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Kuster Colour

Variation
Carpet Colour
Measurement

Jason Maher

Quality & Improvement Manager

Godfrey Hirst offers a wide range of high quality
residential and commercial carpets. Australasia's
largest carpet supplier, we have operations in
Australia, New Zealand and North America. Our range
of modular carpet tiles and broadloom carpet is
extensive and provides a variety of floor covering
options. Nylon, triexta and wool carpets are all
produced by Godfrey Hirst.



What Makes a Good Lean Six
Sigma Project?

 Thereis no known solution

The root cause is not known

 The problem is complex and needs statistical analysis
The problem is part of a process

 The process is repeatable

* A defect can be defined

* Project will take 3-6 months

 There is data available
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Project Name:
Kuster Colour Variation Reduction

Business Case

Colour variation from the Kuster continuous
dyeing operation drives the consumption of
S650,000 of carpet greige per annum plus 6-
8hrs/day of labour/machine time to complete
production line sampling.
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Elements

* Dyes & mixing variation — recipe calibration

* Yarn dye uptake variation — recipe calibration
* Process Control

* Recipe Management

e Carpet Colour Measurement
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Elements
Dyes & mixing variation — recipe calibration
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Elements
Yarn dye uptake variation — recipe calibration
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Elements
Process Control
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Elements
Recipe Management

iy Run Date (time @ end) 08/04/2015 11:10:57 AM

SORONA 550 1356 ~|| GetFormuta '
La=*"_.mula Edit (07/04/2015
1
08/04/2015 40 Loop # gt Adds Sk
e Loop A 2 0.33086 0.00 0
e Loop B 4 0.19499 0.00 7.571
& Loop C 8 0.26553 0.00 0
Hi Yellow s | x|~ 8 0.0100950C 0.32590 0.00 7457 32.28
Hi Red 110 | X | @ hid 0.010069( 0.19791 2.00 4540 19.66
Hi Blue 12 | X | 1 2 0.0097000 | 0.26553 0.00 6323 27.37
: Run Date (time @ end) _ 18/02/2015 06:14:23 Pi

Lol rormula Edit  18/02/2015

low - (Loop A Setpoint + Loop B Set 213 Limin
1000
Al ERE it I Loop # gt Adds sP
Width |{3.67 m Speed ||12 m/imin .
Length [0 m Densi 1460 g/m2 Total Flow 11231 Limin Loop A 0.32086 0.00
Picku 360 % Loop B 019306 1.00 7,865

Area (5]
Schedule Configuration urrent Formula

G
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Elements
Carpet Colour Measurement
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Project Name:

Kuster Colour Variation Reduction

Colour Measurement

Business Case

An accurate & reproducible measurement
system to objectively determine carpet colour is
required to drive improvement in Kuster colour
variation.
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Projeot Mame: | Hister Colour Varistion Reduction - Colour Measurement

Diade (Last Bendstony: | 11042074

Prepared By: | -J3son Mshar

Approwed By: | Jasom Maher, Asron Dewson, Morm Kosopoulos, Anthomy Legault Derren Morrison

Business Case: DOpporiunty & stemend (HIg N Lavel Probem Sdadsment):

ariation in colow messurement of the textured

The colow variation of the Kister continuows dyeing carpet pile

operation necsss itates the cons umption of 8-Bhrs per
day of Kuster labour/capacity and resulted in 21,200 bim

f Kuster dyed gres les going to wast e Defect Definidan:
:‘:‘Eluti:1£mu?ﬂ1E5g::dEir‘rTFEb?f:EE§ 1'.::|s- = rEcyEEE To be determined following meas wrement and
' analysis of data

ol B4 adamand: PR jeod Boope:

Prvoess St Panc

Carpet colour meas wrement
Contribute fo the 50% reduction in production line

zam pling Pemsess End Pant
Cevelopment of std work

Expecing SauingsBens s

in Soopne:
Contriubtion of this element is unkown at this time

Carpet colour mess wement

Estimate 20%
Ouraf Scoape:
Supporting project elements
[P jaod Plan: Tamemi:
Tk [ Pirame Soar § Dane Erwdl Doz Aciusl End Pl CoemmiBmens (G
Define Bildri4 1604144 Jason 20
Measure 160414 I0D44
Analyse 30044 TG4
Improve T4 28054
Control 280514 2064

S prraL Copyright (D 2008 - 200 3
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SIPOC DIAGRAM

Process/Project Name:
Date:

Prepared By:

Kuster Colour Variation Reduction - Colour Measurement

28/04/2014

Jason Maher

Suppliers

Inputs

Process

Outputs

Customers

Input
: Input :
Provider . Requirements
Description :
(optional)
Kuster Output Wet production sample run 300mm x 300mm

Wet Goods Output

Dry production run

300mm x 300mm

Dryer Sample Dryer Fan 170°C - Time
Fan Cooling Fan On/Off - Time
Steamer Moisturising Steamer Water 80-90°C - Time

See High
Level
Process Steps
Below

Output
Description

Output
Requirements
(optional)

Recipient of
Output

ColourAssessment

Visual Assessment (Experience)

Sample matches Std

Sample does not match standard

Production within tolerance
Production outside tolerance

Int. - Run Production

Int. - Adjust recipe, repeat
Finishing

Hold - Corrective action

Start Boundary:
Wet Kuster output
sample recieved

Start Boundary:
Dry Wet Goods Output
sample recieved

Dry Sample

| Cool Sample

—» Steam Sample [

Cool Sample [

Assess Col against

Standard

SigmaXL Copyright © 2006 - 2013

Steam Sample [

Cool Sample [

Assess Col against

Standard

C =g

End Boundary:
Recipe OK, Adds, Repeat

End Boundary:
Recipe OK, Release/Hold

rsr— 7S~




DMAIC DEFINE

CAUSE & EFFECT (FISHBONE) DIAGRAM

Process/Project Name:| Kuster Colour Variation Reduction - Colour Meas!

Date:| 15/04/2014

Prepared By:| Jason Maher

Problem StatememJEffect:l Variation in Carpet Colour Measurement

People Method

No Std Method Sample Presentation

Material

Texture

- 5 —_—
Brushed Down |  Brushed Up Reflectance changeability
Sample Presentation Moisture Content
_
Compressed Under Glass| ~ Crushed Flat
Yarn Bulk
Pile Orientation to Sectro
N
Left - Right Up - Down
Yarn Luster
No. Of Samples
Result Acceptance Colour change over time Variation in
\ Carpet Colour
Measurement
—_— _— > _—
Calibration
_— _—
Calibration Sample Conditioning
Machine Measurement Environment

C =g Aprar~ LS
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MEASUREMENT PLAN

Project N ame: [Kuster Colour Variation Reduction - Colour Measurement
Date: |15/04/2014
Prepared By:|Jason Maher
Notes:
Data | When Will Is the Graphical
Mea surement/ X or¥ O perational Ty[::co:e[::h Source Sample Size CH:I'::ctthIIIL Data How Will Data Meas. andior
Metric Definition Continuous | @nd = Data? be be Collected? | System |Statistical Tools
Location : Collected? Capable? 1o be Used
Pile Orientation . Colour . Meas. Mean, 5t Dey,
o Spediro ® Left/Right'U p/Drown Cont. Speciro Std Size Jason 17-Mar Stds/Samples W ulti Vari
Colour Meas Mean, StDev,
Pile Brushed Up ® Vertical Pile Cont. Speciro Std Size Jason 17-Mar Stds/Samples antrul Charts,
Histogram
Colour Meas Mean, StDev,
Pile Brushed D own x Angled Pile Cont. Std Size Jason 17-Mar ) ’ Control Charis,
Spectro Stde/Samples . .
Thatis Histogram
Repeat ofabove Colour Meas vhat Mean, StDev,
Sample Conditioning x P o Cont. Std Size Jason 24-Mar . : we are Control Charts,
after conditioning Spectro Stds/Samples workin -
g Histogram
on
. - Colour S50mm x Meas.
Pile Cruzhed Flat ® Flattened Pile Cont. Speciro S0mm Jason 11-4pr Stds/Samples Control Chart
. Mean, St Dey,
:. A . ] 1]
Pile Compressed % CEIIT.I pressed Cont Colour S50mm x Jasan 14-Apr Meas Control Charts,
Under Glass against glass Spectro S50mm Stds/Samples .
Histogram
) . Colour S50mm x Meas.
Meoisture Content ® M oist/ Dy Cont. Spectro Simm Jason 14-Apr Stds/Samples Mean, 5t Dev
. Colour
*
L v Lightness Value Cont. Spectro
Colour
*
c v Chroma Cont. Spectro
Colour
h ¥ Hue Cont. Spectro
Colour
*
a ¥ Red/Green Cont. Speciro
Colour
bt
¥ Bluelrellow Cont. Spectro

rsr— 7S~




DMAIC MEASURE

m | N T A 1t W\/\ gy g
b A
”"“ —— H m‘mmm

NS CosnsL AR

- e
;E:E "‘\./\ A Sample 7 4 \[ o & : “ [] MM
o & iti [VV\[)U VV\JWV\/VV

Nl x

e h RAISEL ~ e h FLATTENED e

PPN LTSS TPV e 0 WWM/M o

MBI gE oz

et ESISOMAEN 18987

(overat) =025

[Capapitt nces g Overal sandard poviaion

Min 2738 605 ea2g 3200 676 709 > e
ax 700 7113 Max 042 78555
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DMAIC ANALYSE

Pile Orientation to Colour Spectro
Test the following hypothesis:

H,: there is no difference

in colour measurement

for different orientations of
the sample (Null Hypothesis)

H,: at least one orientation
gives a different colour
measurement. (Alternative Hypothesis)

/ﬂéw
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Pile Orientation to Colour Spectro

Is the result affected by the selection of an
attribute?

As we are comparing more than two attributes
(Pile: Up, Down, Left, Right) ANOVA (ANalysis Of
VAriance) is used instead of completing t-tests for
all possible pairs.
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Pile Orientation to Colour Spectro - Raised

Anova: Single Factor

SUMMARY
Groups Count Sum Average Variance
Column1 20 588.19 29.4095 0.801826
Column 2 20 591.8 29.59 0.549747
Column 3 20 599.83 29.9915 0.506982
Column 4 20 590.46  29.523 1.780896
ANOVA
Source of Variation ) df MS F P-value F crit
Between Groups 3.84685 3 1.282283 1.409315 0.246602 2.724944
Within Groups 69.14957 76 0.909863

Total 72.99642 79




DMAIC ANALYSE

Pile Orientation to Colour Spectro - Flattened

Anova: Single Factor

SUMMARY
Groups Count Sum Average Variance
Column1 20 73248 36.624 1.958594
Column 2 20 747.85 37.3925 2.33742
Column 3 20 716.63 35.8315 3.105624
Column 4 20 709.74  35.487 2.819138
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 43.48875 3 14.49625 5.673248 0.001465 2.724944
Within Groups 194.1947 76 2.555194

Total 237.6835 79
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Pile Orientation to Colour Spectro - Flattened

42.00 -

L* FI

;! 38.00 - LEFT

Individuals

e
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\>
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Conditioning

c* RAISED

. :: Investigate

56:607 ¥1&A Sample

Fos0 § \[ﬁv o/ 4 Condltlonlng/

= TR

6.10 &M W U




DMAIC ANALYSE

Conditioning

c* Before Conditioning

c* After Conditioning

6.8 -

6.6 -

6.4 -

6.2

6.8 -

6.6 -

6.4 -

6.2 A
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Conditioning

N‘%Ziﬁsé:;&&g* e ._ ‘Rﬁ%ﬁf ;
L3 ;

%= Lower moisture
e content

" higher moisture
content
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Pile Flattened vs Brushed Up

" Pile Brushed Flat

M Pile Brushed Up

000000
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How can we significantly improve the precision?

* Fix pile by compression prior to testing
* Fix pile by compressed under glass aperture

wAY ENICE AN Y |
ERSIRATY SN
Mt .,\, "& e Lhtds Wl \
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0.1

qQ
[

m Pile Brushed Flat
® Pile Brushed Up

B Compr. Under Glass

50

Improvement
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Equipment

* Glass Aperture
 Compression Clamp
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Standard work

[ mseeome zeowzon | GH-TEW-P-200 |
T St i
prnied CTheck vaikiy be'oe e

Pagai aft

Frint Date: 123042015

Carpet Colour Measurement with
UltraScan® XE Spectrophotometer

 Sample | =

This decument outlines the method for carpst colour messwement using the Hunterlsb
UltraScan®™ XE Spectrophotomsater,

2 Occupational Health and Safety

Conditioning

3 Environmental Manapement
31 Refer to GH-EMS-0-001 “Environmental Palicy™.

3.2 Refer to GH-EME-0-011 “Environmental Aspects Register —-GHA".

 Sample -

41 References

[ ] 411 Fort insert with glass:  Hunterab Part Mumber ADZ-1011-124 for CokorQuest™ XE
I e St I n Compression clamp:  Hunterlab Fart Number DD2-1011-132 for ColorQuest™ XE
3 Procedure

a1 Configure your softwars to read:
Colour Scale:  CIEL"a"t*
llyminznt:  D&5

. 5 t Observer. 1@
yS e I I I 3.2  Standardise the instrument in Reflectance — Specular Excluded Mode for the large area of

viewing using the port insert with glass. First standardise with the light trap, then the white tile.

5.3 Cut a 200mm x 200mm sample. Steam the sample for 30 seconds and allow to condition for
24hours. in the conditioned room of the quality contral laboratory.

L L]
C a I ra t I O I | 3.3 For cut pile carpet brush the pile down in the direction of pile lay. Centre the carpet sample to

be measured over the reflectance port with the pile tip pointing downward. Hold itin place with
the compression clamp. Make sure that the area of the sample to be measured faces the pant
and completely covers the port.

5.6  Tske a single colour reading of the sample. Rotate the sample 20° clockwise, move so 3
different area {where the pile has not sleady been crushed) covers the sample port and
repeat taking four readings in total.

9.7 Awerage the four readings for 3 single colour messwrement. Averaging multiple readings with
rotation between readings minimises measurement varistion associsted with directionality and
non-homaogensity.

2 s/~ SIS~
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Design of experiments

e What variables or combination of variables
have the greatest impact on the colour
outcome?




