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Node circuits
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(a) (b)
mass = M — capacitor = M farads
v(r)
viscous damper = f;, — resistor = 7 ohms
; g 1‘ "
| spring = K — inductor = — henries
f(r) <+ M< + ,l( K
h applied force = flr) — current source =f{t)
velocity = v(f) — node voltage =w(1)
(c) (d)
Determine the node analogous circuit of the following mechanical system
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Ideal Gears:

Composed of two cylinders that transmit motion from one gear side to the other using a set of identically
shaped (same pitch and height) teeth. The teeth do not slide on each other so that the circular arcs
crossed by each cylinder (ignoring the teeth height) is equal. Under this condition the input and output

power are equal

Ideal Gears motion equations:

Distance transmission

S1 =10 =10, =5,

Energy transmission(work W) : W; =T,0, =T,6, = W,

Angles-torques teeth-number relations:

The pitch angle p is equal for both cylinders— P = N, = N, r, Ny

H 1 Jl'l,"lr 1
Jl‘ﬁllr_-.'

_—

Load and external torque reflection:
Let the source of the reflection be side 2 and the destination sidel and assume initially

N,

T
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2nry 2, o, i _ N1 _ Ny

( "
\ |
~ Input /
drive gear,
Gear 1 Output
driven gear,
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fg0r) i
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rn'_:| I 'I} 2
P\ =
. Jq ) — =
Nyl Uuu

K~

The equation of the motion at side 2 is given by: To= (J,s% + D35 + K5) 0,(s)

Using the angle-torque-teeth relation the equation becomes:
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: : : N
External torque reflection: from the torque-teeth equation we can write Texs_ref1= 2T ort2

Considering the source impedances and external torqgue and the fact that sidel is the destination and side 2 is the source

Ndest
]dest tot — ]dest + (N -
source

Ndest 2
Ddest tot — Ddest + ( )
source

dest 2
Kdest tot — Kdest + ( ) source
source

Text dest—tot — Text dest + (

) ]SO’LLT'CG

source

Ndest

)Text —=source
source
The system motion equation becomes:

— 2
Text—dest—tot - (]dest—tots + Ddest—tots + Kdest—tot) Hdest_tot(s)

PROBLEM: Find the transfer function, G(s) = €.(s)/T(s). for the rotational mechanical system with gears shown in Figure

T(r)
e | N-m-s/rad

—¢—€I ) 1 kg-m?

M

N, = 50
f.-"l 4 N-m/rad
Solution: we use reflection on the destination: side 1

Text—aest—tot = T1(8) = T(S), Jaest—tot =J1 + ( )ZXO 1, Dgest—tor= D1 + ( )2

25
0=1, Kgest—tor= 0+ (E) x4 =1

Thus, T(s) = (s2 + s+ 1)0,(s) = (s + s + 1)N—202(s) =2(s2+s+ 1)02(5) > G(s) = BTZ((SS)) — 2(52:s+1)
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Electromechanical systems modeling: Armature controlled DC actuator:

Objective: Determine the linear time invariant model and transfer functions Gg(s) = om) Jnd G w(s) = Om(S) _ Go(s)

Eq(s) Eq(s)

of the DC armature controlled actuator.
Assumptions:
e DC-Steady state model — the inductive impedance = 0. R, L,
* Linear model.
* Elastic load torques and forces =0. J— Rotor - 0

e, V) .[” I l|r_“.I\_I - _.-'_.I.I...'\-I
* Feedback e.m.f constant = k,, y circuit ) 1) ——{ Gls) [——

\ & (1)

* Current-torque constant= k

Equations:
( do,,(t) . . ’ '
v, (t) = ky, i - ky,w,, feedback electromechanical couplings (Farady's and Len's laws)

T(t) = kgi, (t) Direct coupling current — field induced torque

\ eq(t) = R ala () + v, (t) Armature circuit mesh equation
t do,, (t
T(t) = ]m m( ) + D,, Zint( ) load — torque mechanical equation

\

f:l_lll.'l & (1)
|.Iz‘ |Il(‘-1 i
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Substituting the first three equations in the forth one we obtain :
R d?0,,(t do,, (t do,, (t
Raf, d0m(® | dOn©) d0n(® _
kp dt? dt dt

Applying Laplace transform and rearranging the equation we obtain:

kT kT
— Ra] _ Ral
GQ(S) — 1 A= krkp Gw(s) - 1 N kakb
s[s+—(Dm+ )] [s+—(Dm+ )]
]m Ra ]m Ra

Motor Torque-speed characteristic:
Substituting the first and second equations in the third we obtain:

ea(t) = 22 Tn(0) + Ky (0

T
. : : : : k 1
which is a family of negative slope lines with stall torque Ty, _¢ _stau = R_Z eq and Wm—no 10ad = — €a

The motor parameter can be computed experimentally using .
k T _ e m
T _ Im-=stall and kb — a h
Rq €a Wm_noload

1

stall

Torque

@y

®no-load
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PROBLEM: Given the system and torque-speed curve of Figure , find the transfer function, 8, (s)/ b:u(s).

?—:'FI
A
500
Rﬂ g _
—VW £
e lr)
(1) -— L
Na=1000 | [ g N
J.=5kg-m? J‘T@ Jp =700 kg-m? ) | -,
D,=2N-m sfrad Speed (rad/s)

Dy = 800 N-m s/rad

Solution:
We should firstly find the total mechanical impedance parameters J,,, and D,, at the motor armature shaft and the

motor characteristic parameters:
_ N L) _ _ () 1)
I,,,_JE,+IL(N2) _5+?{]{J(m) =12 Dy =Dy + D 3 =2+800( =) =10 o
Since We have _ L K: Ty _500 _ Ky =_ S T _,
Tgan = 500 @no-toad = S0 ¢a = 100 |_} R_a a €, B m =2 ’ Mno-load 50
" o forncti bo chaf B Ty 5/12 0417
The transfer function to the shaft Gg_gpq5:(s) = (o +kab)]- i = G+ 1.667)
Tm\m T e § 5’+E|lﬂ+(5}{2}]
. o Nshaft o 1 . 1 _ ﬁ;_{.‘i'} . 0.0417
since Ogpqre(s) = Voo 6,.(s) = — 6, (s) we have Gg_;(s) = mGg_Shﬂfr(s)— E) 56+ 1.667)
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