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6-Axes Articulated Robot Manipulator’s Gain Tuning in consideration of dynamic specific
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ABSTRACT

This research studied 6-Axes Articulated Robot Manipulator’s gain Tuning in consideration of dynamic. First of all, search
for proportional gain of velocity control loop by dynamic signal analyzer. Proportional gain of velocity control loop is
connected to dynamic signal analyzer. Next Select free Proportional Gain value. And Select amplitude X of sinusoidal
properly so that enough Velocity Feedback Signal may be paid as there is no group to utensil department. Next step, We can
get Bode Diagram of Closed loop transfer function response examination in interested frequency. Integral calculus for gain of
velocity loop is depended on integral calculus correction's number. We can obtain open loop transfer function by integrator.
And we can know bode diagram’s special quality from calculated open loop transfer function. With this, Velocity Control
Loop's Parameter as inner loop is controlled. Next in moving, when vibration occurs, it controls notch filter.And finally, we
have to control feed-forward filter parameter for elevation of control performance.
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Tuning, Notch Filter Tuning

1. MB Aozl A= 71e S HE3H PID Gain
Tuning & &3 A&k 914 Aol B2 =39 3
H S 259 ot A8 WY Tt T d44E 29 F Uk ol FXU mESFS =
mEl A Aube] AH AL EE 282 1453 2 o3 WAE AEE IA Holues A4
7t &?%‘3} 53] 48 6 F 2 vdd 2RS o] WAl &% wWiste] wal o] o]
AAAFS ZFHohe A FHE  ZHoy Agith, aejal ol FZdAE EHC Bt
SCARA(Selective Compliance Assembly Robot Arm)& 7} iAol Yl 2AYS FHstEY =AM
2 Gy 2R fX 9 AAle] wet 7| F o] Bt} old £AHE A3y HAe EXY
A BAo] AA WHaEtA "t T4 548 geotsta Alej719] PID Gain ¢S 54
2o 2le]g TR AL A o7]E= V) of gt AdAgaoF sty WA Velocity Control Loop
SR FAA Ao RE BEXE EAo F3F 2] Proportional Gain & Dynamic Signal Analyzer =
HEs W 2E EA Ax X F REe A Velocity Control Loop © 43 3 <o
A Y2k ZFololl tia] A4 PID(Proportional Integral Proportional Gain S AAst 7] UEV}
Derivative) Ao} WHS KLt I A3E TE oA &3 Velocity Feedback Signal ©] Y.<

744



% Sinusoidal wave 9] % X & HHdslA Agst
T A 9= Fake 4o WelA %%’\13% &35t
o] Closed Loop Transfer Function 4 Bode Diagram <

[e) A=)

A5 4 v}, Velocity Loop 2] A& Gain & ZHE
Al7garoll o El @@E]—L'Eﬂ 716l <] Open
Loop Transfer Function & 7% 4 93 Al4HE Open
Loop Transfer Function . 245 Bode Diagram 574 &
& & gtk o]9k Zo] Inner Loop ¢ Velocity
Control Loop 2| Parameter & &3 &, olF Zol
Ago] Ayt F9- Notch Filter & A 3dh. 18
aompA e R Aojdwe] S 18 Feed-
forward Filter Parameter & 7 3t}

2. Servo Parameter Tuning
2.1 Velocity Control Loop Tuning

2.1.1 Proportional Gain
Velocity Control Loop <] Proportional Gain

Dynamic Signal Analyzer € Velocity Control Loop
AAG & Q1] 9] Proportional Gain 7= 73}
Sinusoidal wave ¢] WZ X & zdalA A &
A e T 99 (10Hz~500Hz) Wl A &5 AT
5 %3}o] Closed Loop Transfer Function ¢ Bode
Diagram & <& 4 t}.

ﬁr:ﬁlﬂérlo

Fig. 1 HP 35665A Dual channel Dynamic
Signal Analyzer

Closed Loop Transfer Function G, (S) ¢} Open Loop
Transfer Function G, (S) AFele] 27

= A1)

A

G5 = L (5)

1-G.(s) ™
Dynamic Signal Analyzer °| 3$t47]5& AH&3tH

Fig. 2 ¢+ 7] Open Loop Bode Plot & A #3ko]
=S

I Gain Margin

Fhase Margin

-180
Fig. 2 Open Loop Bode Plot

gt o 2 Gain Margin <> -6db ~ -20db & A}o] o
Phase Margin = 45 &= ©|¢] = =% Proportional
Gain & ZA3t}. o= 5] Proportional Gain ©]
K, ¢ 7% Gain Margin -25db ©] =1

\

Gain Margin
& b o] HES ARE K, & Tk Adae
oo} 2},

20log x = (—6db) — (-25db),  (2)

—6-(=25]
x=10 *® (3)
Kvl = JCK'V (4)

212 ME AMHE E2H

Velocity Loop 2] H¥ Gain & H& A|AH S 9
8] A4 = =vl o}2l2l Block Diagram & 53] 2%
7] 2]&+ Open Loop Transfer Function < :rLth T
23 Al4kE Open Loop Transfer Function &2 %-F
Bode Diagram 54< & 4 Qlt}.

“elocity Command
Current Command

Velocity Feedback

Fig. 3 Open Loop Block Diagram in addition to an
integrating factor.

*o+1
_EF_ & _ £ _ Tis+1
GM—E—(?"'K\«)—KV Es —K,[ J (5)
K,
obel RAA B ulst ol AR o

Ts+1
Open Loop Transfer Function —! 2] Bode Diagram

Ts
sS4 AR A5 1o 10wk B Ao
Ti
Phase = 0 o 7N B2 AHE7|5 AE3slol®



Phase Margin ©] W3} 2% % Phase Margin ©] 7

2+d 2] H(Gain Cross Over Frequency)e] 1 o] ¥
10
Aol A7 AFF7E =S gt

204B
Ts+1
Ts

0B

A=
e

Fig. 4 Bode Diagram of Open Loop Transfer
Function

b Velocity Loop o AR AASE
Proportional Gain %7 Ale] 91> Phase Margin ©]

E T

rlr

4] = Gain Cross Over Frequency < lﬂ
10

ARE ARAATZ Gsiint.
2.2 Position Control Loop Tuning

Velocity Loop ] Proportional Gain 2 F743}7] ¢3l
%% Closed Loop Transfer Function <2 Bode
Diagram 2. Z5-E Magnitude 7} -3dB & A 49|
Position Loop o &% \elocity Loop <]
Bandwidth(Cut-Off Frequency)”} ®tT}. o}l 13

AT A e Agl 7T FAFHFRY

2 2| o] X Loop 2 Bandwidth 2 #] A ] o
Ae= g v,

=

w
Ly
b
]
I
I
I
I
I
I
I
1
I
I
I
I
<

3
it
)
]

fa

3

Fig. 5 Bode Diagram of Closed Loop Transfer
Function

el A A2 Velocity Loop 2] Cut-off Frequency =
Velocity Loop ¢ Transfer Function < <}2]<] Block
Diagram T} #o] 13} A|2=8lo & 1AFs) A|7)H

“elocity Control Loop
Transfer Function

Position Command +

Faosition Feedhack

Fig. 6 Bode Diagram of Closed Loop Transfer

Function
2z K,

G.(s) = ss+2xf) 2z K, _ o

4 N 2z f K, 32+27zfcs+27rf‘Kp 5% + 2cam + &
s(s+2mf)

(6)
21(6)3 o] Position Loop €] Transfer Function <
T F Adrt.
AN go=rf, on, o =27fK orn=z
Position Control Loop 2] Damping Ratio %1 ¢ 7} A7
=™ Proportional Gain <! Kp9‘r Bandwidth f =
=3 Zo] A 4 U,
K =%l on @ _ T o nane yus
P2s° 2r 2
. F=o7l Tolerance Band ©ll W& Settling Time <
Position Control Loop <] Damping Ratio <}
Bandwidth Alolel th&# 2 #AE 731 Ut
Unit Step Input ol T3 Settling Time t, = % %
Tolerance Band 17}l uwhe} oh&3 22 o] A9

Hr}.

tS:nT:n(i]:n[ 1 JO]UJ], 2% Tolerance
) 27c f

Band & w N 4 o]3 5% wj 3 o] A}, 7]
] Settling time < Damping Ratio <} Linear
Dependency #A|7F EAI81A] @31 2 % Tolerance
Band 17}l we} # 2 < Damping Ratio 7} Th2t},
dE E0°] 2% Tolerance Band € w= Damping Ratio
7} 0.35, 0.68 =& 0.76 & w Settling Time ©] 7}
#Zr o 5% Tolerance Band ¢ w = Damping Ratio 7}
0.38, 0.57, 0.69, =+ 0.82 & o Settling Time ©] 7}
4 Bk, el Foi3 Settling Time =730l ule}
Z 2¢] Damping Ratio &= 23S Eaf d=rt}.

-

3. Mol g4 wol
3.1 Notch Filter Tuning
By (5) _ 56,(5)
Ty () T
_ J @+ B+ K
Ty 157 4 (3 B+ J 1By + By B 4 (Jy + TV ES+(By + B E

(7



A (1) 2328 Foll digh ddgtgoelnt. 75
o] FZ Pole & Al°f Loop <Al Complex
Conjugate Zero 2 YEelal (7)2e] dlsle] Bode

Diagram & Magnitude 7} 323 £°]E3L Phase 7}
FA8 Aeete L5 R wlth,
Table 1 Value of parameter
Parameter Value Parameter Value
Jy 0.2 J, 1.0
B, 0.2 B, 0.2
K 100

Aol Loop & *4J3te] Bode Diagram & Closed
Loop Transfer Function o tfsiA s ®wA of9}
Zro] Magnitude Plot 01]*14 Magnitude 7} §A% &
o] &7t thAl Srksk= HelE & ¢ A

Y

el

1 (K

fcz:E J_L

Fig. 7 Bode plot of closed loop transfer function

o] m¥st o] FZH Closed Loop Transfer
Function 2] Bode Plot 2 H-E ZHA W37 3 o]
fooll glem o}g) 2o F-x1ge] 2= Notch.Filter

o] zeroFrequency f, = f,=09f, = 3, f

s f,=3f,, 2 g = Z0.8 2 ia% s i A]ZE
o dds ool ¢, & =54 WIAA &
TFAFe] gl A4%s 7t

N(z) (s* + 2,5+ o )i @®)

Dis) (s +2¢,5+ a};)a}: 9

ANA @, =2xf,. w, =2xf, °Ith.

3.2 Feed-forward Filter Tuning

H A Aol Loop 2] Transfer Function

GP(S):%, 4714 Tp = A4 (Time

w
+
=

Constant)) = 1 =} AJxgle] 9% A3 1
X() =Vt & F=3da 7148 o Steady State

Following Error £ 21(10),(11)3} Zo] A &

o]
A

T T
ES) = X(9)-Y(9) = ;- o V[ S]Z[ ]

Ts+1s’ §°|T,s+1 T,s+1

(10)

I|m(e(t))_I|m(sE(s))_Ilm[ VT J:VTp (11)
Ts+1

Steady State Following Error & <°]7] $13l] Servo
Al2~El 9] Stability Margin & fX3lH A, $3 Ao
Loop ¢ Bandwidth & 7]9-& dldl&= A7} lom
2 Servo Ao Alxwle] chgAe JFS FH &
OSWHA AxFel EHAES Y& F UT Feed-
forward Filter & A}-8-3}H Steady State Following Error
E UF o A="Y FEAS A ALFE &
2T}, Velocity Feed-forward Filter = 9] 2] = 9] 2 2]
E£L7t E4F A AE&3RE Hi £k 5%
TFHOFEZ7F 0 o2& Acceleration Feed-forward
Filter ] o] gl 9 <)ol A Following Error 7}
HA7F HEF Gain o AVE AT &, AAA
BYEo 7St EAsE AT A-E5h=
Acceleration Feed-forward = 7144l Error 7} 3

A7t HEE 2Asd A, 2AsE oAE 94
Velocity ~ Feed-forward ~ Filter & %A3 3

Acceleration Feed-forward Filter & =74 glc},

4. 4
ol4e] Mo 6 %9 PID Gain #< EF Fa
Mg W Gain e ® 6 F BT AXAL 9l
om 7} Fo] FF & Folx ] wiie] X
A& F2 glo]l 18 & A "ok B ATl A
AMA G ez 2R AN Ta A F
JE HH Gain @S AFT F U Aol

= 7
AT o AehAg (g Fddign 32
A71=ATAE(RRC)S] A3} Ao =<
T TR FT A A uab AT
2 A A 2 Fabegb e A ho® FalE <
T A%dE w3y

toEs

1. Stefani, Shahian, Savant, Hostetter “Design of
Feedback control systems” Oxford, 2001.

2. Charles L., Phillips H., Troy Nagle, “Digital control
system analysis and design” Prentice Hall, 1994.

3. Haugen, Finn(NA), “PID control of dynamic systems”
Intl specialized book service inc, 2004.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


	Text47: 744
	Text48: 745
	Text49: 746
	Text50: 747


