16.06 Lecture 9
Transient Performance and the Effect of Zeroes

Karen Willcox

September 24, 2003

Today’s Topics
1. Transient response performance measures
2. The effect of zeroes

Reading: 5.1, 5.2



1 Introduction

We saw last lecture that the response of many systems is dominated by a
particular mode. Often for aero/astro systems, the response is dominated by
a complex conjugate pole pair. Using the dominant pole concept simplifies
our design problem, because we can focus on locating this dominant pair in
a satisfactory position. Note that this is the approach that we are taking for

the Quansers!

2 Transient response performance measures

(a) Assume that at first, the response is dominated by a complex pair close

to the jw axis.



insert Fig. 5.1



(b) Referring to Fig 5.1, consider the following definitions:

(i) Settling time, Ty, is the time required for the response to come

permanently within a 2% band around the steady-state value.

T, =

(ii) P.O. is the maximum percentage overshoot over the steady-state

respomnse.

PO. =

(iii) Peak time, 7}, is the time to the maximum peak of the response.

T =

p

(iv) Rise time, 7., is the time at which the response first reaches the

steady-state level.



(¢) Performance guide times

(i) P.O. depends only on (. Recall that ¢ = cos ¢, therefore to avoid
excessive overshoot, ¢ may not be close to 90°.

[C is usually 0.4 — 0.7(25% — 5%)]

(ii) Ts - to decrease:

(iii) 7, and 7, - to decrease:



3 Effects of zeroes

We have talked a lot about system poles and the correlations between their
positions in the s-plane and the response of the system. But what about the
system zeroes? What effect do they have on the response? This question is
especially important for design, because often when we design a controller,
we will use a zero to improve the system dynamics. You will do this yourself

in the second lab.

3.1 Where do zeroes come from?

(a) May be part of the plant (space shuttle, satellites, X-29A — come from
the dynamics)

Example: Attitude control of a rocket



(i) Take moments about the CM. Assume moment of inertia of engine

is zero and 0 and § are small:

(ii) Use F, = C,0 for the aerodynamic force and linearize the equation

above:

(iii) Compute the transfer function between 6 and 6:

(We must stabilize by closing the loop around 6.)



Now include the inertia of the rocket engine:

(i)-(ii) Take moments about the CM and linearize:

(iii) Compute the transfer function between 6 and 6:

where b?> = [,T /I and o®> = [,C,, /(I + Ig).

(b) May be part of the compensator (usually are).

e.g. PI control:

Ge(s) =



(¢) May come from the feedback path

3.2 Relationship between open-loop poles and zeroes

and closed-loop poles and zeroes

e Zeroes of T'(s) are

e Poles of T'(s) are

Example:




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


