
CONTENTS 

Chapter 1 

THE COMPLETE BLOW MOLDING OPERATION 

D. V. Rosato 1 The Complete Blow Molding Operation 
7 Basics in Blow Molding 

15 Basic Processing Concepts 
16 Extrusion 
22 Injection 
27 Stretch Blow Mold 
34 Blow Molding Processes 
34 Extrusion Blow Molding 
36 Injection Blow Molding 
38 Biaxially Oriented PET 
39 Biaxially Oriented PVC 
39 Coextrusion 
40 Industrial Blow Molding 
41 Multi-Layer Containers via Coextrusion, Coinjection, 

Coating 
42 Mono-Layer 
42 Coatings 
43 Multi-Layer 
43 Barrier Materials 
44 Manufacturing Technologies 
44 Coextrusion 
44 Coextrusion Blow Molding 
49 Coinjection Blow Molding 
51 Coinjection Stretch Blow Molding 
51 Conclusions on Barrier Containers 
52 Stretch Blow Molding 
56 Definition for Plastics 
57 Plastics Growth 
58 Economics 
59 Safety 
59 Consumer Need 

http://d-nb.info/890474850

http://d-nb.info/890474850


VIII Contents 

59 Plastic Molding Materials 
60 Cost of Processing Melt 
61 Checking Plastics Received 
61 Compounding and Coloring In-Plant 
62 Interfacing Machine Performance 
64 Start-up and Shut-down Procedures 
64 Start-up (HDPE) 
64 Shut-down 
65 Degradation Problems 
65 Process Control 
71 Molding/Volume Processing Diagrams 
73 Handling Regrind 
74 Size Reduction Needs 
74 Safety Guides/Standards 
79 Rules 
79 Rules to Remember 
79 Rules to Forget 
79 Blow Molding Plants 
80 Blow Molded Products 
86 Conversion English/Metric 
88 Metric Letters Can Mispresent Contents 
91 Blow Molding Nomenclature 
96 References 

P. R. Wingard, 
Mid-Atlantic Plastics 
Systems, Inc. 

Chapter 2 

BLOW MOLDING MACHINES 

97 Blow Molding Machines 
97 Extrusion Blow Molding 
99 Extrusion Heads 

101 Blow Molding Presses 
107 Selecting Presses 
109 Stretch Blow Molding 
111 Injection Blow Molding 
112 Coextrusion Blow Molding 
112 Chemical Market 
112 Food Market 
114 Large Containers and Industrial Parts 

Chapter 3 

INJECTION STRETCH BLOW MOLDING 

117 Injection Stretch Blow Molding 
117 Single Layer 
118 Heat Resistant PET Bottle Specifications 
118 How to Mold Heat Resistant PET Bottles 
122 Heat Resistant PET Bottle Performance 

Y. Nakamura, 
Nissei A S B  Machine 
Co. Ltd. 



Contents I X  

122 Blow Mold Temperature and PET Bottle Shrinkage 
123 Parison Temperature 
124 Bottle Weight 
124 Neck Design 
124 Shrinkage 
126 Physical Properties of Heat Resistant PET Bottles 
126 Density and Crystallinity 
126 Degree of Orientation (X-ray-analysis) 
127 Heat-Set PET Bottle Production 
127 Characteristics of the Hot Parison Process and ASB 

Machine 
129 Multi-Layers 
129 "T"-Series Multilayer ASB Machine 
130 Comparison of Barrier Resins 
132 C 0 2  Permeation Tests With Bottles of Different Barrier 

Resins 
141 Oxygen Permeation Test for Wine Bottle 
142 Oxygen Permeation Check for Wine Bottle 
142 C 0 2  Permeation Test for Wine Bottle 
143 Three Layer PET Bottles for Pasteurization 
144 Designing a Hot Fill PET Bottle 
146 Wide Mouth PET Containers 

P. N. Colby, 
Spirex Corporation, 
and 
D. V. Rosato 

Chapter 4 

PLASTICATING SCREW PROCESS 

149 Plasticating Screw Process 
149 Nomenclature 
154 Metering Screw 
154 Feed Section 
158 Transition Section 
158 Melting 
159 Compaction and Elimination of Voids 
159 Pressure Build-Up 
159 Metering Section 
159 Metering 
160 Shear Rate 
161 Pressure Holding 
161 Mixing Devices 
163 Dulmage Mixer 
163 Mixing Pins 
163 Union Carbide Mixer 
165 Pulsar Mixer 
165 Barrier Screws 



X Contents 

Chapter 5 

CONTROLS FOR BLOW MOLDING 

H. E. Harris, 169 Controls for Blow Molding 
Harrel, Inc. 170 Machine Controls 

170 Temperature 
170 Placement of Sensors 
171 Dual Sensors 
172 Control Characteristics 
173 On/Off 
174 Proportional Control 
175 Automatic Reset 
176 Types of Sensors 
176 Thermocouple 
176 Resistance Temperature Detector (RTD) 
177 Automatic Tuning 
178 RPM Speed Regulation 
179 Timing and Sequencing 
179 Process Controls 
179 Melt Temperature Process Control 
180 Melt Pressure 
180 Melt Pump 
180 Parison Programming 
181 Parison Length Control 
181 Product Controls 
181 Weight Control 
182 Thickness Control 
182 Plantwide Control and Management 
182 References 

Chapter 6 

DESIGNING BLOW MOLDED PRODUCTS 

D. V. Rosato 185 Designing Blow Molded Products 
185 Overview 
186 Interrelation of Material and Process with Design 
187 Design Shape and Stiffness 
189 Residual Stress and Stress Relaxation 
191 Design Parameters 
192 Biaxial Orientation 
192 Interrelation of Design and Resin with Processing 
193 Practical Engineering Approach 
194 Advanced Engineering Approach 
195 Design Guidelines 
199 Basics in Design 
203 Closures 
205 Handles for Extrusion and Injection Blow Molded 

Containers 



Contents 

206 Hinges 
208 Snap Fits 
209 Plastics with a Memory 
209 Behavior of Plastics 
211 Viscoelastic Behavior 
213 Isochronous Stress-Strain Relationships 
214 Boltzmann Superposition Principle 
214 Summary 
215 References 

Chapter 7 

DESIGNING AND MANUFACTURING OF DIES/MOLDS 

D. V. Rosato 217 Designing and Manufacturing of Dies/Molds 
223 Extrusion Blow Molding 
227 Flow of Parison 
232 Die and Mandrel Design 
238 Die Shaping 
241 Accumulator Head 
243 Parison Swell 
247 Calculating Die and Mandrel Dimensions 
250 Coextrusion Dies 
251 Parison Thickness Control 
259 Blowing the Parison 
263 Clamping Molds 
265 Mold Design Basics 
266 Shrinkage 
267 Parting Line 
268 Pinch-Off 
273 Molded Neck Prefinishing 
279 Flash Trimming 
282 Venting and Mold Surface 
288 Negative Pressure and Double Wall Blow Molds 
289 Clamp Tonnage 
290 Shrinkage 
290 In-Mold Labeling 
291 Part Ejection 
292 Tolerances and Fits 
293 Mold Construction 
299 Cooling Blown Product 
299 Mold Cooling 
303 Internal Cooling 
303 Injection Blow Mold 
313 Preform Mold Construction 
318 Blow Mold Design 
320 Coinjection 
320 Stretched Blow Molds 
321 Extrusion Stretch Blow 
324 Injection Stretch Blow 



XII  Contents 

327 Cleaning Molds/Dies 
327 Manual Cleaning 
328 Options 
328 Solvent Cleaning 
328 Ultrasonic Solvent 
328 Salt Baths 
329 Ovens 
329 Fluidized Bed Cleaning 
329 Assembling the Die/Mold 
329 Computer-Aided Mold and Part Design 
331 References 

Chapter 8 

BLOW MOLDS AND OPERATION 

D. V. Rosato 333 Blow Molds and Operation 
333 Overview 
337 Blow Mold Basics and Operations 
338 Mold Materials 
338 Fast Mold Cooling 
339 Mold Cooling Analysis - Computer-Aided Design 
341 Pinch-Off 
341 High Quality/Undamaged Cavity Finish 
341 Effects of Air and Moisture Trapped in the Mold 
342 Injection of the Blowing Air 
342 Part Injection Used in Mold Action 
343 Large-Part Post Cooling 
344 Conveyor Systems and Finishing Equipment 
345 Treating and Printing 
346 Using Geometric Tolerancing 
347 References 

Chapter 9 

CAD/CAM/CAE 
FOR BLOWN PARTS AND DIE/MOLD DESIGN 

J. E. Gosztyla, 349 CAD/CAM/CAE for Blown Parts and Die/Mold Design 
Computervision 349 Introduction 
Corporation 353 Benefits of CAD/CAM/CAE in Design 
and 355 Basics in CAD/CAM Modeling 
D. V. Rosato 356 Basics in CAE 

357 Flow Analysis 
358 Cooling Analysis 
360 Economic Plant Operating Analysis with CIM 
361 Modeling Methods 
361 Wire Frame Modeling 
363 Surface Modeling 



Contents XIII 

364 Solids Modeling 
365 Computer Capabilities for Part and Mold Design 
365 Finite Element Modeling 
366 Modal Analysis Modeling 
366 System Simulation Modeling 
367 Group Technology Modeling 
367 Digitizing Technique 
368 Layering Technique 
368 Large-Scale Multiple Geometry Technique 
368 Other Capabilites 
369 Illustration of the Design Process 
370 Manual/Paper Method 
372 CAD/CAM Method 
375 On-Line Data Bases 
377 Conclusion 
377 References 

Chapter 10 

MOLD COOL AND FLOW ANALYSIS 

K. R. Schauer, 379 Mold Cool and Flow Analysis 
A E C  Corporation 379 Introduction 

379 System Operation 
379 Case Example 
379 Operation Data File 
380 Mold Geometry File 
382 Optimization 
386 Mold Cooling Analysis 
387 Fundaments of Cooling Analysis and Design 
387 Cooling the Melt 
388 Conduction in the Mold Wall 
389 Convection Cooling in the Waterline 
390 Combining the Three Effects 
390 References 

Chapter 11 

AUXILIARY EQUIPMENT 

D. V. Rosato 391 Auxiliary Equipment 
392 Material Handling 
392 Types of Equipment 
394 Automated Systems 
396 Manufacturing Performance 
398 Dryers 
399 Hot Air Dryers 
400 Dehumidifying Dryers 
401 PET Drying Systems 



401 
402 
404 
404 
405 
406 
407 
408 
408 
409 
409 
410 
410 
410 
412 
412 
413 
413 
415 
416 
416 
418 
418 
419 
419 
420 
420 
421 
422 
422 
424 
426 
426 
426 
427 
427 
427 
431 
431 
437 
439 
441 
441 
443 
443 
447 
447 
448 
450 
454 
456 

Contents 

Controlling Acetaldehyde Levels 
Molding Nylon - Special Moisture Problems 

Chillers and Coolers 
Heat-Transfer Calculations 
Requirements Vary With Materials 
Do Not Neglect Water Recovery 
Types of Chillers 
Why Have a Cooling Tower 
Water Treatment 
Evaluating Equipment Before You Buy 
Payback in Under a Year 
Calculation of the Cooling Load 
Cooling Water Temperature Requirements 
The Thermal Properties of Plastics 

Refrigerated Compressed Air Dryers 
The Properties of Air 

Dew Point 
Effect of Change in Air Properties 

Heat Pump Chillers 
Operation of the Heat Pump System 

Mold Dehumidification 
Dew Point 
Mold Surface Temperature 
Air-Conditioning and Desiccant Dehumidification 
Dehumidification System 

Adaptability for Molding Operations 
Economic Analysis - Case Study for Dehumidifier 

Static Eliminator 
Eliminating Static 

Granulators 
Plastics Characteristics 
Cutting Chamber 
Bearings 
Cutting Chamber Assembly 
Screen Chambers 
Safety 
Reclaim PET Bottles 

Decorating 
In-Mold Labeling 

Blow Molding Automation 
Transfer and In-Line Trim 
Economics 
Advantages and Disadvantages 
Industrial Large Parts 
In-Mold Labeling 
Quick Mold Change 

Dedicated Lines 
Basics in Secondary Operations 

Detecting Leakage in Containers 
Pressure Sensing 
Applications 



Contents X V  

457 Analyzing Blow-Down Graphically 
458 References 

Chapter 12 

PROCESSING PLASTIC MATERIALS 

D. V. Rosato 461 Processing Plastic Materials 
462 Types of Plastics 
465 Crystalline 
466 Amorphous 
466 Spherulites 
467 Glass Transition Temperature 
468 Commodity and Engineering Plastics 
468 Interrelate Plastic, Processing and Properties 
469 Fundamentals of Processing 
470 Rheology 
472 Elasticity 
473 Shear Sensitivity 
475 Behavior of Plastics 
476 Compounds, Alloys, Additives 
477 Compounding 
479 Alloying/Blending 
481 Additives 
484 Coextrusion and Coinjection or Multilayer Plastic 

Composites 
486 Type of Barrier 
488 Status of EVAL Resins 
488 Barrier Polymers 
490 Barrier Packaging 
491 Gas Barrier Properties 
492 Mechanical and Optical Properties 
492 Oil and Organic Solvent Resistance 
492 Fragrance and Odor Protection 
492 Processing 
493 Regulatory Approvals 
494 Packaging Structures 
494 Fluorination 
494 New Business for Blow Molders 
495 Coextrusion 
497 Coinjection 
499 Coated Containers 
500 PET Bottles 
501 PVDC Coating Performance 
501 Coating Process 
502 Other Barrier Coatings 
502 Coextrusion 
502 Hot-Melt Extrusion Coating 
502 Metallizing 
502 Materials for Blow Molding 



X V I  Contents 

503 Properties 
504 ABS 
504 Introduction 
505 Blow Molding Equipment Advances 
505 Considerations for Blow Molding ABS 
505 Drying 
505 Screw Design 
505 Processing Temperatures 
505 Die Swell 
506 Viscosity 
507 Accumulator Head 
507 Press 
507 Regrind Use 
508 Mold Temperature 
508 Shrinkage 
508 Melt Strength 
508 ABS Material Selection 
508 Conclusions 
508 Nylon 
510 Non-crystalline, Transparent Nylon 
510 A Modified Non-crystalline Nylon 
511 A Semi-crystalline Homopolymer 
512 Comparison of Melt Properties 
512 General Information on Nylons 
513 Acetal 
514 Polycarbonate 
517 Thermoplastic Elastomers (TPE's) 
519 Acrylonitrile 
519 Ionomer 
520 Liquid Crystal Polymer 
521 Recycling Plastics 
523 Recyclers 
525 Guide for Identification of Plastics 
526 References 

Chapter 13 

POLY OLEFINS: LDPE, EVA, LLDPE, HDPE, and PP 

D. V. Rosato 529 Polyolefins: LDPE, EVA, LLDPE, HDPE, and PP 
529 Introduction 
529 Heat Stabilizers 
529 Other Additives 
530 Processing 
530 Mold Surfaces 
530 Melt Index 
531 How Processing Affects Properties 
532 Parison Formation 
532 Melt Temperature 
532 Surging 



Contents 

532 Defects 
532 Parison Velocity 
534 Swell 
534 Blowing Process 
534 Controlling Variables 
534 Blow Pressure 
534 Blow Time 
535 Cycle Time 
535 Exhaust Time 
535 How Resin Parameters Affect Properties 
535 Melt Flow Rate 
535 Molecular Weight 
535 Density 
536 Stress Crack Resistance 
536 Molecular Weight Distribution 
537 Swell 
538 Markets 

Chapter 14 

POLYETHYLENE TEREPHTHALATE (PET) 

D. V. Rosato 539 Polyethylene Terephthalate (PET) 
539 Overview 
540 Simplified Guide to PET Processing 
545 Processing PET 
548 Processing PET Preforms 
551 Potential Disadvantages 
552 Free Blowing PET Preforms 
553 Effect of Time on Bottle Properties 
558 Multi-layer Improves Shelf-life 
559 Aging of PET Bottles 
563 PET Bottle History and Forecast 
565 History 
566 Creativity and Engineering 
568 References 

Chapter 15 

POLYVINYL CHLORIDE 

D. V. Rosato 571 Polyvinyl Chloride 
571 Overview 
572 Compounding 
572 Impact Modifiers 
573 Heat Stabilizers 
574 Lubricants 
574 Processing Aids 
575 Compounding Formulations 
578 Food Grades 



XVIII  Contents 

578 Types of PVC 
578 General Purpose 
579 High Impact 
579 Chemical Resistance 
579 Food Grade 
579 Material Stability 
583 Nonhazardous PVC 
584 FDA Withdraws Ban 
585 Solid Waste 
586 Processing PVC 
587 Stretch Blow Mold PVC 
588 Extrusion Stretch Blow 
590 Preform Temperature 
590 Stretch and Blow-up Ratio 
590 Bottle Shape 
590 Economics of Extrusion Stretch 
592 Injection Stretch Blow 
594 Economics of Injection Stretch 
596 Extruders for PVC 
597 Twin Screw 
597 Single Screw 
598 PVC Future 
599 References 

Chapter 16 

POLYMER STRUCTURE IN BLOW MOLDING: 
PROCESSING AND PROPERTIES 

R. D. Deanin, 
W. J. Donovan, 
K. A .  Goeken, 
University o f  Lowell 

601 Polymer Structure in Blow Molding: 
Processing and Properties 

601 Synthesis and Structure of Polymers 
603 Relationship Between Polymer Structure and the 

Blow Molding Process 
603 Individual Atoms and Functional Groups 
610 C-C Single Bond 
610 C = C Double Bond 
611 C-H Bond 
611 C-O-C Bonds 
612 Peroxides 
612 C-N Bonds 
612 Nitriles 
613 Chlorine 
613 Sulfur 
614 Silicones 
614 Molecular Weight 
614 Average Molecular Weight 
616 Molecular Weight Distribution 
616 Branching 
617 Other Effects of Molecular Weight 



Contents X I X  

617 Thermal Stability 
617 Thermal Conductivity 
618 Coefficient of Thermal Expansion 
618 Melting and Crystallization 
618 Molecular Flexibility 
624 Main-Chain Structure 
624 Side-Chain Structure 
624 Size and Shape 
625 Polarity 
625 Effects of Molecular Flexibility on Processing and 

Properties 
625 Processing 
627 End-Use Properties 
627 Orientation and Crystallinity 
628 Orientation in Blow Molding 
628 Processing 
629 Effects on Properties 
630 Crystallization in Blow Molding 
630 Processing 
633 Effects on Properties 
634 Intermolecular Bonding 
634 London Dispersion Forces 
635 Polarity 
636 Hydrogen-Bonding 
637 Orientation and Crystallinity 
639 Ionic Bonding 
639 Cross-Linking 
639 Additives, Impurities and Macrostructure 
639 Additives 
640 Impurities 
641 Macrostructure 
641 References 

Chapter 17 

MELT RHEOLOGY AND BLOW MOLDING 

K. F. Wissbrun, 
Celanese Research Co., 
and J. M. Dealy, 
McGill University 

645 Melt Rheology and Blow Molding 
645 Introduction 
646 Rheological Behavior of Molten Plastics 
646 Viscosity 
648 Non-Newtonian Fluids - Viscoelasticity 
652 Shear Rate Dependence of Viscosity: 

Normal Stress Differences 
655 Extrudate Swelling (Die Swell) 
656 Melt Fracture 
657 Extensional Flow 
660 Effects of Molecular Structure on Melt Rheology 
663 Melt Flow in Blow Molding 
663 Flow in the Die 



X X  Contents 

663 Parison Formation 
664 Parison Swell 
668 Parison Sag 
669 Pleating 
669 Parison Inflation 
669 Stretch Blow Molding 
670 Evaluation of Resin Processability 
670 Introduction 
670 Resin Selection Tests 
673 Quality Control Tests 
675 Instruments for the Measurement of Rheological Properties 
675 Melt Indexers 
676 Capillary Viscometers 
677 Rotational Rheometers 
678 Extensional Rheometers 
678 References 
680 Appendix: Adresses of Manufacturers and Their Agents 

Chapter 18 

TROUBLESHOOTING -
PROCESSING PROBLEMS AND SOLUTIONS 

D. V. Rosato 683 Troubleshooting - Processing Problems and Solutions 
685 Detail Failure Analysis 
685 Rocker Bottoms and Oval Necks 
686 Defects Within the Blown Wall 
686 Bubbles 
686 Cold Spots 
686 Poor Weld or Pinch-Off 
686 Thinning 
687 Tearing 
687 Cutting 
687 Indented Parting Lines 
687 Poor Bottle Surface 
688 Curtaining and Webbing 
689 Blow-Outs 
690 Parison Curl, Stringing, Hooking, Sag, and Length 

Consistency 
691 Foreign Matter in the Melt 
691 Look for Exterior Sources of Contamination First 
691 Degraded Resin - Many Sources 
692 Culprit - Man or Machine 
693 Die Lines or Streaking in the Parison 
693 Shrinkage 
693 Causes of Stress Cracking 
694 Environmental Stress Cracking 
694 Solvent Stress Cracking 
694 Mechanical Stress Cracking 
695 Heat - Too Much or Too Little and What To Do  

About It 



Contents X X I  

696 Instrument Recalibration 
696 Surging 
697 Sharkskin 
699 Screw Wear Affects Performance 
699 Inspection Rollers 
699 Diameters 
700 Depths 
700 Concentricity and Straightness 
700 Hardness 
702 Finishing and Coating Thickness 
702 Screw Manufacturing Tolerances 
702 Barrel Inspection 
702 Inside Diameter 
702 Straightness and Concentricity 
704 Barrel Hardness 
704 Barrel Specifications 
704 References 
705 Appendix 
705 Simplified Guide to Troubleshooting Polyethylene 

Bottles 
707 Simplified Guide to Troubleshooting PE Dairy Gallon 
708 Troubleshooting Guide for Extrusion Blow Molding 
708 Part Defects 
713 Parison Defects 
716 Troubleshooting Guide for Injection Blow Molding 
720 Troubleshooting Guide for Stretched Injection Blow 

Molding 
722 Troubleshooting Guide for Auxiliary Equipment 
722 Dryers 
723 Granulators 
724 Conveying Equipment 
726 Metering/Proportioning/Feeding Equipment 
727 Chillers/Mold Temperature Controllers 
728 Dehumidifying Dryer Performance 
729 Analyzing Stress Crack Failures in HDPE Bottles 

Chapter 19 

TESTING AND QUALITY CONTROL 

D. V. Rosato 731 Testing and Quality Control 
736 Testing Materials and Containers 
738 Environmental Stress-Cracking Resistance 
738 Impact Resistance 
739 Permeation Resistance 
739 Chemical Resistance 
740 The Stress Factor 
742 Characterizing Properties/Performance 
742 Density 



X X I I  Contents 

742 Morphology/Amorphous and Crystalline 
742 Molecular Structure 
743 Viscoelastic Properties 
744 Rheology/Viscosity and Flow 
746 Thermal Properties 
746 Temperature Limits 
747 Glass Transition 
749 Thermal Conductivity 
749 Heat Capacity 
749 Coefficient of Linear Thermal Expansion 
750 Temperature Dependence of Mechanical Properties 
752 Diffusion/Transport Properties 
752 Permeability 
753 Melt Index/Density 
756 Analytical, Thermoanalytical and Spectroscopy Tests 
757 Liquid Chromatography (LC) 
757 Gel Permeation Chromatography (GPC) 
757 Gas Chromatography (GC) 
757 Ion Chromatography (IC) 
758 Thermogravimetric Analysis (TGA) 
758 Differential Scanning Calorimeter (DSC) 
761 Thermomechanical Analysis (TMA) 
762 Dynamic Mechanical Analysis (DMA) 
762 Infrared (IR) Spectroscopy 
763 X-Ray Spectroscopy 
763 Nuclear Magnetic Resonance (NMR) Spectroscopy 
763 Mechanical Properties 
764 Tensile Testing 
764 Creep Data 
765 Apparent Modulus of Elasticity 
765 Fatigue 
766 Microtoming/Optical Analysis 
766 -Electrical Tests 
768 Chemical Tests 
768 Predicting PET Bottle C 0 2  Shelf Life 
771 Sagging Test 
771 Container Collapse 
772 Nondestructive Testing (NDT) 
772 Radiography 
772 Ultrasonics 
773 Liquid Penetrants 
773 Acoustics 
773 Photoelastic Stress Analysis 
774 Vision Inspection 
776 Computer Image Processor 
776 Quality Control Applications 
778 Summary 
779 Standardized Tests 
780 Chemical Resistance (ASTM) 
781 Analyze Failures 
782 References 



Contents XXIII  

Chapter 20 

STATISTICAL PROCESS/QUALITY CONTROL 

D. V. Rosato 785 Statistical Process/Quality Control 
785 Overview in Statistical Control 
787 Gather and Analyze Data 
789 Process Control and Process Capability 
790 Control Charts 
791 Defect Prevention 
792 Understanding Modern Methods of Control 
793 Standard Deviations 
794 Frequency Distribution 
797 Control Chart 
799 Standard Deviation vs. Range 
800 A Successful SPC System 
801 Production Controls Process 
802 Direction 
802 SPC Step One - Raw Material 
802 Single Test Measurement 
802 Time Dependent Sampling 
802 SPC Step Two - Material Handling 
802 Drying 
802 Blending 
803 SPC Step Three - Injection Molding 
803 Weight 
803 Operator 
803 Primary Problem 
804 SPC Implementation - Summary of Experience 
804 Management Support 
804 Resources 
804 Patience 
804 Priority 
804 Discussion 
805 Weight 
806 How to Succeed with SPC 
807 References 

Chapter 21 

PRODUCTION PLANT DESIGN AND OPERATION 

A. C. Alberghini, 809 Production Plant Design and Operation 
Sewell Plastics, Inc. 809 Philosophy 

809 Business Focus 
809 Blow Molding Plant Operation 
810 Two-Step Blow Molding Operations 
811 One-Step Blow Molding Operations 
812 Plant Layout 
814 Systems Flowcharting 



X X I V  Contents 

814 Utilities 
815 Air Compressors 

Chapter 22 

BLOW MOLDING HIGHLY IRREGULAR SHAPED PARTS 

D. L. Peters 
and 
J. R. Rathman, 
Phillips 66 Co. 

817 Blow Molding Highly Irregular Shaped Parts 
817 Moving Mold Sections 
817 Integral HDPE Handle Lid 
819 Integral Handle, Double Wall, Internally Threaded 

HDPE Lid 
820 Drum Integral Handling HDPE Ring 
822 Multiple Parting Lines 
822 Moving Sections 
823 Fixing the Moving Sections 
824 The New Technology 
826 References 

Chapter 23 

EVOLUTION OF AN IMAGINATIVE TECHNOLOGY -
DOUBLE WALL BLOW MOLDING 

J. Rathgeber, 827 Evolution of an Imaginative Technology -
Illinois Tool Works Double Wall Blow Molding 

827 Overview 
830 Industrial Double Wall Blow Molding Operations 

Current Developments 
832 Mold Preparation and Other Considerations 
832 Mold Preparation 
833 Other Considerations 
833 Resins, Blends, Alloys 
834 Double Wall Blow Molded Products 

Chapter 24 

TECHNICAL COST MODELING 

J. V. Busch 839 Technical Cost Modeling 
and F. R. Field III, 839 Introduction to Technical Cost Modeling 
Massachusetts Institute 840 Cost Analysis Method 
o f  Technology 840 Material Times Two 
and IBIS Consulting 841 Material Cost Plus Shoptime 

841 Material Cost Plus Loaded Shoptime 
842 Quotes 
842 Summary 
842 Technical Cost Analysis 



Contents X X V  

843 Variable Cost Elements 
843 Material 
843 Direct Labor 
843 Energy 
843 Fixed Costs 
844 Main Machine Cost 
845 Auxiliary Equipment Cost 
845 Tooling Cost 
846 Building Cost 
846 Overhead Labor Cost 
846 Maintenance Cost 
847 Cost of Capital 
848 Summary of Fixed and Variable Costs 
848 Process Parameters 
849 Summary of Technical Cost Analysis 
850 Blow Molding Cost Model 
851 Model Structure 
852 Model Input 
853 Component Specifications 
855 Exogeneous Cost Factors 
856 Process Related Factors 
857 Model Output 
859 Variable Cost Elements 
860 Fixed Cost Elements 
863 Summary of the Blow Molding Cost Model 
864 Blow Molding Sensitivity Analysis 
864 Sensitivity of Cost to Cycle Time 
866 Sensitivity of Cost to Annual Production Volume 
866 Summary 
867 Comparative Cost Analysis - Case Study 
868 Injection Molding 
868 Structural Foam 
869 Thermoforming 
869 Blow Molding 
869 Summary of Cost Comparisons 
870 Summary 

Chapter 25 

EFFECTIVE PLANT MANAGEMENT FINANCIAL CONTROL 

T. R. Ozan, 
Partner Ernst&Whinney 
and 
D. V. Rosato 

873 Effective Plant Management Financial Control 
873 Organizing for Control 
874 Cost Control/Management 
876 Product Costing and Cost Control 
879 Profit Planning and Budgeting 
881 Materials Management Responsibility/Objective 
882 Ordering Processing and Production Scheduling 
883 Purchasing 
884 References 



X X V I  Contents 

Chapter 26 

PROFIT THROUGH TECHNOLOGICAL ADVANCES 

D. V. Rosato 885 Profit Through Technological Advances 
885 Markets for Blow Molded Plastics 
889 Manufacturing Machine Census 
891 Large Blow Moldings 
892 450 gallon (1703 1) Tank 
893 Chemical Containers 
895 Small Bottles Offer Fast Growth 
896 Fuel Tanks 
897 Motor Oil Quarts 
897 Food and Beverage 
900 Technical Obstacles Remain 
900 Legislation 
900 Package Innovations 
901 Ovenable Packages for the Oven 
901 Consumer Preference 
901 Aseptics 
903 Equipment 
906 Squeeze Tube/Bottle 
908 PET Beverage Containers 
911 Custom or Rigid Containers 
912 Wide Mouth, Thin Wall Jars 
914 Alcoholic Beverage Containers 
914 Liquor Packaging 
916 Beer Packaging 
917 Beer and History 
919 Medical and Health Containers 
921 Barrier Containers 
923 Growth for Barriers 
924 Flexible Packaging 
925 Rigid Packaging 
934 PET vs. PVC Containers 
935 Chemical Characteristics 
936 Physical Characteristics 
936 Process Characteristics 
936 Aesthetic Characteristics 
936 Market Trends in PET and PVC Containers 
936 Beverage Bottles 
936 Water Bottles 
937 Liquor Bottles 
937 Wine 
937 Beer 
937 Health Care Products 
937 Container for Liquid Foods 
937 Hotfilled Liquid Food, Juices and Still Drinks 
937 Detergents 
938 Future Packaging Estimates 
938 Demand and Availability of PET in Europe 



Contents X X V I I  

E. D. Wunderlich, 
FGH Industries, Inc. 

D. V. Rosato 

940 Demand and Availability of PVC in Europe 
940 Prices of PVC/PET 
941 Environmental Aspects and Recycling 
943 Summarizing PET/PVC Situation 
944 Different Blow Molding Techniques 
944 Dip Blow Molding - Neck Injection Blow Molding 
946 Manufacturing Cost Comparison 
947 Summary 
947 Molding with Rotation (MWR) 
951 Competitive Processes 
951 Rotational Molding 
951 Thermoformed Hollow Containers 
957 Scrapless Forming 
957 Petainer's Containers 
961 Dow's SPF and COFO Containers 
962 Aluminum Containers 
963 Plastic Pouches 
964 Present and Future Trends 
968 Manufacturers' Restructuring 
968 In-House Blow Molding 
971 Innovate 
972 Collapsibility is a Virtue in Containers 
975 Machinery Innovations Unlimited 
982 Resin Buying 
985 Economic Control of Equipment 
987 Unattended Zero Defects 
991 Productivity: Set Plant in Order 
992 People 
993 Value Analysis 
993 Summation 
995 Poised for Real Growth 
995 References 

999 Index 

1009 List of Authors 


