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- WP.29 addresses safety risks inherent to these specific technologies such as electric shocks

or the fire or explosion due, e.g. in case of a crash, to the EV-batteries or the hydrogen stored

UNECE m in a Fuel Cell Vehicle.

For this purpose, here are some of the relevant Regulations:

e UN Regulation No. 94 (Frontal collision protection)

e UN Regulation No. 95 (Lateral collision protection)

e UN Regulation No. 100 (Electric safety)

e UN GTR No. 20 (Electric Vehicle Safety (EVS))

e UN Regulation No. 136 (Electric powered 2&3 wheelers)

e UN Regulation No. 146 - (Hydrogen and Fuel Cell 2&3 wheelers)
e UN GTR No. 13 (Hydrogen and Fuel Cell Vehicles (HFCV))

e UN Regulation No. 134 (Hydrogen and Fuel Cell Vehicles (HFCV))

e UN Regulation No. 153 (Fuel system integrity and electric power train safety at rear-

end collision)

Source: https://unece.org/ev-hev-and-fc
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UN Regulation (UNR) ™ UN Regulation (UNR) r= —
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UNR 3 7 UNR 3 M
Retro-reflecting devices B ) . . - -
LNR — : ) (Retro-reflecting devices)
UNR 16 (Audible warning devices)
(safety belts) 1an. 721-2551 - | UNR 39 v
- 18N, 2308-2549
UNR 17 (Speedometer)
(Seats and Seat anchorages) - WAN. 896-2560 ™ UNR 41
) - 18N, 2355-2560 ]
UNR 25 (Noise)
(Head restraints) ) nan. 714-2560 i UNR 78 ¥
UNR 28 (Braking) _ _
(Audible warning devices) ; nen. 771-2550 M UNR 81
UNR 39 . . - - |
(Speedometer) : 1an. 2308-2549 4] (Rear view mirrors)
UNR 43 UNR 136
NaN. 2952-2561* - 4|

(Safety glass) WM. 2602-2556 : e (Battery safety)

- 4an. 2264-2560 ] UNR 53 ; ; =

(Installation of lights)
IR 209 3026-2563 |
N‘ﬂﬂ = * - 1 1 o o

(Battery safety) *aglsrrdansrurunnstsrniAdunnsgudedy

- Nan. 2305-2563 - EUNHNALNAL TUN 1 UNTIAN W.A. 2567

(Braking)
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Thailand’s vehicle testing facilities
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Automotive
Engineering

=% |DLT

ELECTRICAL AND FLECTRONC PROCUCTS TESTRG CEMTER

Thailand Automotive Electrical and Electronics Electrical and Electronic
Institute Institute Products Testing Center
1. Braking system (M1 N1) UN R 13H A
2. Safety-belt anchorages UN R 14 Q9
3. Safety belt UN R 16 QQ
4. Seat and headrest UN R17, 25 Q9
5. Audible Warning UN R 28 & Installation @ Installation A Installation
6. Speedometer UN R 39.00 Y] (/] A

Obtained ISO/IEC 17025 Accreditation

@ UN Regulation @ DLT’s Regulation

A Testing Facility

Source: “Thailand s measures related to vehicle safety and environmental protection”
The Public and private joint Forum in Asian Region, 30 November 2023
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Thailand ‘s vehicle testing facilities faraeie | DLT

Bureau
Related to DLT’s Regulation ( AUTOMOTIVE é amiulsdwa:siannsaind

INSTITUTE ELECTRAL AND ELECTRONS
anusueus N4 e s

Stationa
7. Noise Emission UN R 41.04 @ ry

8. Safety glass UN R 43.00

9. Sound level UN R 51.02 : i:ast:,::r:oise

10. Installation of lighting UN R 53.01 A\ Instalation

11. Braking system UN R 78.04 A A

12. Rear-view Mirrors UN R 81.00 @ Installation @ Installation

13. Electric vehicles (M1 N1) UN R 100 X @ 6.2,63,64,67,68,69
14. Electric vehicles (L3) UN R 136 (Y] X /] @ 62,63,67,638,6.9

15. EMC UN R 10 (/] (V]

Source: “Thailand ’s measures related to vehicle safety and environmental protection”
The Public and private joint Forum in Asian Region, 30 November 2023
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mwmaammmm@% AUYDNIMUA UNR 100 (Rev. 2) wa¥ UNR 136 (Rev. 2)

NISNAABUATLTDAINUA NTNAADUAIUTININUR ANATLNSOLAUTNNS
UNR 100 (Rev. 2) UNR 136 (Rev. 2) aouLBuTDd NIMT

6.2 Vibration 6.2 Vibration luinsauaauil 7 Hz
6.3 Thermal shock and cycling 6.3 Thermal shock and cycling M
6.4.1 Mechanical shock 6.4.2 Mechanical shock lufiusnsaauey
6.4.2 Mechanical integrity |

6.4.1 Drop test for removable o

REESS
6.5 Fire resistance 6.5 Fire resistance |
6.6 External short circuit 6.6 External short circuit o]

protection

protection

6.7 Overcharge protection

6.7 Overcharge protection

NIELAgeEn 100 A

6.8 Over-discharge protection

6.8 Over-discharge protection

NIEUAGEn 100 A

6.9 Over-temperature protection

6.9 Over-temperature protection

NIzLaAgaEn 100 A
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e NIMT snsasauiiavlafinnuisan 40 Hz Geliiaeswamudaruunuasms
nagau Vibration #iszylvivhnsvmasauiianaishan 7 Hz

* NIMT ”Laiﬁu%mmauLﬁﬂud’m%'mﬂ%;mﬁawmau Mechanical shock

e NIMT sansasaufiauaiasiadn wiaaranssualiiinszuansa ”lmmam‘w 100 A
em”l,mwmw'ammumwmaumemmmummqm

e anudNigalunsgauiay EVSE wazfitmasinnasliiinszuanss é’qﬁmagjﬁl 100
kW (1000 V, 100 A) Fslsinsaunga EVSE fisfldeuagluanniitszalai

* msnagausumstu (UNR 94 uaz UNR 95) s taqiiu NIMT Laidiusnsaay
gy dummy 4sa Sensor g usuUN1sNAKaLATUNITTU
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* JlszvAlng ﬁuﬁqmﬂuﬁLﬁmifmﬁumﬁﬁmuﬂmmﬁgm UTAUANIRUANLALINULIU
AUALASTUAIN BE 2 UUIEIUUAD LALA A1UNUNIASFIURNAAAUNAAFIUNTTH
(AND.) AT NTHNNITUUAINIGLAN (AL.) Tmﬂmmgm UIAURANURUARIRTU LWL U A LW

azunnsrga N ugunnldiasastus ICE  msei iy luduaadinisnagaumdaiy

daandeifaatuuuninas (UNR 100 uwaz UNR 136) nns1u (UNR 94 waz UNR
95) waz EMC wvsamnudinulaniswsivuantana (UNR 10)

e UNR 100 uwaz UNR 136 31uail9AUtafansidun 1 ans1an w.A. 2566 auszn UNR
94 uaz UNR 95 azauuatiaausyliuil w.a. 2568 waz UNR 10 aziuaiiaausnluil
N.A. 2569
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. mmzﬁu‘fﬂmﬂmLﬂ?umﬁmnummmﬂ%'g azifufinisndn  vidalsznavdudiudrAny
rassuaudlni 1dun wumees waznawad asdianuduilusedfinsvasay uas
MFIANDLAUNINUDINAAAI LALLUNNIATAIG NITNAFAU WATATIAADUAMNIN D14
ldiieewa 1w smsms EV 3.5 desyldl wumme®  dadldfunnesgu
NARAMUNAARIUNTSN  (NAN.)  UAZABIHIUNISNARALNIASFIUANNIATFIUAINAAN
gluz‘i'wmaumuﬂuﬁummqé’aLm'w'\ﬁ (ATTRIC)
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Tudrurainisnagausuanulaanseiiganuwummnas (UNR 100 waz UNR 136)
waz EMC (UNR 10) fiaaunsan wazgsnsaliudnisnagavls amsfinmsnagay
aun1sgu (UNR 94 uwaz UNR 95) aoniuanuaus apaiunssunmuiyais (TAI)
adnazinliuimsla Wil wa. 2569 Taailaqatiuanntiuninsineuviennd (NIMT)
é’q"laimmﬁnaauLﬁﬂﬁ’lﬁ’ﬂﬁ@uﬂQNMﬁu%’@ﬁﬁuumnqﬁwmﬂauﬁ’wmmﬂaaﬂﬁmﬁimﬁ'ﬂ

wummaas (UNR 100 waz UNR 136) uazn1sti (UNR 94 waz UNR 95) 15

AUNITIAATNAINB NN IFe  (@ctive electrlcal energy) aas EVSE e
OIML G 22 #inadnaziiedldlus] w.a. 2568 i NIMT Sanusransagauiiey #
faslinszuansegegn 100 kKW dslsinsaungu EVSE #ifldnuagluaaniisza
Tl Fefaungegn 360 KW
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&’ Y 1 d; o o v a o (-9 (3 "
* UANAINU SNWLAN Lﬂﬁmuammzqwnm LL@S:’)ﬂﬂ’)’]&ILﬁ%ﬂl@ﬂﬂﬁuﬂuﬁmmuﬂﬂﬁﬂﬂﬂﬂﬂ

madamuun UNR 13H (Braking) UNR 41 (Noise) UNR 51 (Noise) uaz

UNR 78 (Braking) dailusnasgrudsau uu ldasnsasauiiaunaludssnala
wazAasdaldaauinaudsslssina deiianldanage wasldssaziaaiguiu

*  ANNLANAMINILAITINAUY ARIAUANNAIAYLA 4 NANLUTNIUNIFIA LAtk (1) WRIY

WA NszLgnse (2) USunudana (3) Anma wazAntss waz (4) EMC lunisanyinunu
nimeauninsanal (EV Metrology Roadmap)
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lasvasio Electronics
gusua gausua

UNR 85 UNR 13H
OIML G22 UNR 100 it GTR15 it ECoRse
Tplulhall UNR 95 UNR 51 IEC 62311
e IEC 61851 UNR 136 ISO 21782
UaMmilQ B \ec62053-41  uN383 s Lo Us:mA i soedly
- . UNR 79 61000-2-7

i ED Uu. 2563 UNR 140

nauusuieu wAQ
asia ua:ANULS)
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i ANUAIUNUASLEASY 1 CurrentShunt600 A 1 1 1 1
1 1 1 1 1
v ~ ~
E fionssu ! Samuatiusms | 14 ISO/IEC 17025 ) 18 CMCs (KCDB) : .
1 1 1 1 1
& avau 1 +1FTE ' 1 1 '
& ) i i ] i
ouus:uieu 1 +2MB ' +03MB ' 1 '
BT s iames 3T T T Cimentshant600A | 4 T TTTTTTees R e T T T
AUAIUNUASUAOSY ! T ; : C 0
as:ualwwins:uaaso ) 600 A i . ; ;
1 L} 1 1 1
on mMaviwwins:uaaso } 600 kW (1000V, 600 A) - A :
-= 1 1 1 1 1
x waooulwins:uaaso ' 600 kWh : ! 1 !
o 1 1 1 1
H Avnssu ! Jomuadiusms ) [GI1SO/IEC 17025 ! 18 CMCs (KCDB) . /
1 1 1 L} 1
mMavau ! +1FTE ' ' ! '
1 1 1 ] 1
ouUs:RY ] +40 MB / +03MB : i i
uso ] i : i i
1 1 1 1
usoda i 500Nm (On-site) 1 : : ;
1 1 ] 1 1
) Axwduasiiisu . 1Hz - 5 kHz ! ! : !
. E 1 1 1 1 1
¥ ANWLISO ! Upto150g ' : : :
£ fonssu ) tHusns . 14 ISO/IEC 17025 ; 1d CMCs (KCDB) ; Y
fdoau 1 i ‘ i i
1 1 1 1 1
ouUs:LId 3 i . i i
I e I T T T - - L e e I R e e - - - -—-—-——— - - - - e T T
usv 1 [ 1 Dyrgamig: Multiaxial 1 1
1 1 1 Force Calibration System IOkN 1
usvda ] i : i :
1 1 1 1 1
on Anu&uaiiou . : . - .
-= 1 1 1 1 1
x ADIWISY 1 1 1 1 1
° 1 1 1 1 1
H fionssu 1 : | domuadfusms | 18 I1SO/IEC 17025 :
1 1 1 1 1
mavau ! ' ! +2FTE ! '
1 1 1 1 1
ouUs:Ueu : i : +20MB : +03MB :
a1 uazAuA ] GNSS Simulator I : ' '
on 1 1 1 [ '
:§ fionssu ' J0K1 ua:tiusms ' 1d1s0/IEC 17025 ' ' '
1 1 1 1 1
g mavau : +1FTE . - : .
1 1 ) 1 1
ouus:ued ] +45MB ! +03MB ! ! !
ANUITUALULLIHENNS:UATAU i E E T O i E
on = =z @ 75
__E fionssu ] ! ! JdaH uatiusMs ! 16 1SO/IEC 17025 ! 16 CMCs (KCDB)
o .. 1 ' [ 1 1
£ mavau 1 ] 1 +1FTE I 1
1 1 1 1 1
ouUs:ug : : ) +7MB ! +03MB H
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o AWAIUNIUASLAASO 1 CurrentShunt600 A 1 1 1
1 1 1 1 1
[v] 1 s 1 - 1 ~ 1 1
s nonssy ; J0H1 uaztiusms i 1d 1SO/IEC 17025 i 16 CMCs (KCDB) ] -
P 1 1 1 1 1
o 18 ' |
E mavau : +1FTE : : . :
ouUs:uRu 1 +2MB : +03MB . : ‘
T T ewdhumunsuaase 1 CumentShanteooA 4 7T - R - it
= 1 Current Source 600 A 1 1 1 1
1 ] 1 1
as:ualwwins:uaaso ! 600 A ' : 1 !
1 1 1 1 1
o mavlwwins:uaaso 1 600 kw (1000V, 600 A) | . ; :
-= 1 1
x waonulwwns:uaaso ! 600 kWh , : ; ‘
[
o 1 1 1 1 1
= fivnssy 1 Jar1 ua:tiusms : 14 ISO/IEC 17025 ! 1d CMCs (KCDB) ; .
1 I 1 1 1
mavau : +1FTE . ! ¢ J
ouUs:LRU ] +40 MB : +03MB : : ‘
usv ! : : . :
1 1
usvoa i 500Nm (On-site) 1 : " i
1 1 1 1 1
o AxW&uasiisu 1 1Hz - 5 kHz ! . ! .
B 1 1 1 1 ]
x ADIWISY ] Upto150 g ! ' ' '
) 1 1 1 1 1
= fAionssu ! tHuss - 14 1SO/IEC 17025 : TG CMCs (KCDB) - -
1 1 1 1 1
mavau ! C : ' :
ouus:uitu ] : J - !
- - R L e - - - ---—---—-— - e b e e - ----------- - - - - -
usv ! 1 1 Dynamic Multiaxial f >
1 1 1 Force Calibration System I0kN 1
1 1 1 1 1
usvda 1 i
1 i " ' ;
) ANW&duasiiisu 1 ! : i :
— = 1 1 1 1 ]
= ADIUISO ! ' 1 1 1
° 1 1 1 1 1
2 fionssu : - | domuadhusms | 13 1ISO/IEC 17025 :
1 1 1 1 1
mavau ! ! ! +2FTE ! !
1 1 1 1 1
vuuUs:uieu : : : +20MB : +03MB :
CEMTER R ! GNssSimulator ! : ! :
on 1 - - 1 - 1 1 [
£ AvnSsy 1 JaHK1 ua:tiusms ' 14 1s0/IEC 17025 1 ' '
e 1 1 1 1 1
5 mavau 1 +1FTE : : : :
; 1 1 1 1 1
vuus:uigu ] +45 MB - +0.3MB | : :
ANUWUAUULIKANAS:UFFAU E E E imTe 1004z.20 :¥2@ 150 kHz E E
on
5 fAdnSsSU : : ! JaK1 ua:tiusms ; 1d 1so/IEC 17025 - 1d cMCs (KCDB)
6 mavau ] i : +1FTE i :
; 1 1 1 1 1
vuUs:uIu ! g : +7MB : +03MB -
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A WUanQnNy

OIML G22 UNR 100
IEC 61851 UNR 136
IEC 62053-41 UN 383

lasvasio
gaugua

UNR 94
UNR 95
UNR 135
UNR 137
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UNR 85
GTR 15
ISO 21782
Js:=nA
UU. 2563

wna
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UNR 13H
UNR 41
UNR 51
UNR78
UNR 79
UNR 140

Electronics
gausguQ

IEC 61786
IEC 62311
IEC/TR
61000-2-7
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NSYAABULUALADS AuTaR1ua UNR 100 (Rev. 2) wag UN/DOT 38.3 (Rev. 7)

protection

NINAFDUMNTOATAUA ANINAFDUMINTDATNUA AUANLNIOIAUTNS
UNR 100 (Rev. 2) UN/DOT 38.3 (Rev. 7) aauLiauTed NIMT

6.2 Vibration T3 Vibration liinseunaudl 7 Hz
6.3 Thermal shock and cycling T2 Thermal test |
6.4.1 Mechanical shock T4 Shock Lifiusnsaeuigu
6.4.2 Mechanical integrity T6 Impact |
6.5 Fire resistance M
6.6 External short circuit T5 External short circuit &1

6.7 Overcharge protection

T7 Overcharge

nIgLaAgean 100 A

6.8 Over-discharge protection

T8 Forced discharge

nIzlagsan 100 A

6.9 Over-temperature protection

NIzLagaEn 100 A

T1 Altitude Simulation

|

e T1 Altitude Simulation flun1591829N15TURILLALADINIIRINA
MYlAANNAULTTENNTARN IagNNau lalvnadaunanuay 11.6 KPa visasinan
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07 NIST

9 SI s‘ National Institute of
"‘ Standards and Technology
U =0.005% U.S. Department of Commerce

NIST In-House

NIST Phantom Reference Meter
Power Source

NIST Real Power
Source

J Rated 1000 V x 200 A

d Uncertainty / Hierarchy

d Traceability

- the Josephson effect for voltage

- the quantum Hall effect for resistance

NIST Portable
Reference Meter

Applied Electrical Metrology

2° Real

Power Source > >[EeadinvalBae)
(or EV Charging Station)

>
=
°
[
Q
o
o
=

Field Meter

for 2° Labs - atomic clock-based time

Load (or via EVSE)

Note

Energy (kWh) = Power (kW) x Time (h)
Power (kW) = Voltage (V) x Current (A)
Current (A) = Voltage (V) / Resistance (QQ)

https://www.nist.gov/news-events/news/2023/01/evse-fast-charging-network-challenges-calibration-and-traceability

Office of Weights and Measures

EV Charging
Meter
(i.e. LM Device)

4 Source Load via

EV Charging Station EV Supply Equipment
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NIMT
3.2 Charging Facilities Goond DRI B T
@
Traceability
I
! }
National Primary Standard for AC Energy National Primary Standard for DC Energy
U=10 X 10° Class 0.01

' JJG 1193-2023

AC Calibrator
Class 0.05

| JJG 1148-2022

AC Charging Spots
Class 1 and Class 2

t JJG 1192-2023

DC Calibrator
Class 0.05

' JJG 1149-2022

DC Charging Spots
Class 1 and Class 2

“New Energy Vehicles and NIM’s Support to Its Development”, 20 May 2024
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National Institute of Metrology,China

@Wﬂﬁﬁﬂm

S —

DC charging spot

AC charging spot

DC Calibrator

AC Calibrator

Programmable electronic
load suitable for type
Approval

suitable for onsite or lab

! DC or AC Resistive Load
- verification

=N EV for onsite
* Verification

“New Energy Vehicles and NIM’s Support to Its Development”, 20 May 2024
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1””

(5)JEuturelWork

(1) OIML G22 Type Evaluation

* More tests on safety, reliability, communication,

software, etc.

(2) Super Charger — MW charging

DC charging equipment with more power.
* |t is necessary that we use the phantom load method to do verification.

* Therefore, the manufacturers are needed to give phantom load interfaces.

*  Now the maximum value of DC charging power has arrived 600 kW in China. In future, there will be

\

“New Energy Vehicles and NIM’s Support to Its Development”, 20 May 2024



43/70

L9 @MUasINGmndin | (Qd) LU \W .
w f&J q q "] u‘lﬂ ﬂ f] ﬂ ﬁ*g Ll.ﬂ m ﬁ‘ﬂ National Institute of Metrology (Thailand) &‘  mizaumsus-Samsnu

naNUTNITUNIFIA

NIMT
KRISS Cadlibration
= EV chargers were included in Legal Metrology in KOREA in Feb. 2020 for type

P J\' T A i approval and verification
1 | Calibrator : Pulse output i *  OIML G22 (before revision of R46) published in September 2022
' | Fluke 5730A o Vref i | Frequenc '
: (= 1000 V) ; ) ¢ ! ?Un‘rery | » Established DC power and energy standards to support the government
| ] ) ! ! co
! J\: | DUT ! (Keysight GPIB : and public testing laboratories
| DC current | ) q , 53320) ! Guox oMLG 22
! source | lref I | St
| _(=30004) ¢ A ; 5 7 b B KRlSs B3geymRTe

{f e _.Ca e
| - DCCT Standard DMM | vr;,u@ﬂgkmg TC
P el oo, resistor (Keysight | | ktl 23teeEs om,(; e
| Confroller 100:1) 0.1,10) 3458A) . i e
i - — - | Testing of EVSE l
_________________________________________________________________________________ | Manufacturers | ’ ormn, m:':“;;“

» Deviation of frequency of DUT output pulses from the reference frequency

800 V, 350kW DC charging stations
already in use in Korea

calculated from the input phantom power

AE AP f p/3 600K f fg f — fs K: meter constant in Wh/Pulse

= — f;: calculated frequency from the reference power
E P P/3600K fs fo f,: nominal frequency for the nominal power

Service : 1000 V, 500A (500 kW), CMC < 0.05 % AU SEILES S B R

Kyu-Tae Kim and Hyung-Kew Lee*, “APMP EEFG Workshop”, 31 August 2023 DC Power and Energy Standard
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Rated Power | Rated Input/Output Ucltage | Rated Output | Con r
Brand
(kw) (vACc,vDC) | Curren t (A) Charge Mode ,
DC— s

a AC Wallbox (IEC) | l 7.4 P) 184 - 276 U AC (in / out), 1P AC Type 2 FENICESEN QCPP 1.6J

|AC Charger, 1P / 3°) @ @ 22 (3P) 320 - 480 U AC (in / out), 3 / APP, RFID card
. . Ldaloc :
1

EVSE #iftldaunieluilszine
(1) HANngegaraanias minnszuanss 360 kW

(2) HAnfinageanradLsaulniinszuanssataan 1000 V

(3) HANNAgegnraenszia MWnszuanssanaan 600 A

al

S — - - S —
|AC Charger, 3R] m 400 U AC (out) / RFID, QR
EUD-40S 5 0 260-530 U AC (in) 80 ccs 2 CE, IEC -
[DC Charger) L 150-750 U DC {out) / APR, RFID E
EUD-40D 40 260-530 V AC (in) 80 CCs 2 CENIEE - 'g
[DC Charger] 5‘: 150-750 U OC [out) CHAdemo / APP, RFID

nauuTEnssuLasnalulafinefeneia nefaenada (14 w.e. 2566
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Aaogran3oddls kazgunsadlunauusunanisin wdanuliiinselanss

COf

nugauinisua:danisnu

Yoi3eslle / gunsel

NP

Power Meter with DC Current Sensor

600 A

DC Power Supply

360 kW, 1000 V, 600 A

EVSE Test System

120 kw, 1000 V, 200 A

¥

NIMT ag1gaugnunsngauinguginsy
e Burounisianszuglniiinszuanss Anm 600 A

e fBununisdianasiiinnszuanss A 600 kW (1000 V, 600 A)

e Buraniedanasanulnwinszuanss wive 600 kWh
* 1[FUNUNITIAANNAIUNILNTZLEARTY NNa 600 A



naNUTNITUNIFIA

WNRINRINNINTZLARSS

National
Standard

Reference
Standard

Working
Standard

Measuring
Equipment

o™
>

Sl Units

?

NIMT
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Set of Resistors
Uncertainty =107

A A

Current Shunt
600 A

Zener Reference Standard
Uncertainty =108

8.5 Digits Multimeter
Uncertainty = 1077

T

0.01%
A A A
' CurrentShunt | | CurrentSource |
. 600 A - 600 A '
' 0.05% L % 0.02% !
A A
. : , ,
DC Power Supply Power Meter with DC Current Sensor
600 A 600 A
0.1% 0.1%

* NIMT

e Calibration Lab.

* NIMT

 Calibration Lab.

» Testing Lab.
e User

46/70
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National
Standard

Reference
Standard

Working
Standard

Measuring
Equipment

o
©

S| Units
Zener Reference
Set of Resistors Standard Rubidium / Quartz
A =107 3 =10-"
Uncertainty =10 Uncertainty =10 Uncertainty = 10
A A A

1 1
! DC Power & Energy Calibration System :
. 600 kW (1000V, 600A) '
i 0.05% :
i

* NIMT

 NIMT
» Calibration Lab.

« NIMT
» Calibration Lab.

» Testing Lab.
* User

47/70
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Reference

Working

AUAIUNU
AS:UAASY

fVNSSW

Aavau

vuus:uigu

AUAIUNU
ASIULAASY

as:ualwwh
ASEUAASY

mavlwwh
AS:uaqsY

wavoulwwa
AS:UAASY

flonssw

navau
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NIMT

2567

1 1
1 Current Shunt 600 A |

JaH1 ua=tHusms

+1FTE

Current Shunt 600 A
Current Source 600 A

600 A

600 kW
(1000V, 600A)

600 kWh

JaH1 ua:lHusns

+1FTE

+40 MB

1d 1S0/IEC 17025

la1so/IEC17025 !

+03MB

[ —— [ (i [ ——

1d CMCs (KCDB)

& cMCs (KCDB)

— — — [ETSPEPEUE... _ - - - S e — — - - S

2571
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UNR 41 IEC 61786
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y IEC 61851 UNR 136 ISO 21782
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' ; UNR 79 61000-2-7
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Calibration of
Dynamometer

Ov

——
misfifinusimaslnily A1USIG IR * Masidauawesivih  aaadagesa*
" S0UUA/UTINN: rated P 215 kW ® v > 90 kmvh " lidosnin 0.25kw ™ V45 km/h

B SoguAuuIeLan: rated P > 4 kW ® v s 45 km/h

CB Series
Calibration Beam

Dynamometer shaft

Clamping screws

WT Series
Calibration Weight

AITIFEA* Fesanunsaduimdeusaiumtinsasatimiinussyn (Gross Vehicle Weight)
Tilanusgdanlabidesndiannudaiidmun sedeadunaliddesndi 30 wi

N1 - AnuANsNgT Aalanss, “nsamnzileausnausdiiin uazsndnsauewdlain’, 17 w.a. 2567

UNR 85, GTR 15

Source : MAGTROL, HD and ED Series Hysteresis
Dynamometers User's Manual

On-site
500 N.m




dmounasInamiugin | (Qd) U \W )

National Institute of Metrology (Thailand) R migeusmsuasamsnu

naNUsNunIsInUTHNLTINg ()

(UNBETLUINNITALUUNNS)

NIMT

m UNR 100 NIMT Calibration Service

T1. Altitude Simulation OK
J2.Thermaltest _____6.3Thermalshockandeyeling ______________OK __________
:r T3. Vibration 6.2 Vibration Not cover to 7 Hz i
i T4. Shock 6.4.1 Mechanical Shock No Service i

T5. External short circuit 6.6 External short circuit protection OK
T6. Impact 6.4.2 Mechanical Integrity OK
T7. Overcharge 6.7 Overcharge protection OK (100 A)
T8. Forced discharge 6.8 Over-discharge protection OK (100 A)
6.5 Fire Resistance OK
6.9 Over-temperature protection OK (100 A)

* T3 & 6.2 - BEFEWINNUBTUNITATIALTELNU ISO/IEC 17025 THATAUARNAINNIATIIU
* T4 & 6.4.1 - agiseunumAsaNialuuinig lvAsauAgnAINNIASIIY
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Working

lsv

usvua

ANVdua:tisu

ADUJLSY

NYNSSU

Aavau

vuus:uigu

1 ]
i 500 Nm (On-site) |
1

1Hz -5 kHz
Upto150 g

1 1
tHUSMS ' 141SO/IECT7025 ! 1d CMCs (KCDB)
] 1
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NIMT
'y ) REGULATION ECE 94.02 .’B.AD:

S U BJ ECT I D lADA Biifries Head Performance Criterion (HPC)

Hybrid Il 50 percentile Head

Resultant head acceleration

Neck Injury Criteria. Compressive axial force, axial
Neck tensile force and fore/aft shear forces at the head/neck

interface

Neck bending moment

® Regulation ECE 94.02

Thorax compression criterion is determined by
Chest the absolute value of the thorax deformation

Uniform provisions concerning the approval of vehicles with regard to the
protection of the occupants in the event of a frontal collision.

The viscous criterion (V * C) is calculated as
the instantaneous product of the compression
and the rate of deflection of the sternum

Femur Femur Force Criterion (FFC) is determined by
the compression load

Knee Knee joints sliding movement

REGULATION ECE 94.02 |AD|AD:

® ACCEPTANCE CRITERIA

3
Dummy acceptance criteria % L
=
Head performance criterion HPC < 1000 %
Resultant head acceleration <80gin3ms D triven i
Neck injury criteria Neck tension criterion Figure 1 = WG
(NTC) fryE—
Figure 2
Neck shear criterion | |
(NSC) o sineom
Neck bending moment <57 Nm il
Thorax compression criterion (ThCC) <50 mm (42 mm) i &
Viscous criterion (V * C) <1,0mis £n —
Femur force criterion (FFC) FFC Figure 3 .; 1 i
Tibia compression force criterion <8 kN e »
(TCFC) i e A
Tibia index (T1) <13
Knee joints sliding movement <15 mm i

Marta Angles,"Regulation ECE 94.02, Regulation ECE 95.03" R =T
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NIMT
Regulation UNR 95 UNR 135
Dummy ES-2 WorldSID
Size 50 % male 50 % male
Region Criterion
Head HIC/HPCag [-] 1000 1000
Shoulder Fiateral [KN] 3.0
Deflection [mm] a2 55
Chest
VC [m/s] 1.0
Peak Force [kN] 2.5
Abdomen
Deflection [mm] 65
Lower
) Acceleration [g] 75
Spine
Pelvis PSPF [kN] 6.0 3.36

Regulation UNR 94 UNR 137
Dummy Hybrid 1l Hybrid I Hybrid Il
Size 50 % male 50 % male 5 % female
Region Criterion
HIC/HPCsg [-] 1000 1000 1000
Head
A3ms [8] 80 80 80
31@0ms
Fyshear [KN] 1.5 @ 25-35ms 3.1 2.7
1.1@ =45 ms
Neck 33@0ms
F, tension [KN] 29 @ 35 ms 33 2.9
1.1@ = 60 ms
My [Nm] 57 57 57
Deflection [mm)] 42 42 34
Chest
VC [m/s] 1.0 1.0 1.0
9.07 @ 0 ms
Femur Axial Force [kN] 9.07 7
758 @ > 10 ms
Knee | Displacement [mm] 15
TI[-] 1.3
Tibia
Axial Forcecompr. [kN] 8.0

* UN R94 Frontal Collision Protection
* UN R95 Lateral Collision Protection

* UN R135 Pole Side Impact
* UN R137 Frontal Impact ORS

* Dynamic
 Multi-axial
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NIST

National Institute of
Standards and Technology
U.S. Department of Commerce

*F=ma

* laser interferometry

NIMT
___________________________ i Oscilloscope
> E Lock-in 4 P . Calibration Mass
ﬁeference’_i_ Amplifier %ﬁ\ﬁ# §  Transducer
| s
XY ¢ Accelerometer
Laser i )
S . *: ]_:' e — Analog Signal
- | v — Digital Signal
DC Power — Trigger Signal
Lo | 00 " oL e Laser Beam
Signal
Conditioner DVM 1
0509 &
Anti-aliasing - i Computer
Filter 1 o Trigger >
N o
Amplifier Signal

Electrodynamic
Shaker

Nicholas Vlajic, "Traceable Dynamic Calibration of Force Transducers by Primary Means"

Metrologia, August 2016

<

< Generator
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470
Iy

Sl Units
National
Standard
Standard force proving instrument
Uncertainty = 0.01%
Reference T * NIMT
Standard « Calibration Lab.
Force Comparator Machine (FCM)
Uncertainty = 0.03%
........................................... A A
Working N pynamicMitiadalForce | ) o NIMT
! Calibration System 10 kN : . -
Standard : Uncertainty = 0.1% ' » Calibration Lab.
Measuring » Testing Lab.
Equipment * User
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2569

Dynamic Multiaxial
Force Calibration
System 10 kN

Usv
usvua
AMUdua:iou

Working ADIULSY

NYNSSU ok ua:tiusms 14 1SO/IEC 17025
Aavau +2FTE
vuuJs:=uigu +20 MB +03MB
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NIMT

309 ANWIWOusSsY
Us:avn tumsdoue

lasvasiv Electronics

gusua gausuq
UNR 13H - Braking of passenger cars

UNR 78 - Braking (category L vehicles)
UNR 79 - Steering equipment
UNR 41 - Noise emissions of motorcycles UNR 85 UNR 13H

. . . UNR 94 IEC 61786
UNR 51 - Noise of M and N categories of vehicles OIML G22 UNR 100 GTR15 UNR 41
. Talahall] S— e UNR 95 I UNR 51 IEC 62311
UNR 131 - Advanced Emergency Braking Systems [EESCSss UNR 135 UNR7S IEC/TR

UNR 140 - Electronic Stability Control Systems IEC 62053-41 UN 383 UNR 137 Us:;;é; UNR 79 61000-2-7
UNR 152 - Advanced Emergency Braking System uu. UNR 140

UUC = GNSS Data Equipment

LIV bR

wna

ANNE uazALSd




naNUTNITUNIFIA

a o (3
NNRA LASAITNET

GNSS = Global Navigation Satellite System

Region | System Name
= @
BEIDOU @
- GALILEO ﬂ
i GLONASS @
IRNS S/ "/1*-
NAVIC it | izve

o

o |es

GNSS Data Equipment

GNSS comprises of 6 major
constellations, 4 with global

coverage.

Source:

g

NIMT

dmuunasangmnvain
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C.Mulligan, "HOW HIGH PRECISION GNSS ENABLES NEW AUTOMOTIVE APPLICATIONS"

* 1 GNSS lung5zu/9n AR wazAINLF)

* gNnsavansanuglnsalaauan wawslssIANIaINITNAdaLl
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Schweizerische Eidgenossenschaft
Confédération suisse

Confederazione Svizzera
Confederaziun svizra

Validation of the METAS
reference speed meter
using a GPS-based speed
Sensor

DANIEL SPRECHER, ERIC CHATAGNY, STEPHANE FARRON,
AND FABIANO AssSI

Federal Institute of Metrology METAS

- A reference section of length 528.674 m £ 0.042 m (k = 2)

- Piezo sensors are located at the start and end points.

dmounasIngmiesia | (o) LU\ )
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NIMT

GPS antenna

GPS engine

B

Trigger source

 Data acquisition <

Racelogic VBOX 3i Single Antenna
a specified speed accuracy = 0.1 km/h

- The calibration resulted in an expanded measurement uncertainty of the GPS-based speed sensor of 0.036 km/h (k = 2)

Daniel Sprecher et.al, “Validation of the METAS reference speed meter using a GPS-based speed sensor”, OIML BULLETIN, Volume LXIIIl Number 2, April 2022
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Conditions

* As for any GPS - based measurement, the performance is
dependent on the GPS signal quality.

* No large object blocks the direct path to the sky.

* The signals from at least seven GPS satellites were received
during the measurements.

* The cruise control of the vehicle was activated to keep the
speed as constant as possible.

- A reference section of length 528.674 m £ 0.042 m (k = 2)

- Piezo sensors are located at the start and end points.

dmuuasangmnvain

National Institute of Metrology (Thailand)

NIMT
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GPS antenna

\\

GPS engine

L\

Trigger source |

~ Data acquisition <

Lap_top

Schweizerische Edg senschaft
Confédératio se

Confederazione S zzzzzzz
Confederaziun svizra

Racelogic VBOX 3i Single Antenna
a specified speed accuracy = 0.1 km/h

- The calibration resulted in an expanded measurement uncertainty of the GPS-based speed sensor of 0.036 km/h (k = 2)

Daniel Sprecher et.al, “Validation of the METAS reference speed meter using a GPS-based speed sensor”, OIML BULLETIN, Volume LXIIl Number 2, April 2022
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National
Standard

Reference
Standard

Working
Standard

Measuring
Equipment

ol
o

SI Unlts

Rubidium / Quartz
Uncertainty =10™"

dmuuasangmnvain
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NIMT

1 1
: GNSS :
: Simulator :
1 1

GNSS
Data Equipment

* NIMT

 Calibration Lab.

* NIMT

 Calibration Lab.

» Testing Lab.
» User
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Working

1Da1 ua=ANUD

AdNSSU

AavAau

vuus:uiau

GNSS Simulator

JaK1 wa=tkusnns

+1FTE

+45 MB

[QISO/IEC 17025

+ 03 MB
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* [EC 61786 - Measurement of DC magnetic,
AC magnetic and AC electric fields from 1
Hz to 100 kHz with regard to exposure of
human beings

* [EC 62311 - Assessment of electronic and
electrical equipment related to human
exposure restrictions for electromagnetic
fields (0 Hz to 300 GHz)

* [EC/TR 61000-2-7- Electromagnetic
compatibility (EMC) - Part 2: Environment -
Section 7: Low frequency magnetic fields in
various environments

* [EC 62233 - Measurement methods for
electromagnetic fields of household

appliances and similar apparatus with
regard to human exposure

sassumNlaanna Wireless Power Transfer

AMNLTN
AUNNLNLIRAN

NIzUARAL

oluly]

Js:avn

TalaSoall
JonKuUQ

naulsunal

n:nmflysssu
funsoug

OIML G22
IEC 61851
IEC 62053-41

dmuunasangmnvain

NIMT

UNR 100
UNR 136
UN 383

lasvasiv

gaugua

UNR 94
UNR 95
UNR 135
UNR 137

National Institute of Metrology (Thailand)

QRUWU.

. . nuauSmisua:danisnu
aumstivatuawisalumsuisiusaals:mna

UNR 85
GTR 15
ISO 21782
Js:nmnA
UU. 2563

waonulwwh

UNR 13H
UNR 41
UNR 51
UNR78
UNR 79

UNR 140

Electronics
gausguQ

IEC 61786
IEC 62311
IEC/TR
61000-2-7
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Charging Solutions

Static

Dynamic

Pantograph

Battery
Swap

Plug

Catenary

rEE=========-1

Source : "Pre-normative technology roadmap and new use cases in electric bus and truck charging"
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Best Practice Guide (Safety)

International Commission on Non-lonizing Radiation Protection (ICNIRP 2010)

- ~
’ & N

NPL

National Physical Laboratory ( "T’\ _T'/\(A EMPIBM-:"E\\‘
Narda ELT-400 e
+

Isotropic ay SAE J2954

100 cm? probe
- I EC 6 1980 Figure C1. Protection areas.
Helmholtz coil (8|an. 61980)
Best practice guide for the

assessment of EMF exposure from

D Ra nge = up to 100 M'|' vehicle Wiresl;:(\i:ver Transfer
O f=DCupto 250kHz
0 Uncertainty=1% @ 150 kHz

RP16ENGOS Merrology for Inductive Charging OF Electric Vehicles (MICEV)

https: | fveww.micev.cu

\ ISEN g78-88-045324--8 /
\ /
e Figure E2. Simulation mode! including the Duke ViP Phantom in front of a WPT coil

Source - “FINAL PUBLISHABLE REPORT Project Number: 16ENGOS8 -
Metrology for inductive charging of electric vehicles” Source - “16ENG08 EMPIR MICEV consortium, “Best practice guide for the

Mauro Zucca (INRIM) - 28 February 2021 assessment of EMF exposure from vehicle Wireless Power Transfer systems”, 2021
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National
Standard

Reference
Standard

Working
Standard

Measuring
Equipment

47
Y

Sl Units

f

Nuclear Magnetic Resonance (NMR)
Uncertainty = 1uT

Helmholtz Coil
Uncertainty = 1%

* NIMT
e Calibration Lab.

* NIMT
e Calibration Lab.

» Testing Lab.
e User

(@@QUW.

. . nuauSmisua:danisnu
AumMSLluATIL; awsa lumisudyiiusay Us:na
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NIMT
ALY |  DC-150kHz !
dululiluiHan ! : : 2-(I:)m-!|-'@ 11058 II;E : |
aAs:uaaav : | 20uTEBOKHz ! :
NYNSSY E E E VOHY ua:ifusms E [A1SO/IEC 17025 i [a CMCs (KCDB)
Working ; | : : :
fAdvAu +1FTE
vuus:uied +7MB +03MB
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Thank you

For
Your Attention




naNUTNITUNIFIA

dsunadana (UNR 117)

NIMT
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* Force method
* Torque method
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RF and Microwave Laboratory

Dimension Laboratory

Force Laboratory

f Tt 3 :
! R T A — T SRR R !
[Tachometer] [ Digital probe ] | 2D lasersensor | [ Clinometer | [ 3D measuring arm | [ Force transducer |
Reference : B
Standard : i,/>
e
Run-out Tyre loading
Rolling Resistance Camber angle Spindle force
Testing Machine :
Slip angle Surface speed

Load application

Drum diameter

Tyre




