MODELLING AND SIMULATION OF MECHATRONIC SYSTEMS  /(v, w) = arccos VW

cosf
0
—sinf 0 cosf

o)

R(z,0) =

(TH) ™"
(Also rows and columns of R(9) have norm 1)
Angle-axis representation:  (And det(R)=1)

cos (o + 3) = cos

cos (a

o < O

00

sin (a + 3) = sin (a) cos (8) + cos (a) sin (3)

sin (a — 3) = sin (a) cos (3) — cos (a) sin (3)

) cos (3) — sin (a) sin (3)

) cos (3) + sin (a) sin (3)

—Cg) + UoSe
—Cg) — U1Sg
—co

6

cos(a—j3) =
~ u (1 —cq)+co iy (1—co) —ussy  tus(1
R(u,0) = upuy(l1—co)+ussg  us(l—ce)tcy  wpus(l
uyuz(L—co)—usse  upuz(l—ce)+ trse ui (1
co =cos@ sg=sinf
Euler parameters:
.6 . 8 .
R = wmﬁl\: %V ~ A@T@wq@?@uv vy =uisin—, Wvp=upsin—, v3=ussin—,

2, 2 2 2, 2. 2 2
uituytuz=1=vi+uv;+tvy+uvy=1 vi—vi—vi+vi  2(vivo—vavg)

1 1 R(v)=| 2(viva+vava) —vi+v3—vi+vi
Vg = M< 1+trR v = v (r32— ) 2(viv3— vova) 2(vov3+ viva)
1 1
2= 4vy (na—rm) v = 4y, (—n2)  4R-= ri+rop+rsy = 142cy = 0 = *arccos

Quaternions: (g and (-q) [UNIT NORM!!] give same R(3)! )

1
o =35 (14 ri1+ r2+r33) ZA_._VH?ml:._.:v_._.w-_:._.lw:om?v”
u = H?wmlswv 1 B+ —ud— 3 2(uru — uzup)
4up up = mmmi&w —r3)\/(1+r1—r2—rs3) 2(ugun +usto) 12— 2+ uf—
1
t2= ?ogwla_v SHWmm:AJwIJD (I1—r1+rm2—r3) 2 (uyuz — upug) 2 (upu3 + uiup)
1 1
ny—n e — — —
uz = »:OAB 12) w3 5 58n(r21 = r2) /(1= 11— 22+ 133) WQMO\{Vu mﬁnvjfl@\rfﬂdv

Euler ZXZ: (O-current-current)
¢ = atan2(r3, —ryp3)+t2km
Y = atan2 m Col2—Spr2, Copra+Sgra)t£2knm

Rooy =R(9,6,¥) = RogRoRzy =Rk, 0)R(i, 6)R(k, )

nﬁn_\lm@anﬁ |nﬁw€|wﬁn¢n€ mﬁmm < A 0 X200
= |SpCy +CpChSy  —SpSy 1+ CpCoCy  —CpSp 0 = & < 180° xwom v>0
SeSy SeCy Co | 7)) -180° < & < —90°x<0,y<0
[ atan (-1) =-45 atan(1) =45 atan(1/0)=90 atan(-1/0)=-90 atan(0/1)=0 atan(0/-1)=180 ] —90° = a& =0 xz0y=0
RPY (ZYX): (O-current-current i b
( .v ( . ) Co,Co. 50,50,Co. — Co,S0. Co,50,Co, + So,50,
JRVZ O-fixed fixed) R(,,6,,0.) Co,50. 56,50,50. + Co,Co. Co,50,50. — 50,C
. . xs Uy = | C0y50.  560:56,°0. 000, C0,50,90. — 96,00,
R = R(k,0.)R(j, 0)R (i, 0.) T Igmm ) .\%-Q \8 Co
“Uy z Uy Va -0y
Wm@x_ @f ®Nq“ mﬁ®x+.: , - @,: Qmi._v mmJW:_m_.mn< if %.: = 490°
Nx W mwmbw (ra2, r3z)+2km Lok 0 sin(f, £6,) cos(f,+0.) i
; = atan2(—Cq iz +so,113, Co,fo2~S0.123) F2KT pg g0 gy~ | 0 cos(f,+0.) —sin(6, +0.)
®k = m.dmbwﬁ 1, Se. M2+ Co, \wwv + 2k 41 0 0

R(w,6) ~ q = cos

V4 = COS —

B

2]
2

2(viva+ vova)
2 T\N_\w — Vi S.v

2

22—

2., 2. 2
Vs v v,

trR—1
5

2)+n(5)a
> + sin > u

6 € [0,7] = [0,180°]

Mﬁtutw + tmtoV
2

us  2(upu3 — uyup)

2 2

R & u
RT & u

6 = atan2 (ser13—corrs, r33) £2k7  singularity if § = 0, 7
%HP#A”V%EHJ&HO
@ = atan2(y,x) =tan! Akv =

X

24,2
ug —uy —us+uj

KINEMATICS: r=r;it+rjt+r.k=r=r TI j+rk+r \+~ &JI @
o) = i) = EO _ ot A —x(e T T T AT g
dt DI_E E v(t) = (6k) x r(t) = (fn) x r(t) w = w,i + w,j + w.k
_ v(t+ At) — v(
a(t) \E LA, ko L S
j(t) = m‘:‘fbbsw|m3. dat LA Y, dt

= wy =Wy

Vp — Vg, =wp X OyP <1A$ = Vo, +€em$ X QcASNUQw
e [V ) 2 L o 2 (1) —sie stz xa S@(t) = RE)R())T

o(t) 0.(t)
Tp Tp agp(t) = [0(t) |, arpy(t) = [0,(t)
p =10+ | ip ur o o
. 0 |cosé | singsind
zp zp w=¢ [0 +0 [sing| +1 |—cospsind| # ap.
DVKF: 1 0 cosf
=7 ~ . . 0 —sinf, cos b, cosb,
r(q) = OP(q) = zp(0)i + yr(a)i + zp(a)k. w=40. |0 +6,]| cosb. | + 0, |sind. cos %M # Gppy.
. d ox L. O .. 0z . 1 0 —sin, ‘
V(i) = r(a) = 2D g5 2@y, @D Q
‘ ‘ ‘ or n OF
OF =~ ©|g = MU | m|g~
, L . 09 90 . o . q i=1 0q;
= 0, 0,4 6= = —
w(9,0,1,0,0,9), ¢= m% %Q = g%

DYNAMICS AND LAGRANGE:

re = >~Mu§5 \KIMU::

p=h; = MUN myv; = Mve.
=pi=hr;

N 1<
Vo = ﬂmgﬂéi ac = ﬂmghm?

= MUN.ASBV xvo, + M\Q‘:? X (w X 1)),

L0 — ho =
M T X miv; = M T X Pi. = —
e

(W) = T9w) — Mt% x (w x t2) + M2 x (w x t9). =Y re
“S + N B Y]

0 R B . 1

i v =my; | —yix; T; + 27 —Yiz Dtgx = 3

e, ), 2 2 cos“x

ZiTj ZiYi z; + Yi

The diagonal entries are moments of inertia with respect to the axes Oi, Oj, Ok (basic physics):
Iy = MSS‘QW.TNU =1, Dy = MSA&W+NU =1I;, g = MSAHW._.VQU = .
i i i

2412 —tyt, —t,t. ¥
Y z zly xlz
tQ > (tasty ), To=Tc+M | —tut, 2+t —tyt. N E |m|§+m|uu+m6 =7
—tt. —tyt. 2+ dt\ 0q; dq; 0q; 04
K* = 2Mlivo, |2 + Mvo, - L. o Di(@) = S Bl 1
= -M|vo,|* + Mvo, - (w x r¢) + sw (w) @=zplal* o _ 24
2 2 2 .= —k.|e
Angolo M
LU RN A AR L aWy =Newdt
sin [0 % VEIVB g B2 1 ol -1 V2| V3 7\w
2 2 2 2 2 2 2 2 2 2 0
e o B 7| Py=-—mg-x¢
tan (0| 2| 1 |vB | A|—vE -1 |- o | 2| 1 |v3 T%




L1 /._._n_mN N\

It 't
BOND GRAPHS ! :
— 1
} Dominio P e i f r=tfi fi==f
Elettrico e-i e=d\dt i=dQ/dt e
T-w T=dpg/dt w=db/dt e =1e, e = i e
F-v F=dp/dt v=dgq/dt i
p-Q p=dpg/dt C =dV/dt |v_v Ae) A
Generalizzazione e-f e=dp/dt = dq/dt a
— — ~ . M Q.
Dominio Lineare i Lineare A
3 | Lineare | nla\ S 1 M Dn
e=R-f p=1I-f g=C-e WA “ 72,02
f=Ge=elR| | f=pil |e=gq/C A Vs P11
F=B-v p=mv | |x=c.s ¢ A A
v=plm f=k-x 4s a Q=0 m L m
_— b [ Ao A Az
r=cw ww 6=Cr Do R P2 =P
w=p. 1] 7=k6 L, P_\_.s, - -
P=RQ r, =10 V=cp h L
Q=p,/l| |P=VIC Q=D w * + er=e
Sistemi e=R-i A=L-i qg=C-e Q _ug _H_v.._ne.;w_ it e, e, =Tl
elettrici i=Ge=elR i=4/L e=qlC , @ Just valid in AC and
steady state conditions
T=D- MEGIANICS HYBRAOUCS
T T Tt =T, Dﬂ b Power screw
1 | 2 1 Pump T NTF L o
vV © Q * Transformer ratio 7 =
<+ W2 =Tw, o
* Flow relation:
T, w2 w, >W, D D v=rt
2 g fi==fiov=—n L T aceew
T F A A A * Effort equilibrium:
h T=1F
V=10
— o

Rotary mech
€1

hi

T=

—_— T ———

I:U\L

Linear mech

€3

fs

——=GY

VOICE COIL:

Electric motor

F= 2TBrNi= Kni

NN

e=K fi B ;
— Gy —>~ | = .
e =K fy i 1 €=Km v
. T r | e, 1 1
oy =y feds m e oA ANoMETER:
_r _r : _ eyt - Fgpc = BNLi
|1.x.\_5 =4 ; y GL p dr= o h e T
L@ MGY Le
& = F vz
Hydraullcs  Mechanics V=8 p= £ o T = BNLD cos 8 i
pa g fe f i ||T=®dycosb
e . Q-4 Ay F=0-Dp BNLD = &, e=®,cos0 w
2 - fi- 5l MEGANICS ka0
<6 R
e AT X Rc
- HYDRADUC DAMPER  B-Q
ei=hey
5 x, © Flow RELMON Q=fv
» g © EfFORT EQUIUBRIN  F=A Ap
: oRESTRACTOR CONSTIUTVE RELMON  Jp= ¢ Q
L Attention to damper - R: ¢ !!

4@ -4 20C ¥ i
FlaQ)- 4Ea0 =7 g @% M@Pﬂw £ — e e
CAPACITIVE TRANSDUCER: g 1 o
(=3
st
S e S0 _n._uouuxng*xamo C:-Kq G
2
g: Fe 0=Qo =~Ke &g *+ o Se _,
J6E A 68 A 1 T e —/
d(6-Q) = i=-Ke & +o dle Bl o 4 T 1F 2.0 L8
e,= %9, e- qQ de r.zlgaa dt ” i
Eoteh &E A £y Q) 1 e
1
Cc= $ where typ. or A(q) or d(q) mEbT D% = Q 4 €
ELECTROMAGNET:
Ap
2 (3
.m:;_a SRR - RO pegd LA
J.J ._ L \a IN? B _‘%Z~ h_.Sg
A0 o
9 ﬁlke
Flg,0): Ke| =4 u-mm@w 1 x
f »?1m§_v N & Im|vH|rm<|vHu|0hl i= 249 e
v=dira), -1y v 4 QUESTE &30
c: OBl . g2 = A =
W powen L) b i - 4R )
lrE 5;.75?_0:“” G- €+M () o o= r..,zm
Rtot = Rgap + Rfe = R(q,0) + WrpSrE am._.ﬁ_x_ o 2
L aa A N
pm@&l»@olov;rm E\QOV+M (@i —ip)
(No causal prop in IC & CC element!) Tlgoio q0,i0 o
PIEZOELECTRIC TRANSDUCER: :
F=K,q+0e Cle C:Cp
J Q=-0qg+Cye H
mlw d de - F @ )
N Hl@ﬁ.?ﬁﬁﬂ w@..j: —_— \— TP 5 0 A@|WUﬁ...5
< 1
RELUCTANCE TRANSDUCER:
s L= N m.‘wml Re B f=4 X 9L
R LQ) B (w-la))t 2 2
X T Gy G
 ley+rens rac 1 T s
TF+R/C/1 > R/C/I o\fL#l_dTM\:
TF+TF—>TF  Se/Sf+ GY/TF — Se/Sf \#1_ L
e T
o & | orye
. I (x
Z

ORI e

JoE 1 A dL

T=—=-= &£ e .
% "20r g 1 = e
T T Xp= Xyt dsmd m.«ln Vxp = Xp = ,m,l B ol casd == )

T= ﬂ+%_ \N._,ATC qp= Aces® Nyp = yp= BAsMO -
desivodive  omasali4ies
1=l ov gl @, (CIRCULAR) WrE g b e R f
c.;.?n»m xrx |Ln_sm =

HYDRAULIC: (Cy, => wide, Ir => small) ﬁf zv: dcess

HYORAOLC. COMPUANGE  Che AL K || < Voer © 4

Ty

T

| TF <A Lo = | <5}

HYDRADUC  INERTI A Th-=

I
|
Mw_ ) HH._x [ nﬁn Crep

te
A




