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IMPLEMENTATION OF PARAMETERS ENABLING PROCESS CONTI

FOR PU FOAM MATTRESSES PRESS AND ROLL OPERATION.

SUPPLIER: 22621 ARAMIS INVEST situated in Romania. Capacity 700k foam mattresses/yeatr.

TASK DESCRIPTION:

1. No data collection for pressing and rolling.

2. Final measurement of UL is a result of trust in machinery not controlled process.
3. Securing EQU. Potential savings 24000 Euro/year

4. Avoid recovery problems.

5. Process resistance to the input material deviations.

SPONSOR:

MarkusThulin

TEAM:

RudolfBotag process specialist

CatalinRobucg data collection

Tomasz Matyj& 6Sigma resource/Project leader at IKEA
Roberlorgag PU foam specialist/Project leader at Supplier
CiprianCiociug process specialist
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PROCESSES TO BE FOCUSED ON




Crt No.

10

11

12

13

14

15

16

17

18

19

Mattress family

Tussoy

Malvik Firm

Morgedal Firm

Malvik Medium Firm

Moshult

Malfors Medium Firm

Matrand Firm

Matrand Firm

Moshult

Morgedal Firm

Tussoy

MalforsFirm

MorgedalFirm

Malvik Medium Firm

Malfors Firm

Malfors Firm

Malfors Firm

Morgedal Firm

Malvik Firm

Mattress size (mm)

1800

800

1400

800

800

800

800

1600

800

900

1800

800

900

900

1400

900

800

1600

800

Ordered (pcs)

220

110

186

110

319

330

42

920

330

120

66

264

300

220

220

286

440

120

77

Date Stamp/ Date

16.1%31/14.03.2016

16.11-31/15.03.2016

16.1:12/15.03.2016

16.11:31/16.03.2016

16.1%12/16.03.2016

16.1%31/17.03.2016

16.11-31/18.03.2016

16.11-31/18.03.2016

16.1211/22.03.2016

16.1211/23.03.2016

16.1211/24.03.2016

16.1211/25.03.2016

16.1321/29.03.2016

16.1321/30.03.2016

16.1321/31.03.2016

16.1431/04.04.2016

16.1431/06.04.2016

16.1431/07.04.2016

16.1511/11.04.2016

Pcs. from

Mattress height before
pressing

1815
141

1305

1395

1245

1425
139

1305
122

123
1235
123

125
124
1255
125
125
125
130
120
132
128
124
128
1235
1265
1235

Pressing time

025
025
025

Pressing height

38
a7
375
206
207
303
345
48
336
316
303
307
309
311
25
246

Height after press (mm)
Diameter
a 270
4 270
a 270
a2 270
a2 270
4 270
s4 400
54 400
52 400
45 270
43 270
43 270
55 270
5 270
36 270
a7 270
s 270
3 270
3 270
3 270
o 400
o7 400
62 400
s7 400
55 400
56 400
57 400
57 400
40 270
a2 270
3 270
4 270
a 270
40 270
o1 400
62 400
62 400
40 270
a2 270
a 270
a 270
a2 270
a 270
405 270
4 270
39 270
a3 270
05 270
57 400
so 400
60 400
59 400
53 400
56 400
53 400
56 400
o1 400
£ 270
36 270
a7 270
a5 270
85 270
30 270
£ 270
85 270
a5 270
38 270
39 270
3 270
85 270
s 270
15 270
a5 270
85 270
3 270
39 270
£ 270
85 270
3 270
a7 270
375 270
3 270
52 400
545 400
51 400
50 400
515 400
a 270
EX 270
35 270
as 270
a7 270
36 270

Rolling parameters

PEET) o) B

Package diameter (mm)

Unit Load sizes (cm)
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MEASUREMENT SYSTEM FOR PRESS STOP




Crt No.

10

11

12

13

14

15

16

17

18

19

Mattress family

Tussoy

Malvik Firm

Morgedal Firm

MalvikMedium Firm

Moshult

MalforsMedium Firm

Matrand Firm

MatrandFirm

Moshult

Morgedal Firm

Tussoy

Malfors Firm

MorgedalFirm

Malvik Medium Firm

Malfors Firm

Malfors Firm

Malfors Firm

Morgedal Firm

Malvik Firm

Mattress size (mm)

1800

800

1400

800

800

800

800

1600

800

900

1800

800

900

900

1400

900

800

1600

800

Ordered (pcs)

220

110

186

110

319

330

42

920

330

120

66

264

300

220

220

286

440

120

77

Date Stamp/ Date

16.1%31/14.03.2016

16.11-31/15.03.2016

16.1:12/15.03.2016

16.11:31/16.03.2016

16.1%12/16.03.2016

16.1%31/17.03.2016

16.11-31/18.03.2016

16.11-31/18.03.2016

16.1211/22.03.2016

16.1211/23.03.2016

16.1211/24.03.2016

16.1211/25.03.2016

16.1321/29.03.2016

16.1321/30.03.2016

16.1321/31.03.2016

16.1431/04.04.2016

16.1431/06.04.2016

16.1431/07.04.2016

16.1511/11.04.2016

Pcs. from

rder

Mattress height before
pressing

1815
141
1305
1395

1425
139
1305
122
121
123
1235
123
121
125
124
1255

Press parameters

Pressing time
025
025
025

Pressing height

38
a7
375
206
207
303
345
48
336
316
303
307
309
311
25
246

Height after press (mm)

Rolling parameters

Diameter

Package diameter (mm)

Unit Load sizes (cm)

nt
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DEFINE MEASURE POARE=) ) IMPROVE CONTROL SHARE
Crt No. Mattress family Mattress size Ordered (pcs, Date Stamp / from Mattré >>_> >> » »r

mm Date o before press nc ress (mm
(mm) order P | Pressing time Pressing heigh P )
1 182 0.6 34.5 54
1 Morgedal Firm 1400 186 11563,;%1/6 2 181 0.6 34.8 54
T 3 181.5 0.6 33.6 52
1 180 0.2 43 65
2 Matrand Firm 800 42 1186'013%'2(1)1’6 2 184 0.2 43 67
T 3 181 0.2 43 62
1 185 0.2 41.6 57
2 183 0.2 41.6 55
3 Matrand Firm 1600 90 115?(%3(1)1/6 3 184 0.2 41.6 56
T 4 185 0.2 41.6 57
5 186 0.2 41.6 57
1 185 0.2 34.6 61
4 Morgedal Firm 900 120 21363:;&;(1)1/6 2 185 0.2 34.6 63
T 3 185 0.2 34.6 62
1 190 0.36 39.3 57
2 184 0.36 39.3 59
3 187 0.36 39.3 60
4 190 0.36 39.3 59
5 MorgedalFirm 900 300 2153??2(1)1/6 5 188 0.36 39.3 53
T 6 186 0.36 39.3 56
7 186 0.36 39.3 53
8 191 0.36 39.3 56
9 190 0.36 39.3 61
1 184 0.6 34.6 52
2 186 0.6 34.6 54.5
6 Morgedal Firm 1600 120 37632'2(1)1/6 3 182 0.6 34.6 51
T 4 189 0.6 34.6 50
5 185 0.6 34.6 51.5



DEFINE ?MEASURE} IMPROVE CONTROL SHARE
Mattress sizi Ordered Date Stamp f eLﬁt;lg » 2M>L>LI—‘%eLﬁt‘lg arter

Crt No. Mattress family

mm CS Date before L ress (mm
(mm) (pcs) order oressing Pressing tim Phrgzshl?g P (mm)
TPy 1 182 0.6 34.5 54
1 Morgedal Firm 1400 186 15.63.2016 2 181 0.6 34.8 54
3 181.5 0.6 33.6 52
1 190 0.36 39.3 57
2 184 0.36 39.3 59
3 187 0.36 39.3 60
oy 4 190 0.36 39.3 59
2 MorgedalFirm 900 300 29..03.2016 5 188 0.36 39.3 53
6 186 0.36 39.3 56
7 186 0.36 39.3 53
8 191 0.36 39.3 56
9 190 0.36 39.3 61
1 184 0.6 34.6 52
LA 2 186 0.6 34.6 54.5
3 Morgedal Firm 1600 120 07.64.2016 3 182 0.6 34.6 51
4 189 0.6 34.6 50
5 185 0.6 34.6 51.5
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PROCESS/SIPOC

Y = MATTRESS
HEIGHT AFTER
X1 = MATTRESS HEIGHT PRESS
MATTRESS TYPE :> ﬂ

@

X2 = PRESSING HEIGHT
X3 = PRESSING TIME

DIAMETER
ROLLER STOP

Z = AVERAGE ROLL
DIAMETER

@@

V =UL WIDTH




Individual Value
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PROCESS STABILITY

I Chart of Height after press (mm) by Month
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25 31
Observation

37

43

49

55

UCL=56.73

X=52.58

LCL=48.43

) ) - ) ) e

Check of the process stability over the
time using | chart allows to suspect that
pressing output is different for different
months. Observation to be verified by
G9ljdzr f OGFNARIFIYyOSa @S



PROCESS STABILITY

Test for Equal Variances for Height after press (mm)

) DEFiNE >>>>MEASURE>>>>IMPROVE>>>> CONTROL)) SHARE ))

Apr + ’

May -

Bartlett's Test

Test Statistic 3.86
P-Value 0.145

Levene's Test

Test Statistic 2.92
P-Value 0.064

Thedifferencebetweenmonths of

T

1

T T T T

2 3 4 5
959% Bonferroni Confidence Intervals for StDevs

6

production(p =0.064) is notsignificant.
Further analyze will be done on entire
data collection without separating in
periods.
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REGRESSION FOR ALL MORGEDAL MATTRESSES

Regression Analysis: Height after versus Mattress hei, Pressing tim, ...

* Pressing time is (essentially) constant
* Pressing time has been removed from the equation.

The regression equation is

Height after press (mm) = 37.5 - 0.016 Mattress height before pressing + 0.469 Pressing height

Predictor Coef SE Coef T B P-value = 0.909 let to draw conclusion
Constant 37.47 28.02 1.34 9 . .
Mattress height before pressing -0.018&0 0.13%0 -0.12 that MattreSS helght befOI’e preSS|ng
Pressing height 0.4686 0.1685 2.78 0.009

has not significant influence on Height
S =1.95399 R-Sq = 20.4% R-Sq(adj) = 15.8% after press so it will be removed from
regression analysis.

Analysis of Variance

Source DF SS MS F P
Regression 2 34.17¢ 17.088 4.48 0.019
Residual Error 35 133.632 3.818

Total 37 1e7.808

Source DF Seq SS

Mattress height before pressing 1 4.639
Pressing height 1 29.537
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REGRESSION FOR ALL MORGEDAL MATTRESSES

Regression Analysis: Height after press (mm) versus Pressing height

The regression equation is
'Height after press (mm) = 34.3 + 0.475 Pressing height |

Predictor Coef SE Coef L P
Constant 34.307 5.824 5.89 0.000 Equation:Height after press (mm) = 34.3 +
Pressing height 0.4751 0.15e7 3.03 0.004

0.475 Pressingeight will be used to simulate
possible output form pressing operation input

S =1.92702 R-5q = 20.3% R-5g(adj) = 18.1% into ﬂ)”"Wg.

Analysis of Variance

Source DF SS MS F P
Regressicn 1 34.125 34.125 9.19 0.004
Residual Error 3& 133.683 3.713

Total 37 16€7.808



Summary for Pressing height

959% Confidence Intervals

Mean

Median

-
| — 1

s

36.0

36.5 37.0 37.5 38.0
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RANDOM DATA CALCULATION FOR PRESSING HEIGHT SET

Anderson-Darling Normality Test

A-Squared 1.68
P-Value < 0.005
Mean 37.111
StDev 2.022
Variance 4.087
Skewness 0.13097
Kurtosis -1.15252
N 38
Minimum 33.600
1st Quartile 35.700
Median 37.900
3rd Quartile 38.100
Maximum 40.200

959% Confidence Interval for Mean

36.446

95% Confidence Interval for Median

35.700

959% Confidence Interval for StDev

1.648

37.775

37.900

2.615

P-value for normal distribution
below 0,05 means data is not
normal. Most probable reason is
low number of data. Howevdpo
simplify further analyses and
increase accuracy of the model se
of 100 data with normal
distribution will be simulated with
mean 37.11 an&tDeV2.02
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SIMULATION OF NORMAL DATA BASED ON MORGEDAL MATTRESS INF

M1 Minitab - Untitled - [Worksheet 2 * H ©- :
llf@ File Edit Data Calc Stat FILE HOME | INSERT  PAGE LAYOUT
‘ 4 s — , i, - -
| = H & & .| -’ - D EX Verdana 19 ~|A A
1 5t @ v
. C1 C2 100inputs in normal ,
= : = ] . . Clipboard T Font p
, A distribution for average
1 34.7486 E14 v :
. R 37.11 andStDev2.02 b2
3 | 332444 Date from this simulations A B €
; ; Line output
4 34.1698 are put intoregression o basados
5 38.7808 equation:Height after 1 |simulation regression
6 37 1356 2 | 34.7485989 50.80558448
press (mm) = 34.3 + 0.475 3 | 38.05380434 52.37555706
7 | 39.9818 P : iqht 4 | 33.24436257 50.09107222
8 | 365119 ressindneight. 5 |  34.16975164 50.53063203
: 6 | 38.780775 52.72086813
9 | 347677 Calculated possﬂ;le B R
10 | 37.1041 output for the height 8 | 39.9817837 53.29134726
11 | 37.2954 . 9 | 36.51185868 51.64313287
o 34.8160 after pressing => 10 | 34.76769193 50.81465367
- 11 | 37.10412362 51.92445872
13 | 37.8601 12 | 37.2953748 52.01530303
14 36 5604 13 | 34.8160453 50.83762152
14 | 37.86010003 52.28354751
15 | 36.8961 15|  36.56039912 51.66618958
16 | 37.7589 16 | 36.89605752 51.82562732
17 | 37.75886533 52.23546103
| 377034 18 | 37.70538324 52.21005704
18 | 36.3136 19 | 36.31358897 51.54895476
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RANDOM DATA CALCULATION FOR AVG ROLL DIAMETER

Summary for Diam Avg.

v <

Anderson-Darling Normality Test

388 392 396 400 404

A-Squared 0.29
P-Value 0.600
Mean 395.99
StDev 4.03
Variance 16.24
Skewness 0.162690
Kurtosis -0.650715
N 38
Minimum 388.00
1st Quartile 392.75
Median 395.75
3rd Quartile 399.50
Maximum 404.50

959%b Confidence Intervals

Mean - } . }

Median - | ® I

95% Confidence Interval for Mean

394.66

95% Confidence Interval for Median

393.50

95% Confidence Interval for StDev

329

397.31

398.00

5.21

393 394 395 396 397 398

To increase accuracy of the model
set of 100 data with normal
distribution will be simulated with
mean 395.99 an&tDewv.03
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REGRESSION FOR ALL MORGEDAL MATTRESSES

111! Minitab - Untitled - [Worksheet 2 ***]

'ﬁ@ File Edit Data Calc Stat Graph Editor Tools Window Help Assistant

sd &S s B o> B 1 1ALFCTH | EREOHE TN E
|| ~lE| s+ 2] X | I TOO®
s | c1 | C2 | c3 |
il TPressing heiéht simulationr‘iLine output based on regression :”Simulated avvgrroll diameterﬂf
1 | - 34.7486 50.8056 394110
o 38.0538 52 3756 397 067 Based on simulated data
= 33.2444 50.0911 396.697 correlation between pressing
4| SsAlli 205308 392692 output and roll diameter will be
B 38.7808 52.7209 392.701 assessed.
6 37.1356 51.9394 396.252
B 39.9818 53.2913 400.741
8 | 36.5119 51.6431 397.826
9 | 34.7677 50.8147 393.752
10 | 37.1041 51.9245 396.661
11 | 37.2954 52.0153 392.156
12 | 34.8160 50.8376 392.670
13 | 37.8601 52.2835 396.779
14 36.5604 51.6662 393.922
15 | 36.8961 51.8256 394.283
16 | 37.7589 52,2355 393.044
17 37.7054 52.2101 393.963
18 | 36.3136 51.5490 391.221



Regression Analysis: Diam Avg. versus Height after press (mm)

) ) - ) ) e

REGRESSION FOR ALL MORGEDAL MATTRESSES

The regression equation is
Diam Avg. = 353 + 0.820 Height after press (mm)

Predictor
Constant

Height after press (mm)

Coef SE Coef T
353.41 14.77 23.92
0.8198 0.2842 2.88

S = 3.68166 |R-Sq = 18.

Analysis cof Variance

Source
Regression
Residual Error
Total

DF

1
36
37

N W
L I I S

o

-] N

55 MS F P
78 112.78 8.32 0.007
97 13.55

.74

Regression formula.

P-value < 0,05 means that with probability over 95%
height after press have significant influence on diamete
after rolling.

R-sqtells that height after press influences diameter of
the rolled mattress in 18.8%. Rest of the factors come
from machinery setups which were not measured.



) ) - ) ) e

REGRESSION FOR ALL MORGEDAL MATTRESSES

Regression Analysis: UL Width versus Diam Avg.

UL Width = €4.9 + 0.0396 Diam Avg. \

Predictor Coef SE Coef
Constant €4.915 6.937
Diam Avg. 0.03%62 0.01752

S = 0.429335 R-Sq

Analysis cof Variance

Socurce DF S35
Regression 1 . 9431
Residual Error 36 6.6358
Total 37 7.5789

o

T P
9.36 0.000

2.26

R-Sq(adj) = 10.0%

MS F P
0.9431 5.12 0.030
0.1843

Regression formula.

P-value < 0,05 means that with probability over 95%
rolling diameter have significant influence on UL width.

R-sgtells that average diameter influences UL width in
12.4%. Rest of the factors come from packing techniqu
and size of packaging materials which were not taken i
analyse
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CONCLUSIONS/RECOMMENDATIONS

1. Input to the process (mattress height before pressing) has minor influence on final package size.

2. Recommendations:

-  MSA for roll diameter

-  MSA for UL size measurement

- Change press setting from time to dimension to exclude recalculation mistakes

- Implement PU foam block cutting control before pressing: lack of stability for input material before
press and roll

- Implement data collection which are relevant for rolling process

- Sustain data collection and analyze them systematically
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IMPROVEMENTS

Changed press setting from time to dimension



