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A Study on the Quality Improvement of Mechanical Drawing
Notes Using Lean 6 Sigma Analysis
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ABSTRACT

Purpose: The purpose of this study was to find useful solutions by analyzing causes and results about defects
on mechanical drawing notes and provide an automated tool with solutions to mechanical engineers.
Methods: The collected data for defects on mechanical drawing notes were from ongoing development and
mass production projects. Various measurement methods were used based on the Lean 6 Sigma analysis
such as Process analysis, C&E diagram and some statistical analysis.

Results: The results of this study are as follows; The results of the Lean 6 Sigma analysis, the validity of
the selected indicators for improving drawing notes quality was verified through the verification of cause
variables. The strategy established to improve the mechanical drawing notes was reflected as an automated
program, and the defects were within a manageable range and achieved target Sigma level.

Conclusion: Through the application of the “Mechanical drawing notes automation tool”, it is expected to
resolve the “Voice of Customer, VOC” and “Voice of Business, VOB”
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Figure 1. Mechanical Part Drawing Note Sample
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Figure 3. Process Analyze on Mechanical Note

4.1 Define

Define @AM & 12212] 9H-5-(VOC, Voice of Customer)¥} @A72] 9F5-(VOB, Voice of Buisiness)S
o] ZZAEES Hol3la, A FrHo| ARA JFS 7X= WAEAQA(CTQ, Critical to Quality)s =Z3}.
=W F7] B #-Es VOCe VOBE “AF w47, “HHA] 7} L AT B e g B gk ERbo]
Adaitt. SWOT(Strength, Weakness, Opportunities, Threats) &4 23 A4S
He] E¢jo] SO Merow mpotr o] “F7] ZAd AFs = EEE}E% AAgsleh 1ela, “F7) A4 7|E
AT “EER A5 HA'E F4 FrHo A4 4TS T CTQ & B3l

P

SR l:ﬂ—;(]b‘]— glt =t

Strength Weakness

« Company standards for Drawing notes |+ Qutsouwrcing increase
= Ability to review skills to solve problem * Unnecessary simple errors

iti ?
Opportunities so Wo
« Automate Drawing notes = Improve efficiency by programming in- & f’e‘{eﬂ!_ﬂtumncu through program
- Reduction in defects ‘ hause standards distribution
+ Reflecting problem solving know-how in * Motivation
the program
I ,,
Threats )
ST wt
= Inconsistency between drawing & |
product + Solve problems through skilled = Worthless
- Cost loss due to Changes manpower input

Figure 4. SWOT Analysis



386 J Korean Soc Qual Manag Vol. 48, No. 3: 381-393, September 2020

O

Aol 2 AEC] HOE Aolstal, HAsHA AW3lr] 8t F9 ZRAAU(SIPOC) 418 AAISHI T
7Bk A (Supplier)ell A AHDS £ (Input), 71 A3 (Process)dte] Al (Output)S L2 (Customer)ol| Al A
8]

H
hv g

S
=
He g T W IRAEE V|9 35 3R A A = 1S Adeke dAel sidEh

P " l} | Fal V. |
Suppliers Input Mechanical Design Output Customers

Drawing note creation

o

—
Scope ¢
\J

Figure 5. SIPOC Analysis

4.2 Measure

IZAE Vs = CTQE e 4 A= &4 7l A X2 AoHth Measure BAANAME Y'se] 84 55
AAsta, Y's o] 9&E AT A X'sE E&3F] 4 ¢Hslehe Fgo] xgE T
1

S o] Aeleginh. - B Ab(Y), - AE ARKY)ol Aol

Table 1. Survey Configuration

Project Y
- . . Measurement
Main category/ Sub category/ Unit Evaluation Criteria system
Operational definition | Operational definition
Y11 / Material %
Y,, / Plating % Ongoing develop—
Y, / Defect cases Ratio and number of defects ment project’s
Y13 / Others % Drawings
Y14 / Supply & demand %
N Y21 / Rulls & Instruction min Sum of review time and .
Y, / Review time - . Expert review
Yo / Supply & demand min supplement time
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Table 2. Defect cases for Y4
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¥ 7.5% | 58.3% | 100% | 92.5% b | e Zor s T + Py
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Table 3. Performance Matrix for Yy and Yz

Y's Operational definition Current | USL Target
v, Percentage. of defects in mechanical drawing note

XY =Y+ Yo+ Y+ Yy
Yi Bad expression about adapted material 2.850 | 1.8 % 3.820
Yi2 Bad expression about Plating / painting 1.59 | 1.8 % 3.820
Y13 Bad expression about General information 0470 | 1.8 % 3.820
Y Problems on supply and demand 1.360 | 1.8 % 3.820
Y, Sum of review time ¥ Y; = Yo + Yoo
Yo Time to confirm compliance with rulls and instructions 0.30 10min 3.00
Yoo Time to verify supply and demand 0.30 10min 3.00

theo Y A GFE nAE 99 LAKSE ek,

-4 C&E t}olo] 13 (Cause & Effect Diagram) 4] 7|H& &8st =W 5719 #4245 91, W
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Table 4. FDM (Function Deployment Matrix) Table 5. List of Prioritized X's

Y's | X's Prioritized X's
%3 Xy Ease of access
g T & = .
lg— = 5 L= |« Xy Level of completion
10 10 10 10 Y1
Project X (KPIV) S Accumulate X3 [Supply & Demand check method
1 9 9 | 10 | 8 | 1353y :
2L t 10 {4 {7 | 8 21.0T% I8 X4 Intuition and convenience
3 |Level of Compl 10 9 10 3 39.10%
4 Skl (Y 8 9 T 5 50.00% :
B W kad (W) 6 6 6 6 59.02%
6 |y wnpluw ) 8 7 5 3 67.67% : Xl Ease Of access
7 10 1] ] 10 7519% | K K K
8 Ly o A i b ) X5 Programs with instruction
] 5 5 5 0 86.84%
Vi 3 3 3 3 91.35% YZ
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wirament (N 1 1 1 1 97.37%
13 |Desian know how (M) 1 1 1 Q 98.50%
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Table 6. Plan for Data Acquisition

No. Analytic factor (X’s List) Practical questions about Y; & Y» Tools
Any differences in the Number of defects? . 2-sample t-test
Xy Ease of access Any differences in note write time? . Graph analysis
Any differences in review time? - Expert interview
< Level of Can Reduce defects? . Process map
completion Any differences in note write time? (Gap analysis)
% Supply & Demand Can reduce supply &demand defect? . Process map
’ check method Any differences in review time? (Gap analysis)
.. . Does a GUI with intution and convenience help im— | - Workdown
Xy Intuition and convenience . . .
prove quality? . Expert interview
Does Latest standards and guidelines affect the re— Techmical d
o ) duction of defectives? - Lechmcea ata
X5 Programs with instruction — - Analysis
Are clear criteria and managed DB affected review

. Expert interview

time?

X,
Ql

Xy

4

719]

= RS
of thafl Figure 69 Aatz B4 Ay} “Iol7l Qity’= #AF7Hdo] 71Zb= o] frojnjsh Jgke Fi= i
M= Vital few X 2 A &35}
(A3} U] FAHE), X3 (AAA 54 <l Wb #2440+ Process 7F 728t 235 2H=x] 7|4 #/
o)

=

% Process map w418 83131t} Figure 9 ¥} 2ol 7|&dl & 7} dAvc} A5 A7 o33l /s
o)
s

LRAZE 2

7o) 2 el dleleulo] sz AlsEe] Ad AuE vz 2L 5
SE, A A, FE AR o] HAFEE Vital Few X 2 Aeagic)

) )

e}

r 1T 1 1 Creating vy
1. Data 2. Effectiveness 3. Equal variance (onuing natss.)
L J L J L J

¥ lards In
= e Write Material - No atabace K js‘“ll;-tbo:;a :
0 R E—— e Y ['4
1 ==TTeD - N — “TT77" .| Automation
Q2 B e 1. = inegraten. | program
o i B ’
. ) | | . B o
- Questions : 6 - Normality test - Test statistic e
- Samples 126 - F-test, Levene’s test - P-value
Figure 8. X; Data analyze with 2-sample t-test Figure 9. Process mapping
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4.4 Improve
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o 948 A4 e AL we] A £EE AEe0] Measure BANA ST BH 427 oS vl e

ANE 53t} Table 7 2 4~H€% Vital few X's ol thak 7§ o]},

Table 7. Improvement strategies

No Vital Few X's Strategy

Xy Ease of access Reflect in-house instructions and guidelines

Xy Level of completion Provide consistent criteria for the entire drawings

X3 Supply & Demand check method Periodic check and DB update

Xy Intuition and convenience Improve DB by collecting user’s opinions

X5 Program with instruction Obtain the latest specifications and efficiently manage DB

Xi, Xp o sl A2 Aol wtge s 257) A% 7H Aefe ARl mw 2 AL dlolE o]
2o wkgste] etk

X #7049 SR B £ QAZRE Be A ARE doleulelze] wH =

o
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2 i g 5] = %
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AR B Y2 A8 RAEZ2IRE A Tt ARL AEAAA B Aol ohe AT, 4
5 WA WFEs HAR} Aok B9 Ak Jae o] BelSelAlth 24 nare i) A9d 17
& 3] A4 Wel Z2agoz sEusel 43 WS 2E T2 2T AYHES vk Frhe 49 T
Aol e Annt Fo) A, Ade] B4R SOl ARE AR A )5 ks A oleke 43
I

st 4 I =E S THY.jeon, 2018).
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7t olold 5 )

e ———
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5 With instruction Convenience for Material L s
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o ‘ for plating/ painting

Material Sub-program
EREERETY ey

W HSC AXjAMBEE

[— |
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Figure 10. Vital few X’s Optimization



Jeon et al : A Study on the Quality Improvement of Mechanical drawing notes using Lean 6 Sigma Analysis 391

Improve®] whAu} QAN A BE FF] £DEAEA AFS AT Measure HAS] @ 55 Bksh
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T 9)\9} Y3t Ymoﬂ’ﬂ X 3 vdshs 4

Table 8. Results for Process capability analysis

, Baseline Goal Result
No. s Index ZST Index ZST Index ZST
Y Material 91.1 % 2.850 99.0 % 3.820 95.0 % 3.140
Y1z Plating/ Painting 53.4 % 1.590 99.0 % 3.820 99.9 % 4.590
Y13 General info. 84.9 % 0.470 99.0 % 3.820 98.3 % 3.620
Y Supply & demand 44.3 % 1.360 99.0 % 3.820 99.9 % 4.590
Yo Contents review (min) 10 min 0.30 1 min 3.00 1.05 min 5.710
y,, | Supply & Demand review | o 0.30 1 min 3.00 1.05 min | 5.710
(min)
4.5 Control
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Figure 11. C-Chart (before and after improvement)
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