Taguchi Parameter Selection for Injection Molding – ME 107B – Spring 2001


Lab Notes

Taguchi Parameter Selection for Injection Molding

ME 107b – Spring 2001 – 2115 Etcheverry Hall (New Prototyping Studio)

Dr. Charles Smith,  5145 Etcheverry

smythe@kingkong.me.berkeley.edu, 

http://kingkong.me.berkeley.edu/~smythe/

Students work on optimizing fill and surface quality, and/or production speed of a simple injection molded part by manipulating cooling time, injection pressure, melt temperature. Given the number of variables and their potentially complex interaction, Tagachi-style design of experiments (DoE) will be used to minimize the number of experiments while extracting all of the interrelations between the variables. It will be a full 23 factorial analysis w/ redundant test runs to check for variance, for a total of 16 – 24 experimental runs.

Meeting in ‘2115’ – the new prototyping studio (neon-lit room on the north end of the 2nd floor of Etcheverry)

Lab web site at http://www.me.berkeley.edu/ME107B-H/

Schedule

Week of

Monday 3-5
Wed/Thursday 1-5

Feb 26
Orientation
Review Taguchi Paper. StN, Laboratory orientation, examples of defects, test run, practice

Mar 5
Office hours, preliminary report due
Try to get a good fill, first set of tests.

Mar 12
Interim Report Due (in office)
Second & Third set of tests – Retest ‘bad data points’

Mar 19
Office Hours 
Final Presentations

April 2nd
Final Report Due


Scenario

A small batch injection molding company has hired you to provide recommendations on parameter settings for their process that might help them reduce costs while maintaining quality parts. One possibility is the reduction the mold and barrel temperatures, which would lower costs. This has the downside of possibly affecting the quality of the form (shape) and surface finish (smoothness) of the part. A reduction in the injection pressure means having a smaller compressor on hand, which costs less to operate, but might fail to fill the injection mold completely.

Since all of these factors are interrelated, you’ve decided to do a full factorial experiment to map out the interactions.

Starting Production Parameters

One of the operators of the injection press notes that the following settings are a good ‘first start’ for the injection press using the production material (ABS/Polypropylene - ask instructor which we will be using):


ABS
Polypropylene

Parameter
High Value
Low Value
(Saves Money)
High Value
Low Value
(Saves Money)

Mold Temperature (°F)**
180
Room
120
Room

Injection Pressure (kpsi) 
9
6
6
3

Nozzle Temperature (°F) 
Barrel Temperature (°F) 
(these count as a single factor)
500
475
425
400
450
425
375
350

Raw Material
Baked to remove moisture
Raw pellets
Baked to remove moisture
Raw Pellets

Injection Dwell Time (sec)
7
3
7
3

Cooling Time (sec) 
20
10
20
10

Other factors not considered in this experiment include percent regrind and injection speed.

While the ‘high value’ factor levels should provide an ‘adequate’ part, but the production company is interested lowering costs while maintaining adequate surface finish and good fill.

The goal of the experiment is to provide adequate fill of the mold cavity while ‘lowering’ the factors that might save the company money. 

What are the variables you want to pick for the three factor experiment? Why? If you were going to do a four factor experiment, what would be the 4th factor? Why? Include your answers to this question in the preliminary report.

Sample Blemishes:
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Sinks
Wavyness
Burn Marks

Full Factorial Experiments

A 2k factorial experiment indicates that k variables (factors) affecting an output signal y are going to be tested. Each factor is going to be tested at 2 levels: high and low. The high signal is designated with a +1, and the low signal with a –1. While the ±1 notation will be used through the remainder of this reading, remember that they stand for a pair of input values of a tangible quantity (i.e. 180° & 140°C, 5kpsi & 4 kpsi)!

The goal of a full factorial experiment is to characterize the system’s output to the complete set of factor inputs. The number of experiments that must be performed is equal to 2k. This number of experiments allows for each level of each factor to be tested against the other levels of the other factors an equal number of times.

See the attachment from DeVor for information on constructing an experiment matrix and extracting the effects (Ex for the xth factor). The Devor attachment also contains a discussion about the validity/significance of the data. NOTE: the ‘degree of freedom’ referred to on page 590 is the number of independent discrete data that are being evaluated. Since the variance si2 always contains pair-wise calculations, the degree of freedom is the number of independent measurements (2 or 3 in your case, depending on the # of trial runs you make) minus one.
Signal to Noise Ratio, 

The full factorial experiment discussed above runs into problems when:

· k gets high enough to result in a huge number of experiments

· you want to test the factors at m levels instead of two (an mk factorial experiment)

· you want to test different factors at different numbers of levels

For example, if you were to run the full orthogonal array for all of the 7 influences discussed on p. 21 of the Taguchi paper, you’d have 128 experiments to run (They only did 72)!

The following equations are recommended by Taguchi for analyzing signal to noise (S/N) ratios. The yi are the signals or measured quantities corresponding to all of the experimental trials which had the parameter of interest at a particular level (low, middle, or high). Pick the equation based on whether you desire y to increase, go close to zero, or target the minimum variation about the mean.
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  (Equation 1, smaller y is better)
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  (Equation 2, larger y is better)
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   (Equation 3, low variation about mean  is better)

Where: 
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, n is the number of experiments for a factor at a particular level.

Equation 1 is looking at the mean-squared response, 2 at the reciprocal of the mean-squared response, and 3 is looking at the mean-squared response divided by the square of the variance. NOTE: There is an ERROR in the equation on page 23 in Taguchi’s article, use the above equations instead!
For example, let’s reproduce figure 4 from the Taguchi paper, use equation 2, with the yi corresponding first to all of the experiments in which interference factor was set to Low (-1).  This is the first three rows of results from Table 4:

y (  [19.1, 21.9, 20.4, 20, 24.2,  23.3, 19.6,  19.8, 18.2, 19.6, 19.7, 22.6, 19.9, 19.6, 15.6, 16.9, 19.4, 19.1, 9.5, 16.2, 16.7, 15.6, 15, 16.3 ]

Put into equation 2 yields 24.9, the first point on the (A) interference plot on figure four. The same method is used to get the remainder of the points. 

Two Way Charts

Moving on to the two way chart in figure 6, the line A2 is created with two values: 

· The average signal y of all of the tests in which humidity (G) was low and the interference (A) was medium.

· The average signal y of all of the tests in which humidity (G) was high and the interference (A) was medium.

Following this process, the entire figure is constructed with points corresponding to all of the levels of A & G. If lines on the graph are all parallel, there is no interaction. The effect of one factor change doesn’t influence the ability of the other factor to change the signal. If the lines aren’t parallel, the factors influence each other.

Grading

All written work for this course must be double spaced (this applies anytime your likely to get editing comments).  Two sided is OK if you want to save some trees.

Preliminary Report 

The initial proposal should include a completed experimental matrix for BOTH the three-factor experiment and four-factor experiment,
 with a column for recording both the weight of the part and the quality of the surface finish. This will serve as your datasheet to fill in during the first run of experiments. Consider what it means to have a splendid surface finish if the weight of the part is only ½ of the target weight
As practice for the final data analysis, do the Homework Scenario below. Include the results in your preliminary report!

Also provide a plan for ranking the ‘signal’ of each part you make. This must be somehow include both fill (in grams) and the surface quality of each test. Can this be compressed into a single metric?

(Hint: Only worry about the outer ‘presentation’ surface for quality, you may want to make this a relative scale)

Be sure to indicate the potential sources for error, and make suggestions on how to minimize them.

Interim Oral Report 

Establish that a decent set of results has been obtained. If not, prepare a strategy for fixing the problem. Bring an analysis of the current set of the data – you may not have had a chance to study the validity of the data sets if you have only completed one trial, but you may still do a first pass at calculating the effects. Not everyone needs to be present but if I have questions, the more folks that are there, the better chance you have to have an answer. This will be in my office in 5145 Etch at 3pm.

What were your uncertainties in readings? Which sensors should be calibrated?

Final Presentation 

Provide a full factorial analysis for the experiments run. Present the results both with a complete parameter effect/interaction listing, and establish which effects are significant. Present StN and Two-Way graphs for fill and surface quality. 

Included discussion regarding the uncertainties in all settings, readings, and calculations. Address the applicability of the range of factor levels used. Where they high values high enough? Low values low enough? Where (if anywhere) would you increase the resolution of the experiment?

Final Reports

In addition to the ‘standard’ material, each student will add a group evaluation sheet to their final report. On this sheet, rate the effort of each member of your team (including yourself) on a scale of 1-10. “10” means that individual worked the hardest of all the members, and anything lower indicates relatively less effort. Be honest! If you give someone a ‘2’ on their ranking, you had better be able to justify it! People caught rooting around in my mailbox attempting to find out how their lab-mates rated them face severe penalties.

Homework Scenario

A series of experiments where done on an 8am class student body, testing average “alertness” as a signal, using factors of coffee intake (2 cups / 1 cup), donut consumption (1 donut/no donut), and sleep (8 hours / four hours). Here are the results for tests on two different days (y1 and y2):




Alertness

Sleep
Coffee
Donuts
Trial 1
Trial 2

-1
-1
-1
50
45

1
-1
-1
72
73

-1
1
-1
68
64

1
1
-1
82
83

-1
-1
1
43
46

1
-1
1
69
68

-1
1
1
65
66

1
1
1
75
72

Do the full factorial extraction of the effects (Es, Ec, Ed, Esc, Esd, Ecd, Escd), the two-way diagrams for the 2 factor interactions, the StN Diagrams for each factor, and comment on the statistical significance of all of the Ex effects (see Devor reading for help). Also construct the predictive polynomial using only the statistically significant effect. You will be doing the exact same analysis of the injection molding results! In particular, write a couple of sentences describing the interaction effects shown in the two way chart for sleep and coffee.

Further Reading

Lance Ealey, “Quality by Design: Taguchi Methods and U.S. Industry” ASI Press, 1988.

Phillip J. Ross, “Taguchi Techniques for Quality Engineering : Loss Function, Orthogonal Experiments, Parameter and Tolerance Design, 2nd Edition,” McGraw Hill, 1995.

Attachments &  Reading Due Date List

By this day/task:
Read this attachment:

Lab Orientation
· Lab Notes (This document, so congratulations, you’ve already read it!)

· QUIZ ON Dyrne, Taguchi, “The Taguchi Approach to Parameter Design,” Quality Progress, December 1987.

For preliminary report
Richard E. Devor, Tsong-How Chang, John W. Sutherland, “Statistical Quality Design and Control: Contemporary Concepts and Methods,” Prentice Hall, , 1992. VERY NICE INTRODUCTORY TEXT! Will be on 2-hour reserve at the engineering library.
Excerpts on:

· Generalized Construction of Full Factorial Experiment pp. 546

· Calculating the values of the effects & interactions pp 564

· Statistical Significance of Results p 580

For first lab run day
· Experimental Operation Sheet

· Excerpts from Morgan Industries’ “Morgan-Press Injection Molding Machine Operating Instructions,” Morgan Industries, Inc., Long Beach, Ca.

For your edification
· Sample Fractional Factorial Experiment (Not a generalized method!) from DeVor, et. al. (listed above) p 679

· Injection Molding excerpt from: Magrab, E.B., “Integrated Product And Process Design And Development: The Product Realization Process,” CRC Press LLC, Boca Raton, 1997, p. 203-206. This relatively simple summary of the injection molding process and its associated design rules might be helpful to read for the preliminary report.

Experimental Operation Sheet

Warnings:

ANYONE ACTUACTING THE CLAMP OR INJECTOR WHILE ANYBODY’S HAND IS NEAR THE PLATTENS RISKS FLUNKING MY SECTION

Watch your step! Hoses and cords are snaking around the floor of the lab.

Barrel 400+ is hot! Mold base may be 180°!

Setup

Plug in and set temperatures on mold base plate & electronic nozzle/barrel heater. Someone may want to show up earlier to ensure the plastic in the barrel (the ‘melt’) is warmed up from room temperature. This takes about 30 minutes.

Insert plastic pellets (ABS or polypropylene) into material loading chute – on the top right hand side. Injector will not operate if the door on the chute isn’t closed!

Turn on air pressure at wall. (Clicking / hissing may occur) – double check to ensure OUT pressure is 150 psi and the in pressure is 100 psi on the air compressor. 

Clear the mold of any leftover bits of plastic, double check to see the ‘sprue’ is removed. Make sure all of the ejector pins are in place.

Be sure that the mold sits on the mold base plate long enough to heat up to the required temperature!

Lower the clamp force to 1 ton.

Set the Injector Pressure valve to the appropriate value (on hose behind machine)

Set Pilot pressure valve to 5x10 psi.

Ensure mold gate is aligned with nozzle! Side to side AND front to back!

Prep Each Run 

Clean drool  (plastic snaking out of nozzle) with Tools or GLOVED hand, its still hot!

Close table guard shield. 

Ensure mold gate is aligned with nozzle! Side to side AND front to back!

Actuate clamp control knob  (will not go unless shield DOWN) lever on far left by pushing in.

Slowly turn clamp force up. Once mold is properly seated, crank up to 16-17 tons.

Clamp should ‘THUNK’ at the TOGGLE CLAMP MECHANISM. 

Always pull the spindle out (nuetral position) before clamping!

Never adjust the spindle in the clamped position!

Injection Cycle

Double check the injection pressure guage (located on the hose in the back of the machine, labeled injection speed) and pilot pressure valve are set to the appropriate injection pressure.

Push in the injection control valve all the way (move the blocker out of the way first.)

After the machine has stopped making noise, continue to hold the injection control valve for 10 more seconds.

Pull the injection control valve out.

When the machine is quiet, release the clamp control knob.
When lower table platten is completely lowered, raise safety shield.

Let the part cool in the mold for 20 seconds.

Reduce Clamp force down to 1 ton
Removal Cycle

Using gloves take the mold from the machine

Adjust the factor levels to allow them to reach steady state before next cycle.

Refill the barrel with more pellets

Open the mold with the claw hammer.

Tap the ejector pins in a circle, must hit hard enough to break the sprue.

Don’t lose the pins!

Remove the part.

Clear out the sprue from the mold.

Use knife to carve run ID# on the INSIDE of the housing.

Reset ejector pins. Use a piece of plastic to soften the hammer impact.

Loop up to “Prep Each Run”

Shutting down

Turn off, then unplug BOTH heating elements.

Place sprues and mis-fires into plastic bag for recycling

Wipe down work surface with DRY rag. 

Close off the wall air valve.

� Construct a four factor lab record sheet, but you will only run the three factor experiment in the exercise. This is just practice!


� If it makes a soft closer sound, raise the lower platten assembly with the ELEVATING SPINDLE 1/8th of a turn. If it can’t quite close, but has made a connection to the upper platten, LOWER the spindle 1/8th of a turn. If the mold doesn’t even REACH the upper platten, raise the spindle. Probably a good idea to get your lab supervisor (Doc Smith) the first time you try this.


� If the machine doesn’t make noise when you activate the injection control valve, quickly double check to make sure the injection pressure gauge hasn’t dropped below required pressure.
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