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1. Introduction

Following the previous ad-hoc report (GRB59-07) ECE/TRANS/WP.29/GRB/59-07 and
after the introduction of the method of deceleration measuring and data processing for tire
rolling resistance determination using the dw/dt form (“Deceleration Calculator”) proposed
by NAMI and accepted by GRB, the expert from UTAC (France) decided to conduct a new
series of tests base on C2 and C3 tires in order to complete the study. The NAMI (the Russian
Federation) provided the complete tool set and “Deceleration Calculator” in order to
perform new measurements.

The previous report focused on the assessment of the theorical justification of the
method used in the alternative method using dw/dt form, its algorithm of data processing,
equation system solving and statistical assesment of the method. The assessment was based
on a C1 tire with the use of a specialized test machine (MTS-UTAC) in one hand and on a test
machine not specially designed for those measurements (HAWITEC-UTAC) in the other hand.
For C3 and C2, experimental data consideration was made based on data obtained by NAMI
from measurements made previously on their own machines.

The aim of this new study, is to perform complementary tests with one C2 and one
C3 tire on a specialized test machine (MTS-UTAC) and the same C2 and C3 on a test machine
not specially designed for those measurements (HAWITEC-UTAC) equipped with the NAMI
data logger NAMI-357. The objectives are:
1. To confirm a repeatability on the measurements in accordance with the
requirement of ECE R117.
2. To compare values recorded on the two machines with the same C2 and C3 tires.
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2. Tires selection

January 26™ 2015

Two tires have been purchased in order to perfom the study. Below the technical
specifications, references and expected Rolling Resistance Coefficient. (RRC).

Load/speed

Expected Rolling Resistance

UGS Type Index Sizes Coefficient (RRC)
GOODYEAR / FUELMAX S C3 156 L* 315/80R22,5 | 4.1<RRC<5.0
MICHELIN / AGILIS + Cc2 104 R 195/65R16C | 6.8 <RRC<8.0

3. Measurements & tests processing

All the tests conducted during this program have been performed according to ECE R117
including conditioning of the tires and interval between 2 tests.
On the HAWITEC-UTAC machine additional skim test was performed for the measurement of
tire spindle parasitic losses. On both machine (MTS-UTAC and HAWITEC-UTAC) the force
applied during skim load was in accordance to the ECE R117 with the use of 150N for the C2

and 400N for the C3.

For each C2 and C3 tires, two measurements have been performed on both machine.

e The tests conducted on the specialized test machine (MTS-UTAC) has been carried out
under Torque method due to the official method declared for this machine.

"7 GROUPE UTAC CERAM (SR
— — - . nﬁ

Example of tires (C2 & C3) fitting on MTS-UTAC rolling resistance machine
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e The tests conducted on the HAWITEC-UTAC machine was realized under Deceleration
method fully equipped with the NAMI measurement kit “data logger NAMI-357” and
“Deceleration Calculator” including drum and tire sensors. (See red arrows on pictures
below).

7UTAC

Example of tires (C2 & C3) fitting on HAWITEC-UTAC Load/speed machine and Data Logger
NAMI-357
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4. Data analysis

In order to perform the tests we have followed the user instructions kindly provided by
NAMI with the measurement kit “data logger NAMI-357” and “Deceleration Calculator”. The
document is in the annex 01 of this report. Regarding the “Deceleration Calculator” used for
those measurements it was based on the original version available under the link
(http://nami.ru/upload/calculator.zip) customed by NAMI for easy use with three additional
functions listed here:

e Control of data logger NAMI-357,
o Full cycle of calculation up to Cr 25 value,
o Measurements and calculation integrating into a common simple procedure.

4.1  Study for C2 Tire

On C2 tire, the results for the two measurements with the machine (MTS-UTAC) dedicated
to rolling resistance measurement are located in the scale of expected CRR (Labelling)
mentioned in § 2.

First C2 test (table 1) : 6.8 < 7.35 < 8.0 N/kN
Second C2 Test (table 2) : 6.8 <7.23 < 8.0 N/kN

Despite the results here are R117-oriented and not aligned according to R1222, it show
values in the target gap. However the repeatability of the two measurements is not good as
required by R1222 (table 6) but it is due to a short number of tests (a standard deviation
should be at om < 0,070). Usually it takes 4 measurements on a same tire to state on a value
(by saving the 3 last for computing).

Table 1
MTS Station #1 ISO 28580 Rolling Resistance Report
Torque Method

Test Request : DR C2 Test Date: 11/10/14
Test Procedure: 1SO28580 C2LImax121Couple Test Time: 08:30 AM
Tire Class: Passenger Tire Construction Code: Radial
Tire Manufacturer: MICHELIN Tire DOT Code: B5CV 008X
Tire Brand: AGILIS Tire Type: Normal
Tire Size: 195/65R16C

Wheel Diameter: 16 in
Reference Load: 8826 N Rim Width: 6,0 in
Reference Inflation: 475 kPa Wheel Plane Offset: ET50
Maximum Load: 11000 N Adaptor Id: ET50
Maximum Inflation: 500 kPa

Tire Info 1 104/102
Initial Inflation: 475,00 kPa Tire Info 2 R
Design Tire Diameter:  665,6 mm Tire Info 3 4312,00
Tire Identifier: DR C2 Tire Info 4 non

Test Condition Information Skim Information Tare Information Rolling Resistance
Test Vi Ta RPK Pt F; To RL Fzs Fol Fa  Tot Fxc Fr Fros Froz | FRralign Cr
Point kph degC kPa N N-m m N N-m N N-m N N N N N N/KN
1 79,98 24,95| 455,3139 4,98 7500,3 70,50 0,3 148,4 15,4 15,841 11,90 70,50 55,12 55,10 55,10 56,10 7,347
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Table 2
M_'rsh Station #1 ISO 28580 Rolling Resistance Report

Torque Method

January 26™ 2015

Test Request : DR C2 Test Date: 11/14/14
Test Procedure: 1S028580 C2LImax121Couple Test Time: 10:04 AM
Tire Class: Passenger Tire Construction Code: Radial
Tire Manufacturer: MICHELIN Tire DOT Code: B5CV 008X
Tire Brand: AGILIS Tire Type: Normal
Tire Size: 195/65R16C

Wheel Diameter: 16 in
Reference Load: 8826 N Rim Width: 6,5 in
Reference Inflation: 475 kPa Wheel Plane Offset: ET50
Maximum Load: 11000 N Adaptor Id: ET50
Maximum Inflation: 500 kPa

Tire Info 1 104/102
Initial Inflation: 475,00 kPa Tire Info 2 R
Design Tire Diameter:  665,6 mm Tire Info 3 4312,00
Tire Identifier: DRC2b Tire Info 4 non

Test Condition Information Skim Information Tare Information Rolling Resistance
Test Ve Ta RPK Py Fz To RL Fzs Fpi Fat Tou Fxe Fr Fros | Froz | Fralign Cr
Point kph degC kPa N N-m m N N-m N E N-m N N N N N N/KN
1 79,97 25,15| 454,5249 4,63| 75014 69,57 0,3 148,1] 15,4, 14,27, 11,95 69,57, 54,17, 54,23 54,23 54,23 7,230

The results for the two measurements with the machine (HAWITEC-UTAC) not dedicated to
rolling resistance measurement are not located in the scale of expected CRR (Labelling)

mentioned in §

2.

First C2 test (table 3) : 3.880 instead of 6.8 < RRC < 8.0 N/kN
Second C2 Test (table 4) : 4.243 instead of 6.8 < RRC < 8.0 N/kN

For those measurements, the CRR values are around half the values recorded with MTS-
UTAC machine. The repeatability of the two measurements is very poor. Although we have
got only 2 measurements, the standard deviation is really high wide (over 0,100, see table

6).
Table 3
Seltings .
| 2 9
Option| Skim Test =] 11, [80 »] jgh Rm|  Ifge?] | .
Te [T =] [195565R16C fo3250  [1910 o rm
80
L 75020 )220 Oum [08500 [5730 7
—— — e 10
Uiz keh ufTe b U wph 65
Data logger ff
: . g5
Status Coast Down I- Rolling Radus | | |= %0
connectan ‘ &
Test results | 40
j57] 5107 %) Forces [N o %) 38
- 30
1. |0.080682 | 2006  chan Fo 77113 | 10,044 2
20
2 [0080354 | 4005  chan 15
L Fs 47007 | 40,015 10
3 |0,080638 | 40,05 chan 5
T 0
[0 30629 | ~ =30 008 | 0025 0018 00 15 0020 0225 0030 003%
4 (0030649 | 3007  chat | Fo 30006 | s011 Time, hiume
Tis* 12012 -
'o—oao_{a?“l 40015 CtINAN] E’_ﬂgﬂ_! 10.184% $11-22-28; Pcture savad 10 CProgram Fies (EENAMCakcultor - Logger NAMIISTTases -
b SNASS roa) NAMSISTOE 01. 2015 ctures\ 11-22-23 jpg successiuly
Coas[NN| [3.880 ‘ 1.22-32: Bicture saved 1o C ‘Program Fles (x36/NAMMCakulator - Lopger NAMLIS TTests
=  Raserasd 70601 20159 clurest 11.22.32 g successfuly
Acture saved 19 C \Progrem Fies (35 NAMACAKUMLY - Logpar MAMIIS T Teate
05 01,2015 RAMELISTVGE. 01. 201 S\Pctures 11-22-35 jpg successfuly
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Table 3

January 26™ 2015

Suttings
Optian Bk:m Test ,:] U 150 _~{ kph Rim) 1 [kg m?)
Tywe ILT =] [195/85R16C {03206 [1910
Ly [7501.0  q,pc1 30 Oum fo8500  f5730

ufez ph W [E keh Ul [t ken
Data jogger
‘Slalus Coast Down - Rolling Radus
Cannected
Test results

i15%12510° (%] Forces [Nj2a [%)

1 [0.081600 | 1006 _chan Fir [79988 | 40,065
2 0091547 [ 2005  chan |
S : Fs 67808 | 10008
3 BOBWTS | 005 cha
4 [00814TY | s006  chat | F, 32180 | 10 161
GELIED) -
CoNAN] 14,200 | £0161%

0081524 | £0.006
Coasf] (4243 |

07.01.2015

s7
85
as

2\

seed, kEh

-
"3

00.12
Time, hh mn

NAMLIET\Sm Test_Vsta82 tat successiuly
2140441 Expecment “Stm Test” siopped
$14.05.05 Experiment “Sim Tes!™ siarted

P14-05-20 Times saved 10 CProgram Fles (B85 IANN mestanor « Logger NAMEIST Tasis

NAMEISTISIom Teat_Vsie32 tat successfuly
£14-05-31° Experiment "Sism Test™ siopped

Table 6
. CRR C2 Tire N/kN
Test N A, %
MTS-UTAC HAWITEC-UTAC

1 7,347 3,880 52,81%

2 7,230 4,243 58,69%
Average 7,289 4,062 55,72%
Std DEV 0,083 0,257

In the view of Forces (Fr in Newton) it is the same observation and a confirmation of low
values on HAWITEC-NAMI machine with a difference of 23.55 N between the two type of

machines. (table 7)

Table 7
Fr C2 Tire (Newton) .
Test N° AinN
MTS-UTAC HAWITEC-UTAC
1 55,120 30,006 25,11
2 54,170 32,180 21,99
Average 54,645 31,093 23,55
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4.2  Study for C3 Tire

January 26" 2015

As observed on C2 study fo C3 tire, the results gived by the machine (MTS-UTAC) dedicated
to rolling resistance measurement are located in the scale of expected CRR (Labelling)

mentioned in § 2.

First C3 test (table 8) : 4.1 < 4.85 < 5.0 N/kN
Second C3 Test (table 9) : 4.1 <4.74 < 5.0 N/kN

As described for the C2 the results here are R117 and not aligned by R1222 it show values in
the target gap. Here again we see that the repeatability of the two measurements are not
strong as required by R1222 but closer to the requirement. of om < 0,070. (table 12)

Table 8
MTS Station #2 ISO 28580 Rolling Resistance Report
Torque Method

Test Request : AFFSAS1401479 A Test Date: 8/28/14
Test Procedure: 1SO28580 C3 short 80kmh Test Time: 09:45 AM
Tire Class: Highway Truck/Bus Tire Construction Code: radial
Tire Manufacturer: GOODYEAR Tire DOT Code: NJ72CT1IW
Tire Brand: FUELMAX S Tire Type: NORMAL
Tire Size: 315/80R22.5

Wheel Diameter: 225 in
Reference Load: 39226 N Rim Width: 9,0 in
Reference Inflation: 850 kPa Wheel Plane Offset: Al
Maximum Load: 40000 N Adaptor Id: Al
Maximum Inflation: 900 kPa

Tire Info 1 156/150
Initial Inflation: 850,00 kPa Tire Info 2 L
Design Tire Diameter: 10784 mm Tire Info 3 2714,00
Tire Identifier: 1479A2 Tire Info 4 it

Test Condition Information Skim Information Tare Information Rolling Resistance
Test Vi Ta RPK Pt F; To RL Fzs Fol Fzt Tor Fxc Fr Fros Froz | FRralign Cr
Point kph degC kPa N N-m m N N-m N N-m N N N N N N/KN
1 80,04 26,76] 302,9302 -0,48| 333408 177,23 0,5 388,5 17,3, 40,23 11,77 177,23, 159,91 161,59 161,59 161,59 4,847
Table 9
MTS Station #2 ISO 28580 Rolling Resistance Report
Torque Method

Test Request : DRC3 Test Date: 1/5/15
Test Procedure: 15028580 C3 short 80kmh Test Time: 09:28 AM
Tire Class: Highway Truck/Bus Tire Construction Code: radial
Tire Manufacturer: GOODYEAR Tire DOT Code: NJ72CT1W
Tire Brand: FUELMAX S Tire Type: NORMAL
Tire Size: 315/80R22.5

Wheel Diameter: 22,5 in
Reference Load: 39226 N Rim Width: 9,0 in
Reference Inflation: 850 kPa Wheel Plane Offset: Al
Maximum Load: 40000 N Adaptor Id: Al
Maximum Inflation: 900 kPa

Tire Info 1 156/150
Initial Inflation: 850,00 kPa Tire Info 2 L
Design Tire Diameter:  1069,0 ~mm Tire Info 3 2714,00
Tire Identifier: DRC3a Tire Info 4 Haiiin

Test Condition Information Skim Information Tare Information Rolling Resistance
Test Ve Ta RPK Py F, To RL Fzs Fol Fzt Tot Fxc Fr Fros Froz | FRralign Cr
Point kph degC kPa N N-m m N N-m N N-m N N N N N N/kN
1 80,04 26,04/ 0,0000 1,72| 333470  174,80] 0,5 393,5 17,6 34,18 11,78 174,80, 157,20, 158,18,  158,18| 158,18 4,743
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Regarding the results for the measurements with the machine (HAWITEC-UTAC) not
dedicated to rolling resistance measurement are not located in the scale of expected CRR

(Labelling) mentioned in § 2.

January 26™ 2015

First C3 test (table 10) : 2.584 instead of 4.1 < RRC < 5.0 N/kN
Second C2 Test (table 11) : 2.649 instead of 4.1 < RRC < 5.0 N/kN

For those measurement, the CRR values appear around half of the values recorded with
MTS-UTAC machine. The repeatability level of the two measurements here is much better.

The standard deviation is under 0,070, see table 12.

1 [0072860 | 006  cnen | For [133470 | 30,050

2
3 0072855 | 2006  chan
4 DO72%32 | 006  chan

D077 | 206 chen |

Fu 45747 | 40,006

Fr (5772 | s0077

Table 10
Seltngs == ‘
——————— 00
Opoon| Skim Test  +] 4. {80 =] oy Riml  Ifkgmd) |
Tyre oV =] [315m0r225 [os208  [20.4%0 i
Lo (333420 o220 Dum [08500 5730 R
Uiz men ug e ke Ut ke
Data logger
_m Coast Down |- Roling Radius
LCannected
Teat resuls
| [5¥12 810" (%) Fovces [Njze[%)

00.22
Terw 18 o

023

1%z 1%
Domens | Ci[NON) E_G:" $0,077% HANLISTEMM Teat_VateBl 3 successh,
Rt J5T\Ehem Teat_ VateB2 bl Successiety
ml 0,006 #16-13-50 Expenment “Slm Tesl” sogped
G e [NKN] 16& ] 161307 Expuryrent “Siam Teal” started
= Ers— £1514.37: Times saved to & \Frogram Fles (a8 INANICicuonor - Logger NAML IS Taste
MANLIENEMM Toot_VadedQ tad successtuly
06.01.2015 S16-14-41 Expetiment “Skam Teal™ stopped
Table 11
Seltngs ——— pm— Y
Opoon|Skim Test ]y [80 <Jupn  Rm  Ipgmi |
e |cv =] Bisemzzs  [osi7e 20450 ©
Ly 1333420 g peifead Dum f08500 (5730 ©
Uiz ke ue kh ug U wgh -
1
DOata logger
Stat I 5=
Stz Coast Down _ Rolling Radws | ||
Cannected |g ]
Teat results f" 78
| i5%)z320" (%) Forces [Nia %] "
1 0071411 | 2008  chan | Fo [136196 | 40085 7
v n
2 007178 | 3006  chan
e Fs 5021 |so02s || ™
3 0.072003 | 2006  chan =
4 0071563 [ 4006  chan | F. [89.175 | 10083 o Sa38 o
] ] Torw, hh rren
Tis"120 i3 -
0.071673 | £0.025 Cophn] EGT,S,_] +0,083% | RAMLIST ISk Test_VstsB2 tat successidly

Coasiiney] 2643 |

07 01 2015

S1142.27 Experivent "Shim Teal” sicpped

114244 Exparrent “Strn Tesl” slacted

114213 Times saved to C\Program Fies (xD6 ANAMMC slculstor - Logger NAME M7\ Tests
| NAMLISTISIm Test_VetsBZ bt succesafuly

IOH-JMS Experiment "Shim Teal” alepped

Page 10




Informal Document GRB- 61-09 January 26" 2015

Table 12
Test N° CRR C3 Tire N/kN A %
MTS-UTAC HAWITEC-UTAC
1 4,847 2,584 53,31%
2 4,743 2,649 55,85%
Average 4,795 2,617 54,57%
Std DEV 0,074 0,046

When we observe the Forces (Fr in Newton) between the two types of machines, there is a
difference of 70.11 N for the C3 tire (table 13). This statement indicates that the Forces (Fr)
measured, proportionally increased with the load applied during the test.

Table 13
. Fr C3 Tire (Newton) .
Test N AinN
MTS-UTAC HAWITEC-UTAC
1 159,910 87,723 72,19
2 157,200 89,175 68,03
Average 158,555 88,449 70,11

5 Conclusions

Testing those two tires C2 and C3 on the two machines highlight some disparity between the
test values measured on the MTS-UTAC and HAWITEC-UTAC machines.

A similar test with the same tires (as used by UTAC) could be conducted on another Load and
Speed machine for further investigations.
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Annex 01

Deceleration Calculator. Special version for UTAC.
(short manual)

This version in comparison with base one (http://nami.ru/upload/calculator.zip)
has three additional functions:

1. control of data logger NAMI-357;

2. full cycle of calculations up to C,,s value;

3. measurements and calculations integrating into common simple procedure.

How to install the program:
1. Run Setup Calculator - Logger NAMI-357 .exe;
2. Follow the instructions on the screen.

Explanation to the main window

Main window structure of the program is very simple and clear from survey.
Though:

Abbreviations

PC — passenger car tyre;

LT — light truck tyre (in tyre class designation only);
CV — commercial vehicle tyre;

Forces in N:

F_t — loaded tyre resistance;

F+ — tyre-wheel-hub parasitic losses;

Fp — drum (machine) parasitic losses;

Fs — skim test parasitic losses;

F, — rolling resistance;

j — deceleration value in s

& — standard deviation, characterizes quality of approximation of experimental
distance-time functions in percent;

¢ — standard deviation of j value relatively expectation in percent.

“Settings™ section serves for initial data insertion before start of testing.
Option — must be chosen correspondently to the test machine regime,
U, — (80 or 60 km/h) main speed for resistance calculations.
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Tyre classes selection (PC, LT, CV) serves for changing coefficients in formula
Cr25-

R (Ry) of tyre is rolling radius which must be inserted manually as a result of
dividing of running distance by tyre revolution number and by 27. Another way:
press the button “Rolling Radius” at second half of warm up process and after
several seconds R; value will appears in correspondent field. Press again (several
times; 3 or 4 times is enough) and assemble averages will appears. The
measurement base of R; is 200 drum revolutions.

ta [°C] — ambient temperature may be inserted during measurement cycle or
after it and then C,,5 data will appears.

| — drum inertia in right lower corner of upper section must include motor and
transmission inertia.

U, and U, are the borders of a test speed range.

Uy — speed bounce for bringing measurement system into readiness for
parameters recording i.e. if the drum peripheral speed has reached value equal
U,+U,, at coast down, data recording will be started at speed U.

It is important: test machine program should include reaching the speed
U>U;+Up.

For example: if U;=82 and U,=1 maximum test machine speed before
coastdown must be not less than 84 km/h.

“Data logger” section serves for measurements control.

Press “Coast Down” button to actuate of readiness stage of the system for
starting measurements in accordance with chosen option.

Press button “Stop” to stop measurements within actuated option before start of
the next chosen option. This button may be need also for stopping measurements
after test number less then 4.

Press “Coast Down’ button for starting measurements within another option.

Use the button “Rolling Radius” as described in “Setting Section”.

Test results section contains the fields for indicating test results such as
j=dw/dt, forces of resistance F and C, coefficients with estimations by § and o.
Note: If number of measurements exceed 4 test result Nel will be substituted by
result Ne5 etc. Maximum test number is not limited.

Column j indicates the data corresponding to the chosen option.

Pressure the button “chart” opens the graph “time-distance” with lens.
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o — is standard deviation of 3 or 4 measurements (if less ¢ does not calculated
and not appears). If number of measurements is more then 4 o reflects only 4
results indicated on the screen.

The measurements are accommodating by time-speed graph.

Note: to stop measurements and calculations after 1, 2 or 3 tests press the button
“Stop” and j value will appears.

Forces of resistance will be quantized according as type experiment options will
be finished. When combinations F_t, Fs or F 1, F, Fp are completed rolling
resistance force F, and C, coefficients appear. If t, data is inserted, C,; data
appears too.

Sequence of operator actions

1. Install logger NAMI-357 and its sensors on test machine (fig. 1), install
red module of radio channel on computer (black module is mounted inside of
device box).

2. Open the “Deceleration Calculator” program; insert initial data into fields
of setting section.

3. At second half of warm-up press the button “Rolling Radius” and record
R data. Repeat measurements 3-4 times.

4, Choice option “Loaded Tyre” accordingly to the test machine algorithm.
When the warm-up will be finished and drum speed in initial phase of coasting
will reaches value equal U;+U,, the recording of deceleration j will be started.

5.  After finalising the measurements within option “Loaded Tyre” press
“Stop” button and choice another option accordingly to test plan and press
button “Coast down”.

6. Finalize test measurements accordingly to test plan pressing the button
“Stop”.

7.  To save test results in memory choice the screens desired using options
switcher and pressing the button “Print screen”.
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Appendix 1: Listings of examples of test results print screen.

~Settings
opﬁon;lLoaded Tire ;] Ven '80L| kph
Tyre |PC x| [195/65R15
LmN][34300  t,pclf46
Uyfs2 kph

Rm]  |[kgm?]

[0.3054  [1.010

Drum  [t0000  [1886.0
U8 keh Uy [t keh

~Data =UWCI

Status:
Connected

Coast Down‘ |- Rolling Radius

~Test results

j[s?]£810°[%] Forces [N] o [%]

Fur £0,007
Fr +0.206
Fo £0,004
Fr 0,013

Ce[N/kN] 0.013%
Cas[N/kN]

1. [0,030754 | +0,08

i

chart
2. (0,030728 | +0.07 chart

3. |0.030630 | +0.10 chart

11
a4

4. [0.030604 | 50,07

[[s*12 0 [%]

chart

0.030679 | +0,007

-~

Speed, kph
-~

T T ; T T T
00.07 00.08 00.09 00.10 00.11 00.12
Time, hh:mm

t T
00.02 00.03

00.13

| 01.04.2014

#16-59-31: Experiment "PL of Tire” started.

#16-59-33: Experiment "PL of Tire" stopped.

#16-59-43: Picture saved to C:\Program Files\NAMNCalculator - Logger NAMI-357\Tests NAMI-
357\01.04.2014\Pictures\16-59-43.jpg successfully.

#17-00-06: Experiment "Loaded Tire" started.

#17-00-08: Experiment "Loaded Tire" stopped.

Option:|PLof Tie > v, [80 =] kph
Tyre |PC x| [195/65R15

LmN][34300  t,pClf246
Ui 82 keh

R[m]

1 [kg:m?]

[0.3054  [1.010

Drum |1,0000 ‘1886,0
UZ:I78 kph U,,p:|1 kph

~Data =UWCI

Status:
Connected

Coast Down ‘ |- Rolling Radius ‘

~Test results

j[s7]£810°[%] Forces [N]x ¢ [%]

BREBBERBEE &

Speed, kph
8

N
o »

-~
-

~
~N

3 3

3

64

00.38 00.39 00.40 00.41 0042
Time, hh:mm

T T T T T T T
0043 0044 0045 0046 0047 0048 0049

s B 1,152687 t0,32 chart | FLT t0'007
3. 037 chat | Fo ot
4. [1.154438 | 5028  chart | E it
TIs1£0 %]
10,841
0706 C[N/kN] 0.013%
Cr2s[N/KN]
01.04.2014

357\PL of Drum_Vst=82 txt successfully.

#16-56-05: Experiment “PL of Drum” stopped.

#16-58-19: Picture saved to C:\Program Files\NAMNCalculator - Logger NAMI-357\Tests NAMI-
357\01.04.2014\Pictures\16-58-19.jpg successfully.

#16-59-31: Experiment "PL of Tire" started.

#16-59-33: Experiment "PL of Tire" stopped.

1 [
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Lm[N] [3430,0

—Qott
Setting

Option:| PL of Drum | v, [80 =} kph

Rm]  |[kg'm?]

Tyre |PC x| [195/65R15

trclf246
U2 keh

[0.3054  [1.010

Dum [1.0000  [1886.0
U8 kph Uy [t keh

~Data logger

Status:
Connected

Coast Down ‘ |- Rolling Radius

Test results

j[s7]£810° [%] Forces [N]x o [%]

3. 009 chat | Fa £0,007
2 2000 chat | Fr +0.206
3. 008 chat | Fo +0,004
4. :I chart | Fe +0.013
JIERELED
T i ot C[N/KN] 10,013%
C 25 [N/kN]

| 01.04.2014

Time, hh:mm

T T T T T T T u u T T u
00.54 00.55 00.56 0057 00.58 00.59 01.00 01.01 01.02 01.03 01.04 01.05

357\PL of Drum_Vst=82.txt successfully.

#16-51-09: Times saved to C:\Program Files\NAMNCalculator - Logger NAMI-357\Tests NAML
357\PL of Drum_Vst=82.txt successfully.

#16-55-39: Times saved to C:\Program Files\NAMNCalculator - Logger NAMI-357\Tests NAMI-
357\PL of Drum_Vst=82.txt successfully.

#16-56-05: Experiment "PL of Drum"” stopped.

—Qotti
Setting

Option:| Skim Test | v, [80 =] kph

Lm[N] [3430,0

Rm]  |[kgm?]

Tyre |PC x| [195/65R15

t.rcifs6
U2 keh

[0.3054  [1.010

Dum [1.0000  [1886.0
U8 kph Up [t kph

~Data logger

Status:
Connected

Coast Down ‘ |- Rolling Radius

Test results

j[s7£810° %] Forces [N] o [%]

1. 009 chat | Fa £0,007
2. 1009  chat |
Fs 10,005
3. 009  chat |
JIERELED
i C+[N/kN] 0,013%
Cas[N/KN]

| 01.04.2014

357\Skim Test_Vst=82.txt successfully.

#17-29-43: Times saved to C:\Program Files\NAMNCalculator - Logger NAMI-357\Tests NAMK
357\Skim Test_Vst=82.txt successfully.

#17-33-39: Times saved to C:\Program Files\NAMNCalculator - Logger NAMI-357\Tests NAMI-
357\Skim Test_Vst=82.txt successfully.

#17-33-48: Experiment "Skim Test" stopped.
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Appendix 2: Formulae used for additional calculations.

Rolling radius:
200R
R, = . (1)
where z; — number of tyre revolution during 200 drum revolutions.

Standard deviation as estimation of regression quality.

Zmax
5 ! z (Z 1)2 100% )
= —— — — 0,
Zmax — 1 1 Zy

where: zmax — maximum of rotating body revolution during coast down,

z — current number of body revolution (integer),

z, — the value of regression function at revolution number z (fractional).
Standard deviation of n measurements of j:

n

1
s= == Ge= P2 L5 ®

n
1

where:

3| e

]_z

n
ZJ}':
1
Standard deviation of n measurements of j and of F* in percent:
100
o=S T%, (4)
Standard deviation of rolling resistance force:
Ser = st + 5% + 5B, [N] ©)

where: s_1, S and sp — components of sg, and equal,

Sim =G E.S:GE.SZGF_D (6)
LT LT100; T T100; D DlOO'
Standard deviation of rolling resistance force in percent:
100
OFR = SFr £’ [%] (7)
T

! See formulae (11) - (14)
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Substitution of (5) and (6) into (7) yields:

1
Orr = E\/(GLT]_LT)Z + (orjr)? + (0pjp)?, [%]

Note: If skim test option is used formula (8) takes a form:

1
Opr = F\/(UPLJ_PL)Z + (05j5)?, [%]
T

. R\’
Iy =1Ip+ 1 (—) , [kg m?]

R,
Fir = ]_LTiz» [N]
Fs = jsls, [N]
Fr = jrlr, [N]
Fp = ]_DjD» [N]

January 26™ 2015

(8)

)

(10)

(11)
(12)
(13)
(14)
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