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Project 1: Make and analyze a paper helicopter <
(planned duration: 45 minutes)<

This project will be assigned in week 2. Students will make the following paper helicopters. <
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Figure 1: Paper helicopter for project 1<

Each group will choose one factor at the four levels assigned, and the other two factors are
fixed at the base level (highlighted by RED color). After your group finishes 12 paper
helicopters (3 paper helicopters per design), please drop them from a height of 2 meters, and
use a stop watch to measure the flight time. Please fill the following table once you get the data.
Please send your data in excel to the teaching assistant after class.<

o

Design factors<’ Run results<”
Levels<
a (mm)<’ b (mm)< ¢ (mm)<’ Dy Do Ds<
1< ai(e.g., 60)<| bi(e.g., 25)<| ci(e.g., 50)<’| < & &
26 axe.g., 70)< ba(e.g., 30)<| e2(e.g., 60)<| < = &
3 as(e.g., 80)< bs(e.g., 35)<| es(e.g., 70)<'| < & =
4 as(e.g., 90)<7| ba(e.g., 40)<| ca(e.g., 80)<| < & =
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Project 2: Improving the paper helicopter design through DOE<

(planned duration: 45 minutes)<

This project will be assigned in weeks 7 and 10. In the first part of the project in week 7,

you design the paper helicopter with two-level full or partial factorial design. The factors that
you can control are in Figure 2: factors a, b, ¢, d, e, and whether to use paper clip (1) or not (-1).
Still, restrict your paper helicopter within half of an A4 page. Your objective is to improve
your benchmark design in Project 1, using DOE techniques.<’
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Figure 2: Paper helicopter for project 2«

Each of factors a, b, ¢, d, e will have two levels: low (-1) and high (+1). The low and high will
defined by your group. If you use paper clip, this factor is +1, and if not, this is -1. You will
run at most two replicates for each paper helicopter. (Please send your design and response
(flight time) data in excel to the teaching assistant after class.) Then, your group will use
Minitab to analyze your results and try to identify important factors from all the factors
considered, under the supervision and help of the instructors.<

In the second part of project 2 on week 10, your group will find the steepest ascent direction
from the important factors identified from the first part of the project, and adjust your design
based on the steepest ascent direction until you cannot improve your flight time. Then, conduct
new full/partial factorial design at the new point.<’

After you finalize your design, please report how much improvement from your benchmark,
and present your results to the class. We may have a final tournament in the last week, and
the winning group(s) may get up to 3 points extra credits. <
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LSL USL

+30
99.73%

| ! | | |
60 -bo 4o -3¢ 20 -lo u=T +lc +20¢ +30 +40 +bo +b0o

Spec. Limit Percentage Inside Specs  ppm Defective
+1 Sigma 68.27 317300

+2 Sigma 05.45 45500

+3 Sigma 00.73 2700

+4 Sigma 09.9937 63

+b Sigma 09.999943 0.57
+6 Sigma 09.9999908 0.002

(a) Normal distribution centered at the target (7)

®(3) — (—=3) = 99.73
|1 — (@(3) — @(-3))] * 10° = 2700
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The process improvement triad: DFSS, lean,
and Six Sigma/DMAIC
Overall Programs

Design

Eliminate Eliminate

predictive waste, defects,
quality into improve reduce
products cycle time variability

* Requirements allocation ¢ Flow mapping * Predictability
¢ Capability assessment ¢ Waste elimination * Feasibility
* Robust design * Cycle time e Efficiency
* Predictable product quality | ® Work-in-process reduction » Capability
¢ Operations and design * Accuracy

#x
‘ The “I" in DMAIC may become DFSS. I
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Quality planning and engineering
New products review
Product/process design

Process control

Burn-in (ZZALMED

Training

EEBA (RSP

Inspection and test of incoming material
Product inspection and test

Materials and services consumed
Maintaining accuracy of test equipment
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Scrap

Rework
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Failure analysis

Downtime

Yield losses

Downgrading (&4} H )
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Complaint adjustment

Returned product/material
Warranty charges

Liability costs (YFUaAHIR)
Indirect costs (FFES, THigHms)
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  Φ  ( 3 ) − Φ  ( − 3 ) = 99 . 73


   [ 1 −  ( Φ  ( 3 ) − Φ  ( − 3 ) ) ] ∗  10 6 = 2700


  向 右 偏 移 ：    [ 1 −  ( Φ  ( 7 . 5 ) − Φ  ( − 4 . 5 ) ) ] ∗  10 6 = 3 . 4

