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Recently as the manufacturers want competitiveness in dynamically changing environment, they are trying a lot of efforts

to be efficient with their production systems, which may be achieved by diminishing unplanned operation stops. The operation

stops and maintenance cost are known to be significantly decreased by adopting proper maintenance strategy. Therefore, the

manufacturers were more getting interested in scheduling of exact maintenance scheduling to keep smooth operation and prevent

unexpected stops. In this paper, we proposedan integrated maintenance approach in injection molding manufacturing line. It consists

of predictive and preventive maintenance approach. The predictive maintenance uses the statistical process control technique with

the real-time data and the preventive maintenance is based on the checking period of machine components or equipment. For

the predictive maintenance approach, firstly, we identified components or equipment that are required maintenance, and then

machine parameters that are related with the identified components or equipment. Second, we performed regression analysis to

select the machine parameters that affect the quality of the manufactured products and are significant to the quality of the products.

By this analysis, we can exclude the insignificant parameters from monitoring parameters and focus on the significant parameters.

Third, we developed the statistical prediction models for the selected machine parameters. Current models include regression,

exponential smoothing and so on. We used these models to decide abnormal patternand to schedule maintenance. Finally, for

other components or equipment which is not covered by predictive approach, we adoptedpreventive maintenance approach. To

show feasibility we developed an integrated maintenance support system in LabView Watchdog Agent and SQL Server environment

and validated our proposed methodology with experimental data.
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Feeding time 1302
o . ) . Mold 1~5 Temparature H308~H315
Identification of M/C Components which require maintenance Mold
Mold closing time 1303
Mold monitoring time Mold closing time 1303
Identification of process parameters affected by Components Mold temparature setting Mold 1-5 Temparature H308~H315
0 — . Heater circuit Mole heater zone 1~15 Temparature  |H301~H305
r{gsgglfslcfegl"ogasr: E:g:ﬂl?;r ﬁzmg;aﬁ?&&i Aélzmmtgg:enf.tes mold heater temparature setting Mole heater zone 1~15 Temparature  |H301~H305
Q ] Coolant Mold 1~5 Temparature H308~H315
: ------------------- '; Screw position $300
1| Onine mogg?;ngimg; parameter : nozzle Minimum cuhsion position $303
L : Feeding time 1302
| Q _________ H V-P transfer position $302
Il Detection of abnormal patterns | operation range setting -
1 Lof parameter w/ process control | I Peak holding pressure P303
S ﬁ _________ - V-P transfer position 5302
I G- injection pressure setting
: Decision of Components : Peak holding pressure P303
: for maintenance : Cycle time T300
e | T ; Charging time 7301
: 1 Resin R
1 Maintenance Schedule Notification : Feeding time 1302
l _________________________________________ 1 Resin Temparature H310

<Figure 1> Integrated Maintenance Procedure

<Figure 2> Maintenance Components and Machine Parameters
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Regression Analysis: C4(Bottom) versus T302, 5302, ...

The regression equation is
CA{Bottom) = 2843 - 4,78 T302 - 32.6 5302 + 12.0 3303 + 0.0621 P303 - 1.45 3300
- 12,2 H301 + 11,5 T300

Predictor Coef  SE Coef T P
Constant 2842 .5 193.3  14.71 0.005
Tan2 -4.7783  0,3080 -15.52 0.004
3302 -32.631 1.945 -16.75 0.004
3303 12.012 1.625  7.39 0.018
P303 0.062090 0.009270  6.70 0.022
3300 -1.4471 01720 -8.41 0.014
H301 -12.2491 0.7934 -15.31 0.004
T300 11.529 1.137 10,14 0.010
5 =0.0634356 R-5q = 599.8% R-Sqfadj) = 99.1%

dnalvsis of Yariance

Source OF 53 M3 F P
Rearession 7 4.23345 0.60478 150,29 0,007
Residual Error 2 0.00305 0.00402

Tatal 3 4.24150

Source DF  Seg 33

Tan2 0.92094

3302 1 0.03340

3303 1 1.32462

Pa03 1 0.55938

3300 1 0.14E30

H30t 1 0.52976

T300 1 0.41363

Unusua ! Observations

Obs T30Z Cd(BDttoma
1 628 0,300

Fit SE Fit Residual
0.2980 0.0833  0.0020

St Resid
0.52 &

% denotes an observation whose X wvalue gives it large leverage,

<Figure 3> Result of Regression with Machine Parameters
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S303 Predictive Maintenance2015-01-28 18H 56M

Inbox  x

ccaa315@gmail.com

to dreamx33 |~

11:28 PM (8 minutes ago)

[Predictive Maintenance Notice]

zInj MC No. : 11

oParameter : MinCuhsionPosition

oLastMaintenance : 2015-01-02 9:00:00

=Check Item(Frequency)

1. MiteO0O08Nozzle 2

2. Mite0018Abnormal cushion position setting 2
3. Mite0013Screw head & Checking 0.

<Figure 5> Predictive Maintenance Notice

=~ 7 S300: Screw position
-

P303: Peak holding
pressure

T302: Feeding
time

S$302: V—P transfer | Injection 1
position | process |

|

|

operational
pqrimelers
T300: Cycle
time

$303: Minimum cuhsion
position

H301~H306: Mold heater zone 1~15
Temparature

<Figure 4> Relationship between Components and Machine Parameters
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Daily Weekly
Cleaning and inspecting the exterior Cable abnormality
Leading-in main and control power Check rear gate operation
Leading—in Motor power
Molding condition selection Monthly
Water cooling cvlinder temperature setting (Opticnal) Check automatic grease supply dev,
Heating cylinder temperature setting Check manual grease supply device
EResin observation temperature setting(Optional) Remote control of mold clamping de
Leading—in heater power/ heat rising Shaking or loosening of parts
Screw interlock time setting Check tirning belt
Mold clamping safety system Check mold space adjustment instn
IMold protection device setting Ball screw lubrication state
Injection unit safety device Parts refueling
Resin leak/reverse flow
Electrical shock prevention/Noise reduction
Semestral
Quarterly Check power voltage
Check fan operation Cleaning water cooling cylinder
Check electric wiring Cleaning cooling water electric valv
Check screw
Check Level pad or basic balt ete. Yearly
Check Moving parts Check insulation resistor
Fefueling state Manual grease supply
Check levelling Level adjustment

<Figure 6> Preventive Maintenance Components

Use msdb

go

declare @body_str nvarchar(2000)

set @body_str = 'ToDay(' + Convert(char(10), GETDATE(), 102) +
JWeek Preventive Maintenance’

set Language ENGLISH

EXEC sp_send_dbmail

@profile_name="BIS’,

@recipients="ccaa315@gmail.com”,

@subject= @body_str ,

@body= '[Week Preventive Maintenance Notice]',

@query =

‘use master

select (case when CW.MCPrev.IMCCode = CW.MCPrev.IMCCode then CW.MCPrev IMCCode end )

as "InNj]MCNo", Convert(char(10), CW.M CPrev.MaintenanceDate, 102) as “Last Check Date™ ,
CW.PreventiveMaintitem PrventiveMaintitem

from CW.MCPrev, CW.PreventiveMaintitem

where CW_MCPrev.Interval =365 /xdaily = 1, ..., yearly =365 */

and datediff(dd, CW.MCPrev.MaintenanceDate, getdate()) % 1 =0 /* daily = 1, ..., yearly =365 */
group by CW MCPrev.IMCCode , CW MCPrev MaintenanceDate,

CW _PreventiveMaintitem.PrventiveMainttem

having count(*) >= 1 /+duplication removal*/

order by InjMCNo asc’

<Figure 7> DB Trigger for Preventive Maintenance
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Preventive Maintenance : Monthly

Compact Rio <literature0365@gmail.com>

tome ~

[Monthly Preventive Maintenance Notice]

InjMC_No Last_Check_Date PrventiveMaintitem

Inje0001 2015.02.25
Inje0001 2015.02.25
Inje0001 2015.02.25
Inje0001 2015.02.25
Inje0001 2015.02.25
Inje0001 2015.02.25
Inje0001 2015.02.25
Inje0001 2015.02.25
Inje0002 2015.02.25
Inje0002 2015.02.25
Inje0002 2015.02.25
Inje0002 2015.02.25
Inje0002 2015.02.25
Inje0002 2015.02.25
Inje0002 2015.02.25
Inje0002 2015.02.25
Inje0003 2015.02.25
Inje0003 2015.02.25
Inje0003 2015.02.25
Inje0003 2015.02.25
Inje0003 2015.02.25
Inje0003 2015.02.25
Inje0003 2015.02.25
Inje0003 2015.02.25
Inje0004 2015.02.25

<Figure 8> Preventive Maintenance Notice Example

Check automatic grease supply device
Check manual grease supply device
Remote control of mold clamping device
Shaking or loosening of parts

Check timing belt

Check mold space adjustment instrument
Ball screw lubrication state

Parts refueling

Check automatic grease supply device
Check manual grease supply device
Remote control of mold clamping device
Shaking or loosening of parts

Check timing belt

Check mold space adjustment instrument
Ball screw lubrication state

Parts refueling

Check automatic grease supply device
Check manual grease supply device
Remote control of mold clamping device
Shaking or loosening of parts

Check timing belt

Check mold space adjustment instrument
Ball screw lubrication state

Parts refueling

Check automatic grease supply device
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R — ’"jfE Parsmete Socion,__ I o i ;ﬁ: <Table 1> Data Series of Mold Heater Zone Temperature
JE)%O # J Shot Parameter Value Date

e ofprdeton o v 0 250 2015-02-14 16:01:141
... ﬁ 1 250.1 2015-02-14 16:01:442
e | 2 250 2015-02-14 16:02:146
f”:— ﬁ;;‘j:w - R 3 250 2015-02-14 16:02:451
¢ i:;f,“ﬂ':,‘;d S e 4 250 2015-02-14 16:03:153
ooz I —— D B LD @D @ 5 250 2015-02-14 16:03:454
6 250 2015-02-14 16:04:157
( 7 250 2015-02-14 16:04:461
8 250 2015-02-14 16:05:163
Shins 9 249.6 2015-02-14 16:05:469
(o 10 2477 2015-02-14 16:06:172
11 2453 2015-02-14 16:06:474
<Figure 9> Integrated Maintenance Support System 12 2433 2015-02-14 16:07:180
13 242 2015-02-14 16:07:482
oA fo = Aotete B HE5S 9 14 240.7 2015-02-14 16:08:186
FOE 7l GRS AaksteE AFEAE AR E o] &3 15 240 2015-02-14 16:09:490
o] AJFAZ S AAIEY L o2 B8 A= 53 39k 16 239.75 2015-02-14 16:10:194
A oA AFEE A7) Y mlein|E R 29 s|EE 17 239.5 2015-02-14 16:10:492
% (<Figure 4>¢] ‘H301")2 AASG). A1EAF Aol 18 238.6 2015-02-14 16:11:198
o 23e oA A=Y £59 HRo] == 19 2382 2015-02-14 16:11:501
) FEYF ARER AFEHLD gHo] &S 20 237.65 2015-02-14 16:12:202
_]%]_3]_7_” B2 QL ?:]]75_]01] 0_2,0] 7]'6HZ:]}‘1 8 21 236 2015-02-14 16:12:508
gJolok st} olvk SaE #Fo] T Ute] 2 234.05 2015-02-14 16:13:207
AW Az 22wz o8 Soet 23 2321 2015-02-14 16:13:512
- 24 230.9 2015-02-14 16:14:211
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<Figure 11> FTS Measurement of Lens
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[Predictive Maintenance Notice]

o Inj MC NO: 4

o Abnormal Pattern Time : 16:46:011

o Parameter : Z4 Temperature

o Last Maintenance Date: 2015-01-02
o Check Item(Frequency):

1. MI020 Heater Circuit (2)

2. MID06 MoldHeaterTemperature (0)

<Figure 12> Maintenance Notice for Heater Zone
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