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INTRODUCTION

MoLDFLOW IS A TYPE OF CAD SOFTWARE MADE TO SIMULATE PLASTIC PART PRODUCTION. MODELS CAN BE
TAKEN FROM OTHER 3D MODELING PROGRAMS LIKE SOLID WORKS OR INVENTOR. ONCE THE MODEL IS
IMPORTED, A MESH CAN BE GENERATED AND THE CONDITIONS FOR THE SIMULATION CAN BE ADJUSTED. THE
SIMULATION WILL CONDUCT MULTIPLE TESTS FOR THE CHARACTERISTICS AND PROPERTIES DURING THE PARTS
CREATION. THESE TESTS HELP DECIDE WHETHER THE MOLD WILL BE SUCCESSFUL FOR THE DESIRED
OUTCOME. BY ANALYZING THE SIMULATIONS, DEFECTS IN THE PART CAN BE FOUND BEFORE THE MOLD IS
EVEN MADE, SAVING MONEY AND TIME.

OBIJECTIVE

ANALYZE TWO SIMILAR PART DESIGNS USING THREE DIFFERENT GATE LOCATIONS. WITH THE INFORMATION
GATHERED, RECOMMEND THE BEST COMBINATION OF PART DESIGN AND GATE LOCATION. USING TESTS FROM
THE SIMULATION, SUMMARIZE FINDINGS AND EXPLAIN THE CHOSEN COMBINATION.

ANALYSIS

EACH OF THESE TESTS SHOW DIFFERENT ASPECTS OF THE INJECTION PROCESS AND THE OUTCOME OF THE
PART. A BLUE TO RED GRADIENT IS USED AS A SCALE FOR THE UNIT SPECIFIC TO THE TEST. BY OBSERVING
THESE GRADIENTS, FLAWS CAN BE DETECTED. FILL TIME SHOWS THE MOVEMENT OF THE POLYMER DURING
THE INJECTION. WITH ONLY THIS TEST, A GENERAL IDEA OF HOW THE PART WILL FORM CAN BE MADE. K1t
LINES ARE SEEN BY TWO OF THE SAME COLORS SURROUNDING ANOTHER (GREEN SURROUNDING YELLOW AND
RED). THESE AREAS WILL HAVE LOWER OVERALL PROPERTIES AND IN TURN BE A WEAK POINT IN THE PART.
WHEN THE TWO FLOWS OF THE POLYMER MEET, THE ORIENTATION OF THE CHAINS IS NON-UNIFORM
CREATING AN AREA OF LOW MECHANICAL STRENGTH AS WELL. ALONG WITH KNIT LINES COME AIR TRAPS. IF
THE POLYMER SURROUNDS A SECTION OF THE MOLD WITH NO VENT, THE AIR INSIDE WILL HAVE NOWHERE TO
GO. DEPENDING ON WHERE THE MOLD COMES TOGETHER AIR TRAPS MAY NOT BE A PROBLEM. EXHAUSTS
CAN BE ADDED TO THE MOLD AROUND THE PARTING LINE TO LET THE AIR EVACUATE THE MOLD WHEN THE
POLYMER FILLS ITS POSITION. SINK MARKS CAN BE PREDICTED BY THE LACK OF DENSITY IN THE PART. AS
THE PROCESS CONTINUES MORE PRESSURE IS NEEDED TO PUSH THE POLYMER; AS THE PROCESS COMES TO AN
END, THE POLYMER BEING PUSHED LAST WILL HAVE A LOWER DENSITY THAN THE POLYMER PUSHED FIRST.
WITH LESS DENSITY, THE PLASTIC WILL SHRINK ON ITSELF CREATING A SINK MARK. WARPAGE IS CREATED
WITH A DIFFERENTIAL OF COOLING, WHEN A SECTION OF THE PART COOLS FASTER THAN THE SURROUNDINGS,
IT WILL PULL IN ON ITSELF CREATING BENDS IN THE GEOMETRY.



Rochester Institute of Technology

Mechanical Engineering Technology

DiscussioN

THE ENVIRONMENT IN WHICH THE PART WILL BE PLACED PLAYS A LARGE ROLE IN THE “OPTIMAL” GATE
LOCATION AND PART GEOMETRY. THE FINAL DECISION IS BASED UPON WHERE THE STRENGTH OF THE PART IS
REQUIRED. FOR THIS REPORT, THE PART WILL BE ASSUMED TO HAVE SIMILAR FORCES THROUGHOUT THE
STRUCTURE. THE INITIAL 6 TESTS WERE DONE WITH HDPE AND THE FINAL TEST IS DONE WITH PVC. WiTH
THAT, THE BEST OPTION SEEMS TO BE PART 1 IN COMBINATION WITH GATE 1. ASSUMING THE MOLD FACES
WILL BE ON THE Z PLANE, EXHAUSTS CAN BE ADDED AT THE END OF THE PART TO RELEASE THE AIR WITHIN
THE PART. WITH THIS CHOICE, THE OVERALL PROPERTIES OF THIS PART WILL BE UNIFORM. THE SMALLEST
KNIT LINE IS FOUND IN THE ORIENTATION AS WELL. KNIT LINES IN OTHER GATE OPTIONS ARE LARGER AND
SPAN THE PART. WITH OPTIONS 2 OR 3, THE PART HAS A GREATER CHANCE OF BREAKING ON THE KNIT LINE.
THE FLOW OF THE POLYMER CAN BE SEEN IN THE PATH LINES TEST; PART 1, GATE 1, HAS A UNIFORM FLOW
UP THE PART CREATING A STRONG ORIENTATION IN THE POLYMER’S CHAINS. PART 2, GATE 1 SUFFERS WHEN
THE TWO FLOWS AFTER THE SLOT COME TOGETHER AGAIN. WARPAGE IS ALWAYS A FACTOR IN PART
CREATION. WITH THIS CHOICE, THERE WILL BE AROUND 22% WARPAGE NEAR THE END OF THE SHOT. THE
WARPAGE ON THIS CHOICE CAN BE MITIGATED BY CHANGING THE GEOMETRY BEFORE THE MOLD IS CREATED.
THE WARPAGE FOR GATE LOCATIONS 2 AND 3 ARE MORE CENTRAL TO THE PART, CREATING MORE OF A
BANANA EFFECT THEREFORE CREATING AREAS OF LOWER MECHANICAL STRENGTH IN MORE VITAL AREAS.
THE MAIN STRUCTURE OF THE PART HAS A UNIFORM DENSITY. IF AN AREA WITH LESS MATERIAL IS APPLIED
WITH THE SAME FORCES, THERE IS A GREATER CHANCE OF FAILURE AT THAT POINT. BY REDUCING THE
NUMBER OF LOW-DENSITY AREAS, SINKS IN THE SURFACE WILL DECREASE ALONG WITH AN INCREASE IN
MECHANICAL STRENGTH. WHILE HIGHER PRESSURES ARE REQUIRED TO USE PVC RATHER THAN HDPE,
OTHER CHARACTERISTICS ARE STILL GREATER THAN OTHER OPTIONS. WHILE HDPE WILL NEED A MAXIMUM
oF 15.38MPa, PVC WILL REQUIRE 62.23MPA. THERE IS A LARGE REDUCTION IN WARPAGE BETWEEN THE
TWO POLYMERS, PVC SHRINKING ONLY AROUND 5%. THE CHOICE BETWEEN PART ONE AND PART TWO CAN
BE ASSUMED BEFORE THE SIMULATIONS EVEN BEGINS. BY HAVING A UNIFORM NOMINAL WALL, DEFECTS
DECREASE WHILE THE COOLING RATE AND MECHANICAL PROPERTIES INCREASE. WITH THICKER AREAS OF THE
PART, POLYMERS LOSE VELOCITY AND WILL HAVE LESS ORIENTATION INSIDE THE PART’S SKIN. AS SEEN IN
MOST GRAPHS PART TWO HAD A RACE-TRACKING EFFECT AROUND THE LARGER AREAS CREATING A WELD
LINE AND AIR TRAP. THE PATH LINES SHOW VERY CLEARLY HOW THE POLYMER STAYS TO LOWER PRESSURE
AREAS UNTIL REQUIRED TO FILL THE REST OF THE PART.
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CONCLUSION

AS EXPLAINED ABOVE, BY USING SIMULATIONS FROM MOLDFLOW, PART 1 IN COMBINATION WITH GATE 1
WILL BE THE OPTIMUM CHOICE. THIS OPTION PROVIDES THE MOST UNIFORM POLYMER FLOW THROUGH THE
PART, CONSEQUENTLY PROVIDING UNIFORM PROPERTIES AS WELL. WHILE IMPERFECTIONS LIKE KNIT LINES
AND WARPAGE WILL STILL BE PRESENT IN THE FINAL PRODUCT, THEIR NEGATIVE EFFECT IN OTHER OPTIONS
WILL BE GREATER. WHEN A KNIT LINE SPANS THE PART, THAT LINE WILL MOST LIKELY BE COMPROMISED.
WARPAGE IN A PART WILL ALWAYS OCCUR, BEING ABLE TO MITIGATE THE WARPAGE IS THE CHALLENGE. SNk
MARKS CAN BE MINIMIZED WITH A CONSTANT FLOW OF POLYMER INTO THE MOLD. IF THE GATE LOCATION IS
CHOSEN IN A SUBOPTIMAL SPOT THE POLYMER MAY STRUGGLE TO PACK THE MOLD COMPLETELY. FOR THE
DECISION BETWEEN PART ONE OR TWO, MOLDFLOW IS NOT REQUIRED BUT GOOD SUPPORT. For A pLASTIC
PART TO HAVE OPTIMAL PROPERTIES AND MINIMAL DEFECTS, A UNIFORM NOMINAL WALL NEEDS TO BE
MAINTAINED. BY TESTING A MULTITUDE OF OPTIONS AND OBSERVING THEIR RESULTS AN IDEA OF HOW THE
PART WILL FORM IN THE REAL WORLD CAN BE ASSEMBLED.
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Fill time

Part 1: Uniform Block w/ Blends and Slot
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Part 2: Block Shorter w/ Blends and Slot
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Pressure at V/P switchover
Part 1: Uniform Block w/ Blends and Slot
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Part 2: Block Shorter w/ Blends and Slot
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Temperature at flow front
Part 1: Uniform Block w/ Blends and Slot

Temperature at flow front
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Part 2: Block Shorter w/ Blends and Slot

Temperature at flow front
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Pressure at injection location XY plot
Part 1: Uniform Block w/ Blends and Slot
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Part 2: Block Shorter w/ Blends and Slot
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Shear stress at wall
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Part 2: Block Shorter w/ Blends and Slot

Shear stress at wall
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Pressure at end of fill
Part 1: Uniform Block w/ Blends and Slot
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Part 2: Block Shorter w/ Blends and Slot
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Volumetric shrinkage
Part 1: Uniform Block w/ Blends and Slot
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Part 2: Block Shorter w/ Blends and Slot

Volumetric shrinkage
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Air traps
Part 1: Uniform Block w/ Blends and Slot
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Part 2: Block Shorter w/ Blends and Slot
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Weld lines

Part 1: Uniform Block w/ Blends and Slot
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Part 2: Block Shorter w/ Blends and Slot
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Path lines

Part 1: Uniform Block w/ Blends and Slot
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Part 2: Block Shorter w/ Blends and Slot
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Density

Part 1: Uniform Block w/ Blends and Slot
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Part 2: Block Shorter w/ Blends and Slot
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	THE ENVIRONMENT IN WHICH THE PART WILL BE PLACED PLAYS A LARGE ROLE IN THE “OPTIMAL” GATE LOCATION AND PART GEOMETRY. THE FINAL DECISION IS BASED UPON WHERE THE STRENGTH OF THE PART IS REQUIRED. FOR THIS REPORT, THE PART WILL BE ASSUMED TO HAVE SIMILAR FORCES THROUGHOUT THE STRUCTURE. THE INITIAL 6 TESTS WERE DONE WITH HDPE AND THE FINAL TEST IS DONE WITH PVC. WITH THAT, THE BEST OPTION SEEMS TO BE PART 1 IN COMBINATION WITH GATE 1. ASSUMING THE MOLD FACES WILL BE ON THE Z PLANE, EXHAUSTS CAN BE ADDED AT THE END OF THE PART TO RELEASE THE AIR WITHIN THE PART. WITH THIS CHOICE, THE OVERALL PROPERTIES OF THIS PART WILL BE UNIFORM. THE SMALLEST KNIT LINE IS FOUND IN THE ORIENTATION AS WELL. KNIT LINES IN OTHER GATE OPTIONS ARE LARGER AND SPAN THE PART. WITH OPTIONS 2 OR 3, THE PART HAS A GREATER CHANCE OF BREAKING ON THE KNIT LINE. THE FLOW OF THE POLYMER CAN BE SEEN IN THE PATH LINES TEST; PART 1, GATE 1, HAS A UNIFORM FLOW UP THE PART CREATING A STRONG ORIENTATION IN THE POLYMER’S CHAINS. PART 2, GATE 1 
	  
	 
	 
	CONCLUSION 
	AS EXPLAINED ABOVE, BY USING SIMULATIONS FROM MOLDFLOW, PART 1 IN COMBINATION WITH GATE 1 WILL BE THE OPTIMUM CHOICE. THIS OPTION PROVIDES THE MOST UNIFORM POLYMER FLOW THROUGH THE PART, CONSEQUENTLY PROVIDING UNIFORM PROPERTIES AS WELL. WHILE IMPERFECTIONS LIKE KNIT LINES AND WARPAGE WILL STILL BE PRESENT IN THE FINAL PRODUCT, THEIR NEGATIVE EFFECT IN OTHER OPTIONS WILL BE GREATER. WHEN A KNIT LINE SPANS THE PART, THAT LINE WILL MOST LIKELY BE COMPROMISED. WARPAGE IN A PART WILL ALWAYS OCCUR, BEING ABLE TO MITIGATE THE WARPAGE IS THE CHALLENGE. SINK MARKS CAN BE MINIMIZED WITH A CONSTANT FLOW OF POLYMER INTO THE MOLD. IF THE GATE LOCATION IS CHOSEN IN A SUBOPTIMAL SPOT THE POLYMER MAY STRUGGLE TO PACK THE MOLD COMPLETELY. FOR THE DECISION BETWEEN PART ONE OR TWO, MOLDFLOW IS NOT REQUIRED BUT GOOD SUPPORT. FOR A PLASTIC PART TO HAVE OPTIMAL PROPERTIES AND MINIMAL DEFECTS, A UNIFORM NOMINAL WALL NEEDS TO BE MAINTAINED.  BY TESTING A MULTITUDE OF OPTIONS AND OBSERVING THEIR RESULTS AN IDEA OF HOW THE PART WILL 
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