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A Study on the Design of the Automatic Cutting Mechanism of the
Perforation Pipes in an Automobile Muftler

Yong-Seok Kim*, Chan-Se Jeong’, Soon-Young Yang™

Abstract

In this paper, we proposed the automatic cutting mechanism of the perforation pipes in an automobile muffler. This cutting
mechanism makes continuous work possible, because it performs the batch work via the sequential operation of loading,
feeding, cutting, and discharging. The proposed cutting mechanism consists of the frame unit, escape unit, turning unit,
feeding unit, vision system, clamping unit, spindle/cutting unit and cooling unit. And, these mechanisms have been
modularized through mechanical, dynamical and structural optimized design using the SMO (SimDesigner Motion) analysis
module. Also, the virtual prototype was carried out using the 3-D CAD program. The cutting process cycle is performed
in the order of loading, vision processing, feeding, clamping, cutting and discharging. And the cycle time for cutting one

piece was designed to be completed in four seconds.

Key Words : Cutting Machine(Z¢}7]), Automatic Cutting(AH54¢), Pipe Cutting(Wo]= Hth), Perforation Pipe(Thgio]i),
Automobile Muffler(A}5FA-8-7])

1. M2 A9 ol i e sjol el & i 9

& HPIhaTt 28712 Sol7t e UL U 443

AEA QY ALUEEE WEHE WA 2L, 2 WFeA Ho), ojn) Lxo} el xao Hol Zgo| ojA=
AR WESEE Sho gt of WAL B2 o olg} o] HiZlag oA glol hEselLE Fad

b7l o2 H2HY 9 ARA e delAY B 715 3 BE F st T & Qi o] 3 tEel g
0*75‘21‘ Fgol WA ek ol#fdt 1, 1eke) 7]z} A2 2A 1, 28, G 384 A4S AXA "ok
T W12 FEsr] Wl 20 e AstAA A HA el #YE T8 BAY 85EE Y F1L, 9ol
Ur IT5E At H7IAA-E &8 7(silence) & = e z@stel sk ek 222 AFe FHd
“i B(muffler)zt et o] 25719 Hie 54 B ¢ whe} AekslA Hoh BT 20T YL ol #F 71ASHE

* A ER ZIA7EdA A

+ At A AR FAE R

++ AR, AR R F)AGFAEEE (soonyy@mail ulsan.ac.kr)
Fax 680-T49 AHAA F BA2%F Ab2g

350



ro
HI
0=
[#
=
e
_>.
>
_|0I'

t3|X| Vol.20 No.3 2011. 6.

Ao Hek AL gEE A ofEsta glrt ol Table 1 Specification for concept design of cutting mechanism
Bojol2o] 4 YATFE G| of gL, 4P B T oo
Fo@ Aol BAS AL A T FAA) AF D wor e beforation ine
e npF o AR Aol o] 2 24 Aol 7t whAdst Work size Diameter=045, 500/ length=6m
of EEEol e AR k. tgo] SRk WA HlE Work material Stainless steel(SUS304)
= A w9z wet Atole & A, 3DYFOR Product size B50x1.2t x408.5mm
=73 2771 0184—‘% 3 AAEl) dAE v o AJAH Cutting tool Circular saw/ HSS/ $350/ 2.5T
g AT FE= ofg-gol k. o]of AALE 54 Feeding method LM guide and ball screw
o kol }Ez!c} 2] 7ol whE AeA] 9 A $A Clamping method Air chuck and gripper
2 A AEE g fES T2 8F 9lom, thiulo] o Turning method Rotation of silicon coating roller
FARIAE B3l ol$3 S AA 3= b4 oA 2EE A Work supplying method |[Chute device by slopes
okl st v A o]gA| A" o] 5t A|HA AES FEEo Coolant Soluble cutting oil
HASE bf 9\11:]—(1“3). Work cognition method | Vision system

2 dlo A APALE Z3] Aord Ad HAS vler Mechanism actuator Air cylinder and AC/DC motor
o8 A 4978 thE Lbo] 3T AMEA kAR of) oiEt 7] A A Control system Pneumatic system
v WAYES AHUAS S
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i MAHLSe! <A s tFé’—‘iPOlﬁ AEAE AAUZE 2A2ke] §E 473}
= el 4, TojEE A% AU EAR FRse
2.1 A olaolz Gy, ThpTel S Ao R HAAA i
2971 BE lmmyE 5700 40 B EE 9EFe EHY Ul A8 QG Lo|E 0|55 WY §4, tFol
2 4ol Yol thol ro] £ olel Q3N mof BN ol AHS T ulA A2, sojng A
Ffo| Z(Perforation pipe)ok 7Hutol = HAH WA £ @R ok SUE Y, AR 9 AR ol
3712 Solt stole AHe 7S BT ) AN HRE  AUSHE ANE U AY § 281 spo|meh MY Ao
T Qe L5 AStEo] Z8& WA 5 Ak & of S WAL % W §10E TAY B oz
2719 AR chopstu, AEjlei2A Aol 90%F A AFET fAUZY THL AR e Fig. 13}
3, 7HE, ElEbs, QRE Sol AGHT ot F SR QL 2k o5 §UEL AA ¥ AR Fol4S nefstel x|
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STRA09L (v} 2745 ) AP -STS430(AH el s 2 g9z gy, A0S 9 AW $3 190 29 49 5oz
SR AR R 4 5L A2 ARET ottt %.4 217t w5} sjol AASSIT. A that A4e chxet
wHg) 28] M@: WEAS I A8 AR AR A R SRS HAS) Sistel ID-CAD B2
Aol &Aool 4A SO ol Bolke ohgsh  mUYE Stk FEE 09 7 £4e B 4§
olZof A FAL gl AYTCY. Mkl B Ao & ES snjsle /MARIES CATIA V5E 43t 448
ol @Rl ofAof edubal o g 2891 9l FAw AA ) Ack” Eak MSCAFY] SMO(SimDesigner Monon) BES
meh AAGC) AEe] A i} 2] £8718 DRSOl olgsie] /) PH, BA, T2 AT et ABe oM
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Fig. 1 Conceptual composition of the automatic cutting
mechanism for a perforation pipe

Spindle driving
~ air cylinder
LM-guide

& rail

Floating joint _— Cutling motor

Fixing
e frame
Timing pulley

& belt Moving

" frame

Circular saw

Tie rod blade

Bearing housing ~

e
i

e & e oo

2

Bt
O )
2 2

-

SUS304Z 712
E A4 E

=2

o

oo
=

. =
EO.2 3, o5
= 18~25(m/min)Z2
A&Ed) 2 FAEEE A ()

C,=mx DX N (1

g AF
35

o}7)ofl 4], C(mm/miny= FAEE, D(mm)E A} 2o
A%, N AA 29 3- <4 E(rev/min)o|th.
3|40 o3t 4AA A A-&(Metal(material) Removal Rate:
MRR)& 4] (2)¢} Zo] yelojhoi?,
MRR=d.f,.C, (case of turning) 2
1714, MRR(mm’/min)& 44 AL, f,(mm/irev) o]
$%, dmm)i= BAZ0)ol,
E8 HAL(Cutting force) 4 (3)3 o] T8 4 ik

s
T

F=KA

c 4

)

352

o}714, F(N)&= 4, A(5.2N-m/mm’)2 ¥ datou 4]
(11)’ AC(3.75mm = AAGHA oM, 4 &= Ak B T
(3mm)2} AAF Z1o](1.25mm)E 13t Fojc}. o]25E 4

HEE 195NOE ANGS & 4 9T, olF B AAA:
S 1088 TeF BAES HgUTh

olo} Zo] WALES AR O ZRE WAFE PW)S
4 @z5e T

Py=F.C,=KMRR (G))

ES AT YO R WA FERE AAED T),(N-m
2 A (5)70] Tk
PA[
M 5
Ty =9:550% 7= &)

71X, ZE Y A
120 f B
M_TX(l S) 2}
HEQ &Y S
o N, =Ny

N

[

0217])\‘1 f(HZ)l‘_‘_ é‘l’]—'l‘s PL\C_)_ :‘;IL'/I:a

T oJt}

N, (rev/min)-2

2,

(GurR oz 3~5%)9 7}

N,(rev/min) 2 57]4

N EL ELENERELE:
Qo] o3 AAEoAL 4

FEROEES N
“I8 Aol A4S Uehie Fig 33 2k & HEAO
%2 308kef(3,020N)2 &
3 olot FATF 279
A2 75 fulo] Y28 B el i

T
oz Ao Z

2 Thars AASICh B3 Ak
4% ZELTFE 4 (4)§T51 4,875W= AXIE| T, o] 2K

B FEREel e = 247 5.5kw, 13349 RES A5
ek,
o) A% solng WABHE 2YZ F1Y FHY ASwY
& Fig. 49 4t 2UE §4L dd gUoRRY oj3H



91.;'
lu!
—
L
2
il
%
=
184
>,
e =
& Ho
N
1o o2
o B

A2

=

o o
ol B ool

il
=g
{

©
Tt

RCE:

/“\
e

E
0%
IS
)
=

oH

.‘*_L)i

il

= O
m/<<< Ezﬂam[ E]Oio —:‘}j}' %Jﬁwi g'%]%at
IHEF Aole) npAE aefstel AAskar 9l
WA= l‘jé%%ﬂ B UPW%]TOH e 2
& 3% WAl A4
o} Sy J

T

o
okt @ g

¥ o Nk r

—r—‘
ol
o3l
Of

— =

=8 o 299 15
PEEET Mwa}g% &
Fig. 59 2. olejdt
f?—-?;fﬂl'? F4E 0|7} £

e

Moz

Z2ag.e

=2 o=

918 7heHy

01 3085

005 {iaors

Foree feq_foree)

e

Fig. 3 Simulation result of up-down loading force for spindle
and cutting unit
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Fig. 5 Simulation result of clamping force
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Table 2 Stress analysis of perforated pipe by the gripping
force

Itemes

Analys1s result

Case 1 of only punched part
(Grip block of clamp unit)

Case 2 of only punched part
(Air chuck grip of
feeding unit)

Case 3 of punched part &
normal part
(Air chuck grip
of feeding unit)

Case 4 of only normal part
(Air chuck grip
of feeding unit)
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Fig. 12 Control diagram of the cutting mechanism

Table 3 Time chart of the cutting mechanism
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Fig. 13 Virtual prototyping of the cutting mechanism
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