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Second Order Systems

General second order system
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Transfer function

@, : natural undamped frequency

¢ : damping coefficient
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C Determines the Response
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Response

. ¢ >1 over damped (slow, no oscillations)

. ¢ =1 critically damped (quickest, nonoscillatory)

. 0< ¢ <1 under damped (damped oscillations)

. ¢ =0 stable sustained oscillations (simple harmonic motion)

. ¢ <0 unstable response




0<C<1 Most Common In Industry
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Unit Step Response (0<(<1)
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Peak time

Peak time ¢, is the time the response takes to reach its first peak

) 1

y(f) = _m
S wn _Cwnt o] Y - A A 2 YaYsl 1 :
= = Cge {g sin(wgt + @) — /1 — (2 cos(wgt + fP)|

Wn

= ==t sin (wgt + ¢ — )

[wde_gw“i cos(wgt + @) — sin(wgt + qb)e_qw”tgwn}

!

—
I
oy

(S}

w o) 0
= —— et gin (wgt) (5.11)
V1i=-¢
when t = t, y(t)=0, therefore sin(wqtp)=0
watp =
wn\/l i CQtI’ =l
; - m

Rise Time and Overshoot

» Time duration between 10%-90% of the first peak of the
damped oscillation 13
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Overshoot
1

l et 1—4_26_(:{'0”%) Sin ((.ddtp + d)) = ]. + PO
Wnlp = %gz witp = T
1 —T
—\/ﬁe Vi-¢ gin (7 + ¢) = PO
l sinm+¢=—sing = /1——CJ
1 —gw
————eV1-4/1-(% = PO
V1—(? '
X eyl evi=* = PO
. t;f,‘]’
, - — = InPO
6 /< v1-¢
—— ) In PO
—40, tanf = — .
/
In PO
Q _ -1)
X .:\;mﬂ,a’l—;2 _L?Zﬂ/?—gﬁ ;D’ = tan { - }

Settling Time

» Time for amplitude t drop to 1% of the original amplitude
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Design Conditions

maximum overshoot POy,.. is specified
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maximum settling time 4, is specified
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response has to rise before a maximum time of #, ;4.
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