institut fur landtechnik

universitatbonn sektion haushaltstechnik

Household and Appliance Technology Section

Institute for Agricultural Technology

Rheinische Friedrich-Wilhelms-Universitat Bonn

Dipl.oec.troph. Anna Brlickner

Prof. Dr. Rainer Stamminger

Report on the Dishwasher
Round Robin Test 2009

Version 1.0

sponsored by

Institut fur Landtechnik

Prof. Rainer Stamminger

Household and Appliance Technology

Tel: 0228/ 733117

Nussallee 5, D-53115 Bonn page 1 from 54

Email: stamminger@uni-bonn.de




All rights reserved.

No part of this publication may be reproduced and/or published by print, photoprint,
microfilms or any other means without the previous written consent of University of Bonn.
In case this report was drafted on instructions, the rights and obligations of contracting
parties are subject to either the Standard Condidtions for Research Instructions

given to the University of Bonn, or the relevant agreement concluded between the
contracting parties.

© 2009 University of Bonn

RRT DW 09 Report page 2 from 54 Email: stamminger@uni-bonn.de




Contents

1
2

3

4

7

1] 1o o 11 Tox 1o o 1 6
OFQANISALION ...ttt 6
2.1 L@ 0T T=To1 1= PP 6
2.2 ACTIONS .. 6
Participants @nd tIEIS.......u. i ————————— 7
3.1 T Tod 0T o] £ PP 7
3.2 1= T 8
Test procedure and general ParameEterS..........ooeuuiiiiiiiieeeieeeeee e e 8
4.1 1Y = Tod 11 T PP PPPPPPP 8
4.2 e (] (ST TP UUPP PP PP 9
4.3 =TS A= o] o] (0 = od o ISP 9
4.4 Standby MEASUINEMENTS ........uuuiiiiiiiiiiiiiiiiieiiieeieee e nennnnnnnnnennnnne 9
4.5 7= Y[ = U1 o o 10
T R B = 1= W oo ] £ = o o3 T 10
4.5.2 Precision of testing (Repeatability and reproducibility) ... 11
S U 3 11
51 Questionnaire anSWer aNalYSIS ........oooeiiiiiiiiiiie e 11
5.2 (D= 1= B L= 1A 17
5.2.1  Environmental CONAItIONS .........oouuuuiiiiiie e eeeeeees 18
5.2.2  MaChINg PAr@MELEIS ...ttt e e e e e e e e eeta e e e e e e aeeeees 21
5.2.3  CONSUMPLION VAIUES......uuiiieeiiieeiiiie e e et e e e e e e et s e e e e e e e e eat e e e eaaeeeaes 23
5.2.4 Cleaning performance reSUILS...........ccooeeiiiiiiiiiiii e e e e eeeans 26
5.2.5 Drying performance reSUILS .........uuuuiiiiiiiiiieeies e e e 30
5.2.6  Standby MEASUIEMENTS .........coviiiiiii i e e e e e e e e e e e e e e e e e e e e aeeeaes 34
B5.2.7  Data CONSISIENCY ....cceuuuuiiiieeeiiieeeee e e ettt e e e e e e et s e e e e e e e e essa s e eeeeaeeenes 35
5.2.8 Repeatability and reproducibility..............coooiiiiiiiiiiiie e 40
N T 1Y A L 41
6.1 Evaluation of laboratory practiCe...........coovvuiiiiiiiiie i 41
6.2 Compliance with standard reqUIremMeNtS ........ccoooeeviieiiiiiiiie e 42
6.3 CONSISLENCY Of TESHING ....evvvvitiiiiiiiiiiiieie et nnnnnnnes 44
6.4 Identification of outlying 1aboratories ... 45
6.5 Recalculation of repeatability and reproducibility ..., 46
6.6 Further eValUatioNS ...........ooooiiiii e e 47
6.6.1 Correlation of energy consumption and ambient temperature ...............ccccevveeee 47
6.6.2 Correlation of energy consumption and water temperature ...............ccccvvvvvennnns 48
L0} o Tod 1113 (0] o 1T 49

RRT DW 09 Report page 3 from 54 Email: stamminger@uni-bonn.de




7.1
7.2

Summery of Important fINAdINGS..........oooi e 49

Proposals for further improvements ... 49

List of Figures

Figure 1: Locations of the participating [abs..............coouiiiiiii e, 7
LT U T2 YT (=T TP 8
Figure 3: Formula to calculate the Mandel h values.............ccoovviiiiiiiiiiecc e, 10
Figure 4: Formula to calculate the Mandel K values.............ccoovvviiiiiiiiiecciceeee e, 10
Figure 5: Formula to calculate the repeatability standard deviation ...........ccccccceeoveeeiiienninnnnn. 11
Figure 6: Formula to calculate the reproducibility standard deviation..............ccc..ooeevvvevninnnnn. 11
Figure 7: Cold water hardness at CyCle Start............couuviiiiiiie i 18
Figure 8: Water temperature inlet at cycle Start ............cccceiiiieiiiiiiii e, 19
Figure 9: Water pressure at CYCle Starl..........ccooveeiiiiiiiiiie e 19

Figure 10:
Figure 11:
Figure 12:
Figure 13:
Figure 14:
Figure 15:
Figure 16:
Figure 17:
Figure 18:
Figure 19:
Figure 20:

Figure 21.:
Figure 22:
Figure 23:

Figure 24:
Figure 25:
Figure 26:
Figure 27:
Figure 28:

Figure 29:
Figure 30:

Relative humidity at CYCle Start ..........oooeiiiiiiii e 20
Ambient temperature at Cycle Start ..o 20
Maximum temperature in the main Wash ..., 21
Maximum water temperature in the 1ast riNSe ............ieiiiiiiii e, 22
Cycle time of machine A and B (and their reference machines)..................cc....... 22
Water consumption of machine A and B (and their reference machines)............. 23
Water consumption of the reference machines (parallel to machine A and B) .....24
Energy consumption of machine A and B (and their reference machines)........... 25
Energy consumption of the reference machine (parallel to A and B).................... 25
Energy consumption and energy ClaSSES ........cceevvvvvviiiiiiiieeeeeeeeee e 26
Cleaning performance total of machine A and B (and their reference

(g F=Tod T a1 27
Cleaning performance values of machine A ..., 27
Cleaning performance values of machine B ............cccooviiiiiiiiiiiieeiee e, 28

Total cleaning performance of the reference machines parallel to machine

= 10 [ 29
Cleaning ratio total of the two test machines.............ccovvvviiiiiii e, 30
Drying performance total of machine A and B (and their reference machines).....31
Drying performance values of machine A ..., 31
Drying performance values of machine B ..o, 32

Total drying performance of the reference machine parallel to machine

A BN B o n e 33
Drying ratio of the two teSt MaChINES.............uuuiiiiiiiiiiiiii s 33
Standby measurements results "left-on mode" ... 34

RRT DW 09 Report page 4 from 54 Email: stamminger@uni-bonn.de




Figure 31:
Figure 32:
Figure 33:
Figure 34:
Figure 35:
Figure 36:
Figure 37:
Figure 38:
Figure 39:
Figure 40:

Figure 41.:

Standby measurement results "off-mode” ...
Mandel h statistics of the cleaning performance values...............cccccvvvviiiiinnnnnnns
Mandel-h statistics of the drying performance values ............ccccccceeiiiiiiiiieeeeinnnnnn.
Mandel h statistic of the consumption data of the two test machines...................
Mandel h statistics of the reference machine consumption data...............cc........
Mandel k statistics of cleaning performance values .............ccccvviiiiiiiiiiiieeeninnnnn.
Mandel k statistics of the drying performance values.............ccccccveeeiiiiieiieeeeninnnn.
Mandel k statistics of the consumption data............cccccceeeviieeiiieiiciii e,
Mandel k statistics of the consumption values of the reference machines ...........
Correlation of ambient temperature and energy consumption (beginning at

the top left corner continuing clockwise: machine A, B, G590 and G1222) ..........
Correlation of water temperature and energy consumption (beginning at

the top left corner continuing clockwise: machine A, B, G590 and G1222) ..........

List of Tables

Table 1: Participants of the round robin teSt .........oooo i

Table 2: Use Of thermal CaDINEIS .....c.inieeeee et e e ens

TabIE 3: USE OFf MUCTOWEAVES .....eeieeee ettt ettt et et ettt e e e e e et e e e e e e eneens

Table 4: USe Of ref@renCe MaAChINES ......oe et e e eens
Table 5: Weight of the USed diSNES........ccoo i

Table 6: Number of runs fOr USEA iSNES........cveiiie e e e

Table 7: Usage of a rack t0 1080 t€a CUPS ....cevuuuniiiiieiieeeiiee et e e

Table 8: Preparation Of SPINACKH..........ciiii i e e e eeans

Table 9: Used spinach for soiling the disShes............ccooiiiiiiii e,

Table 10:
Table 11:
Table 12:
Table 13:
Table 14:
Table 15:
Table 16:
Table 17:
Table 18:

Table 19:

Repeatability and reproducibility results for all 19 laboratories...........cccccooeeeeiiees
Parameters according to which the laboratories are graded ...........cccccceeeeeeeeennens
Rating of [aboratory practiCe...........uvuuiiiiiiiiieece e
Standard reqUIFEMENTS ........ooouiiiiiii e e e e e e e e e e e e e eaanaaaas
Compliance with standard reqUIremMeENtS.......ccooeeeeiieeeiiiiie e e
Calculation of the teSt CONSISIENCY ........coeviiiiiii i
Ranking of the 1aboratoriesS.........ccouuuiiiii e e
Recalculation of repeatability and reproducibility .............ccccoeiiiiiiiiiiii s
Slope and coefficient of determination for the four correlations of

ambient temperature and energy CONSUMPLION .........coiviiiiiiiiiiriee e eeeeees
Slope and coefficient of determination for the four correlations

of water temperature and energy CONSUMPLION .........cooiieiiiiiiiiiiee e e e

RRT DW 09 Report page 5 from 54 Email: stamminger@uni-bonn.de




1 Introduction

The European Energy Label indicates the effectiveness of electrical household appliances to
consumers (see 92/75/EEC). In the cases of dishwashers their cleaning and drying
performance are shown as well as the resources used. The declaration is based on the
European Norm “EN 50242: Electric dishwashers for household use: methods for measuring
the performance”, which gives detailed instruction concerning the testing of the cleaning,
drying, noise emission and resource consumption. However, the latest revision of this
standard (EN 50242, March 2008) has never been tested for its reproducibility. Therefore
CECED, the European association of appliance manufacturers, initiated the dishwasher ring-
test of manufacturers and testing laboratories. The round robin test (RRT) not just aims to
determine the reproducibility of the norm, but also tries to facilitate expert knowledge within
the involved laboratories. Gathering experiences made during the tests, will help to reveal

different interpretations of details and maybe point out missing parts of the standard.

2 Organisation

The round robin test was coordinated by the University of Bonn, Household and Appliance
Technology Section, with technical support from the dishwasher development departments of

Miele (Bielefeld) and Asko (Vara), who supplied the round robin test machines.

2.1 Objectives

The round robin test aims to verify the improvements in the latest revision of EN 50242. To
evaluate repeatability and reproducibility of the enabled tests several European laboratories
have to undergo the testing procedure. All participating laboratories were asked to perform
standard-conform tests, i.e. dishwasher cleaning and drying tests and to follow the
instructions exactly. To get an overview on the different laboratory conditions and working
practices, a questionnaire was sent to the participants and an objective observer visited
them. The data sampled in the questionnaire was for example the laboratory equipment, the
measurement devices, the reference machines used or the soils and tableware employed.
The neutral observer followed the laboratory practice for one day and filled out a
guestionnaire with several questions concerning the implementation of the EN 50242 in the

specific laboratory.

2.2 Actions

The following actions have been undertaken (in chronological order):
* Preparation of the round robin test machines

» Grouping of the participants into tiers
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» Coordination of testing and transports

* Arranging the visits in the laboratories

* Data evaluation and analysis

* First evaluation meeting in Bonn after gathering results from the 19 labs
(29" of October 2009)

* Final evaluation and report release

3 Participants and tiers

3.1 Participants

19 laboratories (11 producer, 8 test laboratories) took part in the round robin test. There were
laboratories from Germany, Sweden, Italy, Great Britain, France, Spain, Poland and Turkey.

All labs except two accepted the visit of the neutral observer.

i
o

T

- [J
L
!

Figure 1: Locations of the participating labs

To guarantee the participants’ anonymity every lab is coded with two letters. The list below is
ordered alphabetically and does not correspond to the given codes. The following
manufacturer and testing institutes (Tab.1) have taken part in the round robin test.

RRT DW 09 Report page 7 from 54 Email: stamminger@uni-bonn.de




Table 1: Participants of the round robin test

Producer / Test

Laboratory Town Country laboratory
Applus-LGAI Bellaterra Barcelona |Spain test laboratory
ARCELIK A.S. Sincan Ankara Turkey producer
ASKO Vara Sweden producer
BSH Dillingen/Do. Dillingen a. d. Donau |Germany producer
Electrolux Niirnberg Nirnberg Germany producer
Electrolux Solaro Solaro (MI) Italy producer
Fagor Brandt La Roche / Yon France producer
Hansecontrol Priifinstitut GmbH Hamburg Germany test laboratory
Indesit Turino Torino, 10060 None [ltaly producer
Intertek Milton Keynes UK test laboratory
LGA- QualiTest GmbH Nirnberg Germany test laboratory
Miele Bielefeld Germany producer
SGS Institut Fresenius Taunusstein Germany test laboratory
SLG Priif- und Zertifizierungs GmbH Hartmannsdorf Germany test laboratory
SMEG - Bonferraro Bonferraro (VR) Italy producer
VDE Prif-u.Zertifizierungsinst. Offenbach Germany test laboratory
wfk-Institut fiir Angewandte Forschung GmbH |Krefeld Germany test laboratory
Whirlpool Europe - Plant Neunkirchen Neunkirchen Germany producer
Whirlpool Europe - Plant Wroclaw Wroclaw Polen producer

3.2Tiers

To avoid delays in the schedule all ten ring test machines were send out to the laboratories

and five tiers evolved (Fig.2).

Tier 1 wfk-Institut, Krefeld | —» Asko, Vara —> Intertek, Milton —» | Whirlpool, Wroclaw
Tier 2 Hansecontrol, —» | Arcelik, Ankara
Hamburg
Tier 3 BSH, Dillingen —> Whirlpool, —»| Fagor, LaRoche [—| Applus, Barcelona
Neunkirchen
Tier 4 LGA, Nirnberg — [SLG, Hartmannsdorf |—»| Miele, Gutersloh —»| SGS, Traunstein
Tier 5 VDE, Offenbach —» | SMEG, Bonferraro |—» Indesit, Turin —» | Electorlux, Solaro Electorlux, Nurnberg

Figure 2: Five tiers

4 Test procedure and general parameters

4.1 Machines

The standard tests were carried out with two dishwasher models, one of a higher and one of

a lower performance. In the first meeting it was agreed to have five identical machines from

each of the two manufacturers. Machine A was obtained from the common production

process while machine B was slightly altered to have a drying and cleaning performance of
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class B according to the energy label rating. All machines were tested in the manufactures
lab to ensure that they have nearly the same consumption values. The mean values of those
tests were handed out to the University of Bonn. Although small differences between the
mean values of the machines in the five tiers were exposed in the first evaluation meeting
they were accepted by the RRT participants. In the majority of the cases the differences
could be traced back to outliers in single labs. Additionally the differences between the
machines in the five tiers could lie within the normal variability and were too small to get a
verification of significant differences through a re-measurement. To depict a wider spread of
performance levels the machines of the two manufactures were tested in different
programmes. One of the machines should run in an intensive programme with 30 g of
reference detergent type B (machine A), where 259 are placed in the dispenser and 5 g on
the door, and the other one in the programme for normally soiled dishes with 25 g of

reference detergent (machine B).

4.2 Pretests

To assure a proper test machine operation each lab had to perform three pretest runs with
both machines. To minimize the required time for the pretest the three tests could be done
consecutively with a specified cooling down period between the runs of at least one hour. If
the values for energy and water consumption, cycle time, maximum temperature in the main
wash and in the last rinse were within the tolerances the labs were allowed to continue with
the test. This was done to exclude the possibility that the machines were damaged during the

transports, which could influence the results.

4.3 Test approach

The cleaning and drying performance tests had to be done according to the EN 50242. The
consumption values were measured during the cleaning performance tests.

For the parameters which depend on the machines each lab was equipped with a separate
manual for each machine, which described for example how to set the water hardness or the
programme. It also comprised the loading schemes, the programme which should be
selected and the amount of detergent which should be used. To minimize influences on the
measured temperature the position of the thermocouplet was prescribed, too. The short

manuals of both machines are part of the annex (Annex A).

4.4 Standby measurements

The procedure of the “off mode” and the “left on mode” measurement was based on a not yet
published Annex of the EN 50242 (based on 59D/343/CDV) and the IEC 62301 Ed.1
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8 laboratories agreed to measure the “off mode” and the “left on mode” energy consumption
with at least one machine. The measurement should be done three times directly after a
cleaning performance run. The measurement period is 30 minutes and should start after
unloading the dishwasher. While the dishwasher is switched off for the “off mode”
measurements, no action is taken by the operator to switch the dishwasher off for the “left
on” measurements. With an unlatched door the dishwasher is left to revert to a steady state

power consumption of its own accord, before the measurement period starts.

4 5Evaluation

All statistical assessments are based on the IEC 61923.

45.1 Data consistency

The Mandel h statistic is used to evaluate the differences between the mean values of the
participating laboratories. It gives information about the labs which have results that differ

more from the average than the others.

X=X m X , = average of all test labs
hi = with

2 X

1 —_—
m . 1( Xi = Xm) p = number of participating labs
1=

= average of one lab

Figure 3: Formula to calculate the Mandel h values

The Mandel k statistic is employed to assess the variances of each laboratory in comparison
to the variances of the other laboratories. It gives information about the labs which have

stable results and those who have results that scatter.

s 1 s
L,i s, — " L
ki = —— with P
S S| = standard deviation in one lab
r
p = number of participating labs

Figure 4: Formula to calculate the Mandel k values
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45.2 Precision of testing (Repeatability and repro  ducibility)

4521 Repeatability standard deviation (s;)

Standard deviation of test results which are obtained under repeatability conditions
(independent test results obtained with: same method, identical test items, same laboratory

with the same operator, same equipment, short time interval).

p 2

S = i . SL'i with
r P i=1 p = number of participating labs

S| = standard deviation in one lab

Figure 5: Formula to calculate the repeatability st ~ andard deviation

4.5.2.2 Reproducibility standard deviation (Sg)

Standard deviation of test results which are obtained under reproducibility conditions (test
results obtained with: same method, identical test items, in different laboratories with different

operators, different equipment).

p _ 2
(Xi'Xm)+ n-1s

1
Sk = p-1i-1 n

Figure 6: Formula to calculate the reproducibility standard deviation

5 Results

5.1 Questionnaire answer analysis

Following the answers of the questionnaire are shown, starting first with focus on the thermal
cabinet (Tab.2). Some labs use thermal cabinets bought in the last 2 or 3 years while some
thermal cabinets are nearly 20 years old. Two labs use thermal cabinets from a different
brand than Memmert. All used thermal cabinets have to fulfil the specifications (f.e. volume,

shelves and temperature profiles) mentioned in the standard.
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Table 2: Use of thermal cabinets

Lab What Brand name, Model code, serial number have your thermal cabinets? When did
a you purchase them?
RI Memmert: ULP 800 DW appr. 2004; Memmert: ULP 800 DW appr. 2004
MN Memmert ULE 800
JQ 1. ULE 800: 08/2000; 2.ULE 800 11/2003
SH Zanussi FCF / E40; Was bought 1997-11-13.
GT Memmert typ. UFP800 ; bought in 2005
DW Memmert ULM 800, Memmert UL 80 ( both purchased before 1990)
CX Memmert, UFP 800; Memmert, UFP 800 ; Purchase date: 01/2008
NM Memmert ULESOO
IR Memmert UFP 800, June 2009
HS Memmert UFP 800 DW; purchase - 2007
FU Memmert heating cabinet 1, UFP800; Memmert heating cabinet 2, ULP800; Memmert heating cabinet 3, ULM800
XY Memmert 1.: UFP800; Memmert 2.: ULP800
LO Memmert UFP800 N.1 date of purchase December 2007; Memmert N.2 date of purchase December 2008
PK Memmert UFP800 ; January 2008 Memmert UFP800 ; September 2008
KP Memmert Model 800. Serial number illegible. Purchased 1995?
TG Memmert No.1 ULP 800 ; 2003 Memmert No.2 UFB 800 ; 2007
EV Memmert, model code UFP800
oL Memmert - UFP800 DW - S.N.
YZ Binder, FED720; 13/11/2008

Secondly an overview of the used microwaves is given (Tab.3).

Table 3: Use of microwaves

Lab What brand name, model code, serial number has your microwave? When did you
a purchase it?

RI Bosch-Siemens HMT 742C; Bosch-Siemens HMT 742C; 10.2008
MN Bosch HMT 752 F; purchased in 2003
JQ Bosch HMT 752F 01/2001; Siemens HF 13563; 02/2006
SH 2 Bosch HMT 742 C. Were bought 2008-12-10 and 2008-05-21
GT BOSCH HMT752F/01; bought in 1997
DW Bosch HMT742C; Bosch HTMT742C; both purchased in Feb. 2009
CX Bosch HMT 742C; Bosch 743C; Bosch 743C; Purchase date:08.2008 and 03.2009
NM BRANDT S2600WF1
IR Bosch HMT 742 C; June 2009
HS Bosch HMT752F; 2000
FU BOSCH type HMT742C; BOSCH type HMT742C
XY BSH (Bosch-Siemens) (2x Microwave oven); HMT742C/HMT742C
LO Bosch HMT 752F; Bosch HMT 752F
PK Bosch U96121358, May 1999; Bosch U96121332, January 2002
KP Miele M732; Purchased 1994
TG Bosch HMT 742C; HMT 742C/03, 2007
EV Bosch, Model code: E HMT742C/03, purchase date: March 2007
oL Bosch - Microwave "A" HMT 752F; Bosch - Microwave "B" HMT 752F
YZ Bosch, HM742C, Purchased 28/11/2008

Two labs use other microwaves than the HMT 742 C or the HMT 752 F mentioned in the

standard. All microwaves have to fulfil the specifications mentioned in the standard (f.e.

wattage, turntable size).
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In table 4 the reference machines which were used in the laboratories are listed.

Table 4: Use of reference machines

Lab What type of reference machine do you use for this ringtest?
RI Cleaning performances: G1222SC; Drying performances: G595SC
MN Miele G1222 SC Reference
JQ Miele G 1222 SC Reference
SH Miele G 595 SC
GT MIELE G595SC
DW Cleaning: Miele G 1222; Drying: Miele G 590
CX Miele G 1222 S.C.
NM MIELE G 595 SC [ Cleaning Test ]; MIELE G 595 SC [ Drying Test ]
IR Miele G 590 SC
HS Miele G 595 SC
FU Miele type G 595 SC
XY Miele G1222 SC
LO G1222SC
PK Reference new Miele G 1222; Reference old Miele G 590
KP Miele G595 SC
TG Miele G595 SC
EV Miele G590 SC
oL Miele G 1222 SC Reference
YZ MIELE G1222SC

Nine labs only use the “old” reference machine G590 or G595 while seven labs use the

“new’” G 1222. Three labs use both machines for tests but one is always used for drying

performance tests and one for cleaning performance tests.

All labs were asked to weight the dishes they use for the round robin test and to note the
weight in gram without soil. The next chart shows the weights of the dishes used for the tests
(Tab.5). Especially for the crockery large weight differences could be noticed. The weights
range from 1,383 to 1,729 kg. Additional the average values and the percental deviation from

the average are noted. Although a certain weight is not mentioned in the standard such a

large difference can influence the energy consumption.
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Table 5: Weight of the used dishes

Report the weights of .... (without soil)
Lab cutlery crockery glasses cutlery crockery glasses crockery reference crockery glasses reference

machine A machine A machine A machine B machine B machine B machine rrenf:‘r:E?nc: machine
RI 2573 19951 1292 2566 19946 1297 2578 19958 1301
MN 2589 19919 1297.5 2589 19919 1297.5 2594 19909 1281.6
JQ 2640 19960 1270 2640 20030 1260 2640 18860 1270
SH k.A. k.A. k.A. k.A. k.A. k.A. k.A. k.A. k.A.
GT 2747 19916 1250 2747 19916 1250 2764 19879 1272
DW 2600 20000 1300 2600 20000 1300 2600 20000 1300
cX 2594 18837 1297 2615 19464 1301 2600 19602 1285
NM k.A. k.A. k.A. k.A. k.A. k.A. k.A. k.A. k.A.
R 2596 19487 1248 2615 19528 1448 2609 19493 1243
HS 2562 19260 1247 2569 19183 1248 2565 19737 1238
FU 2670.8 19984.9 1304.6 2681 20083.2 1307.8 2616.6 20023.9 1312.6
XY k.A. k.A. k.A. k.A. k.A. k.A. k.A. k.A. k.A.
LO 2615 19525 1280 2590 19657 1270 2620 19810 1275
PK 2592 20030 1336 2598 20042 1325 2599 20104 1351
KP 2590 19962 1269 2578 19858 1283 2611 19887 1306
TG 2540 19820 1300 2520 19800 1300 2530 19820 1300
EV 2598 20566 1249 2598 20566 1249 2763 20179 1262
oL 2600 20430 1250 2600 20020 1260 2600 20430 1250
74 2603 20095 1290 k.A. k.A. k.A. 2653 20143 1290
Max weight 2747 20566 1336 2747 20566 1448 2764 20430 1351
Min weight 2540 18837 1247 2520 19183 1248 2530 18860 1238
Difference | 207 1729 89 227 | 1383 200 234 | 1570 113
Average 2607 19859 1280 2607 19867 1293 2621 19865 1284
Standard
deviation 47 419 26 53 321 49 62 351 29
% deviation 1.82% 2.11% 2.06% 2.02% 1.61% 3.82% 2.37% 1.77% 2.25%

The number of times a set of tableware is normally used is shown in Tab.6. Apparently 7 labs
used sets of tableware which run more test cycles than the 200 specified in the standard or

that the number of runs is not exactly noted.
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Table 6: Number of runs for used dishes

Lab How many cycles approximately are run with the set of tableware and cutlery you

use for the test?

RI appr. 220

MN approx. 80 (replacement after max. 200 cycles)

JQ cutlery: around 2500 porcelain: around 800 glasses: around 800
200-400 cycles; Crockery: Average 150 cycles, could be up to approx. 350 cycles. Glasses:
Average 150 cycles. Cutlery: Average 1000 cycles. Knifes are oftener exchanged, due to spot

SH corrosion at the blade.

GT 126

DW Not specifically defined. Continous replacement of damaged pieces or with scratched surfaces

CX Continuous exchange of scratched and/or damaged dishes during evaluation process

NM 500

IR 10

HS set 1: 95 cycles / set 2: 95 cycles / set 3: 65 cycles

FU approximately 200 cycles including re-cleaning and normalization cycles

XY <200

LO 150

PK circa 145 ycles

KP 20 cycles

TG When scratches are observed on the surfaces they are replaced with the new ones.

EV 200

oL Approximately were run 20 test

YZ 0-5

In table 7 the usage of a rack to load the tea cups into the thermal cabinet is revealed. Three

labs do not employ the racks mentioned in the standard or did not answer the question.

Table 7: Usage of a rack to load tea cups

Lab Do you use a rack for the cups when you load them into the thermal
cabinet?
RI Yes
MN yes
JQ Yes (Original rack from Memmert)
SH No answer
GT yes
-> see attached picture: For older thermal cabinet model, the actual loading proposal is
not possible.
DW
CX yes
NM NO
IR yes
HS yes
EFU Yes, please refer to separate pictures of the loading scheme.
XY Yes
LO yes
PK yes
KP Wire mesh on shelf
TG Yes
EV Yes, we do.
oL Yes, | do.
YZ No
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Table 8 deals with the preparation of the spinach which is used to soil the dishes. Three labs

use an electric mincer instead of the sieve described in the standard to prepare the spinach.

Table 8: Preparation of spinach

Lab Describe how do you prepare the spinach soil? Do you use sieve or mincer?

RI Sieve

MN acc. to DIN EN 50242, the spinach is sieved

JQ We strain the spinach through a sieve (mesh size 2mm) / we collect the water with a spoon to take it away
Sieve, as described in the standard. The spinach is defrosted in it's own package at 22<C. After that placed at the
sieve for 5 minutes and the extracted water is taken away. After that strained the spinach through the sieve. After
that divided into portions, no water is taken away at this moment

SH

GT sieve described in the standard

DW Mincer

Allow the spinach to defrost at lab condition, than place in metal strainer and allow to drip for 5min.Remove the
trickling water and mince it with electric mincer.Allow to stand 15min,empty out any liquid if formed around the
CX spinach.

NM SIEVE

IR analog EN 50242 Training at Uni Bonn on August 2008. We use a sieve.
HS prepare according to EN 50242/EN 60436 with sieve

FU By the use of a specified sieve manufactured by RESCH (2,0mm size)
XY mincer

LO sieve

PK Retsch sieve according 1ISO3310/1 with mesh 2,00mm, S.n0.507649
KP Passed through 2mm sieve

TG Sieve is used.

EV We use a sieve.

oL SIEVE PROCEDURE only

YZ Defrost at ambient temperature. Place in a metal sieve while prepare other soils.

The last evaluated question from the questionnaire comprises the spinach which is used
(Tab.9). When comparing the types of spinach used to soil the dishes, it has to be
acknowledged that all labs except one (LO) use the spinach described in the standard “Iglo-
Fein Gehackt”. Interesting is the fact that most labs have the same expiration date (05/2010)

indicating the use of a single source for getting the soiling (www.sta-de.com).
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Table 9: Used spinach for soiling the dishes

Give brand name and identification (batch number) of the spinach you use to soil

Lab the plates.
RI Iglo Junger Spinat 4056100490339
MN Iglo Junger Spinat, 812 8 Cl 005
JQ Iglo Junger Spinat fein gehackt; batch nr.: 8128/1005
SH Iglo Junger Spinat, delivered from StaDe Testmtrl, 2009-03-09.
GT IGLO - jungen spinat fein gehackt- batch: L 8128 Al 005 MHD 05 2010.
DW IGLO, junger Spinat - fein gehackt; 05/10

Iglo Junger Spinat, fein gehackt 05/2010; L8136CJ005 ->example cleaning test Miele reference; RRT with Iglo
CX Junger Spinat 05/2010; L8136BJ005

NM JUNGER SPINAT 8128A1005 05/2010
IR Iglo Junger Spinat 05 2010 L8126 C 1005
Iglo Junger Spinat (fein gehackt) - best before 5/2010
HS bar code: 4056100490339 / L8129A]005
FU IGLO Junger Blattspinat batch No.:L8128CI005 / 05-2010
XY Iglo - Junger Spinat L8253AJ005
LO Bonduelle 17:07 L492141 7340 01:17
PK Iglo junger Spinat fein gehackt, 08/2010, L8239CJ005 16:00
KP Iglo Junger Spinat, 08/2009 L27232B1005 06:06
TG Iglo - L 8128 A 1005
EV spinach "IGLO" L8135 AJ005_03:49
oL Iglo Junger spinach - Batch number L8128AI005 - expiration date 05 2010
YZ Iglo - Junger spinat L8128A1005

5.2 Data analysis

This chapter contains the data analysis of the environmental conditions in the different labs,
the machine parameters cycle time, energy and water consumption and the cleaning and
drying performance results.

It has to be acknowledged that the order of the labs on the x-axis can change in the following
figures. For reasons of unification the reference machines were always named according to
the test machines they ran parallel to. For some labs the values for the reference machine
parallel to machine A (Ref p.A.) and the reference machine parallel to machine B (Ref p.B.)
are identical because both test machines were tested at the same time.

When it is of importance for the assessment the type of reference machine used for the tests
is quoted on the x-axis. The dashed lines always mark the tolerance range acc. to the

standard.
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5.2.1 Environmental conditions

Figure 7 shows a scatter plot of the cold water hardness at cycle start for all machines in the
labs. The water hardness of two labs lies on the lower boundary of the values described in
the standard.
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Figure 7: Cold water hardness at cycle start
One lab lies above the limit of 2,0 to 3,0 mmol/l, while the remaining labs are in the middle of

the tolerance range.

Chart 8 shows the water temperature at cycle start. The tolerance range of the water
temperature inlet at cycle start lies between 13 and 17 . The water temperature of three
labs lies outside the prescribed range. Lab NM reveals the highest spread of measured water
temperatures.
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Figure 8: Water temperature inlet at cycle start

Figure nine shows the water pressure at cycle start. The tolerance range acc. to the standard
lies between 2.2 and 2.6 bar. Seven labs lie outside the tolerance range.
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Figure 9: Water pressure at cycle start
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Figure 10 shows the relative humidity at cycle start. Even though the values depict a wide
spread of measured humidities all labs reached the specified tolerances.
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Figure 10: Relative humidity at cycle start

The following chart presents the ambient temperature at cycle start (Fig.11). The range for
the ambient temperature lies between 21 and 25 . All labs lie within this range.
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Figure 11: Ambient temperature at cycle start
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5.2.2 Machine parameters

With the next slide the maximum temperature in the main wash is depicted as the first
machine parameter (Fig.12). The A machine reaches temperatures in the area of 75C, the B
machine about 55T, the reference machine G1222 abo ut 50C and the reference G590
about 66C. Lab EV has a relatively low maximum tem perature in its reference machine
(64C). Also in Lab NM the temperature for the old reference machine G590 is lower (64C)
than in the other labs. In contrast to this the test machines in lab IR show slightly higher
temperatures in the main wash. Lab YZ was not able to measure the temperature in the main

wash in all cycles and the values for the new reference G1222 are too high.
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Figure 12: Maximum temperature in the main wash

The next chart shows the maximum drying temperature (Fig.13). The A machine reaches
values of 68-70 T while the B machine only reaches 52-53 <C. The new reference machine
has a higher drying temperature with 67 T than the old reference machine with 65 <. Lab
NM has lower values for the reference machine. The values of the test machines are a bit

higher in Lab IR than in the other labs. YZ features some missing values.
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Figure 13: Maximum water temperature in the lastri  nse

A further machine parameter is the cycle time (Fig.14). For machine A as well as for machine
B the cycle time is very similar in all labs. Also for the reference machines the cycle times are
very alike. Additionally the standard deviation for each value is either very small or not

existent because the same time was reported for each cycle.
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Figure 14: Cycle time of machine A and B (and their reference machines)
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Machine A has the longest cycle time with about 160 minutes and varies between 159.3 (YZ)
and 166.3 (FU) minutes. Then follows machine B with approximately 122 minutes, the new
reference machine with nearly 100 minutes and the old reference machine with 81 minutes.
The new reference machine varies between 97.2 (CX or OL) and 99 (XY) minutes. YZ
reaches the highest value with 104.2 minutes. The old reference machine varies between
76.2 (EV) and 81 (other labs) minutes.

Lab EV reveals a tendency to note a little shorter cycle times than the other labs. Lab YZ

measured times for the reference machines which are too high.

523 Consumption values

The following sheets deal with the water consumption values of the tested machines. The
regeneration cycles are excluded for the calculation of the mean values for time, energy and

water consumption.
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Figure 15: Water consumption of machine A and B (an  d their reference machines)

This chart shows the mean values of the water consumption of the machines in each lab
(Fig.15). The water consumption of machine A varies between 18.98 | (LO) and 20.70 | (IR)
with a mean value of 19.45 |. The water consumption of machine B shows a range from
10.47 | (OL) to 11.46 | (IR). The average value for machine B is 10.94 |. The water
consumption of the new reference machine varies between 14.15 | (XY) and 14.80 | (DW)
while the values of the old reference machine shows larger differences with values between
27.04 |1 (EV) and 28.18 | (IR). The standard deviations in each lab are smaller for machine B
than for the reference machines or machine A. For lab IR the water consumption of each

machine is a little bit higher than for the other laboratories.
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The next chart shows the water consumption values of the reference machines in more detail
(Fig.16). The dotted lines are the water consumption tolerances mentioned in the EN 50242.
For the G 590 the tolerance area ranges from 27 to 28 | and for the G1222 from 14.0 to 14.8
[. All machines except YZ lie more or less within this tolerance range. Lab IR has a relatively
high standard deviation and lies at the upper tolerance limit for the G 590. Taking the water
consumption values of the G1222 into nearer consideration it can be noticed that for lab DW

only the standard deviation lies outside the tolerance range while lab YZ clearly exceeds it.
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Figure 16: Water consumption of the reference machi  nes (parallel to machine A and B)

The following chart focuses on the energy consumption of the machines measured during
the cleaning performance tests and shows the mean values of the energy consumption for all
machines in each lab (Fig.17). The energy consumption for machine A varies between 1.67
(YZ) and 2.00 kWh (GT). The average energy consumption of machine A over all labs is 1.93
kWh. The energy consumption values of machine B lie between 0.80 (YZ) and 0.97 kWh
(TG). The overall mean value for machine B is 0.90 kWh. The values for the new reference

machine G1222 are closer together than those for the old reference machine G590.
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Figure 17: Energy consumption of machine Aand B (a  nd their reference machines)

The labs EV and YZ have energy consumption results for all machines which are a bit lower
than for the other labs. The standard deviations in the labs NM, TG and IR are higher than in
the other laboratories. For lab YZ some single values are missing and the mean value is not
always calculated from five test cycles.

Chart 18 depicts the energy consumption of the two reference machines. Again the runs of
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Figure 18: Energy consumption of the reference mach ine (parallel to A and B)

one reference machine are divided into those parallel to machine A and those parallel to

machine B. The tolerances mentioned in the standard for both reference machines are
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marked with the dotted lines. For the G 590 the tolerance ranges from 1.78 kWh to 1.98 kWh
and for the G1222 from 1.25 kWh to 1.41 kWh. The values of the labs EV, NM, IR and YZ

are clearly out of the tolerance area.

In the next diagram the energy consumption values of machine A and B are rated according
to the energy label classes (A 1,06; B 1,25;C 1,45; D 1,65; E 1,85;F 2,05).
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Figure 19: Energy consumption and energy classes

All except one labs classify the machine A in energy performance class F (Fig.19). The
exception is lab YZ were it reaches an E. The machine B reaches an energy performance

class A in all labs but a more precise grading is not possible.

524 Cleaning performance results

In the following charts the focus lies on the cleaning performance values of the machines in
each lab. Lab XY has only four assessed cleaning performance runs and the mean values
are always calculated over four runs even though there should be at least five runs according
to the standard.

In the beginning the single scores of the total cleaning performance of each machine are
shown (Fig. 20). In all labs the performance of the A machine which run in an intensive
programme exceeds the values of the other machines. While in some labs the cleaning
performance of machine B is better than the one of the reference machine (labs JQ, PK, IR,
OL) the relation is converse in some other labs (lab HS, KP, TG). Here machine B is clearly
worse than the reference machine. The cleaning performance values of LO are low in

comparison to the other labs and the values of NM are higher.
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Figure 20: Cleaning performance total of machine A and B (and their reference machines)

In the next chart the cleaning performance results of machine A are presented (Fig.21).
Shown is the performance of the glasses, the cutlery, the crockery and the total value in
comparison for each lab. For all kinds of tableware high standard deviations within one lab

and large differences between the labs are evident.
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Figure 21: Cleaning performance values of machine A
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Furthermore different glass, cutlery and crockery results can lead to nearly the same total
cleaning value. For example lab RI with a very good result for the crockery has nearly the

same total score as EV which has good glass and cutlery results.

The next chart shows the cleaning performance of machine B for the different kinds of
tableware (Fig. 22). The cutlery is nearly always assessed better then the crockery and the
glasses. An exception is lab YZ because here the glasses of machine B are assessed as
nearly clean. With lab YZ, lab NM reaches the best results, while LO has always the worst

cleaning performance.
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Figure 22: Cleaning performance values of machine B

The next chart indicates whether the cleaning performance of the particular reference
machine complies with the values described in the standard (Fig.23). Even though those
values are mandatory mentioned five labs clearly under-run or exceed the tolerance range of
3.55 +/- 0.2, which is depicted through the dotted lines.

RRT DW 09 Report page 28 from 54 Email: stamminger@uni-bonn.de




5,00
4,00
[
(8] — — - — — — — —
g
£ 3,00
8
@
o
2 2,00 1
c
@
o
o
1,00 -
0,00 -
o S S S PSS S AP AP AP DS S AP AP
¥ FFE P EE S E
& AN N N R RO I OO
ST Q~<</Vo<<e~t—o+o$++q~k—/\ v
laboratories
\-Rgfp.A.tgthI . EEmRefp.B.total \

Figure 23: Total cleaning performance of the refere  nce machines parallel to machine A and B

The next chart shows the cleaning performance ratios of the two test machines (Fig.24). The
dashed lines show the limits of classes in the energy label scale. The ratio should
compensate possible differences between the labs. This is for example visible for lab NM.
Although the values for the machines were always higher than in the other labs, the ratio of
machine B is now near the average of 1.01. Except for two labs (YZ and NM) the machine A
is always classified in cleaning performance class A whereas the ratios vary between 1.17
and 1.50 with an average of 1.26. The machine B is once classified in cleaning performance
class D, six times in C and 12 timesin B (A 1.12; B 1; C 0.88). The lowest ratio for the
machine B reaches lab HS with a score of 0.85 and the highest lab IR with a value of 1.12.
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Figure 24: Cleaning ratio total of the two test mac  hines

5.25 Drying performance results

In the following charts the focus lies on the drying performance results of the different
machines.

First the single total scores for all machines are shown (Fig. 25). A clear distinction in only
possible for machine B, because it has the worst drying results over all labs (except YZ).

The values of the reference machine and machine A lie between 0.80 and 1. In some labs
the drying performance of machine A is better than the one of the reference machine (lab
HS, EV, JQ, YZ) while in other labs it is contrary (LO, XY, PK). Although machine B is always

(except YZ) worse than the reference machine the performance varies a lot.
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Figure 25: Drying performance total of machine Aan  d B (and their reference machines)

Following the drying performance for the different kinds of tableware in machine A is
demonstrated (Fig. 26). The crockery is always responsible for the decrease of the total
result, while the glass and cutlery results are better. The worst drying performance levels has
lab XY and the best lab YZ.
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Figure 26: Drying performance values of machine A
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The drying performance of machine B for the different kinds of tableware is shown in the next
chart (Fig. 27). The performance varies between approximately 0.56 and 0.87 for the total
values but the single scores again vary much more. An example is the glass ratio which lies
between 0.41 (KP) and 0.93 (CX). In contrast to the results of machine A the results of

machine B obtain higher standard deviations in all labs.
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Figure 27: Drying performance values of machine B

The next chart depicts the mean total drying performance values of the reference machines
(Fig.28). The black dotted lines mark the tolerance range from 0.72 to 0.90 described in the

standard. The total drying performance of all labs lies within the specified range.
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Figure 28: Total drying performance of the referenc e machine parallel to machine A and B

The next chart shows the drying ratio of machine A and B. Machine B is measured with
drying performance of four different classes (Fig. 29). Six times it is classified in drying
performance class D, 10 times in C, twice in B and once in A. The machine A delivers a more
unique picture. Except one classification as an A level machine (YZ) and one as a C level

machine it reaches class B in all remaining 17 labs.
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Figure 29: Drying ratio of the two test machines
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5.2.6 Standby measurements

In the next two charts the standby energy consumption values (measuring time: 30 min) of all
labs where at least one dishwasher was measured are shown.

Regarding the “left-on mode” energy consumption large differences between the labs can be
observed (Fig. 30). Lab RI has higher consumption values for both reference machines. A
possible explanation could be a closed door during the measurements. The values for the
labs HS and KP look nearly identical for all three machines. In all labs the energy
consumption values of the old reference machine G 590 are closer together than the values
of the other machines.
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Figure 30: Standby measurements results "left-on mo de"

Compared with the values of the “left-on mode” measurements the “off-mode” results vary
less (Fig. 31). Again lab RI has the highest energy consumption values. For the labs HS, NM,
SH and FU the values for the old reference machine G 590 are very similar while for the labs

HS, NM, XY and KP the results of the remaining machines are comparable.
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Figure 31: Standby measurement results "off-mode”

5.2.7 Data consistency

5.2.7.1  Consistency between the laboratories

The next chart shows the consistency of the cleaning performance values for the different
machines between the 19 labs (Fig. 32).
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Figure 32: Mandel h statistics of the cleaning perf ~ ormance values
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The smaller the Mandel h value is the better is the conformity of one specific lab with the
average. High Mandel h values reveal the labs LO, NM and YZ whose cleaning performance
results always deviate more than the ones in the other labs. LO constantly has lower
cleaning performance values what is now noticeable in the low Mandel h values. NM and YZ

frequently have high cleaning performance values and now also higher Mandel h values.

The next diagram shows the Mandel h statistics for the total drying performance values of
machine A, machine B and the two reference machines. Furthermore the ratios of machine A
and B are depicted. All Mandel h values lie between -0.5 and 0.5 and are therewith relatively

close together.

Rl MN JQ SH GT HS EV LO FU NM KP CX DW XY PK TG IR OL YZ
laboratories
\ A total OB total ORef A total Ref B total O Ratio A H Ratio B

Figure 33: Mandel-h statistics of the drying perfor mance values

The next Mandel h values deal with the water and energy consumption data of the two test
machines (Fig.34). In particular the labs IR and YZ have values which differ more than the
results of the other labs. For lab IR the Mandel h values for the measured water consumption

are relatively high and for lab YZ the values for the determined energy consumption.
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Following the consistency between the labs concerning the consumption values of the two

different reference machines is depicted (Fig. 35). While some labs (JQ, CX, PK) achieve

rather small Mandel h values, several labs have quite large values. Next to YZ and IR, EV is

also a laboratory with higher Mandel h results for the reference machine. As seen before

each of these three labs also had more or less difficulties to fulfil the water and energy

consumption specifications mentioned in the standard.
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Figure 35: Mandel h statistics of the reference mac
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5.2.7.2  Consistency within one laboratory

In the first chart of the Mandel k statistics the values for the cleaning performances are
compared (Fig.36). Next to the values of machine A, machine B and the reference machine,
the ratios are illustrated. While most labs have values near or above one, the values of the
labs JQ, HS, FU, TG and OL are clearly smaller than one. This reveals a relatively high

consistency in their cleaning performance results.

6 |

| il

Rl MN JQ SH GT HS EV LO FU NM KP CX DW XY PK TG IR OL YZ

laboratories
H A total OB total O Ref A total Ref B total DA ratio M B ratio

Figure 36: Mandel k statistics of cleaning performa  nce values

Subsequently the Mandel k results for the drying performance values are assessed (Fig.37).
For the drying results nearly the same assumptions as for the cleaning values can be made.
The labs JQ, HS, FU, TG, XY and OL have values which are especially low in comparison to
the other labs. The labs MN and EV have less stable results for the drying performance

evaluation.
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Figure 37: Mandel k statistics of the drying perfor mance values

In the next chart the consistency of the measured energy and water consumption values is
shown (Fig. 38). Labs with higher Mandel k values and therefore less stable results are TG,
IR, OL and YZ. Missing bars indicate a zero as the best possible result. This means that the

measured consumption was identical for all runs. In 13 labs the Mandel k value for the water

consumption of machine B is smaller than the values for machine A.
7
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laboratories
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Figure 38: Mandel k statistics of the consumption d ata
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The last assessed Mandel k values deal with the consumption values of the reference
machines (Fig. 39). Here the labs NM, TG, IR, OL and YZ reveal less stable results. Again

missing bars indicate that always the same consumption values were measured.
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Figure 39: Mandel k statistics of the consumption v alues of the reference machines

5.2.8 Repeatability and reproducibility

The next table lists the repeatability (s,) and reproducibility (Sg) results for the cleaning and
drying performance values as well as for the energy and water consumption and the
measured program duration (Tab.10). Furthermore the repeatability and reproducibility is
expressed as a percentage (s, % and Sg %) of the relevant mean value over all labs. The
calculations are done with all values of the participating labs without consideration of fulfilled
standard requirements or existing outliers. The cleaning and drying performance of the old
and the new reference machine should be the same and therefore the machines are only
divided in machine A, machine B and the reference machine which run either parallel to
machine A or B. Water consumption, energy consumption and cycle time are parameters
where the values differ and a division into the two types of reference machines in necessary.
While the repeatability values are mainly smaller than 3% the values for the reproducibility
are much higher. For the parameter energy consumption the new reference machine G1222
has lower (better) values than the old reference machine G590 but for the water consumption
it is contrariwise. Here the values for the G1222 are extremely high which is unusual for a

parameter of the reference machine which is normally strictly controlled.
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Table 10: Repeatability and reproducibility results for all 19 laboratories

Value Machine Average 5 Sk S, % Sg%
A 4.43 0.09 032 1.97% 7.22%
Cleaning results Ref A 3 54 0.09 0.42 2.60% 11.79%
total B 357 0.11 045 3.16% 12.62%
RefB 354 0.10 0.40 2.75% 1.25%
. . A 1.26 0.04 0.09 2.99% 7.46%
Cleaning ratios B 01 0.03 0.07 3 AT 7357,
A 084 0.02 0.05 2.75% 6.40%
Drying results Ref A 085 0.02 0.03 1.86% 3.78%
total B 0.70 0.03 0.07 470% 10.54%
RefB 0.85 0.02 0.03 2.10% 3.30%|
- : A 0.99 0.03 0.07 2.70% 6.98%
Drying ratios B 0.63 004 009 179% 063%
A 19.45 0.38 0.50 1.97% 257%
G590 p.A. 27.52 0.27 0.45 0.98% 1.63%
Water G1222 p.A. 14.91 0.06 1.38 0.42% 9.23%
consumption[l] B 10.94 0.14 0.26 1.25% 2.34%
G590 p.B. 27.51 0.37 0.48 1.36% 1.76%
G1222 p.B. 14.93 0.06 1.44 0.483% 9.62%
A 1.93 0.02 0.07 0.78% 3.58%
G590 p.A. 1.80 0.03 0.08 ;g;j ;g:j
G1222 p.A. 1.30 0.01 0.04 57% 01%
Energy [kiWh] B 0.90 0.01 0.04 131% 3.22%
G590 p.B. 1.80 0.02 0.08 1.28% 4.57%
G1222 p.B. 1.30 0.01 0.03 0.5%% 2.31%
A 164.13 0.60 1.87 0.36% 1.14%
G590 p.A. 80.28 0.21 0.40 g;gﬁ gggj"
- - G1222 p.A. 98.80 0.72 2.00 .73% 02%
Duration [min] B 124 67 052 0.7 0.42% 0.62%
G590 p.B. 80.38 0.21 0.86 0.26% 1.07%
G1222 p.B. 98.73 0.68 147 0.65% 1457

6 Analysis

After the presentation of the data the focus will now lie on a further assessment of the results
and an evaluation of the laboratories. The selection of values, runs or laboratories which do
not comply with standard requirements is essential to elevate the expressiveness of the
results. Following the laboratory practice evaluated by the neutral observer, the compliance
with requirements mentioned in the standard and the consistency of testing ascertained
through the Mandel h and k values will be taken to rank the laboratories and to eliminate

outliers.

6.1 Evaluation of laboratory practice

The evaluation of the laboratory practice is based on the visits during the round robin test. 17
labs accepted the visit of the neutral observer during the cleaning or drying performance
tests. Assessed is the question how close the laboratories fulfil the EN 50242 standard and
the corrigendum. Each lab gets six grades between 1 and 10 for six different parameters
(Tab.11). A grade of 1 indicates that the standard requirements are not fulfilled while a grade
of 10 implies that all demands are met and the laboratory practice is very good. Those

grades are then weighted according to their importance for the final test result.
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Table 11: Parameters according to which the laborat  ories are graded

No. Parameter Examples weightage

Thermal cabinet, microwave oven, reference dishwasher, test

1 Equipment material 30%
Supply voltage, temperature and humidity in test laboratory,

2 General/ambient conditions |testwater supply 15%

3 Load Condition of testload, preparation before and during tests 5%

4 Soil used Used soil, accordance with standard 20%
Preparation of soil, drying and loading, accordance with

5 Solil preparation standard 10%

6 Evaluation Lighting place, experience of evaluation 20%

In the next table the achieved grades for the six evaluation parameters in each lab are

shown. Additionally the mean value over the six different assessment criteria is presented

and allows a first ranking between the labs. The results range from 6.2 as the worst result to

9.5 as the best result. The percental fulfilment of the requirements varies between 55.0 %
and 96.5 %.

Table 12: Rating of laboratory practice

code Equipment C;Z?t?gi!s Load Soil used prepi?zl:lltion Evaluation Rating

grade Vg(')%z; grade VZleIS%Z; grade W(Z'OQASI grade VEI;(I)%/:; grade szc')%/:; grade VEI;(I)%/:; grade Wi'ggz/gf
RI 10 30 10 15 9 4.5 9 18 9 9 9 18 9.3 94.5
MN 9 27 9 13.5 9 4.5 10 20 5 5 8 16 8.3 86.0
JQ 9 27 9 13.5 6 3 8 16 6 6 10 20 8.0 85.5
SH 1 3 9 13.5 9 4.5 10 20 3 3 9 18 6.8 62.0
GT 9 27 9 13.5 10 5 9 18 8 8 8 16 8.8 87.5
HS 9 27 8 12 9 4.5 9 18 9 9 8 16 8.7 86.5
LO 10 30 10 15 9 4.5 5 10 9 9 8 16 8.5 84.5
FU 10 30 10 15 9 4.5 9 18 10 10 9 18 9.5 95.5
NM 9 27 1 1.5 5 2.5 10 20 9 9 9 18 7.2 78.0
KP 6 18 8 12 8 4 9 18 8 8 9 18 8.0 78.0
CX 10 30 10 15 9 4.5 9 18 7 7 8 16 8.8 90.5
DW 8 24 9 13.5 9 4.5 9 18 7 7 9 18 8.5 85.0
XY 10 30 8 12 9 4.5 9 18 7 7 9 18 8.7 89.5
PK 10 30 10 15 9 4.5 10 20 9 9 9 18 9.5 96.5
IR 8 24 5 7.5 10 5 10 20 7 7 7 14 7.8 77.5
OL 9 27 9 13.5 9 4.5 10 20 6 6 9 18 8.7 89.0
YZ 1 3 7 10.5 9 4.5 10 20 3 3 7 14 6.2 55.0

6.2 Compliance with standard requirements

Following the data of the cleaning and drying performance test cycles and the questionnaires

are analysed in order to distinguish values or runs which do not comply with the

requirements mentioned in the standard. A short overview over the requirements is given in

the next table (Tab.13). The parameters which are of importance for the assessment can be
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divided into general laboratory values like the room temperature or the water hardness, the
predetermined parameter like the test programme, the run data like the consumption values
of the machines and the test results. Additionally it is noted whether a certain parameter has

to be met exactly or if the value must lie with in the normal or the increased tolerance range.

Table 13: Standard requirements

Impact to uncertainty calculation
measuring performance of a test
parameter value with tolerance
reference |[test
machine |machine |Energy |Water | Time |cleaning |drying

Applied to

= supply voltage [V] (X) {X) 230V +H-1%
2 frequency [Hz] (X) (X) 50 Hz +/- 1%
E @ |ambient temperature [°C] X) (X) - s |234-2°C
i‘“ %‘ relative humidity [%] (X) {X) v |55 +-5%
E = |cold water temperature [°C] (X) (X) . . e |M5+H-2°C
< waterhardness [mmol/l] (X) {X) . e |2,5+/-0,5 mmolll
= waterpressure [bar] (X) {X) . 240 kPa +/- 20 kPa (*)
ref: reference programme
test programme X X . . L] . * |A intensitive 78 °C
B: normal
amount of load [MG] X X . . . . . 12 MG

ref: 25 g (5 + 20)

predetermined test
parameter

amount of detergent [g] X X (] A: 30g(5+25)
B: 25¢g
water consumption [I] (X) . et oK) i S

ref G1222: 144 +/-0,4
ref G 590: 1,88 +/-0,1

ti kWh
g ooy eonstmpTen flWhi X ref G1222: 1,33 +/- 0,08
[} 5 A
E max. temperatur main wash [*C] {(X)) . . ::: g1529202 g: :.':_ _:u
= » -
max. temperatur last rinse [°C] {(X)) . . ::: g1529202 gg :":_ :g
. . ref G590: BO+/- 12
programme time [min] (X)) ref G1222: 99 +-15
® 3 @ [cleaning result total (x) no impact ref G590/G1222: 3,55 +/- 0,20
2 2 = |drying result total (x) - ref G590/G1222: 0,81 +/- 0,09
. 15 influenced by
X given value must be complied, otherwise consideration to eliminate the run/aboratory
(x) given value must lie within tolerances otherwise consideration to eliminate the
() given value must lie within increased tolerances (15 % of the declared value),

otherwise consideration o eliminate the run/laboratory

By the means of this table all values of the laboratories were assessed. If more than two
values of a certain parameter do not comply with the demands the lab gets a score of 1
which means their values for this factor lie outside the tolerance range. A grade of 0 means
that all values for this parameter lie within the specified range. If all requirements are met a
lab reaches the maximum score of 10. For each parameter which is not fulfilled one point is
subtracted. This evaluation scheme is also applied for the answers of the questionnaire. If a

lab does not meet the obligatory demands of the standard a demerit is given.

" Following the EN 60456 the tolerance range of the water pressure mentioned in the EN 50242 is
increased from (240 +/- 20) kPa to (240 +/- 50) kPa
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Table 14: Compliance with standard requirements

olololojo|loloJo]Jo|lo|lo|lo]o]o|lo|o]o]o
olololojlololololololololololo|lo]o]o
ololojojo|o|lo]o]o|lo|lo|o]o]lo|lo|o]|o]o
olololojlololololoFs]lololololo|loft]o
olololojololololololololololo|oft]o
oo o ool oots]ololit|ololo]o]o
olololojo|lo|lolo|o|lo|lo|o]o]lo|lo|o]o]o
olololojolo|lo|o|o|lo|lo|o|o]lo|lo|o]|o]o
ofojojlojojolojojojojojojojloJoflola]o
oloflojo|o|o|lo|lo]lolo|lo|o|o|lo|lo|ofs]o
ofojolofojolojojlojojojolojoJofolafo
olo oo o|ofddoloks]lololololo]olfit]o
olololojlololololololololololo|lo]o]o
ololojojo|o|lo|o]o|lo|lo|o]o]lo|lo|o]|o]o
ololololo|lolololo|lo|lo|lolo]lolo|lo]|o]o
olololojolo|lololoEslololo]lolo|lo]|o]o
olololojo|lo|lo|o]o|lo|lo|lolo]lo|lo|o]|o]o
olololojoloflololo|lolo|lolo]lo|lo|o]o]o
olololojo|lo|lo|o]o|lo|lo|lolo]lo|lo|o]|o]o
olo|ojo|lo|o|of48 ofElololololo|0|O0]oO
ofidi ol olofololololo]oliddokifo]lolo]o
ololololo|olololololo|lolololo]|olfilo
ololofJolololo]o]ololoJo]lolololo]olo
ololofidolololololE{ololololololo]o[H
ololo|o|lo|lo|lol#¥o|lo|lo|o|o|o|lo|o|o|o]o
olololololololololo|olidiliiii]lolololo]o
0o [y o|lo|lo|o]ofF|lolojlojojo|o|Oo]jOo]oO

Score 109 9 8 9 9 9 8 10 3 10 8 8 8 1010 5 10 2

Four laboratories reach the best possible result with a score of 10 while one lab only reaches
two points. In this lab eight variations from the standard could be observed.

6.3 Consistency of testing

In the following chapter the consistency of testing is assessed. Therefore the Mandel h and
Mandel k values are taken to calculate an absolute Mandel h and Mandel k value. For this
purpose the values for the cleaning and drying ratios of both machines and the values for
energy and water consumption of all machines are reversed into positive values and then
summed up. The smaller the calculated absolute values are the better the consistency is. A
absolute mandel value of 25 is transformed to a score of 0 and the best possible result of the
absolute Mandel values 0 is converted to a 5. Thereby a 5 is the best and a 0 the worst
possible result. The addition of the Mandel h and Mandel k score permits an assessment of
each lab according to the consistency of testing in one lab and between the different
laboratories.
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Table 15: Calculation of the test consistency

absolut mandel h absolut mandel k Sum of mandel h and k
Lab mandel h score mandel k score
value value scores

RI 3.68 4.3 7.91 3.4 7.7
MN 4.81 4.0 10.99 2.8 6.8
JQ 4.50 4.1 8.69 3.3 7.4
SH 5.66 3.9 11.17 2.8 6.6
GT 5.75 3.8 8.62 3.3 7.1
HS 7.00 3.6 5.31 3.9 7.5
EV 10.65 2.9 11.99 2.6 55
LO 9.28 3.1 10.24 3.0 6.1
FU 3.64 4.3 6.22 3.8 8.0
NM 6.82 3.6 12.39 2.5 6.2
KP 6.95 3.6 11.11 2.8 6.4
CX 4.52 4.1 11.12 2.8 6.9
DW 7.08 3.6 11.59 2.7 6.3
XY 6.45 3.7 11.95 2.6 6.3
PK 3.39 4.3 9.24 3.2 7.5
TG 9.99 3.0 19.53 1.1 4.1
IR 14.25 2.1 22.39 0.5 2.7
OL 6.76 3.6 13.16 2.4 6.0
YZ 22.58 0.5 19.95 1.0 1.5

6.4 ldentification of outlying laboratories

The results of the laboratory visits, the compliance with the standard requirements and the

consistency of testing are taken to classify each laboratory according its laboratory practice.

Table 16: Ranking of the laboratories

Score received from
Lab Consist(_ency of | Compliance with Laborqtory Average Position(*)
testing standard practice

RI 7.7 10.0 9.5 9.0 2
MN 6.8 9.0 8.6 8.1 8
JQ 7.4 9.0 8.6 8.3 6
SH 6.6 8.0 6.2 6.9 16
GT 7.1 9.0 8.8 8.3 7
HS 7.5 9.0 8.7 8.4 4
EV 5.5 9.0 not visited 7.2 14
LO 6.1 8.0 8.5 7.5 13
FU 8.0 10.0 9.6 9.2 1
NM 6.2 3.0 7.8 5.7 17
KP 6.4 10.0 7.8 8.1 9
CX 6.9 8.0 9.1 8.0 10
DW 6.3 8.0 8.5 7.6 12
XY 6.3 8.0 9.0 7.8 11
PK 7.5 10.0 9.7 9.0 3
TG 4.1 10.0 not visited 7.0 15
IR 2.7 5.0 7.8 5.1 18
OL 6.0 10.0 8.9 8.3 5
YZ 1.5 2.0 55 3.0 19

" Position is assigned from the average with all decimal places
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For this the mean value of the three individual scores is calculated and round to one decimal
(Tab.16). The laboratories FU, Rl and PK achieved the best results with scores of nine or
above while the labs NM, IR and YZ have scores which are clearly under six. Either in one or
in all assessment criteria they have values far behind the other laboratories.

Those three labs expose so many variations of the EN 50242 and the corrigendum that
eliminating them, when assessing the repeatability or reproducibility of a method, is

obligatory.

6.5Recalculation of repeatability and reproducibil ity

After excluding the labs YZ, NM and IR the values for repeatability and reproducibility are
calculated once more. Additionally to small changes in the average values a more or less
clear decrease of the percental Sg values can be noticed. Especially the high Sg% score for
the water consumption of the new reference machine G1222 is extremely minimized.
Furthermore a reduction of the percental Sg values from the old to the new reference

machine for the water and energy consumption measurements is observable.

Table 17: Recalculation of repeatability and reprod  ucibility

Value Machine Average 5. % Sp% Average 5. % Sp%
A 4.43 1.97% 7.22% 436 2.06% 6.79%
Cleaning results Ref A 3.54 2.60% 11.79% 3.42 2.66% 8.77%
total B 357 3.16% 12.62% 345 2.73% 10.51%
Ref B 3.54 2.75% 11.25% 3.43 2.62% 8.95%
Cleaning ratios A 1.26 2.99% 7.46% 1.28 3.07% 6.33%
B 1.01 3.42% 7.32% 1.01 3.24% 7.26%
A 0.84 2.75% 6.40% 0.83 2.82% 5.99%
Drying results Ref A 0.85 1.86% 3.75% 0.85 1.94% 3.65%
total B 0.70 4.70% 10.54% 0.70 4.711% 10.05%
Ref B 0.85 2.10% 3.30% 0.85 1.87% 3.29%
T A 0.99 2.70% 6.98% 0.98 2.75% 6.20%
B 0.83 4.79% 10.63% 0.82 4.66% 9.67%
A 19.45 1.97% 2.57% 19.39 2.04% 2.08%
G590 p.A. 27 .62 0.98% 1.63% 274 0.61% 1.32%
Water G1222 p.A. 14.91 0.42% 9.23% 14 .46 0.45% 1.39%
consumption[l] B 10.94 1.25% 2.34% 10.91 0.60% 1.83%
G590 p.B. 27 51 1.36% 1.76% 2743 0.62% 1.37%
G1222 p.B. 14.93 0.43% 9.62% 14.46 0.47% 1.40%
A 1.93 0.78% 3.58% 1.94 0.72% 1.86%
G590 p.A. 1.80 1.61% 4.57% 1.82 1.12% 4.29%
G1222 p.A. 1.30 0.57% 3.01% 1.31 0.56% 1.38%
Energy [kih] B 0.90 1.31% 422%] 091 1.24% 341%
G590 p.B. 1.80 1.28% 4.57% 1.82 1.12% 4.29%
G1222 p.B. 1.30 0.58% 2.31% 1.31 0.62% 1.22%
A 1641 0.36% 1.14% 164.3 0.39% 0.93%
G590 p.A. 80.4 0.26% 0.50% 80.3 0.21% 0.47%
Duration min] G1222 p.A. 98.8 0.73% 2.02% 98.2 0.77% 0.93%
B 1247 0.42% 0.62% 125.0 0.46% 0.58%
G590 p.B. 80.4 0.26% 1.07% 80.3 0.21% 1.04%
G1222 p.B. 98.7 0.69% 1.49% 98.2 0.73% 0.88%
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6.6 Further evaluations

6.6.1 Correlation of energy consumption and ambient temperature

The EN 50242 prescribes an ambient temperature for laboratory tests of 23 +/- 2C. To
analyse if this temperature range is a possible reason for slightly different energy
consumption values, a correlation analysis between the measured energy consumption of
the four machines and the ambient temperature is conducted. The four graphs show the
ambient temperature measured in the laboratories on the x-axis and the energy consumption
on the y-axis (Fig. 40).

2.10 1.10

2.05 4 105
=4
= 200 — — £ 100 .
= . * . . <
Z 'N toity <
c 195 5 v 2 o = = 0.95
S 7 S
2 . R 2
g 1.90 > : — = + £ 0.90
E . . . 3

.

S 185 B S 085
o - 3 .
> =
S 1.80 g 0807
[ c
c Q)
® 175 075

1.70 070

T T T T T T T T T T T T T T T T
20.50 21.00 21.50 22.00 22.50 23.00 23.50 24.00 24.50 25.00 20.50 21.00 21.50 22.00 22.50 23.00 23.50 24.00 24.50 25.0(

ambient temperature in C ambient temperature in C°

n
=3
=]

1.50
-
1.95 145
.
S 190 = £ 140
< g \ 5 =
< b . . £
- 185 ot = 135+ . . .
s LN oF S a o T - . .
2 "

g 180 g 130 e e
5 . > . .
£ 2 * .
§ 175 S 125+
o o
& 5
g 170 % 1.20
c <
o . o

1.65 — = 115 4

.
1.60 T T T T T T T T 110 T T T T T T
20.50 21.00 21.50 22.00 22.50 23.00 23.50 24.00 24.50 25.00 21.50 22.00 22.50 23.00 2350 24.00 24.50 25.01
ambient temperature in C° ambient temperature in C°

Figure 40: Correlation of ambient temperature and e  nergy consumption (beginning at the top
left corner continuing clockwise: machine A, B, G12 20 and G590)

For all machines a decreasing energy consumption with an increasing ambient temperature
can be noticed. An estimation about the strength of the coherence is given through the slope
of the linear equitation of the two parameters. The old reference machine reveals the
strongest correlation while the energy consumption of the new reference machine is only

slightly influenced by the ambient temperature (Tab.18).
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Table 18: Slope and coefficient of determination fo r the four correlations of ambient
temperature and energy consumption

correlation energy consumption/ ambient temperature
m B2
machine A -0.0253 0.2959
machine B -0.0205 0.2361
G 590 -0.0656 0.5283
G 1222 -0.0086 0.0886

6.6.2 Correlation of energy consumption and watert  emperature

Next to the ambient temperature the water temperature is a further parameter which
influences the energy consumption of a dishwasher. If the water inlet temperature decreases
the dishwasher heating needs more power to heat the water to the required temperature.
Whether this coherence is also observable for the round robin test machines is analysed
next. According to the standard the water temperature can range from 13T to 17<C (Fig.

41). For all machines a decreasing energy consumption (displayed on the y-axis) with an
increasing water temperature is visible.
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Figure 41: Correlation of water temperature and ene  rgy consumption (beginning at the top left

corner continuing clockwise: machine A, B, G1220 an  d G590)

Again an assertion about the intensity of the coherence is given through the slope of the
linear equitation of two parameters. The energy consumption of the old reference machine

G590 is influenced most, while the values of new reference machine G1222 and the machine
B show the least influence.
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Table 19: Slope and coefficient of determination fo  r the four correlations of water temperature

and energy consumption

correlation energy consumption/ watertemperature
m B2
machine A -0.0212 0.1481
machine B -0.0085 0.0278
G 590 -0.1169 0.4407
G 1222 -0.0103 0.1797

7 Conclusions

Through the round robin test it was possible to gain a deeper insight into the laboratory
praxis of manufactures and test laboratories. The examination of the collected data on the
one hand and the laboratory visits on the other hand revealed several difficulties in applying
the standard but also showed improvements in comparison to the last round robin test 2003.
While the precision of the cleaning results and the cleaning ratios is comparable to the
previous round robin test, the precision of the energy and water consumption measurements
has been advanced since then. Especially, the high precision for the consumption values of
the new reference machine is striking. Nevertheless, the investigation also displayed room
for improvements and proposals to advance the implementation of the standard can be

made.

7.1 Summary of important findings

The cleaning ratios differ up to three classes

The drying ratios differ up to at least three classes

Measurement of energy consumption seems reasonable within one class width
Improvement and alignment to EN 50242 of the laboratory practice sometimes is
necessary

A need to clarify the importance of certain points in the standard has been identified

Regular ring-testing is necessary to exchange experience and align and verify

laboratory practice

7.2Proposals for further improvements

The tolerance range of the water pressure should be increase from (240 +/- 20) kPa
to (240 +/- 50) kPa.
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The tolerance range of the ambient temperature and water temperature should be
reduced or a correction formula should be prescribed.

The importance of the compliance with the standard requirements should be
emphasized.

The method to prepare the spinach should be standardised in a more reproducible
way (use of a mincer, draining of water, measuring method for moisture).

The method to soil the table spoons with oat flakes should be altered. The porridge
does not always stick in the same way on the spoons and the applied amount differs.
A better differentiation of the drying performance could be achieved through an
enlarged scale (six scores instead of two).

A direct load of the dishes into the dish racks after drying in the thermal cabinet would

improve the handling for the staff and save working place.
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Annex

A.1  Short manual machine A

RRT DW 2009 RRT DW 2009
machine A machine A
Pretest procedure Short manual for machine A
1) Install thermocouple as shown in the General Parameters
picture jatwr sda) and cormect the machina ’
fo the walsr and slectricity suppliss. Al fests shall be done according o EN 50242 ad. 2
2)  Load the machine accoming o the loading and draft corngendum 3
schema {afar sda).
3)  Usa clean load, rinse aid and sait Environmental parameters
according fo this manual. Detergent i not
required far the pretest-runs. ‘Water temperatune WE+L2C
4)  Start the same program as foressen for Room tempsrature 23+L2°C
the ring-iest (Inensifv 75"C). Ambient humidity 66 +L 5 % RH
5)  The three prelest-runs should be done on Water pressure 240+ 20kPa
ane day. To minimize fhe irflusnce of ‘Water hardness 2.5 +- 0,5 mmali
several consecutively wash cycles you {see EN 60734
hawe to fllow the fallowing instrucBons: “MathodeC)
51) Startthe first run and measurements. Valtage 2V +E1 %
£2) To cool down the machine run tres fmes Frequency SDHz+- 1%
& pre-rinse program. Select the program
“schnell” by pressing the program seledaor Machine parameters
{10} and then the additional function
“urbo” by pressing the "Extra” bution (8). Waterhardness setiing 14
Then press star. y Rinse aid setting 3
e —— Frogramm setiing Imensive TS °C
e = Deiergent dosags 25 ginths
detergent chamber
1]z 3-# and 5 g on the
Afier these three rinsing runs you should doar
wait 1 NOUT betors you start the second Evaluation parameters
recorded run. The "Extra” Button (10 has
to be pushed again to switch of the turbo Duration of cleaning evalustion  not longer fhian 10
funation during the nomal test rung!!! SEC par tem
571 Swme proces o fox e ol o Duration of drying svaiusfon  not longer fhan 8
&) Record the dats of fhe pre-test runs in the s8¢ per fiem (3
Pretest Protocol and send it o =8¢ viewing time)
ingtesimun-boon de. Calour temperaturs 3600 K- 4500 K
If everything is comect you will gst an ok Luminanos 1000 — 1500 Lux
from ws and then you may start the
Cleaning and Drying Performance tests. ]
- The referenca machine shall be pre-tesied Support contact:
in the rsference croarsm! ringlest@unibonnde  yniversitdtbonn







A.2 Short manual machine B







