ES205 Analysis and Design of Engineering Systems
Homework Problems

Lesson 10
Problem 10.1

Find the system model for the electromechanical system below. Express the model as a set of
three 1¥-order differential equations of the form

di,
i
dx
o
av
o

These first-order equations are to be expressed in terms of the parameters Ka, Ra, La, Ky, Ky, Jj,
Iy, 11, 12, 13, m, ¢, and k, the three state variables ia, X, and v, the input variable e;, and time t.
Hint: Express Oy and 0p as a function of x and express o and ap as a function of X.
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ES205 Analysis and Design of Engineering Systems
Homework Problems

Problem 10.2

Draw a block diagram for the system shown below. Do not use the differential equations derived
in problem 8.1, but use the equations of the various components which are given below. Note
that F is the force acting between the two gears and F; is the force acting between the rack and
the pinion. Do not use differentiation blocks.

Hint1: The J,d, and J pép terms are both in negative feedback loops to summing blocks.

Hint 2: To avoid differentiation blocks, solve the EOM of the rack for X, the motor shaft for F,
and the rack and pinion for F,.
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Equations:
E, =K,E
-E,+ILR,+Lsl,+E =0
E, =K,s6,
T=K|l,
Js’0 +Fr =T

stzep +Fr,=Fr,
ms’X +csX +kX = F,
rlgm = rzep

X=nr0,
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