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REVIEW FROM WEBINAR 1
INTRODUCTION TO SCIENTIFIC PROCESSING

AIM OF A MOLDING OPERATION
e TO MOLD PARTS CONSISTENTLY

« MEETING ALL THE QUALITY REQUIREMENTS

CONSISTENCY —

«SHOT TO SHOT CONSISTENCY
EVERY CONSECUTIVE PART THAT FALLS
OUT OF THE MOLD IS IDENTICAL IN
QUALITY

*CAVITY TO CAVITY CONSISTENCY
PARTS FROM EACH CAVITY ARE
IDENTICAL IN QUALITY
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REVIEW FROM WEBINAR 1
INTRODUCTION TO SCIENTIFIC PROCESSING

CONSISTENCY —

*RUN TO RUN CONSISTENCY
DURING EVERY CONSECUTIVE RUN, THE

MOLDED PARTS HAVE AN IDENTICAL _ _:
QUALITY AS THE PREVIOUS RUNS 1

QUALITY REQUIREMENTS —
« MEETING SPECIFICATIONS
j J
o ) ®
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REVIEW FROM WEBINAR 1

THE FIVE PILLARS TO SUCCESSFUL MOLDING

PART
QUALITY
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REVIEW FROM WEBINAR 1

SCIENTIFIC PROCESSING

1. PLASTIC STORAGE
2. PLASTIC DRYING
3. SCIENTIFIC MOLDING
e MELT & MOLD TEMPERATURES
e IN-MOLD RHEOLOGY
« CAVITY BALANCE STUDIES
e PRESSURE DROP STUDIES
e PROCESS WINDOW STUDY
« GATE SEAL STUDY

e COOLING TIME STUDY
6. POST MOLD SHRINKAGE STUDIES

/. DESIGN OF EXPERIMENTS
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SCIENTIFIC MOLDING

WINDOW STUDY

GATE FREEZE

VISCOSITY STUDY

CURVE

1

REVIEW FROM WEBINAR 1
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COOLING
STUDY
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Cooling

Injection Pack & Hold
“— €

>

Screw Forward Time Screw Recove
€

« CAVITY BALANCE DETERMINATION

« PRESSURE DROP STUDY

AlM: TO DEVELOP AROBUST PROCESSAND ACHIEVE CONSISTENCY
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REVIEW FROM WEBINAR 1

SENSITIVITY OF THE INJECTION TO VISCOSITY

Viscosity = Peak Hyd Pressure X Fill Time X Intersation Ratio

50000 Viscosity Change between
0000 10 & 20 = 17248
70& 90 =794

BOO00

30000

40000

30000

Apparent Viscosily [paisec]

20000

10000

0 10 20 30 40 a0 g0 o Qo 30

Injection Speed

Suhas Kulkarni, www.fimmtech.com



REVIEW FROM WEBINAR 1

IMPORTANCE OF CAVITY BALANCE

All cavities must fill uniformly

The pack and hold phase will determine how much
plastic has been added into the cavity which in tur
affects shrinkage

Final shrinkage will decide the size of the pad an
therefore to get the same size part you must heeve t
same shrinkage and hence uniform flow.
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REVIEW FROM WEBINAR 1

DETERMINATION OF CAVITY BALANCE
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—A— Series 1 1.1 1.1 1.2 11 1.1 1.2 1.2 1.1
—¢— Series 2 14 1.3 1.6 14 14 1.6 1.6 14
—¥—Series 3 1.9 1.7 1.9 1.9 1.9 2.0 2.0 1.9
—8— Series 4 24 1.9 2.1 2.4 2.4 2.6 2.6 2.4
—&—Series 5 3.1 2.4 25 3.1 3.1 3.4 3.4 3.1
= Full Part 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
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REVIEW FROM WEBINAR 1

THE PACK & HOLD PHASE — THE COSMETIC PROCESS WINDOW

Hold Hold
Pressure Pressure

v

Melt Temperature Mold Temperature
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REVIEW FROM WEBINAR 1

DETERMINATION OF INJECTION HOLD TIME
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WHAT WAS THE MAIN AIM OF THESE STUDIES?
- TO OBTAIN A ROBUSTPROCESS

WE DID NOT DO A DIMENSIONAL STUDY
(COOLING STUDY WAS DONE TO FIND OUT HOW FAST THE M CAN BE RUN)

-DIMENSIONS MUST BE TAKEN AT A PROCESS THAT HAS BN
DEVELOPED USING THE ROBUST AREAS OF EACH OF THE
PROCESSING PARAMETERS.

- IF THE DIMENSIONS ARE NOT ACCEPTABLE OR NOT
STATISTICALLY CAPABLE, THE MOLD STEEL MUST BE MODIFED
TO GET THE PARTS WITHIN DIMENSIONS AND LEAVE THE

PROCESS ROBUSTPARTS IN SPEC DOES NOT NECESSARILY MEAN THE DIMENSN
IS CAPABLE)

SO IF WE CAN MAKE ACCEPTABLE PARTS, WHAT IS THE
TECHNIQUE OF

DESIGN OF EXPERIMENTS?
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COMMONLY HEARD COMMENTS ABOUT DOE:

1. CAN'T MAKE A GOOD PART —"WELL DO A DOE AND
FIGURE OUT A PROCESS

2.WHY ARE YOU DOING A DOE? - ‘BECAUSE THE CUSTOMER
ASKED ME TO DO SO’

3.THE QUALITY ENGINEER GAVE ME THESE LIMITS AND
ASKED ME TO PERFORM THESE RUNS.

4. THE HIGH AND LOW VALUES ARE THOSE THAT ARE ON
THE MATERIAL DATA SHEET

5.WE DO A DOE BY VARYING THE PROCESS +/- 10% FROM
WHERE WE CAN MAKE A GOOD PART

6.l HAVE TO DO A DOE BECAUSE IT IS PART OF THE
QUALIFICATION PROCESS (PPAP OR 1Q-PQ-0Q)

/.1 DO NOT WANT TO SPEND THE TIME AND MONEY ON DOE,
| HAVE BEEN DOING THIS FOR YEARS
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A PARADIGM SHIET
FROM WHAT ONE HAS BEEN DOING.

ADOPTING THE PRACTICE OF DESIGN OF EXPERIMENTS IS

IF YOU DO WHAT YOU HAVE DONE,
YOU WILL GET WHAT YOU HAVE GOT!

MOLDING OPERATION, DOE IS A VERY SIMPLE TOOL THAT
WILL HELP YOU WITH THIS.

IF YOU ARE LOOKING TO IMPROVE THE EFFICIENCY OF THE

IN MOST CASES YOU CAN DO THESE STUDIES WITH
MS EXCEL - YOU DON'T EVEN NEED A SOFTWARE!
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DESIGN OF EXPERIMENTS:

Definition: A planed experiment to find the effedta parameter on the
guality of the part.

Number of Experiments = 2

0.009”

-— O 400 PS|

l<
1<

"2

An increase (or decrease) of the Holding Pressurey/l#00 psi,
increases (or decreases) the Length by 0.009”
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DESIGN OF EXPERIMENTS:

1 — Holding Press 2 — Melt Temp

Suhas Kulkarni, www.fimmtech.com

Number of Experiments = 4
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DESIGN OF EXPERIMENTS:

1 — Holding Press 2 — Melt Temp
3 — Mold Temp

N
y, @
® C
MOLD
ELT TEMP )
TEMP
¢ O >

HOLDING PRESS
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DESIGN OF EXPERIMENTS:

1 — Holding Press 2 — Melt Temp
3 — Mold Temp 4 — Cool Time
D 2,
HIGH COOL
TIME
G, G
MOLD
VIELT TEMP
TEMP G LOW COOL
TIME
G o

HOLDING PRESS
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DEFINITIONS:

FACTOR:AnN input to the process is a factor. Thereforgadcessing

parameters that are input to the molding machire$aators.

Example: Holding Pressure and Melt Temperature

RESPONSEAnN output from a process is a response.

Example: Part dimensions, Fill times, Cavity Pressu

LEVEL.: A level is the number of points selected on tlotdiafor the study.

Example:

> |f we choose a low and high value of holding pues, there are
two levels.

> |f we choose a low, center and a high value gtlage three levels.
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DEFINITIONS:

DESIGNED EXPERIMENT:

A systematic set of experiments that involves cleartg the factors of a process, to study
and record the corresponding effect on the resgoi$e responses are analyzed and
the results are used to optimize the process akeé rheobust.

DRYING TIME
MOLD TEMP
INPUTS MELT TEMP SCREW SPEED
OR
FACTORS BACK PRESS
HOLD PRESS INJECTION SPEED
COOL TIME
LENGTH
OUTPUTS WIDTH
OR WEIGHT
RESPONSES SPLAY
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DEFINITIONS:
DESIGNED EXPERIMENT:

A systematic set of experiments that involves cleartg the factors of a process, to study
and record the corresponding effect on the resgoi$e responses are analyzed and
the results are used to optimize the process akeé rheobust.
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Relation between number of Experiments and Factors:

No

Factors

Levels

# of Expts

1

2

2
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Relation between number of Experiments and Factors:

No | Factors| Levels| # of Expts
A 1 2 2
B 2 2 4
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Relation between number of Experiments and Factors:

No | Factors| Levels| # of Expts
A 1 2 2
B 2 2 4
C 3 2 8
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Relation between number of Experiments and Factors:

No | Factors| Levels

# of Expts

2

2

N

4

8

O|O|w|>»
W

2
2
2

N

16

MELT
TEMP

MOLD
TEMP

(

G
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Relation between number of Experiments and Factors:

No | Factors| Levels| # of Expts
A 2 2
B 2 2 4
C 3 2 8
D 4 2 16
E 1 3 3
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Relation between number of Experiments and Factors:

No | Factors| Levels| # of Expts

2

2

4

8

16

T|{M{O|O | |>

NP P[WIDN
WIWIN[INIDN
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Relation between number of Experiments and Factors:

No | Factors| Levels| # of Expts
A 2 2
B 2 2 4
C 3 2 8
D 4 2 16
E 1 3 3
F 2 3 9
G 3 3 27
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Relation between number of Experiments and Factors:

AN
) 14 )
No | Factors| Levels| # of Expts o
A 2 2 © @ € o
B | 2 2 4 ° | tewr| °
cl| 3 2 8 v a
D 4 2 16 TEMP o
G - O >
E 1 3 3 HOLDING PRESS
F 2 3 9 ‘/l/\‘
€ £ : el LOW CENTER HIGH
F 4 3 81 27 + 27 + 27=281
Number of factors F
Number of Expts= (Number of Levels§ ) E=L

! "#3
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ORTHOGONAL ARRAYS:

%&
()
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Mathematically an array is orthogonal if
a) The sum of each column for each factor is equaeto AND

b) The sum of each of the possible columns creatg¢ddoproducts of each of the

factors is zero
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INTERACTIONS:

Length

\
=
—
O

Low Hold High Hold Low Hold High Hold
Low Melt High Melt

Low differs considerably from High : Strong Interaction between the factors
Low differs a little from High : Some Interaction but not strong
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ORTHOGONAL ARRAYS:

0>
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* ) ) ) ) i i
* ) * ) * ) )
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 Columns 4 through 7 are unique set of columns andimilar to any other columns.

e These are called interactions between the mainfaét, B, and C. It is the effect of

high and low of one parameter on the result ofotier. Eg. Inj Speed and Hold Press

 Every unique column is an independent source ofinétion (KEY!)
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CONFOUNDING OR ALIASING:

« If our engineering knowledge tell us that the iat#ion between two factors is low,

then we can use that column to evaluate anothanpeter. This is called confounding

or aliasing.
"#$ 12. 3
& + : + - + - - + -
) ) ) * * * )
) ) * * ) ) *
) ) ) * ) *
) * * ) ) * )
* ) ) ) ) * *
* ) * ) * ) )
* * ) * ) ) )

3 factor interactions are almost non existent

37
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Full Factorial and Fractional Factorial Experiments:

No | Factors| Levels | # of Expts These are called

A 2 2 4 Full Factorial Experiments

B 3 2 8

C 4 2 16 These are called

D s > 37 Fractional Factorial Experiments

E 6 2 64

F 4 2 128
) ) ) ) * * *
) ) * * ) ) -
) * ) * * ) )
) * * ) ) * )
* ) ) * ) * )
* ) * ) * ) )
* * ) ) ) ) *
* * * * * * *
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ANALYSIS:

ANALYSIS OF THE DATA CAN BE DONE MANUALLY BUT IS MOSTLY

DONE WITH THE HELP OF COMPUTER PROGRAMS. A NUMBEBR-
COMPUTER PROGRAMS ARE AVAILABLE.

MINITAB — MOST COMMONLY USED PROGRAM - VERY POWERFUL
BUT COMPLEX FOR INJECTION MOLDERS

WISDOM — DESIGNED SPECIFICALLY FOR INJECTION MOLDIN —
VERY EASY TO USE

NAUTILUS WITH A DOE MODULE - TO BE RELEASED AT NPER009
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RESULTS FROM THE ANALYSIS:

PARETO CHART

0.045”
| 0.039
0.035f: rrrrrrrrrr
0.03f: rrrrrrrrrr
0.025f: rrrrrrrrrr
o.ozi rrrrrrrrrr
ots| : :

| Average of HIGH minus LOW = Height of Column
ootf 0.009
ooosf | -0.003

| Dotz 0.001

oL | |

Hold Press Cool Time Mold Temp AC BC
Factors
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RESULTS FROM THE ANALYSIS:

PARETO CHART

0.045

0.039

0.04]

0.035 |

0.03}

0.025 |

0.02}

0.015 |

0.0t}

0.005 |

0.009

-~ -0.003

0.002

-0.001

Hold Press

Cool Time

Mold Temp
Factors

AC

BC
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RESULTS FROM THE ANALYSIS:

PARETO CHART

0.045

0.04]

0.035 |

0.03}

0.025 |

0.02}

0.015 |

0.0t}

0.005 |

0.039
THESE RESULTS ARE ONLY FOR THE EXTENT
0.0065" OF THE VALUES TESTED. EX; HOLD PRESSURE
/ DIFFERENCE IS 600 PSI, COOLING TIME
100 PSI DIFFERENCE IS 5 SECONDS
,,,,,,,, 0.009
0.0018" A -
| sEC - ‘ :0.001
Hold Press Cool Time Mold Temp AC BC
Factors
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RESULTS FROM THE ANALYSIS:

Main Effects
15.07=——
15.064-
15.05; —
4L V/ Rv
15.034-
15.02; —
15,01} : : : : : : : : : : :
60(-) 100(+) 15(-) 20(+) 600(-) 1200(+) -1(-) 1(+) 1(-) 1(+)
Mold Temp Cool Time Hold Press AC BC
Factors
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RESULTS FROM THE ANALYSIS:

AAAAAAAAAAA

\\\\\\\\\\\\\\\\\\\\\\\\\

NOM
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RESULTS FROM THE ANALYSIS:
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DIMENSIONAL PROCESS WINDOW:

DIMENSIONAL

MOLD TEMP = 60 deg F

Suhas Kulkarni, www.fimmtech.com
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DIMENSIONAL PROCESS WINDOW:
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DIMENSIONAL PROCESS WINDOW — Multiple dimensions:

TR e B :

Holding
Press

Low -f--------

e e e e e g

Low Cooling Time High
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SETTING ALARMS

ALARMS ON PROCESS PARAMETERS (MOST COMMON)
1. INJECTION TIME 2. CUSHION 3. PEAK INJECTION PRES
4. SCREW REC TIME 5. CYCLE TIME 6 BARREL TEMPS

USE DOE RESULTS TO SET THE
ALARM LIMITS

LIMITS MUST BE SET LOOKING AT
THE DIMENSIONAL OR CONTROL
PROCESS WINDOW

Suhas Kulkarni, www.fimmtech.com
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ALARM LIMITS:

MOLD TEMP = 60 deg F

13004

1200
1100-5 :
10004
900-5

800+

DD =< uvww ®d® = TV « S5 —O — O T

7004

600

500+

400-P

14007 = —

Xs\ﬂ

15.065
15,062 e ]

Cooling Time
Length —

21

22
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TYPES OF DESIGNED EXPERIMENTS (MODELS)

 Screening Experiments: Full and Fractional Expenitweliscussed above

 Plackett — Burman Designs:

e Used for large number of factors

« Aliasing techniques are different (partial)

e Assumtion is that interactions are never strong
 Taguchi Methods:

« Based on Screening experiments

 Looks at Noise factors

In Injection Molding, Screening Experiments aretlsested. All other

methods will also work, but a good knowledge isurezf for their analysis.

Suhas Kulkarni, www.fimmtech.com
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WHY SCREENING EXPERIMENTS ARE SUFFICIENT IN MOLDING _ ?
*THERE ARE ONLY A HANDFUL OF FACTORS THAT MAKE A
DIFFERENCE IN THE QUALITY OF THE PART.

*TWO LEVELS ARE SUFFICIENT SINCE MOST RESPONSES ARE

LINEAR

=719 +%+

@ I I/

I < + 19
I SHRINKAGE
I
|

. $3%

4 / /

5$6 7 8

%1)<.+ 1%

O# # ; )
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COMMONLY HEARD COMMENTS ABOUT DOE:

1. CAN'T MAKE A GOOD PART —"WELL DO A DOE AND
FIGURE OUT A PROCESS
>BUT IS THE PROCESS ROBUST AT THESE CONDITIONS?

2.WHY ARE YOU DOING A DOE? - ‘BECAUSE THE CUSTOMER
ASKED ME TO DO SO’
>WHO IS IT REALLY BENEFITING? — YOUI!

3.THE QUALITY ENGINEER GAVE ME THESE LIMITS AND
ASKED ME TO PERFORM THESE RUNS.

> DOES HE HAVE THE INFO ON THE COSMETIC PROCESS
WINDOW?

4. THE HIGH AND LOW VALUES ARE THOSE THAT ARE ON
THE MATERIAL DATA SHEET

> ARE THESE VALUES WITHIN THE COSMETIC PROCESS SHEE

Suhas Kulkarni, www.fimmtech.com
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COMMONLY HEARD COMMENTS ABOUT DOE:

5.WE DO A DOE BY VARYING THE PROCESS +/- 10% FROM
WHERE WE CAN MAKE A GOOD PART

> ONE MUST USE THE LARGEST RANGE POSSIBLE AND IF
REQUIRED DO A SUBSET.

> THE +/- 10% OR +/- 5% IS A GOOD IDEA ALSO

6.l HAVE TO DO A DOE BECAUSE IT IS PART OF THE
QUALIFICATION PROCESS (PPAP OR IQ-PQ-0Q)
> AGAIN, THIS IS USEFUL TO YOU MORE THAT THE CUSERV

/.1 DO NOT WANT TO SPEND THE TIME AND MONEY ON DOE,
| HAVE BEEN DOING THIS FOR YEARS

> |F YOU DO WHAT YOU HAVE DONE, YOU WILL GET WHAT
YOU HAVE GOT.
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To order your free trial, visit:

www.ldes.com/nautilus
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