpyey +Kdy _ey

�znew = Kpzez +Kdz _ez

U2 = Kp�e� +Kd� _e�

U3 = Kp�e� +Kd� _e�

U4 = Kp e +Kd _e (29)

|@U=vD |xrtH ?} Q[ Kp 'Cr=L |=yQ}eDt QO OwHwt |=]N Q=Okt e u; QO xm
QO pQDvm ?}=Q[ s}_vD x@ \w@ Qt C=aq]= "CU= |kDWt |xrtH ?} Q[ Kd w
QO pQDvm |xv=t=U Q=Owtv lwr@ '6 pmW QO 'u}vJty "CU= xOt; |R=Ux}@W VN@

"CU= xOW xO=O u=Wv xDU@xkrL |xv=t=U pN=O

|R=Ux}@W G}=Dv "5
CqO=at "s} Q@|t xQy@ ?rDt Q=Ri=sQv \}Lt R= |R=Ux}@W |=Q@ VywSB u}= QO
|}=yCtUku} QDsyt =yQwDwQ QO OwHwt Q}N-=D w =yQoTLV=WDe= 'xQB Q=yJl}t=v}O
xm u=vJ |m}t=v}O CqO=at "OvQ}o@ Q=Qk xHwD OQwt |R=Ux}@W QO O}=@ xm OvDUy
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