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Improving Quality and Productivity through Newly Developed Acoustic
Emissions Technology
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Masuaki MURAO Makoto SAKAKIBARA Haruo SUZUKI Atutosi YOKOKAWA

Recently the economic condition is very severe for the manufacturing industry. Due to this condition, the most
important item from the company’s standpoint is for the production department to focus on cost reduction.

Our company produces car parts manufactured from press processes. If troubles occur during this process such as
worn or broken die parts, defects increase significantly which translates into lost productivity.

In an effort to try to help reduce die parts cost and increase productivity we have developed a machine diagnostic
technique called Acoustic Emission or AE. We monitored the AE during the press process and have determined there
are differences in the AE during normal running time and when a die problem occurs. Further we have developed a
way to determine die problems through differences in the AE wave and through extensive testing and verification have
proven the system’s effectiveness. Using these procedures we have designed new equipment to find press processing
problems as they occur. We installed this system on the most difficult press process in our facility and as a result we
found and judged correctly a die problem before it became a break down situation. So in conclusion we have
determined that this automated system is a very effective way to increase quality and reduce die costs.
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Fig. 3 AE wave between new punch and worn punch

ZIZTOANWA LB FheE LR, RO
HORFE 2 it 3 2 TETH SAEBICEH L 7=,
Fig. 3id, &MY F i & FEFBEITREICHIE L

TAEW & A L7238 DTH 5. SRSV F0
W IRE & PEFBMEAT IR % TLiR 4 % & 200kHZzRT#% 12 &
MIZEDRHD, ZOAEKDOEIZEHL, 7L 2l
TORREEFFET 22 FEOMZMTEE HIE L 7.

3. MRIFRFEMIBE

KO R & U zddiid, 2 7L 2 T TARRBE,
HRME PR S VWEIkE 7L 2 Lz, 204
BNIMTEBIZRAN2RD S F E2FFOMRTH D,
JE4.8mm O Hil R 1= — 12126 T D Fe A PR IZ $k <
(Fig. 4). ZD7=%, MLEMIIEFITHLLS, BT
O\ THEE DN 28y FHHRIC & 2 RITDOZIRAR
RIZBE3EEZ5.

Working section

After processing

Top D.C

Bottom D.C

it

Before processing

Fig. 4 Outline of stamping

(1) MILEDOBIM NS DS F ISR
FIEEA T Ut Z P55 .

(2) ROz L D, /3 FOEFREN LM X
MUK A AL LRSI N BT 5,

(3) BT B &, SV FPREDOEAE LML
B U CHTHRICE D SO RTUEIRA R 28
FBET 5.

(4) 7z, BYMPRALULZIRETT L 2L AT
ERIIZ B E &, ERIOKMITREL BHELS
25,

Z 2T, FEBITTT L Z ML OIRRERE A W] HE A

EEfERTHZ LIC L.

4. EBRICKBAEEEHDHESS

41 EREBOBIE

AREERIZ I 2 KWEOWE & HBE % Fig. 51287,
SRIOFEE, WRBMEDOEH S FH5H» 5 Tl
2 ETOAEROIE L, ANBIIZEDERALT



TR & F 4 S ¥ 72D AEY: & I8 UL % MGk 3 5
ZEIZLF 22T, SRSy FoHkmeid, 8RO
SN EEN03mmIZ L 7z E 2k, ANV FO
PFrEBFE L R g e L7,

AEERTIE, AEBOBMZM5 72912, FEak
DFEMEDOIEE &, FiE 72 1) TIZPIBO R E 2
SNV DAERK S FIRICINET S Z LU/, AE
Y Va6 ) E N AER O JF B BT R E
IZTTIRHT LT, L a— &I CAEFEMEi o dEA{EE %
1952 &icL7. &7, IR OAERE % 73 il 3
572012 TV 2N S 2 T 71700 ~190° DEIE
FGES 2% TTV ZMLIROEZS DA ERIET 5
Z&lZL7.

l Sensor

amplifier (@Filter Amplifier
Press control AE signal processor
panel
Recorder Wg\ésicgathering
Crank angle

Tendency of

170to 190° Wave analysis
effective value
(Signal during P I
processing ) I
Start signal
{Function )
(D AE Sensor: resonance type. 150kHz
@ Filter : band path filter. 100kHz to 3000kHz

Fig. 5 Outline of test equipment

4.2 wYRUMFITAEICK 2 HZERE

FER A MG BRI, REBREE A EOCAEYL V4
D e 2 B O S RLE O E & 1T - 7.

AEY v & GARUCHU) (HT 72 A DE 5 O %
EAidl, B SROBRMERIL L A MDIZS KA
%<, MTETRAE L ZAEDEIRIZFE S WEEid & 4
HOIES> b rneEZI6NS, 22T, £4 OfiE
TR 5 28 EX 8T, #4Ly bEeT L
2Ry FCRER AL 72, #5HR%Fig. 6127,

A4ty FETV ARy FTIEETOWMEIED S
Nrens, MRE & & HEGE T ot A HG 5 #iPH T
b D70, SHEHEODAEY v DER B L OMEE
MEEZZL, FTLAXRY FIZAEX VS AT 52
Lzl 7.

FTYY—=FTU=ZANLEL— Vol. 9 No. 1 2004

Instruction signal

Instruction | 24
signal =9

Z1@ Press bolster

Upper die

‘@ Lowerdie

Lower die

Press  bolster

Fig. 6 Best location of sensor

4.3 RBRICK BHEERE

WNEOEHNITNT, i 5 FmIcEs ETOHE
BR AT o 72, EERBARGIE 2 T3 I < 7 B
IZd -7 (Fig. 7). R ZHFEL =458, SO
IZLB8DThH-72, EHOBENEF L, $20554%
MY E e —EMmMEISEL, FELRET ST LD
572, 203 B DEEIRAEIZ B 1) B FERAE SR % Fig. 812
™Y, 22T, Fig. 8OMHENIM T A=K L, Hiflid
FENE A LS. Fig. 8K 0D, MIBOHMNIZFENTER)
EAEH LT3, Fig. 91k, &R0 H & & 0.2mm
DN HRAE L M B KOGRIAPHE U 72 & 4T
IRFEBR AT - 2R DAEW, F2hil, SRORES
N

— Effective value c)
N —— Punch temp.
e 40 —— Die temp. 80
- = 70
S \A /
=
T 30 60
> \/
Q 50
§ 20 40
w — 30
10 b 20
0 4 10 14 18 22 27 35
Time  (min)

Fig. 7 Temperature and effective value

SAIHHT G D BED FRPEIZ18mVIZ R LN ) Fe A by
TIFEPEORIES K& KD, FHEIZ60mVIZEY
MU TERN S ERELRAEL TS, 72, SR
BIZH W TIE R W S AER O ki 2 564 U F2ahfid &
omVIZHML T3, —J, FURBERIZH VT,
SRS F BRI EEAS S BRI EE TIZRA L &
WKEZAEESRELTWS, LEnsT, ZOHE
B b 2o OFEE AR ZFHIlS 5 Z &2k D,
BT 3 LR L 7=,



E [Life time of punch]
o Total shot : 276,660
3 80
[}
>
60
o
2 40
(&)
‘.“0:) 2 0.2mm
L Burr
0 Brand new * :
0 1000 2000 (X100)
Shot number
Fig. 8 Transit of effective value
No. ltem AE wave Effective value SS:SA”%? glod%ig
@ |New punch 'L' + 18mvV lu I
Normal
Burr F |
@  |occurrence 60mV
0.2mm Punch wear
1 — .|. T
® Punch 80mV 3
breaking X
Breakage generating
7] —
) Dent —}——07 45mV |
Fig. 9 AE wave, effective value and its phenomenon

£al

5. 7L AMITREERE M ORFE

51 #F-GBEAEDRE
FERDAEILIC & % 55 OHRNZAERIE 2 6 F5hiE
AR L CEAEETT> 2D TH S (Fig.8). 20
WA, SO ERERETIZ, LWz EDIUTIER
/B OFIEIITBE A, SRNCRA T BN X iR
REPRRAIZ X BATRNRAE L 254, FahiiTidr
Pt E N B =0 R e Byt s d 5. £ ZTK
W22 TiE 7 v 2 M T O AR O 5 KAl & 1RO %
fLicFH L, DTOR AR,
(1) FEFEHETT CI%, HrmBRIC REE O HRE AR %
Wy,
(2) RSy FPHETIE, RAMAKE D,
(3) EMOWAIZ L BIPETIE, SV S FHEE
ZERfid 3 EETOPIE O K Z 0,
PEDZEno BT — Ngic i %2475 7201
13, BERBETRATIR CRIBEOmMOZET, 72l
TIIRAME TEE N AR TH S &5 % 7=,

5.2 {EBNEBHEDHRS

AEWRIED 5 475125 720, 300kHzE W\ EfE
WO #KBT 51212, V7)Y 7OERLD
600kHzTF — % I L& iF L % 5 &1, Fig. 10
D (A) 1RT &S BRA TR S %5 3 AERIE A 5 1
FEAGTR§ 2350, WD C o 2 UBHHE A3 b gt & 7
%. ZOAERBOHMRPRAEAHERICES L 57
¥, AREHER A BRI U 72, AR 2 0L, B O
Fith A BT 20108 L -0 5% TH 5. Fig. 10
O (B) 13 EHEHILE%ZOAERE Th 5.

(A) AE wave

+

Level

0 ,”r i }

—

Time

(B) After envelope process

Level

Aﬂam

Time

A

—

Fig. 10 AE wave and its envelope process

53 REGATEHEAEIIICT

TV ZM LR EROWEE» 6, SRSy FOHHE,
FEFEIC X 53 ) RAERITIRO RE 2 HH T 5 7291
d, TV 2T TR RAET 2 AEO B R % /15 B
NHD., KMEHNZEDO TV AMLLFE, OXA MY v
2k B EBOEE QMO T @8Ry FIZ &
8% @A MY v SOEEFL &S 4 TR T 6 h
5. ZTRICHIELZAEDREZENEN OA MY v
ISBLENC B L 72 & 2 Ol QSR F A ELE,
ICEER L 72 & & O QRS A k< RO RS BRD
AT DR Y BB O B - 5 5 (Fig. 11). Lk
A4 IV ITICADETAERKD T — 4 2 IUET L,
BEE—- FZEOHREHEATESEEZL 5. DITIC
ZOWE L A I v LA ST S,

(1) TR @ 8> F 238U B fih§ 5 RS
YOk AGA A THET 5 AEPE O [Hi flf T R¥AM 3
%.

(2) AV Y FOHPHEGHM - S8y F 3R ICEE
fil U T & WMEZE I AR C O AR O I Kl TRE
g 5.



(3) BRIDFEFEIZ K B3 BAEDOHM @ B O
2 - BEERE CRAE T 2 AR O Hi R TR 5.
¥, WROSHI RS US4 o R
TS Z &Lz,
ki (1) ~ 3) OWHEIEMHIHNT 2720127
NZNEBNRLE ) 77 % B 2= AGTE 5 % 3E
U, iBWric s B2 i85 720 24 U CaFfilig % 2 & 1c
L7,

-

—

190°
y

170° Term of detection (Press machine :
Crank angle170°to190°)

®

e

N

AE signal

Stripper Stripper separation

contaft Punch contact

of

Level

Time —

A

: (1)
: (2
0
t =Detection time

t2

i

t3

I

' T=Delay time
(DBreak In foreign  bits
(@Starting  plastic  deformation
(3Progressing plastic  deformation
(1) Detect dent occurring  (tq)
(2) Detect breakage occurring (t2)
(3) Detect  burr occurring (t3)

Fig. 11 General view of detection time

6. REL HEDHKEE
FERIEEIL AT LRI U & O &M LI 41T - 7=,
6.1 BRMDBEHAHC & BITHEHHOREE
WRIZOWTIE, ABINIC B A 2AR, {TEA
BB X 7. SRSy 7 R E - Bt 2 i O AE
WORSIE 2 FHHI L 724655 (Fig. 12), FTIRREAERIZ
RN THEIC R Lk E Al E 2D, ERE
EEGISHIITE 5.

6.2 &EIN FIF{EFHEORIL

N LREO GRS F i F TO /RS R % Fig.
1312779, 2 DFig. 13DMEHNIAER DR KA K L,
Ml TR AR £, SR8y FOPRRBAERTIRIE
WHEL IE 5> 7- KX BAEDIRIEAFREL TH D, 1
HREABICHNTE S,

FTYI—=T o=l Ea— Vol. 9 No. 1 2004

Demonstrating dent

\%
o
S
S

-
IS AR T AL 2
500 g

400
300
200
100

(m

Normal

A
eopobobboqgleobtd 1 1
Shot number

Integrated value

Specification of foreign  bits
Material : SPHC (Hot rolled mild steel)

Dimension: 13X1.8X1.8 (mm)

Fig. 12 Difference between normal and abnormal

(Dent)
2 250 T )
> Breakage occurring
g 200 [
% 150 [
§ 100 T

50

é 1 1 1 1 1
s O

0 20 40 60 80 100

Shot number (X103)

Fig. 13 Transition of a process

6.3 EROEFICL B/ RAEFFMEDIREE

ML XN 7285 %100 Z &2 1% X H D n=
551286\ C, FEEREEOMBEME & fEEH ORI L 5
I3 & OBRIZ DWW TR AT % F2hE L 72 (Fig.
14). RO/ 5 E & RREMEO MBI fRE130.92 L 5
WHB A B D BFEME TR T Z 5.

P FEORKEEERY? S, 7L ZMLIZ kT 3 IRAEEAE
Fethi ARRGE T & 7z

Sampling interval : 1piece./100piece

- 600
E Correlation coefficient =0.92 —n;55 "—
2 500 N &Y,
© %
> 400
9 'S 'S |
S 300 - '
g ® Y=1053.3+181.65 -
£ 200 ! ! !

0 0.1 0.2 0.3 0.4

Burr height  (mm)

Fig. 14 Correlation between AE signal and burr



k&

BUTRE

B

RECHE->TOLEEH

(Al A% T T RE 2> DPLHITE & SetbaE D E S
SR 2T 2 2 Ui o frak
FHEHE O AL & RER O IEE 5

7.1
1
2

1)
(2)
3)

7.2 SBEOBEZTLICK 3 ZHHEDREE

Fig. 1512783 K 5 (232 WrfiE 23 g Rl o & 12281k
T 5. KGRI %2050 2 &SRO IE
RELBMEEZE L., ZhIMbOER Rk TH
> 7z,

FET — 40 5 0 ~208 BOBHEOZ I, B
iR & t (O3) L9 5 L XOEREEATEREh 3.

S =0.239 t 2—10.852 t +374 (1)

Z 2T, LRI %KIE, LEWEZ FRCRIfRIcH
= & BERIRRE & ST ZE (L X B CIIRREIZ B S Al

OZEICHIET 5. Tabb, ML S2053/ O
BB EARRIEI XA TEI NS,

0.239 (t)*—10.852 (t) +374
0.239 (20)>—10.852 (20) +374

(2)

700 Ambient temperature=22C
E 600 [ | © Found value
o -~ Threshold value
= 500 B ~
®© —

S -
B 400
©
2 300
=

200

0 10 _ 20 30
Time (min)

80 Ambient temperature=22"C
—~ 2000etuctte &S S o
o(_) Nd
o 60 [ g»’

E &

@ <

g A = O = e )

£ 40 £

o [

= < Temp. of Punch
f = Temp. of Die

20 ’ ’

0 10 _. 20 30
Time (min)

Fig. 15 Offsetti

ing threshold value accorded to the

temperature
7.3 ZHEREOBE
AW TIT o 7= FEBRBGERS R 2 7 L 3 ) X 4
AR, FWERFEOBERFIZE DS W ikE &
FA%E L 7= (Fig. 16).
PUTMIZ 32l O BAEBEIS DWW THIMTT 5.

m | BWHERERE ¢ 0 SRR (min) (1) 7 4 2 SRR D A AT 5.
(2) HrykinlEs o A2 & AR LB & 17 S |
L7225 T, 2000 % 0 L EWEicxt U, LR AGE (3) Hewglnlds @ TR - 23 - P A O HIb e & o
BOLEWEInfFTIUE LIV EE R, L
Press machine Monitoring device
Danger signal Overwew of device
Control board |__
contexture monitoring :' - '} _____ 1
rotation angle (170°t0190°) | Delay circuit :
AE sensor v : I 1
Amplifier | E?g&ﬁngle generating : Output window
Metallic mol 1 | 1 1 .
Filter :: Comparison circuit |
5ot t'l 1 I | Touch
etection . ! AND circuit ! panel
ICII’CUIt : I : Command window
A/D conversion Memory function 1

~.-_AE sensor

Data transfer

|Z>|—|

Fig. 16 Contexture and configuration of monitoring device




(4) FELEIFE @ Befifi A 5 OLWIHIGE 5 2 B L

BEREREORNTET 2 RESES.

(5) HIZFEEREE  4TIR - P2 T B

O, BWBMEES D/ IV 22 RE &85,

(6) ANDIlp © FIlrfil 2 88 A 7z AEA Hi7= 2 & & ¥

WrL, st iban s & o0 U=k 2179 .

(7) @it b a0 Uidlife b 2175 .

(8) T VHKAE | EAVBOBEM Z LT 5.

(9) Ewﬁ@ﬁizﬁv%ﬁ%ﬂiﬁm?(,%#ﬂ

AN ZHALIZ L E W R KR T 5.

72, FoRO—FEMEMEIZANZE T -4 %
LANBERE CTHMIB IS 2 089 2 FRBE & A3 5 PLHIE
DENY AT AR E LTz,

./\“1)

8. FLAMIIEADERAES
BYE L 72 WiriiE & RO 7 L 2 ML TRICEA

FTYY—=FTU=ZANLEL— Vol. 9 No. 1 2004

S DFHIE & D HAE R & Fig. 17109, #E 0N
U%é&@%@@ﬁ%%ﬁiO%f%ot.

72, SO K 22 Wit 528 & §iEO
ﬁEmﬁELn a%ﬁwfét

ZT, LEWVHOREIXLEREEE L, MEMHE

450mVLZ;?0f:H¢)§é: U7z, F£7-, Kglrdsd TR
DIFEKT & 2 ZYOKHEE S % MGk L 72 (Fig. 18).
D77 7 OREENIZWE A L L, Bl 2O i
FHRT. BEMNMLRICRAT2EZMOKE SOBL
550mVIZxt U IE# S5 I T3 20mV CIEffE 12 B % 32
ifn%.%h&?@,”% RE O Tk e ) & B
LT 272012, WEDLBT AN E2EELAEDTHD
%@#%NMWiTQ%%@m%ﬁ%%ubﬂ
BEIZ, BARIRE LTI, Fig. 19138 T X924
NTHER U 720 AR R & AU 0 K 7 K0k % F28 L,
BLERMOMKIKIC K E S FHFHTE L.

L,%iﬁ%@ﬁﬁéﬁot(ﬁg1m.%%®$ﬁ
TEMOWEIZ L 2R MMEOEEREET 5720, 7
yﬁAnmIéht%m&&%mh,nzmm3mx
T, AREIZKZZMMEEFEEEOFHINC K 23 &
n=100
600
Correlation coefficient=0.95 | Threshold value | _
E 500 *
% 400 —I Upper fluctuation =+0.03
el
2
g 300
£ <—I Specification
200 < T
L - N
Y=1097.3 X+168.67 R
100 L L L
0 0.1 02 03 04
Burr height (mm)
Fig. 17 Found value and actual phenomenon
60 . X
q Monforng device. | (D‘_/ Size on unusual running
1.0mm3)
—~ 50
E [Foreign bit]
=40 . . Volume
% / Dimension (mm) size (mm?)
>
3 30! / / usual running | 13.0 X 1.8 X1.8 42
®
5 20 80 X1.8 X1.8 26
£ K/Q/ Unusual 50 X1.8X1.8 16
'\~ (Critical test ) | 2.0 X1.8 X1.8
6/ Critical test 3.0 X1.0X1.0
01 10 100 1.0 X1.0 X1.0 1

| Non -defective (No dent )| size of foreign bit

Fig. 18 Validation of detection capability



[Defective caused
° by die parts] 2 [Dent]
= _ 'qo';
3 ko)
3 Defafmdtion o
5 » 98.4 % S
— . [0
8 u Reduction -g 98.0%
c v S v Reduction
S =z
Z  Before  After Before  After
[Die cost ] [Prevention of defect]
t Deformation 18
§ 76.6 % Burr 32
Reduction
|_| Dent 38
Before  After
Fig. 19 Advantage
9. &8
E7N

(1) B OAELEZIGH LT, 55 & HEFICH
ABTHOBWTINTY XL EEL, THEMN
LA v 7at 2T TE 2E AL .

(2) HEDOFL ZAMLITIRIZEAL 6%, DTo
RBR S 7z,

O SASERLZAR OV) - BIRAR) &4T
IRAR O KIREKIEA T T & 72

@ TUZMLAREEHTSZ &2k, 4
TN T Y o SR ORRBRAEE I A3 vT RE & s

>7z.

Wz

@ FICHGNIRMEEILEE5Z LT, &80
PrEFH IR AS T RE & 7 D RUE D KR 2 K A F2 81

L7,
WL Z T BWTIE, ZOBRHfi2ftho 7L
ZREAFERERT TH 5.

Lk, AWIRIZET 2R %, AEIRIC &% 2E
ORISR B RFaT & U CHIBEL 72

10. EHVWIC

Bil¥e L 745t L O & 77 L 2 ki O 1 B RE &
LCBMeE3ZEicky, 7L2OMLLEZIREEZH
BClr L, 7L 2T O S ERGE & &0 RpR A
MR L 22 5, BEIZHAR L 22 6find 7 v 2Tz e
EE6§, BIERFIZH T 2 8RIOFER 22 ) 20
FEFEIZ X ARIEAR, 238 E2E Y FLoXT Y
v RERL I 2 &, (RO IMEZE I ot N A SRS IR
T 5L S ERGEIEIL TR S b h s, Lizaio
T, AEHHEE ST 22 & OBAr L 2L AL iz
FRBTIERLBERO -DOTHD 5L 5.

F 72, KisWreE 2 LANBREIC TIRBIP e R o b 2
EREROBW Y 27 L%y DT =2 IZTHAET

W, i - RO B A B L T, A ki
DBy 27 L LTIHA LR TEZ S L EZ 5.
<ZZXW>
1) # Bl s s W, A
¥ % — (1990), pp.885-952.

PGNP H AL LD LD AL NG NN NG N G R HHNL A L N G AL

<&
K
(ob FTHE)
AR RS 3 i

A fif 2 Wi e 78 U= e

WA B

(5% 32%)

AR RGE 3

FAVENN TR 58 Je CRURRET IZ pE

M 3R
(Xrxixs k)
VR #E 3 8
it (BET)
TPMHEHE , I LAl -
#H

e fii B & 10

BN ik

(KZ»b »oLL)
A BGE 3

i fif 2 W e 78 U= e




