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A Method of Input Shaper Design Using Virtual Mode
for Undamped Vibration Systems
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\ Abstract }

Input shaping is an efficient tool to eliminate transient and residual vibration caused by motion of mechanical systems.
However, the rise time of the systems tends to increase due to the presence of input shapers. This paper is concerned
with the rise time reduction when using input shaping. To this end, this paper proposes an input shaper design method
for an undamped single mode vibration system using a virtual mode, which is not an actual mode but reflected in
the design process. The essence of the proposed method is to design a three-impulse input shaper as if a single mode
system has two modes: one actual mode and one virtual mode. The natural frequency of the virtual mode is a design

parameter to change the rise time of the system. This paper discusses the performance of the proposed input shapers
by simulation.

Key Words : Input Shaping(J2}43%), Response Time(-3-F<;15), Virtual Mode(74 5 =), Input Shaper Duration( %244 % 7|
A|2:A17B), Rise Time(AF45A17H

1. ME & WA 58] A7 AA] 92 AlAF oA = ARA

& A AstA A" o= Qi AR 9AsH] 9

AT AL AT A, 143E S8k Qi ) 3 e Aso] S =t Y343 7] W (Input shaping
A9 7L udshes 7IAS HEohe AR g 9 A method) 2| 2ls] AFHI = AFAF A7y

A Bdolehe e QA HAT A2Ee] SR <l % shtolrt"?. YA F7IYL A A AFEA et

Y Bx JA Ao HEdt 2B 0% (Residual vibration) ZA = A=A E 7| (Input shaper)e} 71&d=HeS A

seFNetw 7 A 2R (swhong@kumoh.ac kr)
T4 730-701 FE FOlAl FIE 194
seFadigte 7)HFe

83



42 . HEN

M8 - o

2 M(Convolution)ste] XA} 97lsle ARAEL
Aste Wriolch YA 7IEL thokst A 71A o
SEEHE Ad2lo] 2 YEHQ Aot w3t 14
A5 14 Adjo) R o)A BT AEL AA))
A S8HE 577 ge 8¢ At Atk QAR
<+ FFAEE AAS = Aty o]l A thoFdh Akl g 7
Afol A= FFAF AAzH: 0] S d& v
SHEEY Adolgte £Mo| WA} g AAS
FAag &k YH=A, LCD 59 ARFHANE o|$A A
9 o] AjZtA Aol & AFoZ 2A4Y 4 9ok

2 =EAAE B4 AFALHA A SAehe A
T AHAHOE AAGHA SHEEE AT 5 & 9
A% g Attt gtk §3) o7jME LAzt
(Rise timeyE ¥dl= groz AT = Y PHL AYS
A gk

Ak P HAFEE Alofstarz) she m= 9o
7HEE(Virtual mode)E #715t0] TR E(Multi- mode)
AHAG7E AAstE Aol '™V, o) MARA} AH4Al
7He st JMERES AAToRA 4PAF9 A&
NZE ZAE 5 Y=E ot 2 =2dA A" gre
ERF71AAYL AR Ak w1V o83t
. 2EE HIRsto] H4)7L 38 A1 ARAFO] A7}
S BEANEAE LR At A2 44
Mol sl =P, YHNY7IS A= FyL A
stk E3k Aloke Y e EAL HrIstgt

o_|9_ i

2, J=ES 0|83 YUERY| MA s

2 =AM Attt sk THRE Afde ZjEAe
FOEE JY4Y7IE Mo st Qick. gyl ohr
E Q@RI st nesta gl mee ey
F71E AHT F ojE BF i‘li% LBH F a7l el 1
| 4A| HShaper duration)o] Zt 2= QI24%7] 2|44)
4] ol Hrk. wiekA A& A2t l A 7k |k
A8 gl o IRAFS AAT & AU A4l
ol 78I T 02 AAR3HEES Ado g Al
B Aol AHE 24E HAE 4 ok

20 oo} Reo o3t F-E AIH o2 AASHA
A&AZHE 2017 93 i go] Anssisd 1 39 3
Wb QML 8 Hasjalol A Folk ol
0. o] W e e thate] nHizle) A o
& Fohe Yo BN FoteddEs bt A7t FeA

Fig. 12 2709 RES 2= Aladolq 3 WA o
A 180545 wsh o ﬁa
4%97] XM{% Ui Al o A vzt
3 g.om, Fig. 2014
; t]Eﬂ/H&W]E‘

o

2 zaz o gone Fg IOM % difn ek %)
& A7H9) BFEA(E =2/(f, +1,))0ll FEBEE

TN AT 4 Y Mok ol £ WA TRAFST
Z7VE e A7) RA|&A|7to] 4G Hu E3] &
dAo] A9 T R D4AEST] 3H22 YA HY vl
Sof tig A3l Y8719 ZV(Zero Vibration)® 1
ok A& AZko] Wolrlg EIE 4= Qlck. FMFREE 0]¢}
Zol 2749 RES 13 A9r) gdrsuke na3t A
¢ =t A&AEo] Fobd £ glrke Mol Fokgit). &,
GdrE AAglof AESA G 7MY F A 257}

-Il'

_

2.0
2
S+t
— 3
&L 15 7+ 7,
& 4 :
'(..—_U. Y fv;/
f o
3> 10 —
3 Sy=Ts
5 4
[ So—Ts
L ost
%3]
0‘0 L 1 L 'l
2 4 6 8 10

Second frequency (Hz)

Fig. 1 Shaper duration with the second frequency varied
for two mode system(1st mode = 1Hz)

A A

Fig. 2 Impulse amplitude and time location of the impulse
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Fig. 3 Non-dimensional shaper duration with respect to
non-dimensional frequency
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