


INTRODUCTION TO SCIENTIFIC PROCESSING

• TO MOLD PARTS CONSISTENTLY 
AIM OF A MOLDING OPERATION

CONSISTENCY –

• MEETING ALL THE QUALITY REQUIREMENTS 

•CAVITY TO CAVITY CONSISTENCY 
PARTS FROM EACH CAVITY ARE 
IDENTICAL IN QUALITY

LL

LL

LL•SHOT TO SHOT CONSISTENCY 
EVERY CONSECUTIVE PART THAT FALLS 
OUT OF THE MOLD IS IDENTICAL IN 
QUALITY
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INTRODUCTION TO SCIENTIFIC PROCESSING

CONSISTENCY –

QUALITY REQUIREMENTS –

• MEETING SPECIFICATIONS

L L

•RUN TO RUN CONSISTENCY 
DURING EVERY CONSECUTIVE RUN, THE 
MOLDED PARTS HAVE AN IDENTICAL 
QUALITY AS THE PREVIOUS RUNS
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THE FIVE PILLARS TO SUCCESSFUL MOLDING
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1. PART AND PART DESIGN
• MOLDABILITY
• DESIGN FOR MANUFACTURABILITY
• PROVIDE THE REQUIRED FUNCTION
• COST EFFECTIVE

2. PLASTIC RESIN
• SHOULD PROVIDE THE REQUIRED FUNCTION
• COST EFFECTIVE
• AVAILABILITY
• EASE OF PROCESSING

3. MOLD AND MOLD DESIGN 

• MATERIAL OF CONSTRUCTION
• ROBUST DESIGN
• CYCLE EFFICIENCY
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4. MOLDING MACHINE

• TONNAGE REQUIREMENTS OF THE MOLD
• % SHOT SIZE USAGE
• RESIDENCE TIME OF THE PLASTIC
• PLASTIC PRESSURE

5. INJECTION MOLDING PROCESS
• ROBUST
• REPEATABLE
• REPRODUCIBLE 
• OPTIMUM CYCLE TIME
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http://imm.plasticstoday.com/articles/concurrent-engineering-web-exclusive-content

OR  Go to www.immnet.com and search ‘Concurrent Engineering  AND Suhas’
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PLASTIC ENTERS THE FACILITY

MOLDING MACHINE

MOLDING PROCESS

MOLD

PART EJECTION

SECONDARY OPERATIONS

FINISHED PRODUCT 
LEAVES THE FACILITY

Robust Processes

Melt Temperature 
Consistent Fill 
Optimum Pack

Mold Temp, 
Pressure Drop 
Cavity Balance 
CoolingPost Mold Shrinkage 

Mold & Melt Temp

Storage

JOURNEY OF THE PLASTIC PELLET

Plastic Drying 
Residence Time 
Tonnage

7Suhas Kulkarni, www.fimmtech.com



8

6. POST MOLD SHRINKAGE STUDIES
7. DESIGN OF EXPERIMENTS

1. PLASTIC STORAGE
2. PLASTIC DRYING
3. SCIENTIFIC MOLDING

• MELT & MOLD TEMPERATURES
• IN-MOLD RHEOLOGY
• CAVITY BALANCE STUDIES
• PRESSURE DROP STUDIES
• PROCESS WINDOW STUDY
• GATE SEAL STUDY
• COOLING TIME STUDY

SCIENTIFIC PROCESSING
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PLASTIC DRYING

NOT DRYING THE PLASTIC CAN CAUSE

- DEGRADATION OF THE RESIN (HYDROLYSIS): CAUSING A 
BREAKDOWN IN THE PROPERTIES OF THE PRODUCT.

- SURFACE IMPERFECTIONS: SPLAY, BUBBLES, BURNS
- INTERNAL DEFECTS: VOIDS, ENTRAPPED GASES.
- PLUGGING OF THE VENTS IN THE MOLDS.
- DROOLING OF THE RESIN FROM THE NOZZLE TIP. 

Degradation
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PLASTIC OVERDRYING 
OVERDRYING OF THE RESIN CAUSES
1. LOSS OF PROPERTIES - LOSS OF IMPACT STRENGTH IN PBT
2. CHANGE IN THE MELT RHEOLOGY - INCREASE IN THE 

VISCOSITY OF THE NYLON
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MACHINE SELECTION CONSIDERATIONS  

•TONNAGE REQUIRED TO MOLD THE PART MUST NOT BE MORE THAN 90% 
OF THE MAX MACHINE TONNAGE.

• RESIDENCE TIME OF THE MATERIAL  MUST BE LESS THAN THE MAX 
RECOMMENDED FOR THE MATERIAL

• % USAGE OF THE SHOT SIZE MUST BE BETWEEN 20 AND 80%

•THE MOLD SHOULD COVER AT LEAST 60-70% OF THE AREA OF THE 
PLATEN BETWEEN THE TIE BARS
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THE INJECTION MOLDING CYCLE

MELT TEMP
MOLD TEMP

INJ SPEED
PACK & HOLD PRESS
PACK & HOLD TIME

SCREW SPEED
BACK PRESS

UNOPTIMIZED

OPTIMIZED

Injection Pack & Hold Cooling Mold Open Ejection Mold Clo se

Screw Fwd Time Screw Recovery

Complete Cycle
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SCIENTIFIC MOLDING

Injection Pack & Hold Cooling

Screw Forward Time Screw Recovery

VISCOSITY 
CURVE

WINDOW STUDY

GATE FREEZE 
STUDY

COOLING 
STUDY

• CAVITY BALANCE 
DETERMINATION

• PRESSURE DROP STUDY

AIM: TO DEVELOP A ROBUST PROCESS AND ACHIEVE CONSISTENCY
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Injection

Pack & Hold

Cool

THE INJECTION, PACK & HOLD AND COOLING PHASE

THE PACK AND THE HOLD PHASE 
IS USED TO COMPENSATE FOR THE 
SHRINKAGE THAT IS TAKING 
PLACE INSIDE THE CAVITY.

Injection
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DECOUPLED MOLDING

WHEN YOU SEPARATE THE PACK & HOLD PHASE FROM THE 
INJECTION PHASE, IT IS CALLED DE-COUPLED MOLDING

InjectionPack & Hold

Shot SizeTransfer 
Position

Cushion

0.0 0.13 1.25 6.50
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DETERMINING THE MELT & MOLD TEMPERATURE

GE 
Polycarbonate

OQ1020L
OQ1030L

SP1010R
SP1030R
SP6400R

Parameters Units Min Max Min Max

Drying Temp Deg F - 250 - 250

Drying Time Hours - 3 - 3

Melt Temp deg F 580 630 480 520

Nozzle deg F 580 630 470 510

Front deg F 580 630 480 520

Middle deg F 560 610 460 500

Rear deg F 540 590 440 480

Mold Temp deg F 150 200 120 180

THESE DATASHEETS ARE AVAILABLE AT WWW.IDES.COM 
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VISCOSITY  IN  PLASTICS

Plastics exhibit non-newtonian and newtonian behavior depending on the injection 
speed
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NON NEWTONIAN

TENDING  
TOWARDS 

NEWTONIAN
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SENSITIVITY OF THE INJECTION TO VISCOSITY

Viscosity Change between

10 & 20 = 17248

70 & 90 = 794
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Viscosity = Peak Hyd Pressure X Fill Time X Intensification Ratio
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VISCOSITY VARIATIONS OF VARIOUS LOTS (LNP Plastics)
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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 turn 
affects shrinkage

Final shrinkage will decide the size of the part and 
therefore to get the same size part you must have the 
same shrinkage and hence uniform flow.
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EFFECT OF CAVITY PRESSURE ON PART QUALITY

Cavity Plastic Press

Length 
(in)

�

USL

NOM

LSL

L
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REASONS OF CAVITY IMBALANCE

1. Non Uniform Flow Channel Dimensions – Gate and Runner Sizes

2. Non Uniform Melt Properties – Rheological Imbalances

3. Non Uniform Venting to atmosphere

1 - Steel

2 - Melt

3 - Venting
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DETERMINATION OF CAVITY BALANCE

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

Series 1 1.1 1.1 1.2 1.1 1.1 1.2 1.2 1.1

Series 2 1.4 1.3 1.6 1.4 1.4 1.6 1.6 1.4

Series 3 1.9 1.7 1.9 1.9 1.9 2.0 2.0 1.9

Series 4 2.4 1.9 2.1 2.4 2.4 2.6 2.6 2.4

Series 5 3.1 2.4 2.5 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

Cav 1 Cav 2 Cav 3 Cav 4 Cav 5 Cav 6 Cav 7 Cav 8
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PRESSURE DROP STUDY
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THE PACK & HOLD PHASE – THE COSMETIC PROCESS WINDOW
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THE PACK & HOLD PHASE – THE COSMETIC PROCESS WINDOW
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Melt Temperature

Hold 
Pressure

Mold Temperature

Hold 
Pressure

AMORPHOUS PLASTICS –

HOLD PRESSURE vs MELT TEMPERATURE

CRYSTALLINE PLASTICS –

HOLD PRESSURE vs MOLD TEMPERATURE
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DETERMINATION OF INJECTION HOLD TIME
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DETERMINATION OF COOLING TIME
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POST MOLD SHRINKAGE 
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EXCEPTIONS AND CAUTIONS 

• Viscosity Curve: 
– Insert Molded Components
– Optical Components
– Faster Speeds will cause burning

• Process Window:
– Temperature extremes for crystalline materials not required.
– Overpacking is possible

• Gate Freeze Study:
– Hot Runner Mold
– Sprue Gated Part
– Overpacking the part is possible
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WHAT WAS THE MAIN AIM OF THESE STUDIES? 

- TO OBTAIN A ROBUST PROCESS

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

-DIMENSIONS MUST BE TAKEN AT A  PROCESS THAT HAS BEEN 
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 MODIFIED 
TO GET THE PARTS WITHIN DIMENSIONS AND LEAVE THE 
PROCESS ROBUST. (PARTS IN SPEC DOES NOT NECESSARILY MEAN THE DIMENSION 
IS CAPABLE)
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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.I 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.I HAVE TO DO A DOE BECAUSE IT IS PART OF THE 
QUALIFICATION PROCESS (PPAP OR IQ-PQ-OQ)

7.I DO NOT WANT TO SPEND THE TIME AND MONEY ON DOE 
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DESIGN OF EXPERIMENTS
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DESIGN OF EXPERIMENTS:

Definition:  A planed experiment to find the effect of a parameter on the 
quality of the part.

400 PSI

0.009”

An increase (or decrease) of the Holding Pressure by 400 psi, 
increases (or decreases) the Length by 0.009”

Number of Experiments = 2
�� ��� ��� ��� ���
	 

� �
�


�
�
�
�
�
	�
		
	�
	�
	

	�
	�

33Suhas Kulkarni, www.fimmtech.com



DEFINITIONS:

DESIGNED EXPERIMENT:  

A SYSTEMATIC SET OF EXPERIMENTS THAT INVOLVES PURPOSEFUL 
CHANGES TO THE FACTORS OF A PROCESS, TO STUDY AND RECORD 
THE CORRESPONDING EFFECT ON THE RESPONSES. 

DRYING  TIME

SCREW  SPEED

BACK  PRESS

MELT  TEMP

INJECTION  SPEEDHOLD  PRESS

MOLD TEMP

COOL TIME

LENGTH
WIDTH
WEIGHT
SPLAY

INPUTS 
OR

FACTORS

OUTPUTS 
OR

RESPONSES
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DEFINITIONS:
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DESIGNED EXPERIMENT:  

A SYSTEMATIC SET OF EXPERIMENTS THAT INVOLVES PURPOSEFUL 
CHANGES TO THE FACTORS OF A PROCESS, TO STUDY AND RECORD 
THE CORRESPONDING EFFECT ON THE RESPONSES. 
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IN FACT YOU HAVE ALREADY DONE DOEs:

36

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

Series 1 1.1 1.1 1.2 1.1 1.1 1.2 1.2 1.1

Series 2 1.4 1.3 1.6 1.4 1.4 1.6 1.6 1.4

Series 3 1.9 1.7 1.9 1.9 1.9 2.0 2.0 1.9

Series 4 2.4 1.9 2.1 2.4 2.4 2.6 2.6 2.4

Series 5 3.1 2.4 2.5 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

Cav 1 Cav 2 Cav 3 Cav 4 Cav 5 Cav 6 Cav 7 Cav 8

HERE YOU HAVE CHANGED ONLY ONE VARIABLE 
AT ONE TIME:



ANALYSIS:

Analysis of the data can be done manually but is mostly done with the help of 

computer programs.  A number of computer programs are available.

MINITAB – Most commonly used program – Very powerful, but complex

WISDOM – Designed specifically for Injection Molding – Very easy to use

NAUTILUS WITH A DOE MODULE – TO BE RELEASED AT NPE 2009 

(PREVIEW IN PART 2 OF THIS WEBINAR SERIES)
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RESULTS FROM THE ANALYSIS:

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

0.045

Hold Press

0.039

Cool Time

0.009

M old Temp

-0.003

AC

0.002

BC

-0.001

Factors

PARETO CHART
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RESULTS FROM THE ANALYSIS:

15.01

15.02

15.03

15.04

15.05

15.06

15.07

60(-) 100(+)
Mold Temp

15(-) 20(+)
Cool Time

600(-) 1200(+)
Hold Press

-1(-) 1(+)
AC

-1(-) 1(+)
BC

Factors

Main Effects
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RESULTS FROM THE ANALYSIS:
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RESULTS FROM THE ANALYSIS:
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RESULTS FROM THE ANALYSIS:
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13 14 15 16 17 18 19 20 21 22

Cooling Time

400

500

600

700

800

900

1000

1100

1200

1300

1400

H
o
l
d
i
n
g
 
P
r
e
s
s
u
r
e

MOLD TEMP = 60 deg F

Length

14.999 15.002

15.01115.008
15.005

15.023

15.026
15.029

15.032
15.035

15.038
15.041

15.044
15.047

15.05
15.053

15.056

15.059

15.062
15.065

15.068 15.071
15.074 15.077

15.08

15.02

15.017

15.014

DIMENSIONAL PROCESS WINDOW:

LSL

NOM

USL

COSMETIC
PROCESS 
WINDOW

DIMENSIONAL
PROCESS 
WINDOW
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DESIGN OF EXPERIMENTS

• TROUBLESHOOTING TOOL

•IMPROVES THE PERFORMANCE AND EFFICIENCY OF THE 
PROCESS

• PROVIDES INFO ABOUT 

– THE VARIABLES THAT MOST IMPACT THE QUALITY

– THE EXTENT OF THE EFFECT OF EACH VARIABLE

– SENSITIVITY OF THE PROCESS 

– PROVIDES A ‘WHAT IF?’ ANALYSIS

• DETERMINES THE DIMENSIONAL AND CONTROL PROCESS 
WINDOWS (PART 2 OF THIS WEBINAR SERIES)

•HELPS TO DETERMINE THE SET OF CONDITIONS TO MOLD A 
PART WITH A REQUIRED DIMENSION (PREDICTION EQUATION)
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For a free trial to Nautilus, visit:
www.ides.com/nautilus




