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In this paper, a new condition diagnosis algorithm for the lens injection molding process using
various features extracted from cavity pressure, nozzle pressure and screw position signals is
developed with the aid of probability neural network (PNN) method. A new feature extraction
method is developed for identifying five (5), seven (7) and two (2) critical features from cavity
pressure, nozzle pressure and screw position signals, respectively. The node energies extracted
from cavity and nozzle pressure signals are also considered based on wavelet packet
decomposition (WPD). The PNN method is introduced to build the condition diagnosis model by
considering the extracted features and node energies. A series of the lens injection molding
experiments are conducted to validate the model, and it is demonstrated that the proposed
condition diagnosis model is useful with high diagnosis accuracy.

Key Words: Lens Injection Molding Process (Z!

1. ME

AERF FAES BY A FPo B
ANE FFe FHste] @ Wl FHOE el
RES AN 5 ootk ueh AEdEEEe
e FAVORE & AWML 9L+ 9olA
Tepe wopl Mol Baw IS 2 4 PE
2 g gastd PasisAl 488w ek

53, A2 A24F79 A5 L AE4E B
Fo 4UEt @45 I glo] ASE Fu]

Copyright © The Korean Society for Precision Engineering

= MEHE &%), Condition Diagnosis Algorithm (&t X 212
Feature Extraction (S& 24 FZ), Node Energy ('t = 0 L4X|), Probabilistic Neural Network (£H& 4142

ol

),

gL A 2Ayst
=, AlolE

T'his is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



November 2014 / 1032

1031-1040

SJESSE A A 313 11

t

S
o

[ E wﬂ%%ﬁ%ﬂﬁ%ﬁ ﬁ%%@ﬂﬂ%@wﬂ o
i o o o Nm — o X oy . [ BO Xo — T
A P R B preazw™s "%
) g o m il R Nr m.ﬂ it mﬂu )] B - <P R o0 L r.mc T
L 3 5 T oo ° = 70 ey
L b EeTsaxcoi sz TEIRIRTS o
“ e & w9 uwEEP _me Tk NPT Eoh s g <
) =N R I T FER P N Goqr
1~ > iy o X 1 I~ . go Hr ol A
% = 7 No # (! wr o oy H T oL
L 8 BANT L g W 0 I RV o )
sl 8w LRV T e ool N Eee®e g
N £ o wo R <) B2 X o] Uu :i X e _— iy =) —
L —] gil, € oM TR goolw Bl TRl BE ST kE
ERER SRR “Eily 8 =z o B =0 K B  mpPete 2 wF%
A Eli|g & qOu,z_ﬁWﬂmﬁxmz_qﬂA .r&u;o.ﬂ_jv_w1 — T oo X
| v lo |23 2 ~ ,N_.o,.n _z__vﬂﬂt_ ur — or ol o N N EE,UI.‘.roX o ﬂ,._.u
i N BT BERP Ny 2 20 BN = o < o L P
£ TlE o= _él%mOnEﬂL " W " < W< A ot RO e
‘ 5 = S < ~PTmp= . R KE oo X B M9 TR s e
sl 5 BT W WS R oo oz v B o -
: i | T RS & B i e S
T B P xR IR T B ogifel e, TrTu g0
‘ @ % g MW L o oo m X <~ Dol ool g __ T % o
Sa} B2 | pa RO Xy =T o —
R = Epepd PR T Mo N RN ST R R
§88ggess — o wagg@WremwRE H % SV wadmT PR «
prapeimasesd TN ETRUMFETTE & & PNEHFARBEHTTR K
mﬂzﬂam w_aﬂ%iﬁﬂmﬂﬁ@mﬂ%%gaﬂ%oﬁ%wﬁ%H%%M%Hwﬁ_z_;ﬁﬁ Wwﬂ%%ﬂ
=T, fodpz o L B E X RTBERT LT T K ., M o oE R 7. 0
T _teapa WS N N e B W o
H N~ mr riJ ﬂ;lio SO %N A =K Mio - R R PTHET R T o XX 0]
BT RTRAT D Bm PR, fd mod® WHETU N4 TR pHdE s
FGRON TR o sTREXB Y @ W oy BT gl BB ® g B g X
RO 5 o A B o
RPXNT g w8, a:tmmwwﬂu,#@%ﬂﬂ%m ﬂ%ﬁmz?ﬂr@ﬁ D
o o 0 o0 5 — 7K _ 1.A.I > ~o ‘ul &o ‘H_ol o s T e 1.A.I _ ‘Dlx_ iy ;IH.JI DT ﬂT mr 1uw_| _ Eo H_I 10 ‘_._u Bo MO =
ﬂLaoul.m01oZ€1ﬁaoqaﬁHHEMMNF,Z#ﬁﬂow.oE*_dﬂu:w%ﬂﬂLmz; ﬁodu Am_xﬁo domrwﬂl]ﬂ.,lﬂ,_
2 - o oy ! i XKoo Ty A =) . WO = O )
igowhgﬁa%im%ﬁ%q#%%%%w@gﬂEWﬁﬂﬁ;@@w DT g
pe e P T B s R T el T 5 Gl e S SRl I VR G
Mo T R, # W o R HT < FD Nfo " _dos T
—~ o) ‘J||Lt147u o = do wy H . o] ] Ulo_LJl ﬂﬂuﬂ_ﬂ T s ) ﬂad!,lq\lﬂfoi
SR T R R NI o L AR i R o e - B - CI T
o ey NER _HEw mm T TN E R m TR S WA Wk
G T B FLTRT Y AR YR IR e PR ET0 Gy T T T T
J O . o} = o
%?%?%y%%%ﬂﬂ%%%%z%%ﬂ%%% wm%%ﬁ mﬂgaﬁaaﬂ@%%
0 W o TE T R TWEPRARE M AWT g T ET e LR
o B O_ H,ﬂu o a5 55 2~ ,ﬁo~ QOA}H
ot B M T o oD g8 T wawn (F  EeaPhcex
- X0 o %0 ol ol i~ R b= ! s = N %0 o W = o o e o T - & W -~ == o)
KN BT HETWS sTWHBTW @R RS X T b N TR D
FWXo TRPETET LPOHTAHHNFTENRFEFTEDT TR R W M PR

=
T
o}

H

C), 2) B

Fig. 1]

2 (V/P pressure

.

| NS 2HE 77HA, 28al 25
E] 2714 ¢
2 A5 oA
%1—

=

2
o}
H

=

]

pA

A

() HrAEst
(Holding pressure_C), (3) X +d 3 AJZH(V/P time_C),

7 HE]

914

=)

A= FuiE Zhele ZE

b, 2



ol

F2EYzEsts X K 313 113 pp. 1031-1040

November 2014 / 1033

[~ Filing pressure_N
350
200 VIP pressure_N
EZSU Q__ " Holding pressure_N
a
@
£ o00l
2
@
2 150
T
1001
5 10 15
Filling time_N —| |« Time (s)
<
Injection time_n |  Holding pressure time_N

Fig. 2 Extraction of features from nozzle pressure signal
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Fig. 3 Extraction of features from screw position signal
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Fig. 4 Wavelet Packet Decomposition (WPD) tree

e A5k GE A9 54 Adn 92 A5,
Felol MBS NEO] Fu 54 GHA 2
Natx padh oled Feld W@l v n
ghafaiat @ wel Qaem A} AW mE A
A e BAT £ Jx dol2y A7 B
ol s ek

27 Ee e =4 HojFa gl
Fig. 40 oA glxe]l 27] Aoe AFy W
=

=
=
MES) S4e mEduAz gd9 & gov 4

el ALt FolA ek

e, = (i)’ 1)
K

(

ML L o

rlo
[
I

of

o714 e, U
Aol &2l
4 T
of AujHQ
B el A
ol 7fuE =

i o2

£ 9meta o, & oA
oJujgtt}, =E=oyAE &
A E 9H]slH] A&
=Z& 8l AR’

LA

= 2
:d>\u

N |r
I
i

=
o

}

P

>y

P
& o

-\o_g;'_llé
&
o,

k1

>/

i
o

o
o2l
o M
= © e
™,

127

Ml
0 1l

2y
2

N
w
fo
M
[
oy
g
°

Ap L
i
>,
onl
=
o

_0|L
rrh

e
N
i

= 2 rfo T
o
°
S
=
__>II_',‘
N
°
Ir
i
kS

i} i
=2
o rir
=
:(I)Ié
A
i

O fr
o Moy .
1 oz
£l —~
2
TIN [Q
[0
| i Em%:
-
2 o X |y

o
i
>

=
=
i
02(;,'4
to 1 1,

L
0%
LS
A
i)
g

J}-} Lo r-lO
=

>
fol
[rt
o 2 8
TSNS
o o
i

[0

X,

&2

N

2

M

= % o
"

on

of oa ¢
-

N

Lo

i

Jot

1

o > &
o ox >

ol
)
>,
o,



ol

F2EYzEsts X K 313 113 pp. 1031-1040

November 2014 / 1034

Input Layer

Pattern Layer

Summation Layer

Output Layer

Y1 Ys

Fig. 5 Layers of Probabilistic Neural Network (PNN)
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Fig. 6 Photo of injection molding machine (Arburg)

Table 1 Conditions

for Lens Injection Molding

Experiment
Material Zeonex E48R
Injection molding Company Arburg
machine Max. Capacity 25 Ton

Fixed variables

Nozzle temperature : 260 C
Coolant temperature : 150 C
Holding pressure : 300 bar
Holding time : 3 s

Cycle time : 15 s

Sampling frequency : 67Hz

Table 2 Design of Injection Molding Experiments

Switch- | Injection
Run over velocity Condition
(ccm) (ccm/s)
Ex.1 2.5 20 Standard
Ex.2 3 20 Premature switch-over
Ex.3 2 20 Late switch-over
Ex.4 2.5 30 High injection velocity
Ex.5 2.5 10 Low injection velocity
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Fig. 7 Sample photo of lens fabricated with 8-cavity
mold in the injection molding experiments
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