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ABSTRACT

The electric vehicle (EV) industry has experienced continuous growth, making
lithium-ion batteries a critical component for the performance, reliability, and safety
of electric vehicles. Therefore, evaluating battery durability through environmental
testing has become increasingly important, particularly random vibration testing
based on IEC 60068-2-64, an internationally recognized standard for Broadband
Random Vibration testing.

This study aims to evaluate the suitability of applying IEC 60068-2-64 for
electric vehicle battery testing in the context of Thailand. The study analyzes the
requirements of the standard together with transportation conditions, road
characteristics, climatic conditions, and relevant academic literature to assess the
consistency between the standard and actual operating conditions in Thailand.

The results indicate that IEC 60068-2-64 provides an appropriate framework for
evaluating the durability of electric vehicle batteries. However, the selection of test
parameters should also consider Thailand's environmental conditions and operating
characteristics to ensure that the test conditions accurately represent real-world
applications. The findings of this study can serve as a reference for manufacturers,
testing laboratories, and researchers in applying the standard appropriately, thereby
improving the reliability of test results and enhancing product safety.

(Total 157 Pages)
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vedey 113y uazmhssmuiieadeslumsuszgndltinassliaenadestuanmnisldey
T3svestsemalne el mAfeliladngusvaslumsuulse whly wiedavinanasgiu IEC
60068-2-64 auulul usidunisuszifiuanumuizauvesnsianasgudnanulgnigls

Usunvasuszmelng

1.5 Yauwaaudslunisivy

nsAnweSaiidunsideliiingzy (Analytical Research) fajsUsziiumnuvnza
Y8IN15UTENALTNIATFIY IEC 60068-2-64 AMSUNITNAADUNSAUAELT DUVDILUALADS
s lrineldusunnstdadudsemalne Tnesmusweumasauusilalunsanw sl

1.5.1 suUsau (Independent Variables)

v A

Aawdsau Ae Uadenildvsnaren1suseiliuanumuzauvemnsg i IEC 60068-2-64
Usenaunae
1.5.1.1 Uafimunveunsgu IEC 60068-2-64

1.5.1.1.1 Ma“ﬂmwmaaumsﬁjuazLﬁamwuq'u (Broadband Random
Vibration)

1.5.1.1.2 933@ud (Frequency Range)

1.5.1.1.3 @1 Power Spectral Density (PSD)

15.1.1.4 isé’ummqumwaamié"uazl,ﬁau (Overall RMS)

15.1.1.5 szgzlia1n1vadeu

1.5.1.1.6 wuImMInsiaenaulunisnaasy
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1.5.1.2 Yaduauanmuindenveslszindlng
1.5.1.2.1 anwauy
1.5.1.2.2 ANUYTYIEVBININ (International Roughness Index: IRI)
1.5.1.2.3 JULUUMSVUEMNUN
1.5.1.2.4 @nwgiiennie
1.5.1.2.5 Usunauslu

s

1.5.1.2.6 ANUIUAUNNS

1

1.5.1.2.7 dnnauulennaouidg

a

1.5.1.3 feyaanienaisinnisuazsnissiiieade
15131 smAdedunsduagiiteuresunined
15.13.2 snivesumsduagiiouressugud
1.5.1.3.3 UITeAUAMNINRIN
1.5.1.3.4 anassruuazdeimusiieades
1.5.2 fwdsm1u (Dependent Variable)
AUIRN AB AL ALYRIN1TUTEENA TN S§IU IEC 60068-2-64 d15UNTS
nagouMIduaziiouresuunmeieusudlinnelifuTunvesUsemalne
152.1 msussfummuneauinnsananUssdiudeluil
1.5.2.1.1 ANUARAARBISEUINTOMLAYeINTT U AN NS LT1UA39
15.2.1.2 anyannsavesieulvnsmeaeulunissiasanisduasiiiou
fsuluszmele
1.52.1.3 AINNATRUARNUDININTIIUA BT AT 1UATTVUEA S
GRRNIIPlE L FY
15214 anumnganlunisiuesgulivssgndldduuunines
uEUA LT
15.2.1.5 dedauasUssdiunmsinsanduduiewinnasgulidnu
1.5.3 fuwdsauau (Controlled Variables)

o

Walitnisieseidululufiemadeidy 9ddeil

o [

MUARILUIAIUAN A3l
1.5.3.1 Anwanzansgiu IEC 60068-2-64 \JunnasgIuman
1.5.3.2 sjatiuwunnaseusunliinlusedu Battery Pack

1.5.3.3 M angnsauazisuluugy (Broadband Random Vibration)
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1534 Tddoyaduanimuandennarlaseadnei ugruvesssmalneidy
nsfiAnw
1535 ddoyanienasivins masgiuana wazshonumassiioitos
Tnglvmnuddydudoyafimeunslurasuszana 5 Daran sniulenarsuasgiuvie
lonansensdsiiuguiidensdinadeduld
INMIAMUATILUIAINET AstglnisAnwdaiunsiieseianuduiussening
ToMMuATeIINIFIN IEC 60068-2-64 fuanmnisldnuaseveswsamelneegialuszuy
wazausadinan1sianeiiluldusenaunisuseiduanuviigauvesn1suseend

ldunspindmsunsvegeukusmeIeusudniitlaegaiivexanifimnssy

1.6 Uslewidilandnesldsu

isedmainaedelfidnuselosiisludwiginig dugaainnssy uasdiuns
Useendld fastoluil

161 lepsAmmiAsaiundnnis uwda wagdormunvosmnsgIu IEC 60068-2-64
dmsunismedeunsduaLITioulUUEN (Broadband Random Vibration) $23@auuanenisih
wwsgullussendlifumamaseuummeTe Ui

162 lfeyadidinswiieiuaduiusseinedeimunuesnesgiu IEC 60068-2-
64 AUTATEA AN INWING DU VBIUTEINALNY L1 ANUVTUISVRIAINN (International
Roughness Index: IR 3 Ukuun159ud 4n19un anmgilennia Usunasu uagdadedu
Aawndondu 9 MoradwmarensinmsduaziiiouounneIUeusd i

163 lanan1sussidiumnuminzanvein1sussgnaldunsgiu IEC 60068-2-64 sy
msnadeunsAUAsTewtasunme It sl melE U Une wWszmAlne wieutiseytoR
Fodin uazusmAuimsRasandiuslunsidendeulunsveasy

164 Fuumsdmsunmsidenud efvuaioulunismaaeunsduasiiioud Ay
wangandvanmnslidaueisulsemalng Gsamnsalfidudeyausznounisnsusunas
noageuluiosufuins uastielinanmsveaeuiianuaennaesivannnIsldaunaaLLLIn
Batiu

165 Juteyadradedmiunanuunined fnanomeudlni wesujuiRnimmeasy
Un3de wazanunis@ne Tun1sfinyy Wawn wazdseyndlduinsgiunismegaun 1

nsdauazaulimunzauiuanyurNsituasUsEmalne
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166 Wuwumedmsunmsnyideluewanieiunisianlusindnsduaziiiowann
UL ANIAAUINYDIUTENAINEY NTWTIUWTBULIATIIUNTNAADUNNTA Az DUTENIN

WINTPINAING TIAININAUITNINAGOUT AUTAAETBUANINNTITUAT VDI UL UA

Y
==

Trihlaeewilussavsnmungs
1.6.7 aduayun1senseauautLg ol aveInIINAdauAUE IR aNE S ULUALADT
gueud i wasdudumildlumsdsasunisiannanamnssueusudiniuay ssuuilve

mivaaeurasUsEmAlneglidenndesiunnsguanakarnsiiulsvesanavinssdluaunan

1.7 denudniianig
~ v ° & Ao a o < a a o Ya o Y Y
welvinisiausiemiuvnuideianudaaunazdulyluianafeddu §33gle

o a 1 I3 -al' = gj dgj [ 1 a’lj
muuadeudnriangnladlunisAnwiasell Awneluil

1.7.1 wusiae3e1uguslniln (Electric Vehicle Battery: EV Battery) #ungfis szuufin
undsnulialdduunasmdsnundndmsunistueaeueueudliii Tnelusuddel
nnefawunmesateuleesulusysu Battery Pack FeUsenaumeitagiunnes (Cell) Tuga
wuaLtne3 (Module) 2UUTANITUUALADS (Battery Management System: BMS) La
Iassasslosiumenenifessldauasenielusiueusini

1.7.2 msduawiiouwuudsl (Broadband Random Vibration) ningfis nsduaziiieun
A o ! | a v N | " g | =&
Andeunszargeglurinnudniiuasiuisuulasnunaiagraliiduauitueu gl
anwaglnalAseiun1sduas B UNANTLLIITENINNNNTVUALAE NS IFNUYDINEAI I Lag
WM IEC 60068-2-64 T¥n1sduastiiousunuuiilun1sussliunnununuveanansoe

1.7.3 Power Spectral Density (PSD) #1189 UTNIUNITNIZAIENAIIIUYDINI
duaziioulunsiazdnenud saladusimuunssiuanusuusavesmsauaziiousuuguluy
NINAEBUANNINTFIY IEC 60068-2-64 Tnevialuiiniiealu s2/Hz

1.7.4 Overall Root Mean Square (Overall RMS %58 Grms) #118819 A1SINA&@0U93
ALRAEAAIEBIVDITEAUNTAUAYITIDURABAY19AND N AYUA Faldidudunuresany
JuusalneTIveINsauasiiieuLuudnlun1svegaay

1.7.5 1195514 IEC 60068-2-64 M311889 U19TFIUAINAAIUNITNAFDUFILING DUVD
AMENTINITNI1993UT19UTTINAT IR 28U1ATgIUSLa nnseInalla (International
Electrotechnical Commission: IEC) §9A1%UAKENA1T 35017 WAZLUININNITNAADUNT

duaziilounuugu (Broadband Random Vibration) dmsunansausiluiluasBidnvseind
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dieuseidiunnuannsalunmuseussduasifieuiionniatussrrinanisuuds n1shnds uag
QRIS SR PEEN

1.7.6 AMUNUIEANYDININTFIU (Suitability of the Standard) Maunefie seauAIY
aonndesvesdorimuauaydoulunmaaouniuunsgiu IEC 60068-2-64 fudnuaznisld
suaTwesuunnes rusudliiilulsemalne Taefansansmdvanimauy suuuuas
yuds anmniienna uaziladesudunadeuiisitos

1.7.7 A311U5V58V0IA 3019 (International Roughness Index: IRI) nuENe ATl
ipsgruanailisyiiuanuSeurioanuvgusyvesivne neimhoduussdoflamns
(m/km) ﬂ"l?JlﬂQNLLEWN’J"]ajﬂﬂﬂﬁﬂmm‘ﬂ?{limﬂﬂsﬁu Fadsnaresziunsiduaziiiouiidneven
ST SR AR

1.7.8 159U aM19un (Road Transportation) Mineie N15:A4 ou18uUMADS nSe
wAnAnsissE Uz uulassteauy Fudugluuunisudménvesussmalne wazidu
wiasiifinussduasiieufidfudentdmanennununuueswUnAe3

1.7.9 anmwieasuvesUszinalng (Thailand Operating Environment) visnegis Uady
fuanmiedeniiieatesiumslidnununmeisusudlniiluusemelne 16un anmouy
AUASILUBSAINNG JULDUMITUAS anmgiionne UTinamy aradu uastiidedudion
fnaren AN sAUALL IO ULALALINUINUYDIUUNLADS

1.7.10 N19U52tIUAMNNNNLANTBINIATTIY NUIBHI NTLUIUNITILATIER UAL
WiguguderinunavewnnsgIu IEC 60068-2-64 AUTBLAMUANINIIAREN N1TVUET LAy
nslnuaievesUsemalng Welansaurinnasusinanianumngauiedadmiunis
NAADUNNTA UALT UTBIUUALADS B uBUA LN waziialausuwamslunsussyndld

wnsgilidennaesiuuiunvesUszinalng
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%4

a a o v
LRDNATIILLASITUIYNLNY VDY

N13ANYIANUMNIZANTDIUINIFIU IEC 60068-2-64 dmSunsvedeun I uEzITiouTDs
wumaes sueusniiagldusunnnsldemlulssmelne ududeserduasdrnuianuais
aiAstos Hesumaluladuunnes msvaaeUfu wwnden Jmnssunsduayiiiou
UINTFIENA TAINTTUNTVUAL IAINTIUNIAN WazdoyanuanInkInaeuvelsemalng

Hosnmsduasis Ui unukummasenugus i liledusgiusnandaefis g 1auhen

Y

Y]

W TUDNSNANFNWAULNNSITIIU FNINOUL SEUUN LA aU FULUUNTVUES Uazan

—

|
b4 1

Afionna dsdudman s N ULsAYdNYIL SIS LA pUTILURLASS I SUsEIamsld
SQURER

1AS§1U IEC 60068-2-64 tTusnnsgiuanailddmiunsmaaeunsduasifiouwuugy
(Broadband Random Vibration) Inefl ingUsease iovsuiuauaunsavestumilumam
reussduanieuiiintuananminadoumsiirumdenisuuas iassusana 17l i mun
slWd msduaziiouanzdmivndnd asiudazysginn ufvuavdnns 35nsmadey
wazuymslumsidendeulunaeaeulaenrdasiudnuaemsliiuaiwomaniog faly

Y ¥

nsuszgndldunsguddndudeserdedeyanirauiuuasdoyad 1wl mnssulszney
nsfmuans e nMsnede Ul s aNAUNE AUk S AN NN BN ABINITT IR0
& av o a v 1 A Y @ ! Y N
wen Nt yAdeTRgtesluyIwane U uandiiud nMsnageunsauasiiiou
a ~ o o s ' oA Y v Y

YOIURNBT BUUATNE AN ALY UaE 199 BLIDY LRI NTEUULUAWEI A BN T TU
LSaduAzIoN ANNTOU ANUTY kavanINwIAd aufiannvianesaaneng NSt n1sUsEdiu
ANUNUNIUYBILUALADI IR B0 IRBINATFIUNN AR UTIINZaUATUA UANLaLN eIy
annnslguasa ielinanvnseuaansnasiouaussnusLas AL Te T o INEN Tl
AENYNADY

UNTF957U5WUALTLATILVLBNETT UINTFIU kazUITe 1A 837291 UN1TNAFDY

o - = & 1 S o

NsduasiouveLUAWas s UEUALNT IgATEUAAUAILATNUGIUTDITEUUKUAMDS ANNTS
VDINTAUALLTBU U MTFIU IEC 60068-2-64 UazanmsgUilAeITas AaanIudeyanuanInouy
MIVUA WaganmkndenvasUsswmealneg saudsnsnumuniiddendulssmalasaaussme
L O 1ATIZN0IARINS LAZITYTBII19WBINUITY (Research Gap) § ezl uiugudmsu

MTIATILAAUMINEENTRINTFIU IEC 60068-2-64 Tuundinly



18

2.1 nwsuvesgasmnssueusudiiiuasmaluladuunneiaiseuleasy

gaannssuTusudalaniidangTursveantsivdsunundsdrdyainnisld
3 assusdun1Un sy (Internal Combustion Engine: ICE) lﬂgimislﬁi’fiwuﬁum?{auﬁw
was91ulwidn (Electric Vehicle: EV) suilunaniannanunweisuvesiateUseimalunisan
nsUdesfiieunsyan annsianidowanieada uavatiuayunslindanuazenaiiean
nansEnURedwIndey anudnvivewvaluladuummes ssuudidnnsefindids way
Tassadreiugrudiuntsnfalaii viliemesudladindaussousiigely ssoemanisdvd
ity wazdununsdaiuunltuanasedisdaiios dmaldmaneueudliindsamnns
wulegeluvanegiinnaveslan sawdwsemnalny

f\]’m%yja“um International Energy Agency 51847U Global EV Outlook 2025 izq’j’l
gansniesosudlniialandiaafivlnedwdewies Inglud w.e. 2567 Joansinuie
sapudlaiiunnndn 17 dudu uarlud we. 2568 madnesiiistuegereiies denal
dnarusosudlihAndunnndt nildludessensmiesasudindiialan wuliuiangin

azfouliiiuiszuvnunmesidnataduimladifyaesgpainnssueueungalyl vislusiu

Usg@vBnm mnudasaie duvu wagauausalunswiaiuresngs
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“30@30”

wansnIWwAirls 30%
(BEV 7.25 ndunu)

R

fMAINISWARIUAINDS
Tuus:ina

IKgduasuniIsasnu
an4ddlnaulolo

40 fin=HAs5olud (GWh)
([l.iﬁ"lnd‘l 8 GWh ia:Isaunu)

AMUZNSSUNTS

duiasumMsadnu +
(Ulalo) 90a4ULaRSN
Tuds:ina
L i 1-1.5 nduAu

J

UMSWand3
Tuus:inA(uesnad)

MsddlasunIsanu
bk

R¥gaduayu : vIRSMSMsAIasysnad 3.0 >> nunmqﬂ 2556 >> U0SATI >> Iduasguialnli >>
WSWIRSATSES 3.5 (SnenlLIUALVOIRAIASNGS)

—— anwunisnitioaddfuds:inalne
usEnAlASuMsdviaSunasanu

MaINISWansouy

IIAUAY

A 99RIAN:ITLLUSNDD

o
@ AUUAU

AUIRSNIsdviasuad 3.0 msuansnddfuls:inAnaInunastaval 2567 — 2568

A : Glolo, NSUNWSSA9SIUSIU 18/07/2566

MW 2-1 lguiensdsasugnamnssieueudnihvesUsemealng

(EV 3.5 wagktmiuny 30@30)

UszwrAlnefolunidudsemeanidnonmgelunadugiunisnineusudlniuaz
Fuadwddgluglinaedeny Tueeniedld Weswndlionavnssueueuaniduuds dvaaly
gUNIUNATUINRT lagdiuleuigmasgiatuayunisamuegewiaiiles lag Thailand Board

of Investment (BOI) laadunnnsnisduasunisasuaiueiueudlii fanisaduayy
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a (3

AnAnsaoud grdauunned fudneaduunined wazlassadiel ugrudiuanidenda
i endnduliuszinalneingnisdugudnarsnsnaneueudlniluginig uloue
30@30 fvuainglieusudindalulssmalngegiaiosfosas 30 Huguegudliin
el w.a. 2573 vaieflinasnis BV 3.5 Idaduayuisiunisniauazaslioue gl
swdsnmsamulugramnssuuunmeiuaruduiiisades

foyadnaaues BOI svyd1 o Audoufiguisu wea. 2568 Ussmelneduaainisasmu
lurivalgguniuvetgeavinssugueudtniingsnd 137,700 d1uuim dsagudliituuy
wuAme3 (Battery Electric Vehicle: BEV) Mldsunsatiuayumelingsnis £V 3.0 wag EV
3.5 1IANT1 175,000 Ay wazdsosud BEV Aaaneideuldvuasanuinnii 203,000 Au
suaddimsvenefvesaaninsalniuaziaiomnsanuy DC Fast Charger ag13siaLilog

Feazvaulmiudinmsivlavesszvuinasiusualidrluszmalnesgrstaiau

M13197 2-1 NMsSEuUTguAmanvEYaILURLREIN LT lue WAt

578117 Yayas1gn
YaA1N15a99U EV Supply Chain 137.7 WU WU
50 BEV losunisativanu >175,000 A1
50 BEV aangilgudzay >203,000 AU
anfivnsae 3,700+ @11
DC Fast Charger 6,500+ 30

msiAulavesgaamnssueueud i vihlianuddsuesssuuiunmesiiitg Wueg1

'
1 d

wn WesnuuaweiiluesdUssneuiiliyangeianvessaeud bl lneAnduuszua

Y

30-40% VDI UNUIAEUAIIAL NIFududammunssazn1ein1stul Mawesssuutueau
91801519 9U wazaNuUaeaieveeIunIU U AR aud Ay unIsiau
wialulaghuneeINIluauANUMUILIUNG 3914 (Energy Density) 818013149 (Cycle Life)

ANNEINTalUNSSaL57 (Fast Charging Capability) wazanuuasnsie (Safety) mu@ﬁuiﬂ

Yagdu wumpedldlueusudliduivgidu wnwesaSeulossu (Lithium-ion

= 1

Battery: LIB) tHasannilianumvunuuundasugs fussansamlunsvisauazaedszqns ey

)

v gy o A = = Y} a a 4 1 &
ﬂ']ii?fﬂ']u%]']’lu’]u LLagﬂJamiqﬂqiﬂqﬁJ‘UigﬂqLaﬂﬁ]']LiJaLUiEJ‘UW]EJ‘Uﬂ'ULLUWLWE’JTUU@@U @EJ'NvLﬁanll
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wunmesasuulesouimitosinsuruvasnsy Wesndesiaumeldanaznisini
il LaziBanatidutou mnldSuNansENUNLSINSEIMN Mduaiou gaumniiad 1A
Wemenalasease enaneliiinanuiaunidnsluwaduaziiluganudenievesssuy
LuARES LS

Cell > Module > Battery Pack

[ Basic energy unit ] L Cells grouped together J ( Modules integrated into a system J

Battery Management System
(BMS)

Pack Enclosure
(Protection)

+ Nominal voltage: ~3.2 - 37 V + Consists of multiple cells in series « Consists of multiple modules
+ High energy density and/or parallel + Includes BMS, thermal management,
+ Electrochemical reaction occurs * Higher voltage and capacity and safety systems

within the cell * Mechanical support and protection + Delivers high voltage and energy
for EV operation

Power & Capacity System Integration Electric Vehicle
Energy Storage > ~ iy k2 @ & Safety D ZWN apication

Al 22 lasaasiaiugiuvesiunmesaiselloseudmsuaususini

& 1 [y L3 = S
PNLLAIEAULIRAVUAILLUNLADILLNA

a d‘ v ¥ ;% [ f-:ll = |
IINYUNBINAAINTTY wumpaIeueud i liliusenaumeiwaduunnasiiiesntng
WA wadusyuuiivsgneuseigas Sruiunnieussdiululuga (Battery Module) wax
Usgnausuiudununneiufin (Battery Pack) neludausenausiesyuudanisuunines
(Battery Management System: BMS) sguussU18A11451 1A598519506 33 gaanelnusany
a ¢ ¢ LY = I3 1 ° ] Y Y Y]
g9 W wazgunsaitesiuning q Fenesddsenaudesanunsaviuuiuliegalasndy
AaanaIYN1TiTUYeIs UEud ANEeeTiatuivesAYsenaulnesAUsENoUNileNa
AINANTENUADAUITTOULWI0AINUADANLUDITE UULUALADINIVLALA Aatil n15UsELEuAIW
NUNUVDILUALADS F9LUAITRAITUNRNILLTAA L UALABS WY wandsUseiliulusedu

Battery Pack #aidugn nnisinnalteauasvesndnime

wuatne3dseulonau (Lithium-ion Battery: LIB) 1 wwnaluladuumneInlasunis

gousuag 1IN INd S Usueudliluteg iy Wesndianunu il uunasany (Energy

v

3 (Power Density) g4 iuszdnsamlunisviiawazaelszia

9

Density) LagANURLILLLA

v

a v = o A = = o a a A
N@']EAﬂWﬁIGUQWUEJTJU']u Lasd miqﬂqﬁﬂqﬂﬂﬁgﬂqLBQWWLQJ@LUTEJ‘UL‘V]EJUﬂULL‘UG’]L@@iSUuﬂau
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anautRvaniviliuunseiaSeulooouansanevaussnnudesnisvese e udlidilg
Feludusregnen1stul Ussnnmmsassnds uasmsldndluanmundeuiivainuans
g9lsfny MaiiuauvLiuNE I UTe UMM I TdmaliUsEIfuf U IUABA Y
warANUUNURRaNNwIndeunaelurunedfiyveainanuaztinide

Tutlagtu uunmeddiBuulessudmiveusudliindvaieind (Battery Chemistry)
Aleunsiaunielimnganiudnvagnsldauiiunnd ety wu wusimedviadiien
iwdnweawa (Lithium Iron Phosphate: LFP) @ aflqauausituainuvasads e1gnnslta
LazAMULaTBTNIAINTeu YT LunneI viadi sudnifawientdalaveadoonlys
(Lithium Nickel Manganese Cobalt Oxide: NMC) uagdiisuiniialaveadezqididey
aanles (Lithium Nickel Cobalt Aluminum Oxide: NCA) 1 A318 UM U UNE 111U aN T

a

= a cal v o A 1 o a a ay
%QUU&&%iUiaﬂumwmaﬂﬂ153888w1ﬂﬂ13%U%uﬂﬂERVNliﬂﬁ?lluUWLmaiumazﬂuﬂu%aﬂuag

o
[ 1

pPINALANGNAAY NIUAUNY ANUYaRAY 018n1sldeiu kazaussauglun1siney

e

% =

£ o & b4 1Y (3 [y s v
enduseadoniglivansauiulssiamueseuguilas InguseasAveensidau

M13197 2-2 IWSsuisupuaudfveuusneiaseulossunlalugueudlii

qjﬁﬂ 1 v o w o 1 ¥
Py ALAY SRERh( Adee19ansldau
WUALADI
Uaeade 218n15ld | ARUMUILUENaRIuINIT F0EUATIILY
LFP IR,
UYNI AU UAT eRIUGRE
ATV LUUNG 9911g 9 AUVUEINTY LFP sopuAtlaiay SUV

NMC | @ufasyminemaaay

YN

NCA | waasugs dminiun | Agan1sseuudnnsAusounn | sneuRaussauyg

uannAaaLTRaATiud: Tnssairsvesuunmesusudliinginalaenssdenin
nunulunisldanuase wummeslussau Battery Pack Usznaumeesrusznausiuiuiin
I5un waduunne3 Iu@mwmma%" SEUUTANISLURLABS (Battery Managerment System:
BMS) svutszuneaTuiou Tasaiasasiuuss aelnlussdugs daolwih find wargunsal

Uoaiusg q eerusznouwmandvhausuiudussuuiden aaly aAnudemefiiaduiu
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Fudruladudiunilsoradinansenuseaussaus ANulaende n38818n151091Uv0s

LURLADINITZUULR

CROSS-SECTION OF EV BATTERY PACK

Internal Structure and Key Components for Mechanical Durability

BMS (Battery Management System)

+ Monitors cell voltage, current,
temperature

+ Balancing and protection

* Ensures safety and reliability

Module

* Multiple cells connected
in series/parallel

« Forming higher voltage
and capacity

Cell

« Basic energy unit

+ Stores and releases
electrical energy

\ Busbar

¥}« copper busbar

+ Conducts high current

between cells and modules o

« Critical for electrical e
performance and

mechanical stability

Cooling Plate
* Aluminum cooling plate

; HV Connector - with coolant channels
)

Housing (Enclosure) « Dissipates heat to maintain
J_» High-voltage connection « Protective structure for internal components optimal temperature
to vehicle system « Withstands mechanical impact, vibration,
+ Provides power input/output and environmental conditions

* Designed for safety « Contributes to overall structural integrity
and durability

AN 2-3 laseasensluveuuamasuindmsusueudliiiuas osAUsEnoUNAEN

MAYITDINUANUNUNIULTING

dlofiasanananinnisldanues s wunnes srueud if Ll ndanienisey
yidliiuaggaungiivitiy uwidsessuusimiang (Mechanical Load) filAntunaon1sasiin
yoawAnSe fausin1srudsatnlasnu msdasduaenisudn nssudssosudlugagsmig
PADAIUNTITIULIUUDTS WTININaRINa1IUTENBUMBLTId UAzLT oU (Vibration)
L53n52UNN (Mechanical Shock) LAZLINIIINMITUT FeamsonelfiAnaimifuazan
(Accumulated Mechanical Stress) nelulazaadiswasuumned mniind uogwiaiiias
Wusrezaiuiu o1aviliiinniseaiedivesdans 9ndanaiy n15uani119e9lAseasg
Msidemevestauns (Busbar) nienuiinunivesyaidiensomalui daaliuszavsaim
uazAuUasnfevesuunmoIanadls

SIUNUNILNIATFIUNTNAGBURUALADS A ueususliiiszydn Tuslndnns
Fuaziioui hvualiluinnsgruvarsatuiifiuguanandeyanisduasiitoureseueus

171U wazluu1ansdlonaliaunsnas i auan NN ITIIUITIVDILUALADS bUSaUA b Lo
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919A5UNIU wenantl ulldaiausuuritnisidenlusindnisduaziiounserdedoya

AAFUINLATNYAZNITRARILUAWBTI WY 1nnNsTlusTduasgruiiesagamen

0 Road Input

Irregular road surface
generates vibration
and dynamic load

A

e Vehicle Suspension

Suspension absorbs
and transmits vibration
to the chassis

§/

e Vehicle Chassis

Chassis structure
distributes and transmits
vibration to the battery
pack

o Battery Pack

Vibration and dynamic load
are transferred to the
battery pack

~

6 Mechanical Stress

Repeated vibration

causes stress concentration
on components and
connections

e Fatigue / Crack / Loosen ~

Long-term vibration leads
to fatigue, crack initiation,
and fastener looseness

VAN

a i Y = a ] B
N1N 2-4 msmwammauazmaumﬂmmqguwLmaimuauﬁﬂ,w%w

Fatigue / Crack Loosened Fastener Component Damage

NUTELAUFINENT 2ULAIINITUTEUANUNUNIUYBILUALADS MiA1U1 AR5 N
Nzaussausn i s laiieseg10fe7 weswldudaanansanANaILTalunig

seesunTIeanaiiinusenitamsldnuaseaugiull lnsanizussduazifiouniiavy

o o A 1

2871969119991nN15 T NUUUa UL FuduiatudAnidamananiuUY ot 0k UMLMDT 1
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Furiiedrassannnsidaudngnn uay ﬂiuLuu'muwLL‘U@Lmaia’]msmﬂmmmaumm
yaslassadraaznsvhaulduielineldussduasiioudirnun

foifu Aeufiagfinusuazidenueannsgiu IEC 60068-2-64 Fasududowhniy
Lﬁé’fﬂwé’ﬂmiﬁugmmaqmsé"uazLﬁau Snwaizveinisduasiiiouditint ulusmudmnssy

wazgUiuuresnsduaziiieuiinuluaninnisldauada Jeasduiugiuddgdmsunisi

A lakuAnveINIAge UNSAUER e Nk dLluitena Y

2.2 #ANNN5YRINTAUELINBUN (Vibration Theory)

n1sduazLiiou (Vibration) Wuusingnisalnenafiiinatnnisiedeufindulunauan
Yo33ngT0UMUIUIANna (Equilibrium Position) meladnsnavetusinieuenysansaniely

) = a & Y a [ < = [
sEUU Msduasiouaunsaindulaiussuunidienssumnusean kidnssduesesding
v fa & a ¢ o« Qq' Y

g1unImue 1A9d31901A13 aUnsaldlannsetind nisuusmasenugualiiin lngseauaiy
JULSILAZANYMEYRINTTA WAL ouT uaY Auwnd N uilause AuautRvesian laseasia
YDITLUU haganninaexlunisida

Tusidenssy nsduasiiouliladuiissumngnisainmsidnduintgu uadudutade
dfnydmasieanuingede (Reliability) m31umsny (Durability) waveenisldeu (Service
Life) vaandnsn 199 ntssduazinauniiniusg19saiilasaunsonaliinAua17es
Jan (Fatigue) N15AR18AIVBIIATA (Fastener Loosening) N15LANT13UBILATIAT
(Structural Crack) kagA1uLden1evesadouson1aliin §e19vlilsed@nsnmees

NANNUINBARAINTBLANANNALLNAITENINNT I ULA
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SIMPLE HARMONIC MOTION (SHM)

Left Extreme Equilibrium Position Right Extreme
(x=0) (+A)
Moving right : Moving right ; x : Displacement
————r PrT ey —_—— from equilibrium
I'I m \" ‘ \" e Amplitude (maximum
1 X X displacement)
| ¥ m : Mass
-— -—
Moving left : Moving left : k : Spring constant
1 1
0

* The motion repeats every period T. x(t) = A cos(wt + @)

|« The mass oscillates about the equilibrium position (x = 0)
between ~A and +A. ) -
. " . h " 40  w = angular frequency
* A is the maximum displacement (amplitude). oy e 0sp 8 thiy ‘d :. & = phase constant |

= = = 6 a ! ' Y A
AINN 2-5 NITLAFDUNLUUTITUBUNDHINYYDITESUUNITAUFL LD U

n1sduazifiouaIn1sadwunlavae JULUUA T N YRILS I NTEIrBTE UL
lnealuudseeniu nisduazifioudasy (Free Vibration) way nsduagiiieuwuugnyadiy
(Forced Vibration) 158 uagivioudassiind uiliossuulasulsainssduiieiasuneias
Udeglnduaenuauiivesyuuies diun1sduagiieuwuugnUeduinainissnieuen
N3V TTUUDLIMBLLIDY LU NINYUVBRATOIINT N1TAT DUV UNINULUURINIG
3oL ARINN1TULAs FuTudnuazmsduasiiieunnulaveslusndmnssusususiay
Juiiuguwesanisnnaausuasinday

o U d' ﬂ.ll = d' a d’( 1 % a 1 ]

AMSULUALAOI D UBUA LT ussduazifiouniiad userinsnislauassdiulvg
Lﬁuﬂwﬁuamﬁamwugﬂﬂ’ﬂﬁu Lﬁaqmﬂlﬁ%’umeﬂmmmqmmamuu SEUUNUAzIIDUY
AN9LT ILAZNISLUTAVDITO SAUDILSIA LN AINASVUAINER N g naud lUR A alg 91U

| Ao = ~ & a v o = A
WA AN WU AL ULUAINADANALAZ L BIAUTENDUVDINANYANUANS DU F9LAINY
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15197 2-3 MsSEUBUSNwERINSAUATLIDU

Uszenn anwe A0819

Free Vibration | dundennlasuusinssiuiiesnsanen | nsduvesalsmdwaasile

Forced Vibration | #uannusameueniingeyinoeewailio | SNEURIULOUL P30INTVYY

Tumdemnssn msesuiednvarvensduasiteudndusoddmnimeivianed liun
AuA (Frequency) @ sidusauseunsduneiund dnuiduidsnd (Ho) uoundqya
(Amplitude) & 14anITUIAVDINITHAE 0UT 3 BSEAUVBILIIA Az 0 Uag AT
(Acceleration) Fefisniltiudumuresnmguisivesnsduasiiioulunsageundn s o
Tnelonzlunudugunsalliiiuazsreud venandseinisdvesdu iy e
(Velocity) n3ns=d (Displacement) wazAsnfiaesuasAnadeidsaes (Root Mean Square:
RMS) Galdlunnsussidiurnusuussuensduaziiieulnesu

n1snevaussedlasiadiousiduaziions sl uoy iy Anud s33umA (Natural
Frequency) 1893¢UU MnAud vesussneuendlndnsewinfuaud sssund wiin
Unngnsal mduies (Resonance) Suiliieamagavesnsduaniiouiisiuosamnn dwal
Aaanuduazauasilonalunisiaeudenevedasad e sofu nsdieszieanud
5350 A Larnsvanidesanzislauuud fuduussiiuddgluniseenuuundndnmiuas
nsivnieulinsnedeusuntsauaziiion

SYSTEM RESPONSE: NORMAL vs RESONANCE

= Normal Condition
(Away from Resonance)

( \
~——__| Maximum Response
at Resonance
(f =) —— Resonance Condition
't (At Natural Frequency)

Amplitude

(Di —

Away from Resonance (f # f,)

« System response remains moderate

« Energy absorption is lower

» Safe and stable operation

Moderate Response
Away from Resonance

f,

Natural Frequency

Excitation Frequency (Hz)

Key Insight Design Implication
A/\/L When the excitation frequency approaches the natural @ Avoid operating near the natural frequency.

frequency of the system, resonance occurs, causing Increase damping or change stiffness/mass to shift
a dramatic increase in response amplitude. the natural frequency away from excitation.

a = a a A a R
ATNN 2-6 ﬂ']ﬁLUﬁEJULV]EJ'Uﬂqi@]@Uau@ﬂsﬂ@ﬂﬁgUTﬂuaﬂqjgﬂﬂmLLagLﬂJaLﬂ@ﬂ’ﬁau‘W@\i (Resonance)



28

nsduasiioudiistluanmnsidiuaennsondsliiiu meduasitounuuled (Sine
Vibration) wag nMsduazifiouluugs (Random Vibration) Msduagifiounuuledidunsdundl
anuduazuesmdgadusaidou wngdmiumsiinmnsnouausswessruuluisiazaivio
MsAumAAsIIIAveslasai s varinsduszfiounuuduindsnunsaeeglunanets
AU nouty warfl dnuaziUa suntamnunal Ssaunsasiastaninnislduaswes
nAnATErINNsIUdsisensldaumeaumlalndiAsenin

dmueueudlaih useduanieuiifntuserinm s dunasuvewswnvane
waarille loua euvgesTueIEmni SEUUiudzion AsEIvese 5mﬁ'ﬂmiﬁqﬂ LaZENN
nsa3193 Midyaunsduasiouidnuasduuuduainnnitnsdusuyled éf’mmaﬁ
wwsgiunMsvedeuiuasndesiutlagiuddimmddyiunamadeunsduasiiiouuugy
dlesnawsaazfouanmnsldnuaiddaingt wavaninsaldUssfiunansenuainanudi
avanfiAntumaonengnsiinuveskansusildosnediusyansnm

PNNENNSHINEN iulainsdenismsveaeunisduasiiousdusosinrsanls
donndosnudnunrvesintuas sduanmnisldon fedu lukdedaluasnanienis
nagouM I uaziouLuUliuazhuudy TamfamaNanannsgIu IEC 60068-2-64 Laonldns
# gl euwuy Broadband Random Vibration 43§ nsndnlumsusadupnumuniuues
nanSnevslni e didnnselind

221 msduasiouwuule (Sine Vibration)

nsduaziiiounuulei (Sine Vibration) iunsduaniieuniddnvaensndesuiily
adula (Sinusoidal Motion) TagA1n1snsedn Auss kazaaswesssUuUAs UL awNY
flertulmiednsaiiios msduaziiioulsuanitaruifiuiueuluiastdinia uavanunsa
AIUANALA UBNNAYA uazdaMUAsuaeudldegisusiug Fsdonldlunsdne
ngAnsTNITHaUANaIvaslaAsIaTIMIeImINT TN waeldnTaaeuAuisIsuwA (Natural
Frequency) waensiinnsdusias (Resonance) wostusy

TuuvadeusTuAwIndeu nsduaziiousuuluiindndunisinenisdsuaud
agneaLilos (Frequency Sweep) melutisaudfifmun 1wy 5-500 Hz %38 10-2,000 Hz
YUz sEAUANLT mS oueNndgavesnsduaziiougnaruauliasiinasnnisnagey
Formuivosussnszdudnlndanufisssunivestunu anfnsmngnisainisduios dawa
Tiuonndgavesnsduasitoufiuduegann Fetaelfasossyiundsiidausoune

o a a a' a £ vy
Wqﬂiﬂﬁﬂaiqﬂﬂiaﬂ?mﬂLaEJV']EWl@']?JLﬂﬂsUUVLﬂ
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SINE WAVE AND KEY PARAMETERS

Displacement, x
(units)

A Peak Peak
+A

// Peak-to-Peak

0 >

(2A)
-A - | | ; ‘ Time, t (s)
0 T/4 T/2 37/4 T 37/2 Vi
Period (T) :
Frequency (f) = 1/T "(Hz)
Amplitude (A) Peak Peak-to-Peak (2A) Period (T) Frequency (f)
Maximum displacement Maximum positive value Total distance from Time to complete Number of cycles per

from equilibrium (0) (+A) maximum to minimum one full cycle second (Hz)

. WS BT AT ) | ' . BN TN wilTlw T v N _ay 3% Lo BE Ny SN/

NNN 2-7 dnwazysanIsduaziaulkuuled (Sine Vibration)

nMsduaziiieunuulsiideffoannsamuaumnniwesnisadeulfegiautugt v
Tumnedmsunsinsmginssudamainvadlaseadne nsfumeuisssuni n1sussdy
n19LAin Resonance WaynN13INTIIEBUAMNNIBINAASITlUT AR LN agslsfinu
nsduazifiouiiintunsssenininmsléiureseususivionisvudwinUssneudevans

(B [
aa a <= ¥/

v = Ao Ao v ] o - ¢ a o
ANDARTUNSBNiY FaanvaengugaunInsduaseukuuleiiiesnufen
aaelng il naneaeuluuleuiuninedmiunisfnwinuan vz vedlasiaing
LAZNITAUNITLADDUVBINAAA WU UINNIINTITTIABIANINEING OUNITLTINUTIN

) = a
LSIFUALNDUUASULUAIRaRALIAN

a Y Y o w Y] = ¢
MN1919N 2-4 GU'E'JWLLagsUaf’U']ﬂﬂ"Uaﬁﬂ'ﬁﬁuagLVlE]ULLU‘U‘l“(fu

Y 173 o U

Jof da311n
AuAuANNAlaRE 1IN Lianunsadnasussduasiiiouasalaviaiun
TopumanudsssNIRvedlaTEss g mdsanunlulsazadiaian

WLNZEISUNNSANEINISNAA Resonance | lasnoudnuaenNIsI99IU9S 9098 1ue U

- . oo laaunsounuussduasifiouransunasniie
WATIZANIRBUAUDIDIlATIAI LA

WS oUNY
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2.22 msduawiitounuugy (Random Vibration)

mié’uamﬁamwwju (Random Vibration) lunsduagiiiouiiuszneuseesuszney
yasnaeauding undeutu Tnesziuainusswagndsnureanisduasiiousinns
Wasuulasmunategdliduau (Non-periodic) §hwarsananlndifesiuussduazifiou
fAnTuassszninansldiurewdndust wu nsvudwnun msiusavuauuiidag
Y3U5E MIeveaaiesdng vidensduasiiiouananimiindenniouen

uaneneeInMsduasteuuuuleuddimeadsanudlulsasgisa nsduasdiou
LuUduiindsaunszeegnaontannud vivliamisadiassanmnnsldamaaliind
TnslamznanSusiidoandayfuusduayiteunnvansunasndandousu 1y wumno3eu
pudflin FeldTunssnnianng ssuufuasidou annusvessn tmdnusivn was

15U A8 LU AIUBIEN NOUUAGDALIAN

SINE VIBRATION vs RANDOM VIBRATION

Comparison of Characteristics

SINE VIBRATION (Harmonic Vibration) RANDOM VIBRATION (Stochastic Vibration)
Time History Time History
Acceleration
(m/s?) — | B
Irregulas, non-repeating
r) s waveform
' (contains many
frequencies)
-A -4
| o Perod(T) B
Farioa (1)
Frequency (f) = VT i)
wr % Frequency Domain (Power Spectral Density) _—

Amplitude T Ir ot PSD Broadband frequency

| | L e | content

single frequency (fg)
| Sporicrt @rergy &t Energy distributed
mih | over a range of
L = frequencies
' f
0 fo Frequency (Hz) 0 Frequency (Hz)
Waveform Smooth, sinusoidal (predictable) Waveform Irregular, non-repeating (unpredictable)
Frequency Content Single frequency (f,) ‘ Frequency Content Broadband (many frequencies)
Amplitude Constant (A) | Amplitude Varying with time
Energy Distributi C atone Energy Distribution Spread over a range of frequencies
Typical Sources Rotating machinery, unbalance, gear mesh Typical Sources Road input, wind, turbulence, operating environment
Analysis FFT shows a single peak | Analysis PSD shows energy vs. frequency
Control Easy to predict and control Control More complex, requires statistical approach
Sine Vibration Random Vibration
- Predictable and periodic VS ‘VJ W A‘k\ A "Iﬁ\/ - Unpredictable and non-periodic
+ Dominated by a single frequency lJ W v‘ « Contains a wide range of frequencies
« Easier to analyze and control + Requires statistical analysis (PSD, RMS)

a a a o Y = ¢ Y] o |
AINN 2-8 ﬂ'ﬁLU?EJ‘ULVl?J‘Uaﬂ‘lﬁmgmaﬂﬂ'ﬁﬁuagLW@ULLUUI%ULL@%ﬂ'ﬁauﬁ%LVl'E]TJLL‘U‘UEjﬂJ

lunisnedeukuugy seaunsduasiiiaulilanivuaniousuniyaiesrLied
we nualaelyd A1 Power Spectral Density (PSD) 4 4b@AINITNTEANENE I9I1UVD

n1sduaziiouluusazyieninud dvuaedu g2/Hz N5l PSD vinlaunsanluAuseeu
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WA LTINS uazioulurAud 619 9 lapg1amnigan waganunsoas19d gy

nsduaziiounlnalAssiuteyaninlaananimnisldnuss

wonaNl NMsneasukuududafioulden Overall Root Mean Square (Overall RMS

%30 Grms) WBUARITEAUAUTURTIAETINYBIN SEUARLTIBY TeAuuaniunlansm PSD

ARRATNANUANITUA ABgenetaseuulasundsnunsduasiowsnnYu waziluwiliy

WAnANuLAUaz AN elulASIES19UINTY

PSD (g?/Hz)

Power Spectral Density (PSD)

Example PSD Profile for Random Vibration Test

10-2 A | Flat Region
Rising Slope ‘ (Constant PSD)
+6 dB/Octave
o J Falling Slope
-6 dB/Octave
Area Under the PSD Curve
= Variance (g?)
Overall RMS
(Root Mean Square)
107
1078 _gf . . . . o ,
10 20 Hz 50 Hz 100 1,000 3,000 Hz 8,000 Hz 10,000

Area = Variance (g?) ' Overall RMS Calculation

= PSD Profile

Frequency (Hz)

where:
PSD(f) = Power Spectral Density (g?/Hz)
fi , f = Lower and Upper Frequency (Hz) |

> -
RMS (g, ms) = \/ [f " psD(f) df

Note: Overall RMS represents the total vibration level across the entire frequency range.

WA 29 feganT Il Power Spectral Density (PSD) dvisunsnaseunseuasiiou Luugy

1NNFANYINWITHUALUINTFIUAUNTNAFBUNGANIN WUIINITEUALTIRULUUEY

A11150918998NINANT LT WBINARN U e ANIIN sAUaz e uu Ul Lilpaa1naunse

D1ADILTIAUAL L DUNNATUINN VAN YLARINWLANSDUAY DNVIGIANUITNFLNDUNAVBIAINY

\Auagad (Cumulative Fatigue Damage) MiinTudulastasislaog1aiiussd@nsnm dewmeil

WNTPIUNINAFRUMUATInReNaTel 1 IEC 60068-2-64 Judenlinisduaziiouwuy

Broadband Random Vibration 113501518 na1nsun1sUse iuAMUNUNIUYDIHE A A9

WA azddnnsaiind swudakunmaToueuslniii
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M19199 2-5 nsSeuiisunsduasiieunuuleiuaznisduasiieuiuudy

s1emsidseuiisu Sine Vibration Random Vibration
anwuz oy Adwled du
Srurueud wilsrmudnetiaan waneAMuANSauTy
NsAIUAY mm?mawauwagm PSD wag Overall RMS
AnulnalAsensldauase AN 49N
N3AUM Resonance AN Lailyingusvasanan
N13318DINTVUES 9100 LALIZENLIN
ASIEIUnEN WATILWLATIFS 1 Environmental Test

Mnmatisudsuandiulin tmsduaniouuulsduazuuduiiunumiuansm
Tuadmnssy nisduaziieuuuulsivngdmsunsdnwmginisuvedinssadiuay
N3fUMIANLAsTINYIR Vsl nsduasouLuUduIINEd M UM TIa0sEA L IAd el
n1519 093 woInEnS adl Taslanizndndaeiil fosnd i uusiduasiiiouainnany

(%
1 1Y LYY

W Inans oA AU Y 1INTFIUNITNAFBUA1UE IInd U NS UNAn A el uay
< a I~

Siannyedinddvdenldnisduaniviounuugmlun ugiuvesnisuszil uaununiu

FI3188LDEATDININIFIUAING1IIZNANTNUIITE 2.3 WM IEC 60068-2-64 sinll

2.3 413U IEC 60068-2-64
2.3.1 anudusnuaz Inguszasruasinnsgiu IEC 60068-2-64
NNINAEBUAUEIWINAB (Environmental Testing) Wunseuaumsdrnalunsusziiu
ANUANNNTOVDIHA NN DU LUNITNUR DFNINLIND BUT DN AT UTLIIMNNITHAN NITYUE
[ I3 v a a [ a o a 6 v a Y] ¥ d?
N133aAY wan1slduass nandasiliuasSidnnsetindlulagUuiinnududounnauy
o P % ) a & A ¢ o o & A v a
Nalusulaseadne Jan wazszuuddnnsetindneluy Jalinnudnduniagieslsuliuainy
oA A a o ¢ o Al PP ) v a ~ Y] ' a W ¢
YT 0 9UDINANN UNNELAAN1IE N LNALABINUNIT LY NUS 9 il s ulaINARA g ause
hnulsedrslaeniunaeneignisldau
1195511%A [EC 60068 Tasun1swauilae International Electrotechnical Commission
WOl UL UIN9EINAEI NS UNISAADUA LR IWINA DUV INAR S et b1 BLdnnsalind way

gUNTAINIIMNTTN INeUINTFINYATATEUAGUNITNAGDUNAIEUTELAYN LYW N1TNAGDY



33

qmmﬁqmawﬁ"w m'iLU?{auLLanqmmﬁ Ay MsduEzitew nsnsTunn Mstinnseu uag
anTTwIndaudu o flo1vdmanssnudeaussauzkaza UL TetevemEn o
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FuawLfieuuuugl (Broadband Random Vibration) dwsunansasilniluasdidnnsednd
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WannTuiiouidedivesnsnageuwuuley Felimunsasaeusduaniouiiiivanennui
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anmnnsduaiiteudafetuassluanimndeumsldiy Tnoemsussduasiiouiiiinannis
YuAIRILIOUTIVN S0lU 158 viold0edu AaeRIULSId Ao A AT USEMININNSINaY
GuaaLﬂ’%"aqa"]’ﬂsl,t,azqﬂmaﬁmﬁmmau nsnadaunInaglelansaUsyiduauaiunse
yeanfneilunsus oA uaYaN (Cumulative Fatigue Stress) ATIAILE BYNEUDIT Uaw
\Bana wagkansenuneaNssausvasszuulninlneg19iiusEansnn
uansnaasgIuNsduasieunuyled Jajadunsfinwnnismevaussvedlasiaing
Tuusiagannudl 1nsgiu 1EC 60068-2-64 THdnyaansd uaziioufidosd Usnouvesvany
Aud nSoutu vliwauisasiassanimnisldnuadslalndidesnia Ingmuunssiu

n15& uaz un 1A Power Spectral Density (PSD) kaglde1 Overall Root Mean Square

TQUIEARnENTansg U IEC 60068-2-64 ABNSMMUATsN1sNAaeUiaNunsndtaes

(Overall RMS #5® Grms) LUUAIMLTBIsTAUANLTULI BN SA Uz TIoulne T

0 Real World
Environment

*

e Measured }
Vibration Signal

Acceleration (g)

L

‘ = ) 10

L 4

107"

s .0 - /S
‘I..\_h A

ma= ®.K
[TeT——

Accelerometer

20 30 40 50 60
Time (s)

= - [
<4 § 102 A N
() PSD Analysis 1% gra v L,
2 104 /,x/'w M‘\ﬂ.\
T A ™y
10°¢ "~
10 100 Tk 10k
‘L Frequency (Hz)
= et 7 4 o D" 4 e Ny
- -2 |
por 4 % i -
Vibration Profile B e +6.dB/ (0 d8/Octave) Octave
107 Octave
2 10
10*
1 10 100 1k 10k
Frequency (Hz)

© 1ec 60068-2-64
Test

Perform the random vibration test

according to IEC 60068-2-64

@ Mount the specimen on the shaker

@ Apply the defined PSD profile
in3axes (X, Y, 2)

@ Control and maintain the target PSD

@ Test duration as specified

Identify the actual operating or
transportation environment.

Install accelerometer on the structure
or product to capture vibration data.

Record the vibration response
over time from the real environment
(typical duration: several minutes).

Convert the measured time signal
to Power Spectral Density (PSD)
using FFT. PSD represents how
vibration energy is distributed
over frequency.

Define the test profile for random
vibration based on the measured PSD.
Adjust according to test objectives
and product requirements.

Conduct the test on a vibration shaker
using the defined random vibration
profile in accordance with the
requirements of IEC 60068-2-64.

AW 2-11 unAansiaunluslidnsnaaeunanAsEIU IEC 60068-2-64
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1955 IEC 60068-2-64 T l¥imundn PSD w3 osedun1sd uazLiiounesidmy
wanfasnnvin uifmuanseuisns (Test Method) wagndninasilunisidoniioulunis
viegeu flimusnasgudsiesimustasmmid spu PSD sreznaInvmadey uazdtuuny
nmsnaaeulimngauiudnvagnsidanuvemdndae lngedeteyaannsinniaaui
WINSTIURERTUIANTE SaTorUAYeHEN

LWIRAAINE 1V IANIRTEIU IEC 60068-2-64 daudnavieugeuazanansaussgnd iy
wandusildvanraneyssiam wu gunsaididnmsetdind indesdleunnd gunsaldoans svuu
QAANMNTIY Budueusus wavkumnedsusudliin ogdlsioy enuiaveui el
Uszifiuddny Ao mnlsiddeyameamnuiimnzan fldauenatmuadoulunsmaaeudlsl
aeandostuanmnsldaiuase dwmaliuanimaaeulaannsnasieuauundefeves
HanSnilaegegnAes

Usuiiuananfianuddyed wbsdmiuusemelve esanan e FULUUNTYUES
anmgiiena wagdnwazmsldnuveseusudiinnuuandaanvaieyss el umas
Sreddlunsimualusidnsmagey fedu mathanasgi IEC 60068-2-64 wnl43spnsiiansan
mugiuteyafuimnssunavaninuandosvesszmealne ieliReulunismadeuaiansa
agvounmisldnuaimesunneisueudliildosamngay fadulsadiuvdniionideaty

‘é’ I =2 a 3
UIANYILAZIATICN

ATIeN 2-6 TmgUsEasAndnuesInggIu IEC 60068-2-64

o/

agUszeen F8azdun

. 7 J 19 Broadband Random Vibration Lil99189ussd uaziiouy
J189INTAUALTIOUDI 5 |
91nNslHURETNITVUES

R ASIVABUNANTLNUYDIAINULA WAL AN DLATIAT 19WAY
UszuAMUNUNIU . . 0°
ASYNTUVDIHNAN U

R 4 A AAIIPIAUEINNITOVOINAN S I TUN1IVINURE LA S U
Uszliuauuaeie Y 4
wssduaziou

. Tdnanisnaasulun1susuuiniseaniuukasienian
atuayuNIToRNKUY . .
v3BlATsaINs Ay

. . _ oL | W unidlunesgiudndsdmnsunsussduaudwindsy
aruayuN13TUTINGN el . R
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2.3.2 YaUWA (Scope) kaTNANNITUBININTFIU IEC 60068-2-64

U9931U IEC 60068-2-64 Environmental Testing — Part 2-64: Tests — Test Fh: Vibration,
Broadband Random and Guidance fyunisnsnageun1sduasiiiouuuugs (Broadband
Random Vibration) duunansiasilii Sidnnsetind uargunsainsimnssy ieussiiy
ANALI006E A T Tun 1 snue aused uagii oudi 0191 ad usEndnan1sTUAS
msfis wazmslinuads laesjatiunssiaesanmundenmsduasieuiifimududousas
fvansenudintunsentu feldnvarlnddsstuusduandeuiinuluanwnisldiese
wnndnsneaeusuule

Gua'uLﬂumaammgmaﬁ’uﬁmauﬂqumiffmuwé’ﬂLﬂmeﬁé’]m%’ur}wia%qé@mmn’13
ﬁuamﬁamwudm NM5188n999A1%8 (Frequency Range) N13ANVLATE A UNS 11UY8IN1S
FuazLiioudaeen Power Spectral Density (PSD) Msfinunszs upmguusslagsadoa
Overall Root Mean Square (Overall RMS %38 Grms) 55821281n1351Ad8U (Test Duration)
BnsfesaB U (Mounting and Fixture) N13AIUANNITNAGRY kaghwanslunsUsuliung
WFININPEOU V195 wwsgruiildiwuad PSD viedeulvnmeaeuiinesidmyundndioe
sz widalemaligldnuimunleulsivnyaniudnvarnnslinuvomaniasilag

91AEUaYAIINNITINNIAAUIY UIRTTIUHAATIIANE 130T MUAYDIENER

IEC 60068-2-64

v v v
Overall RMS
v
1 Test Duration
v

Fixture Design

v

@ Performance Evaluation
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NANN1TE1AYVOININTFIU IEC 60068-2-64 Aid N15EENITHUATIIDURUUAUNATNT

NFLAYNAIUNADAYIIAINUD (Broadband Random Vibration) b 931895 IdUastIaun

2
a =

Wntuaseluaninwandeunisldau Invordenannisnisadflunisasadygyianis
Fuaziiteu Faunnssannsveasunuuliilddyaanfissrnudifetlussazganian ns
é"uazLﬁammua’jummim‘haaqLLiwmwmaLma'aﬂ"wLﬁﬂﬁLﬁﬂ%ﬂM%@Mﬁ; LU ANUVTVTEVDS
fm1e sruuiuasifiou n1sviaurenaiedng wagnisiedeuiivessuniviug Sanuny
dmunmsusafiurdnsariidesinuluanmnindonass
msfvueluslndmsnaaeunsIn s L NFUaInN I TIITeyansduaL oy
INANINNTLTIIUT9 (Field Measurement) mmfuﬁaﬁw%’ayjamimeﬁé"w’?% Fast
Fourier Transform (FFT) LﬁaLLﬂaa%’agamﬂImuuwm (Time Domain) lUidulawuaud
(Frequency Domain) LagAI1aUAT Power Spectral Density (PSD) Flduaninisnszane
wasnuvesmsduaziieuluisiaziaanud Wslid psD filsavgnliifuteyasisdadmiy

nsasidygamsaudziaululpInmadeu e liannsadnassaninnsldanuaielaedng

a a a
UUsEaNINW
Field Measurement J
v
z e W
ol v ot
v

Amplitude
3
FFT .
" FFT Analysis
. — 2
Vv'qumc’i (Hz) 3

v

Power Spectral Density
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Forvundnusensuidsiid1Ayvewnsgiu fe n15AnRaTuu (Mounting) uae
n1seanuuUgUnIaiBnu (Fixture) agdadliiuBsundamginssunisduasifioureatiuay
oghsiitfodfny gunsalndumsiirraufusadfivoe fanudsssumnigainiitannudild
Tunsnpaou uazannsadeveaussduasiiouludsiueuldegsaiame win Fixture
fnudavguinnifulunioiinnisduriessznintensmaaey nansmaaevsaliazyiou
waAnssuAuRTwesndn s

WINIFINEIRNMUE A AUNITATIVADUANTIOULVBINANT N NOU 8NN LASUAS
nMsvagey ieUssiuimdnfuridannsoviauldmudermuavielsl Tnensussiduna
913ATBUAGUNITATINARUANYAENMEUN AVIESMYRLlATIATI ANANYTAIvEInEn
nstdouensliii saudansmadevanssauy AMsThL T nasinseen sy (Acceptance
Criteria) ﬂzﬁuagﬁuﬁaﬁmumamﬁmﬁmsﬁumwizmw%mmgmmwwﬁLﬁ'wﬁm

L910105§7U IEC 60068-2-64 AgAMuandnnIsuagisnisnaaaulisgadniauy
uailailisvualusindnisduasiiteuanzdmiundnfusiudazada Lo nuaniusiusiaz
UszLanilanmuandeunisldanuiiunndieiu fldnufedndudesimuntammiud sedu
PSD #i1 Overall RMS szeziannsnaaey wazileuludu 1 Wmnzauiunsldnuaiaves

= [

a (Y ¢ = ! Ql' 6 v ! A 1 I = [y
WA Fedaldugaiuresnspiunaansauszendldliegradaveu udluvazifeniu
< o 2 v o v a v Qll v ° A
Adulszinuindesefuteyanisimnssuladoyaniraunuignaediunisivuaseulunis
NAAOU

[J L a 4 < [ ! < Y a =

dmsuuuaines srusud b Yssiaudenandauddgiduiiey ilesein
LssduazfiouAnTuaisiuegivanimauy seuuiuaziiiou anuslunisiiumng diin
U3INN waganvuenIsanfwusmesnelusaeud deorauandaiulunsazyssine fauu
N15UNIMSFIN IEC 60068-2-64 unlluuszinalngdaaisiansanaiugiudoyaniuniy
U3U5¥Y0H NN (International Roughness Index: IRI) SULUUNISUUES WavanIn)e1ne
vaUssinabne teliideulunmnaaevaiuisoaeveuanmnisitauaselaegiamineay

= @ [ 1 Yo a '3 1 a J av &
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AT 2-7 VDULIRVDININIFIU IEC 60068-2-64

W10 519821980
TmQUszasn $rassnsduasiiouuuuduiifintuais
Usgnnnsngay Broadband Random Vibration
NI51TPDSNAN Frequency Range, PSD, Overall RMS, Test Duration
SRR T 14 Fixture linGeunginssunisduasiiiouvestvnu
nsUseLliuNa ATIAABUANNANYTOIUDILATIATIUAZANTIO ULV INAN e
msfmuadouly Hldnuspadenlusinalivingauiuanmnsldnuais

2.3.3 WUAOIEAYYOINITNAFDU

119§ [EC 60068-2-64 fivunlifn1svageun1sd uaziiiounuudy (Broadband
Random Vibration) fisserfewisdwmesuarsusznslunisimuaioulunisnegey tielk
A0 IRBIAN NN TUDS e sHAN Al gnavanzan W wmesmantiina
LAUATIHBTEAUAIUTULIIVDINITNAAOU AIULTeforeIHANINAdEU LaTAINAINISTE
Tunsussfiuanumunutessdndus duiu nadendminiivesisiasordedoyann
ANINNISLEUAT IIATFIUNEAAUIANIE Hagnann1TNIIMNITUUTENaURY

2.3.3.1 19A1ud (Frequency Range)

Fr9aud (Frequency Range) msnedis trsvesaudfildasredymianisduasifiou
Tunsnnaeu Tneiniadudsed (Hz) n1sidentieeudinanennuausalunissians
anmnnnsldanuase WosanuandusirazUs s aNneuaLeIRen LR AN

UMY U LA IUALADS Gu"Nmm5ﬁ1ﬁumimaauﬁﬂmamqu€?ﬂLwimm?iﬁi"w
fiAnINMsLAdauTivessaLaT SEUURUATIoU 1Ua]uﬁqmm§'qﬁLﬁ@mmﬂ%ﬁm 1oLRas
Tl niensduaziiiownaslaseasis nstnuntsnud fuaudulueravililtasnse
assussduasiiiouilfndussildetiansudau vasfitasnnuiiniaiuanusifuens

WinszeznaNImageulazauyulaglunelinUsglomiiiugiy
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@aogwdavANUivovuKavANTansduasiiouAwulus=uugusud

2 2 3
ﬂQTUI'IGh AUONaN AdwngY

1 10 100 1k 10k AR (Hz)

nuu

(Road Input)
stuufiuasiou
(Suspension System)

valaasIww

(Electric Motor)

(Engine) ..
stuudorinan g

rveran) = TR

ndaudns/qunsnitasy 3 =

(Machinery / Accessories) AN 5 50 --5,09°,H2 N ‘ 8
1duounau/msdududousinaiin g5
(High Frequency / Small Parts) 500 - 20,000 Hz i 5

* KUNBLKG
‘ - govnnwiuaaoidudius:uIn 1PUANEAUMLUS:LNNBEYSD SU tazamwmstdau
| on ulustwamsr nauiasANuaRiEatooiumsidnIucsy

a (% 1 [} el' J o a Y ! ~ 6
AN 2-14 AU NYNANUAVDILLNAINILUANTE UGS L‘I/I’E]UVIWUI‘IE%'U‘UEJ’]UEJUG]

2.3.3.2 @1 Power Spectral Density (PSD)

Power Spectral Density (PSD) Ll umsnflmesiddniaavesnsmaaeunisduauiion
uuudy ngliuansnsnseaendsnumesnsduaniiedlunsazdnemnud Smhodu e/Hz

A1 PSD lail@uan sl sase i uauLs 109N 5d uazLfi oy Ui Lanad MaaLYeq
nsd uazifiougnnszawoylutieanud laundesiiodla il arunsadiansdnumy
vosussduaniioufiiind uaielddniinmsldAanusaiiesdwier nsasieluslig psp
Tnetluondedeyaainmstameauny ntudsthaniaseidneds Fast Fourier Transform
(FFT) teuwdasdoyannlamuandulnmmewd

o W 1 1

nsivuaAl PSD Mwanzauduladuddaronnuieiiovesnisvageu wina1 PSD

Annull nanseaauenallasNouANUELMENNATLSY Tunendunuy wnivuean PSD

gadumudndu owilindadasildsuanudsmenligenadesiunslinuass
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ddadwlusiwa Power Spectral Density (PSD)

dssunmisnaaaunisduaifiounuugu (Random Vibration Test)

107" 4
1072 4
0 Hz, 1.0E-3) (1,000 Hz, 1.0E-3)
- 10734
N
B (2,000 Hz, 1.0E-4)
o 107 4
-
o
1Y 5 g — — — \
o 107 4 +6 dB/Octave | 0dB/Octave | { -6 dB/Octave
(Rising Slope) ) i (Flat Region) J (Falling Slope) -6 dB/Octave
10‘6 { \ 7 g | (Falling Slope)
ol A i
10 20 50 100 200 500 1k 2k 5k 10k
(10 Hz, 1.0E-6) Frequency (Hz) (10,000 Hz, 1.0E-6)
awWdsuanuduvovnsw (Breakpoints)
- - Sy T— e LA URE)
0n ANuA (Hz) PSD (g%/Hz) AnynEAuUBU
1) ' PO e a7 J | N WuRldnsaw (Area Under the PSD Curve) Ao fAsiudsusou (Variance)
© 50 1.0x 1073 +6 dB/Octave (Rising) | Tagr Overall RMS = 4/ [ PSD(f) df aasadronnui
(3] 1,000 1.0x1072 0 dB/Octave (Flat) * KUd8YY PSD Ao g%/Hz
(4] 2,000 1.0x107* -6 dB/Octave (Falling) « Uslwadibueodaseo auisavsuasuldarudaiisuoua:anunsnstgoiu
(5) 10,000 1.0x10°¢ -6 dB/Octave (Falling)

Al 2-15 feg131UsTHE Power Spectral Density (PSD)

dMSTUNMINAFRUNN T UL LTID UL UUHY

2.3.3.3 @1 Overall Root Mean Square (Overall RMS %38 Grms)
A1 Overall RMS %38 Grms tJuA7ldunuszaunusuusslagsauvesnIsduasiiiou
! d! o d’J dl ¥ 1 d“s‘ o
LUUEH BaAuinaninuilansan PSD naantieanuaninnug
A1 Grms (Judrianlduseuiisuaugulsesiusinanisduaziiouusazuuule
ae9azAIn NIkl MneA1 Grms 890U MNeBaNan e lnSunasauNITAUE D uLYY

dswalinaaNuAuazauNelulAsIEsTNNINTY wagiiulaN1@NISNAANLLAEIN 81N AL

4 o

GRURNEGH)
261415801 A1 Grms tiesAReI a0 S U AN BAULUDINITNTE A ENA I UL UL

avgAudld dalu n1siarsantusiig PSD paudiuen Grms Jadudedndulunisiinun
A
Waulunsneaau
2.3.3.4 528217a1n15N9d@8Uu (Test Duration)
S28LLIAINSNAFULDUB NUTINIT TN T Nan AU A MgaT ALV INA A U
wil119l9A PSD hag Grms AU WANISIANSEEZIAINISNAARUISYINANARS U9l e SU

FINIUTBUVDIN TR UALTOUINNTY danaliinanudvesaniiudu
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N13ANUATEELIAINITNAADUTIAITADAARDINUTNUTEAIRTDINITNAADY LU N3
$1aean1svuds nsldauszezen wiensmaaeuiiielsso1gnnsldan (Accelerated Life
Test) 11a% 11@5514 IEC 60068-2-64 Lailgimunszoinainsd wslUalonalvigldauivue
AUTRLANIAAUNNNTONINTTIUNEN TLANE

2.3.3.5 WAUURINSNAABU (Axis of Test)
nsduazifiouvesnansamluanmansldanuasannsafiniuldlumanefienig daidu
nsnageuInandunisiunnuvan 3 wau lawa
2.3.3.5.1 wnu X (Longitudinal Axis)
2.3.3.5.2 unu Y (Lateral Axis)
2.3.353 wnu Z (Vertical Axis)
dusunummeseueudlii mspevauesensduazieuluLiazunLe1aLANAI
fu 1ilosanlassadne msfngs waznisnszaneumnaneluunnesuiinldauung nns

nagoUaINwNUIIRIE TN saUsTluANUNUNIUYesEUULAeg 1NATOURAY

llﬂUﬂ‘lSﬂﬂﬂOUﬂ‘lSéUﬂ:lﬁOUUO\?llUCIlOOéU‘IUﬂUCﬂWW‘\

Z (wadv)

Z (wusdv)
« doanAugiuBouuaiaad
« AAnvonguBuduuy

Y (Gwdw)

* YUIUAUADIUNTIVUDVLUALODS

* fiAMvaIndugie
Wdvduy

& S
% X (Lusen9/KUN-Kav)

X (uuosd / Kti-kav)

 YUIUAUADILUEIOUDVILALODS

« AANINdunsuLiniaas
Tuguduasvd

AN 2-16  WNUNISNAFDUNSEUFLLTDUVDILUMLMDS 8NUEURA T
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2.3.3.6 SYAUANLTULTIVRINTNAFBU (Test Severity)

1Y

IEAUANUTULTITVNNTNNEADU

(%
Y

(Test Severity) \unasiuvasnsdwes iaviun laun

929A1D A1 PSD A1 Overall RMS $2883a1N157a@aU 31WIULAUNSNAADU hazion1SAne

FUU NMIIMUATEAUANUTULTIIMINgaLdianudAeg 198 Wownvnimuasiuly

Han1snagauaaldarusaaseuan mnsldauaiala vaed nsiivuag wiuly

219 AnANuduven bl aenadaenun1sldauase wavdWason1sUsELEuAMAN

YDINARAN

dviuiunmeteugudlniin Msmu Test Severity Asiansansuiutayaninauy

LU AUVTVITVDIA NN (International Roughness Index: IRI) EULL‘U‘Uﬂ’mJua'ﬂ RV VGRETLN

LUALADS AUaNTAnRY kaganmgilonme wisliteulunsnageuanIndIneanInn1g

T¥uaselaagruvnzay

A137199 2-8 WIS TNOTEAYVBINITNAFBUAINNINTFIY IEC 60068-2-64

WI51ALN8S

AIMUNRNY

NANIZNUABNITNATIU

Frequency Range

9ANUNNIBLUNTNAFDY

ANMRUADNWUENITNDUAUDS

YDINAN N

PSD

ASNTEUNG MU ULFREYIANUD

ATRUAD NYULTVD LTI

Y a
U d¥inou

Overall RMS (Grms)

JEAUATUTULTIAETIY

TS suieulusiug

nsduazoy
Test Duration EYLLINNITNAEDU daasapudsmeasay
- ATDUAGUNIINDUAUDIVDY
Axis of Test NANIINITNAEDUY Yy 4
NARNUN

Test Severity

i%ﬁq{‘UF"I’J’]ﬂJéuLLix‘ii’JNﬂJ@\‘iﬂ’ﬁﬂ@ﬁ@U
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91NN LA 037 mun 9zAulaa101055U IEC 60068-2-64 lild inunaianiy
dmunansiaeiusiazUseian umvuanseumsiienmsilimes g ldauainsauszendly
Idnudnuazmsldnuas fafu anugniestesmamanaaouiadusgiuarumnzauves
Wslndnsmaaeuiidenld ?faLﬂuﬂszLﬁué"]ﬁmﬁaﬂu%%ﬁ%ﬁmﬁmswﬁ%wﬁ’u%’agaé’m
ANMaU NTVUEY LazamwnaenvatUsemalngluunsaly

234 %umaumiwmaaummmmg’m IEC 60068-2-64 (Test Procedure)

1195571 IEC 60068-2-64 AnuaKUMINIsALIuNInageUNsduasiiouluudy
(Broadband Random Vibration) agaiiuszuu tielinanismaaeuiinnanindedie awmise
¥ie1léf (Repeatability) uazazsfouanmmindonnisldauaswesndndusiunian uf
unsgruarldldtmundidud uneudmsunanfusmnussianegemeda ueldimun
ndnn1sAUSUANIITMAABUALIA un1sd suani e sud unu nasmmualusing
nsduandtou mafasstusy nsddumsvagey luaufsnisussiiunandanisnaaey

2341 MswieNTua (Specimen Preparation)

fewdunIsvagey FunuasedluanmanysaiiasdnunrlndiAstunan Susiild
sasanndian emsfndsgUnsaiuszney aeln yeda uaztudiusing q Wivideutu
anmnsldanuase ilelvnanismnaeuaziounginssuvewansinsilsognsgniios

dwuuunmesseudli aasfngs Battery Pack W3ouYndA (Mounting Bracket)
LLaquﬂiajﬂizﬂauﬁﬁmaGiaﬂwsmal,mé"uazl,ﬁau 19U Cooling Plate, Busbar, High Voltage
Connector Lay Battery Management System (BMS) wnniduldlaadrsnaaeuluanin
N15Us¥N8U3e (As-installed Condition)

2.3.8.2 mafvualuslidnsduasiiteu (Vibration Profile Selection)
n¥neRENTLuLE Awdesdmualusiidnsduasifiouliaenadosiunguszasd
yosmsvaaey lngmludeyadmivaiislusindannsalduan
2.34.2.1 myiansduaziiiouniaaua (Field Measurement)
2.3.4.2.2 VaMMUATDIHAR
2.3.4.2.3 Yayaanmsldanuaie
2.3.4.2.4 ideiifedoes
TWslnld@ana1n9giimuntaaa1ad @1 PSD A1 Overall RMS Sg821a1n15MAdaY

WALINUIULNUNLTNAZDU
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suaaumsasiwlusiwdanisduaziiiou
dksSunisnaaasuauuiasziu IEC 60068-2-64

‘ o Field Data 9 Signal Processing

€ PsD Profile | @ 1EC Test Profile

\fiudoyamsdua:iiousso Us:udawadeyeyreu aswolusiwa PSD Mkualusiwamsnaaau
| muuasgu [EC 60068-2-64
’ Power Spectral Density (PSD)
. H . FFT . Test PSD Profile (Target)
Lot/ |
Time Windowing FFT |

Signal

i
I
|
|
| i ]
!
i
i

‘ - | i
Am :
dadowuwassonnuiso ) 107 { e 7 |
3unu(X.Y,2) , 10 100 T« 10k 10 100 T« 10k
2 > Frequency (Hz) | Frequency (Hz)
4 =
3 odhwgawdsuanudu | @ vonwit
0 AwA (M) PSD(gVH2)  Adwdu @ spsD
1 AW
(1] 10 1.0E-6 Budu - -
@ Overall RMS
r | | (2] 50 10E-3  +6dB/Oct @ iisetnom
’ [\ 11O 1,000 1063 0dB/Oct |
1 e nsovdryayinu / Godtyayinusunou
WW“ 2,000 10E-4  -6dB/Oct
i | © udoddv (Segment) | o B
‘ A i /o © 10000 1066 -6dB/Oct
Time () © as>vaUANUNGRIYDYTIYA
& Joyannauw 1UsIwa PSD ‘A WsIwddnsumsnaaau
= M. e ke “ V-
w (Time History Data) n'[n:nnualgaaso 11 muwasgu IEC 60068-2-64
{ ' misaswlusiwanizosonndayamsdua:iiounso GoeTRmsr dnowKsL fouamwmstgonuldoghoutugh |

Wi 2-17 Jumeunisasslusindnisduasiiiaud sunisnnasy

AUNINIFIU [EC 60068-2-64

[V
%

2.3.4.3 N15AAFITUIIU (Mounting of Specimen)

< P

nsAnsaTuuiiedutuneuiinadenNugNFeeINan1TVInde UL 1N 1Isan

%N Fixture fanudameuanniiuly viseiin Resonance Melu Fixture asvinlyiussduaeiiion

v
v

AasfaTuanuuansnAinvLuaNAsTs It Fixture masiidnuae o
23431 fanuudeusiiieans
23432 fAnufsssunigininvimeaey
23433 laiviuvieanussduaziiion
23.4.3.4 deveausliaiiaie

d13U Battery Pack masfnsalvilndiAssiudiuniisnsannalusasudunnian
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AT 2-18 F0gNNISAARAY Battery Pack UULASBIVIAE@RUNIE UEL IO

2.3.4.4 A15AMEUNIINAEBU (Execution of Test)

o munlusliduasAnsetunudsudesnda Susudiiunisnaasulagldiados
fufinnisduaziiieu (Electrodynamic Vibration System) %qmmmmiﬁuamﬁauﬁaaizU‘u
muRuLuudaunau (Closed-loop Control)

suumuANIzlIBuTisuAmnIsduasiiouiiinliain Accelerometer fulUslnd PSD
firnualy warUsumsuvedaiomadeuLUU Real-time islWAnisduaziiiowduly
AUTDMNUANABATLYLLIAINITNAZOU
2.3.4.5 N1TATIVADUTLWINAIINAGOU (Monitoring) Iz NI1NITNAGDUAIT
A5I9EOU F9i
2.3.4.5.1 A1 PSD
2.3.4.5.2 @1 Overall RMS
2.3.4.5.3 MIVINUVBITLUUAIUAY
23454 pufnUnfvestuny
2.3.4.5.5 AURAUNFEYDY Fixture

23456 mswmmaq’qm?jm
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PnNNANAUIILTY Functional Test 1adasaslwlinandasinaunasnnisvaaau

wazdufintoyanisviauegesatilos
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KanMsYavaBUNIWISBUYSYS:ana (International Roughness Index: IRI)
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dadous:g:nvlAsvirgnivkavaws:audA IRI
(AvlASLEIEMLKAILYDLAINYVIUNIVKAIVA 13 NSVINWUKILAS)

IRI 2 3.5 u./nu.
247.994 nu. 247.994 nu.
IRl < 3.5 u./nu. (13.78%) (13.78%)

1,556.144 nu.
(86.22%)

B IRl < 3.5 u./nu.
1,556.144 nu. 1,556.144 nu. (86.22%)

(86.22%)
B Rl = 3.5 u./nu.

247.994 nu. (13.78%)

sous:g:mulAsLIIEMYKaIVAEISIVEIAIY T 2567

1,804.139 nlawas
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L’%EJU“U';GUiza’ma (International Roughness Index: IRI)
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Research Framework of This Study
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3.5 Lﬂ‘%‘laaﬁaLLazqﬂnsaiﬁiéﬂums%'ﬂ (Research Instruments and Equipment)
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Tunou faudnsinvnsgIu N1353UTTRYA NMIANTUNITNAGRU N1TILATIEVVBYA
LaN1IUSTIUAMUMNNZANYBININTFIY IEC 60068-2-64 melauTunvestsewmelne Loy
annsouvseanidu 4 ngu o edestiedmiunsvedey in3esflodmiunismeaaeuiay
tufinteya vendwsalilunslinses uasiona1sdedemainns

3.5.1 sasilodmsunismaaay (Test Equipment)

nsnnaeun1sd uaziieudidunislagldiag emaaounisd uazsifiouuuy
Electrodynamic Vibration System qfqawmaaa%’wmﬁﬁuazLﬁamwuaq'm (Broadband
Random Vibration) Iénudarnusnvesunmnsgiu IEC 60068-2-64 szuulsznausieiadad
Auflaussduasiitou (Shaker) i3aaueneiids (Power Amplifier) izuumuammiéﬁamﬁau
(Vibration Controller) LLﬁ%Q‘Uﬂiﬂj‘Uizﬂ@Uﬁ’m%'Uﬂ’liaﬂéf\‘l%umu

uananil Seldlauensinniuise (Accelerometer) dnsunsininsziunsduasiiou

SEWINNNTNAADU e Fixture E1SUSALUNLADS LALAILALILAEANINNSTARRAILNALABNNU

N15UTTINNTGR NBAANANTENUIINNTTFUNDIVRITEUUENTU

A15199 3-6 LASasilanlYlunIsNadauNISAUasLiaU

LAT9HD JU/31908L080 ingUszan
Electrodynamic L A3NMTAUALLIOUAINUIN T
38YTUIY (19U DIL-5400)
Vibration System IEC 60068-2-64
Power Amplifier JEUFUIS e ilAs oAy
| O AuAulUslld PSD wag Overall
Vibration Controller T¥YIUIN
RMS
oo MIVTAAIAINULTITEUY
Accelerometer ¥YIUIN
NNAABY
Fixture P9NLUUAMIU Battery Pack | 8A%U1U5ENININITNAGDY




o a ¢ Y y - = av
insavilauazgunsaidmiunismaaaunisduaniiounldluniside

2. Controller 3. Power Amplifier

= = IS ¢ o [ o I A a v
AINN 3-5 LmamaLLazqﬂﬂimmm‘umimaaUmsauazmauﬂﬂumina

3.5.2 \A3adiladmTunInsIadeuLaz Uuiindeya
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AYNBINTITAAN 9T UINULALTENIWANTANTUNITNAEDU AN1TLGLAS 893 9dNTU

MIIFBUANYNABIVBINISAARIuarTunayanisnaaay tevisluladnnismeagsu

o a A A o % A v oA A
ﬂ']LUUﬂqiﬂqﬂimN@u‘l‘ﬂWﬂqwum LLas“U’eJ;J“aVlVLmJﬂ’JmmL‘U@aa

= - & % ¢ 2 = A4 o &
LﬂiSQMQIUﬂqmuﬂiSHQUWUUQUﬂimmﬂﬁ]ﬂauaﬂﬁ‘wﬂmﬁu LATBINBINNUTIU LS

seuutufindeayaaInATemaaey FelUdmsunTI9a0 UANALYTIUEITUUNBULAE AT

mMsvadeu samisdaiudeyadinmsduaziiieuiildlunisinee

s

a A a0 Y o = v
MA1919N 3-7 Lﬂi@\‘iﬂaﬁqﬂi‘Uﬂqimiqﬁ]ﬂ@‘ULLaSUUVIﬂGU@lIua

A A
A9

o

ngUszaen

Data Acquisition System

v =

YuUn ﬂ%’@ga N1INAdDU

Digital Camera

JUNNFNINTUITUNDUBATARINTNAADU

Measuring Equipment

AIIVADUVUIALALANINYDITUIU

Inspection Checklist

ATIFABUANNATUNIUYBINITANAILALHANITNAGBU
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3.5.3 wavlausililuniside
NudEldgendwisdmsumununmegeu nsdaiudeya uaznisinssvdeyails
IINMINAFDU TIANTINIINTIN 71519 wazn1sUsealanateyaiieldlunsiiaseiias

WSy uLgu

A5199 3-8 FANAWISNLBIUNITIVE

YINAUIT UITEA
Vibration Control Software AUANNIINAdRURaEAUAlUSIHE PSD
Data Acquisition Software ﬁ’uﬁﬂ%’ayjamsmaau
Microsoft Excel Fannsuaziinsievideymidasi
TUsunsuasensliaziuaunin | daviinsiarsuusenaunaniside

3.5.4 1@nan3oedasuinsgulgluniside
-'-ﬂl IS ¢ £% a v o 14
wanInAseslonazaunsainldlunisnadeunds NuITedlduinsgiuaina tenans
Fw1n1s wazdeyavinuiiasuniasgiluesesdieddylunsiasigiuasssifiunaiy
NZENTENRIFIY IEC 60068-2-64 Tngtenaisinaidlidunsousnedsdmsunmsiiasisi

JoyauazaiuauunIseAUTeNansITY

a Y a aw
M99 3-9 ll"l@ﬁi']uuagl@ﬂﬁ']i@']ﬂ@\iﬂiﬁﬂﬂqijﬂﬁ

Uszenn S9N

HINTRIUNTNIAGTDU I[EC 60068-2-64

WpsgIUiAeados | IEC 62660, SAE J2380, UN 38.3

Y mem%’mﬁmﬂgmﬁaﬂﬂa Scopus, ScienceDirect, IEEE
J1UIY
Xplore e SpringerlLink

> o ATUNNUAN NTUNNWUFINYUUN ﬂiuq@ﬁauiwm LAZUUIBUN
UVBUANTATY 4 o
bNEIVDN
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MnMsdnngualasfionargunsaifnan aniuldinenidaduilldideondiams
\dasilodmsunmanadeuntsduasiiouviniy uidildteyaninuinsgiuaina enans
F1n13 eliuas uazgudeyavemmhsnumasgimiu Welinsiesgitagmsusziiy
ANIUMNZANYDININTFIY IEC 60068-2-64 TANUATUNIU QNABY hara1ENTaaEiBuUIUN
vosUsuinalnelaegiumvingay
3.6 w|MTUATIITaYA (Data Analysis)

msmmeideyalunuideatudlduuimisnisiinsediuuuysannis (ntegrated
Analytical Approach) Inedaasizsideyaannvagunassani iileuszilunnuimnzaues
M3UszynAlfunTgIu IEC 60068-2-64 dmiunIsnadeuntsduaziiiourealunei oy
gudtniihareliusunvesdssinalng

1 e991nu19351 IEC 60068-2-64 L unnsgIud Auuandnnisuagisnimaaey
ui L Maualusind nnsd uazifoudl inunzaudviuudagdszmalagianiy sty
msUssidiummsnzavesmsgLidiianansnededeyaninuvasdleuvamilafioetaden
wisndufesfinrsandoyaanueaedfdauiu e anmsgiuang amwiondeumesUsamalne
LAZKANNINARBUATY Lo TlinTiliauaTuiuarasiouanimnsldauaiaves
LUALAB TR LN

nsiesgideyaresiteiivsznaudie 4 dunsundn Tiun

3.6.1 MIBATITRMIUAYEININTIIU IEC 60068-2-64

3.6.2 MIBATIZVTOAMIUANNLINGRNYBIUTEMALNY

3.6.3 MFUATIIIHANINAGBUNMTAUAELTIOY

3.64 msdaaTziteyaliieUsziiun Ny aNYeIATE L

3.6.1 NMTWATIENUVBAMUAYEWIATEIY IEC 60068-2-64
Tudunounsn §idediaseidormunuasndnnisvesnggiu IEC 60068-2-64
TngRansanmsiimesdrfey laun
3.6.1.1 ¥39A714A (Frequency Range)
3.6.1.2 A1 Power Spectral Density (PSD)
3.6.1.3 A1 Overall Root Mean Square (Overall RMS)
3.6.1.4 sz8eIaIN1IAgEeU (Test Duration)
3.6.1.5 FUIUMNUYBININAFDY

3.6.1.6 5¥AUAINTULTIVDINTNAABY (Test Severity)
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nan1seseilidudeyadnedddunisiueuiisuiudeyaiuaninwindeutes
UsmAlnguazHan1sNAaa U
3.6.2 MTIATNVBLAATUANINLINRUYBIUTEWA MY
foyasuanmndonvossmalnegninanieseiileussidiutiadeiienadenase
syiuussduazifioure L UAmeI e BRI Uszneuse
3.6.2.1 ANUIFYITYDIINN (International Roughness Index: IRI)
3.6.2.2 Usglanvoinuu
3.6.2.3 JUNUUNTUUES
3.6.2.4 QUNH
3625 AMUALTNS
36.2.6 Uinmheuy
3.6.2.7 HANTEMUTRMIIINLAYNTEONAN N AN
foyansnangmiunltifefinnsanidnuuzmsldmuesdssmalnednaienisiden
WIS ANBSVIINITNAABUANNINIFIU IEC 60068-2-64 viaall uazluszauln
3.6.3 MFIeTEiaNSIARUNSAuAELTIaY
NaN1SNAABUNNTE uALLT DU L 1NN 1T T unNANNLIRSEIY IEC 60068-2-64
gNUINNILATIFY TINAVTRYAIINUINTFIULALTOY AR WA NWING BUYBIUTEIN AN Y
Tneilinguszasdiiielfidudoyaatiuayunisedusiona uaznsivaourmuaenndossening
VINUAVBIUINTFIUAUNIANTUNTNAADUIIY
il nuAselildindieuitsunanisnaaeussindusindnisduasitouans suuuy
uiltnanmeaeuiiossuiseudululalumsussgndltunnssuneliusunvesssmalne
3.6.4 NMTAATIIUUUYIAINTT (Integrated Analysis)
n¥nTesgideyansararuud Hdesndumsdnameidoyaviauadauiu lneld
LNAANFIATIELUUYSANNTS (Integrated Analysis) Bsiiansananudusiussyninedeya
9N 3 WHAAN b
3.6.4.1 Uayaa1nu1nsgu IEC 60068-2-64
3.6.4.2 YayanuanInkInaenvasUsemeAlneg
3.6.4.3 deyaanmmeaeunsduaziiion
msysanmsteyaninaitiglianansaussliuanumuizanvesnasguluusunves
Uszelnglsegrafuszuu andedrdndienainannslddeyaainumaaiion uazifinainy

3

ULIDNBURINANITIATY



98

Integrated Data Analysis Framework

( ) * Random vibration test requirements §
'E£ IEC 60068-2-64 ::_ « PSD, frequency range, Overall RMS 3‘
= « Test duration, axis, severity levels & s - ~ oo
‘ 2
. * Road Roughness (IR!) data
Thalla,nd Contaxt M\ % . Climateo(‘:mpefalure, hu‘midity, rainfall) sl ‘
(R, Chmate.’ * Road types and conditions I 'O-%
G, 7Tran?f)onatwi) e & N’-—B « Transportation pane:ns and payicad7 Il I N _J
,, > =
i ) * Measured vibration data from battery tests A e = o
Experimental Data | W + Time history signals (X, Y, Z) QW W W
\ + Test conditions and instrumentation !
— g 77— N\ .
M //J, « Signal processing (FFT, PSD estimation) 3
. oy « Comparison with [EC 60068-2-64 profiles £ — [EC €0068-264
;_]e Integrated Analysis L/LJLQ . Cons':evaﬁonof'lhailand context l::ors gt Fes Tl Dt
- « |dentification of key influencing factors )
" I = v g . =
% Suitabilty A " e « Evaluate suitability of IEC 60068-2-64 for Thailand
uItaoi| ssessmel P « Gap analysis and limitations
. S B A | -l - 7'7-7 -iAssesismey:‘t if test severity adeiquaczri ’ ( ‘ High . w,
— = il — — - N\
N * Recommended random vibration test profile g
“§i§.  Recommendations @ + Adjustments for Thailand context (if necessary) K l
? . Pra’ctical guidance for EV battery testing in T::lnland ¢ nm a
T 3-6 NTBUMTIATINVBLALUUYTUINITVI IR
=] ax a ¢ v o
M13790 3-10 aﬁmsaLﬂiwmauuaiulmawumau
) v o ax a ¢ v ¢y
UVUNDU ‘UE]%E’!‘VIGISU A9N13UNAIICH NAANINFBINTT
1 IEC 60068-2-64 | A3I2hUaMUUATEIINTFIU | WISTNasN15NAdey
a a € a v aa ! o A
2 RI, Jq]ll@']ﬂ']ﬂ, ’JLﬂi’]BMUiUWZJE)QUiELVIﬂIVIEJ Uavunilnasanisauazinou
QUELIGN
3 | HANIVIPARUAS | BATIBVHANITNAGRY ToyaatuayuNITUTEIY
4 | Yeyaviaviun AATILAUUUYIUINTS N15UTELHUAILALNTHY
VININIZIU

PNMTAATIEIIR 4 Fuseu §ifethredldidngnszuaumslssduaumngaes
UIASFIU IEC 60068-2-64 18N ANTUIAIUABAAR BITENTNTBAINUAYDININTFIY
annwinaeuvetsemelng wazdeyaainn1snaaeudie iedunseiidudeiausuiue
a ) v o w @ = a

Nefunsuszgndldunsgiudmiunisnaaaunisduasiiiourasuuntnes s us b

meldusunvesUseneing
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3.7 NITWAIUANTN15UTEETUAINNNILENVDINIATIU (Development of
Suitability Assessment Criteria)

AENFINTAATIENTOAMUAVBINNTZIU IEC 60068-2-64 ToyanUANNLIAR DY
veUszinAlng uaznanisaaeunsduasiiiou §IseldimunnueinisUszifiuainy
MLNZENYBILIATIY (Suitability Assessment Criteria) Wi ol unseulunisusziduh
1ASFIU IEC 60068-2-64 ansnsauszgndliiunisnaseulunimeIsusudlniimelduiun
voaUsemelnglaluszaule

nausidanalallfadduananufndiuresidadfisnd e uwidunsdunsei
Mndoimunveunnsg IEC 60068-2-64 ndnn1ssiAcmnssuanuundede (Reliability
Engineering) 1iideiiieados wazdauaiuaNINAaNvRIUTEIMAINg ielinsuszdiu
fianuduszuu Wadla wazanunsaeduamanavesmansusaiiulasgsinay

nsusediuuiseanifiu 5 dumdn fall

3.7.1 ANNADAARDIAIUIAINTTU (Engineering Compatibility) WA15813 W15 80993
VBININIFIUY L1 Frequency Range, Power Spectral Density (PSD), Overall RMS, Test
Duration kay Test Severity findnuimnzausian1ssiaesanmnisduagiiiouvosuunine’
gnugudlnivIalyl

3.7.2 AnddsnAaenuanInauuveslsziualny (Road Environment Compatibility)
N1IUIANUFURUT TENINTBAINUAVRINIATTIUA UV BYAAIIUYTVTEVDININ S
(International Roughness Index: IRI) Usgtnnaasauu kagiuwuunisldanuasveseugus
Tudsgwelng

3.73 ANanAd eInuan mgde1n1AvesUseinalneg (Climate Compatibility)
NATUINANTENUVRIQUNYI AT USHaniiy uaziamsniivhuieadssadesesiy
mMsduagifouvzean wnsliinureuunLne

3.7.4 AMUADAADBINUNANIINAGOUISI (Experimental Consistency) W21504177
Taruunvaansguansailuldadunismeaeuaisldedianunzauniali lneo1e8s
MNHANTNAGBUTIALTIUNTANANATE I IEC 60068-2-64

375 anudululalunisussgndldluniagnainnssy (Practical Applicability)
Na15uIAMIIganYeIn1siINnsgulldluie sl fdfinisuazningnainnssuves
Uszneilne sludiuanmieuvenaieiio aruaninsnvesiesljiRns uagnisiwa

nsneaaulultlun1swaLINEan S
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A15199 3-11 N9INSUIBTUANUMINZALYRININTEIU IEC 60068-2-64

Arun1sussIiu 31D

Engineering Compatibility ANUADAAR DITDINITILADTN TN UAUNANIAINTTL

Road Environment

ANUADARRDINUANINAUULALAT IRl V83UsEMAlNe
Compatibility

Climate Compatibility m’maamﬂé’aaﬁ’uamwgﬁmmﬂﬂuaqﬂizmﬁlm

Experimental Consistency | AuaAAR BT UNANITNAADUATS

Practical Applicability Anuwminzadlunisussgnaldlunirgnamnssy

Suitability Assessment Framework

N59UN15USHAUAMMININEANYRINAT U IEC 60068-2-64 Tilglun153dy

o |EC 60068-2-64 Engineering Road ! Experimental Practical Overall
Compatibility Compatibility ¥ Compatibi Consistency Applicability Suitability
N Assessment
| | i
5 , | |
I | &‘ | | L
— |
60068-2-64 & D | ‘¢ | gy,
= | > 47 » | p
i |
. éuﬁjuum?mnw . Ay doafin - i * Ansananmwgilonma « ATmADARdDIvRITaya ‘ « ananhilUldtumminluly * * * * {"7
" ; " . (R) ‘ P | 3
. ihmasudn : (e BT I (T )
xﬂ“(':z;‘ . . 1 + AsouAquUsEAMOUY ‘ « guumpiige A mBuge - aumwuazaunidodie | | + Sodriadunan winenns L
PSD (gi/H2) : esid. 1 o} dnt t ussURnausu souoya s wost, | | uazeilig aqUnamsuseidiu
Overall RMS (g) nsAoUiuy) b A ANUINZANTDY
iy = .o : . oA | e a i mun .
ORI sy :::;‘ 4 wiaaun i somsduai « mwiildvomanmasey uazmuRIWIiRes F
::::::‘:::;i n:m.:; s at ynnilsausie uMUIYBsLUMADT = | Be ‘6“0'(.)’6’81“2 4
. ar \ ., M3 -2-
« SmqussasduattouDn « ATHINEAEDY s, mrfereoanivy [, | Aufomesonnit Tumsmaasu l waniiligumu Tuuundszandlng
msldnusennasgu wnuMIMAAEY donanmuasiufiidse moldanmgiionmasis ‘ |
\ N - \
% o . Tivmnzan Aoutulivnnzan @ vwna Aputhemnzan nzAAN W
nauinisuszidiu (0 - 20%) (21 - 40%) (41 - 60%) (61 - 80%) (81 - 100%) mussduusasosnysenou ‘
Tiinrounqu / Licoandos e / foou milszduwila / doniudge miovovn / Wugadn . / wieliow Winzuuy 0 - 100%

rouagusarmzailngs ‘

AWA 3-7 N50UNISUTHTUANUMINEALYRININTEIU IEC 60068-2-64 Nldlun15ide

HaN15UTELI NN 5 Auazgnuiuidansigvisiuduluund 4 iesdusiedn
UINIFIU IEC 60068-2-64 finnumanzausan1suszgndlddnsunismaasunisduasiiiou
vaauunnas erusudliinnglavsunveslsemalngluseavle wieunsaueteiauowuy

WenfunIsidanlannsiwesn1snadauliaenAa et uaNINNSIg9IUSVaIUTEINA INe
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3.8 a7Useiliguinivy

unil 3 IdhiauesafouiTidefldlunsussduamuvngauvesmsgiu IEC 60068-2-64
dmiunmsvasounsduanieutesuunmeisuud i eliusumesUssmalne Tagfmun
sULvuNsIdedusuiduidaiiaseyt (Analytical Research) 7 Y 541113A153 S BLONANS
(Documentary Research) $3fUtaa9NN15NAE U (Experimental Data) Wielinsusadiu
frnuaseunquidludnuIasg L ING AmmwwandeuesUsamAlve uasnsiiummeasulu
o uRnIs

mMsfdwuAdeiEunmIEnudeivunveunnsgiu IEC 60068-2-64 Lagannsg il
Aeados Tudanmamumunuiseuasienansmairnis i eaduesdmuiiuguisatunis
nagounsduanioursumpeIsusudi Mt ulsunadeyaduanmndeuves
UsgwAlve 1w A958R (International Roughness Index: IR)) dnwauglasaienuy

v 6

JULUUNI3TUAT 9aungil AR uduivs Usunad iy waskansenuvesdvion Jadulleden

1
== 1

o19dmaResEAULs LA oI AnTusE ISl NUaS s
UANIMNTOYAINBNAITHATT 0L AFNINKINE DA 3 MUITedldRan1Tnaaauns
Fuaziiouvounnes Nandunsmusnnsg i IEC 60068-2-64 uteyaideszdng uleld
auauuniaTen el manaaeullliffaUszasdiienSeudieuUssavinmussuunned
vanegUuuy uildiilefudumudululilunsussgndldinpspuneslddsznounsed e
A5
mylnevitegadiiunslaeliiumnanseseiiuuysanms (integrated Analytical
Approach) Fsdaiamesideyaain 3 uwdmdn e defmuavesnnsgu IEC 60068-2-64 Toya
FuanmndenvesUssmalng waskanmesounsduasitou ntudnideyariomaiing
nszvLNsUsuausnzaiveanasgu InelfinasinsUssadiuiinanduanmsdanse
psfANuiFuIRsgIL Imnssuammnidetie sAdefifendes uasuiumessimalne
nseumssiuridevemaanasoasUldilu 7 funeu fil
3.8.1 AnwIRsgIU IEC 60068-2-64 UavanAsgILiieIfos
3.8.2 MUMISIANTIULAT IR YRS
3.8.3 FIUTWTBYaMUANIWIRdeNveIUTTINAlMY
3.8.4 fuflunsnaaounsduasiiouveILunLmeInILLME I IEC 60068-2-64
3.8.5 ATINTBYAIINUINTTIU VOUAANINLINGBY WAZHANITNAHDU
3.8.6 Uszdiuanuminzauveunasgunelauiunvesssinalng

3.8.7 AWATILVNANITIVULALIAVINUDLEUDLUY
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Overall Research Methodology

ATNTINNTZUIUNTANTUIIUITY

Research Problem . lder‘nify th.e ptob‘em and research gap
« Define objectives and scope of the study
=_ v

* Review relevant international standards, research papers, -
Literature Review and technical documents =
« Identify key factors affecting random vibration testing
IEC 60068-2-64 Anal i o o A ¢
nalysis |+ Extract key eloments (PSD, RMS, duration, axis, severity) & )

D elenod®
* Analyze road roughness (IRl), road types, transportation RI (w/kem) .
& Thailand Context Analysis conditions -
,ﬂ\ + Analyze climate (temperature, humidity, rainfall, flood) 11 |

 Collect time history data (X, Y, Z axes)

:e Battery Vibration ffest . Co'\dua.banery vibration tests based on IEC 60068-2-64 . .

S PE— g,

/‘\/ z * Signal processing (FFT, PSD estimation)
l 0 Integrated Data Analysis |+ Compare testresults with IEC 60068-2-64 and Thailand context g W\/\—\ e

« Identify key influencing factors
e & =/
« Evaluate the suitability of IEC 60068-2-64 for Thailand

IL®,
@ Suitability Assessment * Assess i i and practical applicabil "’ ‘
« Determine test severity adequacy (

9 Conclu5| s « Strmarize key:findings and Goncitsiofs e 0
¥ ol dations for applying IEC 60068-2-64 | =g
Recommendatlons =i el v ol 7 (]

ANA 3-8 AINFIWNTLUIUNTATUINUINY

91n58108UTIT8AINAT MN1TU2UAMIMINZALYaINIRTE I IEC 60068-2-64
LildorduiisswanimageuluiosufiRinisuions@nwininsguissduied widu
N15ysANNNTTeyannnaunand ety il elianunsaesuraumInEaNeINTT
Uszgnaldunspriunelduiunuesdssinalveldogradussuy Sinauanidmnssusossu
uazanansnthmamsideliliduteyauszneunsiammnaaeuiumeseueudliiily
au1AA Lol

UNEnlUasdLaueNaN1TIAT 1Ty ALAENaN1TUT B UAIINMLN SN DININTTIU
IEC 60068-2-64 lagondensaunistinanzsinasinmusinsuseiiud munliluund o
aAUsIwIMNIFIUAINENETaaETouan NSt nueslsemalnglaunnteeiiasds

wdsavetaiauaturdmiunsussgnaldunsgiuluningnavinssuvesUsemelng
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HAN13ILATIZNAZNTUTHHUAMUMINZANVDININTZ I IEC 60068-2-64

4.1 WAMITIATIZANINTFIY IEC 60068-2-64

1A9§1U IEC 60068-2-64 LT usasgIuannaiimuaismavaaeumsduasifiounuugy
(Randorn Vibration Test) dwsunansnsiaiinnsedind gunsallaih uartudumdimnssud
onald$uuseduaziiioussvinanisvud i onsldsnuads lasuinsgiug aunisdiaos
anmindeufifimsduasiouiuumasanufiistundeutu duidnuarlndifesrunsiinu
Wannnihnsduaziiteunuulan (Sine Vioration)

91NN ANYITOAINUATBININTFIU WU IEC 60068-2-64 fid nwauzidu wnnsgiund
53 (Method-based Standard) namifie snsguimuamdnns Sunou wasdermmslunis
dudumanageulisgdaau wilildmuselusindnisduaziiiouimeidiviunan S
nnUssn §lnusnludosivuanisfwesnsnedeu wu 9239218 (Frequency Range)
A" Power Spectral Density (PSD) A1 Overall Root Mean Square (Overall RMS) s£8£13a1n75
VIAADU LAYIEAUANNIULIIVBINITNAGDY (Test Severity) Wiaanadasiudnuarn1sldemas
VDINEN U

dnvasananieliutelfiufeurennnigiu esnaunsauszendldiunan Sl
vanvaeUssnm safaunmeseueudliih Jsdnvazmsldnuuandsiumanssinnues
EIBUA dNNaUU uazgULUUNIILET g 9l5AnN AnuBany uvesn g LRIl e
fosodedoyanivayuiiiismelunisimunlusindmavaaey fazdulusinddidonaald
anunsoagiowanmnsldauasala

NNMTARTIteimMuATesNAsHIL ansaasUnTiinesvdniitinademsnaaouls
6 Usen1s leun 999m2108 (Frequency Range) Wslildnsnszanendasuesnsduasiion
(Power Spectral Density: PSD) @1 Overall RMS $58£19a1n1391080U 91UULNUY0INITNAdDU
LAz sEAUATIITULINTaIN TMedeU enfinesimunianuduiuslaenseiuauaunso
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M13197 4-1 WARSAIANYRIINTFIU IEC 60068-2-64 NUNLNIAT ALY
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Analytical Framework of IEC 60068-2-64

IEC 60068-2-64

.

Method-based Standard

v

Test Parameters

(Frequency, PSD,
Overall RMS,
Duration,
Axis,
Severity)

y

Need for Environmental Data

v

Thailand Context Analysis

.

Suitability Assessment
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4.2 wamseeiuiunesussmalneifeadasiumsussandliunmsgu IEC 60068-2-64
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Relationship Between Thailand Context and IEC 60068-2-64

Thailand Context

A (% i pjex

« IRI (International Roughness Index) « Temperature + Vehicle types « EV market growth

* Road types (highway, rural, urban) * Humidity  Speed and distance « Battery usage patterns

« Pavement conditions + Rainfall + Suspension system « Operational environments
+ Seasonal variation * Payload conditions

: 2

Environmental Effects
+ Vibration characteristics from real-world driving
+ Influence of climate and transportation on batteries
+ Combined effects on battery performance and durability

2

Selection of Test Parameters
(Frequency, PSD, Overall RMS, Duration)
» Determine test frequency range
+ Define PSD profile and overall RMS level
« Set test duration
+ Consider axes and severity levels

( IEC 60068-2-64

| Application

« Apply sel in random vibration test
. battery per under simulated i

\

= v w6 ! a % A a s
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ATNAFBUANUNINTZIU IEC 60068-2-64

4.2.5 YoAUNUIINNTIATIEN (Key Findings)
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4.25.3 nmsvudaneeudadusunuundnvestssme aduayumslinsduasiiieu
WUUANATUUWIARYDS IEC 60068-2-64

4.2.5.4 MIFNNITIENBSNNIVAFRUAITANAEUBYANIAAUINLE USUNYBIUTEWA
Ineswiudetmuaeunassiu Welinmsvaseuasyiouanmwnsldiusisliogamnga
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4.3 nansiessitayannnmasauMsdusziiauAuNIAsEIL IEC 60068-2-64

namareunsduaziiouvesuunmes sueudluilunuideatudsidunisai
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nnMsALiunInaaey wuimnsiwmesiltlunmegeuusenaudiedaaniiud
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Frequency Range JEUAIIY IEC 60068-2-64 AONAADY
PSD Profile LY IEC 60068-2-64 GRILLLY
Overall RMS JEYAII IEC 60068-2-64 GRILERN
Test Duration JEYAII IEC 60068-2-64 GRILERN
Axis of Test JEYAII IEC 60068-2-64 GRILERN
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4.3.2 MIAATIINITALTUNITNAGDY
21NN15ATIADUT UnBUNSAITUNITVIAGEU WUTINITAAR ILUALABT UL Fixture
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| - Srre _amma 11 8 ) F  w- |
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wilanmasou | Random Vibration
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|
AMAL3993u (Overall RMS) 1509

A 24 Hz (§wdenminveniunu)
FTUIR AT 60w / unu
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(Vibration Control Trend) e
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433 MINATHINANINTINADUTLNY
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4.3.5.2 SPUUNAABUANNITOAIUANNIIITMBTANATY LU Frequency Range, PSD
uag Overall RMS leimnufifavue
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4.5 a3UNan1TIATIZI
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ENVIRONMENTAL TESTING -

Part 2 64: Tests Test Fh: Vibration,
broadband random and guidance

1 Scope

This part of IEC 60068 demonstrates the adequacy of specimens to resist dynamic loads
without unacceptable degradation of its functional and/or structural integrity when subjected
to the specified random vibration test requirements.

Broadband random vibration may be used to identify accumulated stress effects and the
resulting mechanical weakness and degradation in the specified performance. This
information, in conjunction with the relevant specification, may be used to assess the
acceptability of specimens.

This standard is applicable to specimans which may be subjected to vibration of a stochastic
nature resulting from transportation or operational environments, for example in aircraft,
space vehicles and land vehicles. It is primarily intended for unpackaged specimens, and for
items in their transportation container when the latter may be considered as pant of the
specimen itself. However, if the item is packaged, then the item itself is referred to as a
product and the item and its packaging together are referred to as a test specimen. This
standard may be used in conjunction with IEC 600682 -47:2005, for testing packaged
products.

If the specimens are subjected to wvibration of a combination of random and deterministic
natura resulting from transportation or real life environments, for example in aircraft, space
vehicles and for items in their transporiation container, testing with pure random may not be
sufficient. See |IEC 60068 4 8:2003 for estimating the dynamic vibration environment of the
specimen and based on that, selecting the appropriate test method.

Although primarily intended for electrotechnical specimens, this standard is not restricted to
them and may be used in other fields where desired (see Annex A).

2 MNormative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60050-300: infernational Electrotechnical Vocabulary - Elecirical and electronic
measwements and maeasuring instruments - Part 371 General terms  relating  to
measwements - Parl 312: General terms refating to electrical measurements — Part 373:

Types of elecirical measuring instroments — Part 314: Specific terms according o the {ype of
instrument

IEC 600681 Emvironmental testing - Part 1: General and guidance

IEC 60068 -2 6: Environmental testing — Part 2 -6: Tests — Test Fc: Vibration (sinusoidal)

IEC 60068 2 4T:2005, Enwvironmental testing — Part 2-47: Tests - Mounting of specimens for
viration, impact and simifar dynamic tests
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requirements for sinusoidal excitation are given in test Fc (IEC 60068 £ 6) and those for random
excitation are given in this standard.

In the case of sinusoidal excitation, it should be remembered that, in the case of nondinear
resonances, the resonance frequencies will change depending on the direction of the
frequency variation during the sweep. For random excitation non linearities can influence the
resonance behaviour. For sinusoidal and random excitation, the amplification at resonances
may be dependent on the magnitude of the input vibration.

For the vibration response investigations of an 'undefined type' specimen or package, it may
be necessary to measure different signals such as driving force or velocity. If specified by the
relevant specification, for example, the spectra of the mechanical impedance of the specimen
should be calculated before and after the test.

NOTE Mechanical impedance and other similar terms are defined in 150 2041

5 Severities

The test severity is determined by the combination of all the following parameters:

- test frequency range;
= r.m.s. value of acceleration;
= shape of acceleration spectral density;

= duration of testing.
Each parameter shall be prescribed by the relevant specification. They may be:

a) chosen from the values given in 5.1 to 5.4
b} chosen from the examples in Annex A for different environmental conditions;
c] derived from the known environment if this gives significantly different values; or

d) derived from other known sources of relevant data (for example |[EC 60721 -3).
51 Test frequency range
If option a) is chosen, then f and £ may be chosen from the following values in Hz:
a) £ :1;2: 5 10; 20; 50; 100;
b) f: 20; 50; 100: 200: 500; 1 000; 2 000; 5 0O00.

Frequencies f; and £, and their relation to the acceleration spectral density are shown in the
spectra examples in Annex A.

52 RMS value of acceleration

If option a) is chosen, then the r.m.s. value of acceleration (nominal value in Figure 1)
betwzen f; and £, may be chosen from the following values in m/s%:

11,45 2; 2.8 3,55, 7;10; 14; 20, 28; 35; 50; 70; 100; 140; 200; 280

NOTE The value of 10 m/s® is ascribed to g, for the purposes of this standard.
5.3 Shape of acceleration spectral density curve

This test specifies an acceleration spectral density curve with increasing, decreasing and flat
horizontal portions (see spectra A1 — A4). For a standard test one of the spectra shall be
selected according to the dynamic environment of the test item. The relevant acceleration
spectral density values shall be calculated by the control system taking the r.m.s. wvalue,
frequencies and shape of the spectrum into account. In special cases, it may be appropriate
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to specify an individually shaped acceleration spectral density curve. In these cases the
relevant specification shall prescribe the shape as a function of frequency. The different levels
and their corresponding frequency ranges, (break points) shall be selected whenever possible
from the values given in 5.1 and 5.2 and the spectra A.1 - A.4.

5.4 Test duration

The duration of testing shall be given in the relevant specification or may be selected from the
following series: 1; 2; 5; 10; 20: 30; 45; 60 min; 2; 5; 8; 12: 24 h, with a tolerance of +5 %.

6 Preconditioning

If the relevant specification calls for preconditioning it shall then prescribe the conditions.

7 Initial measurements and functional performance test

The specimen shall be submitted to visual, dimensional and functional and any other checks
as prescribed by the relevant specification.

8 Testing

B.1 General

Testing follows the sequence prescribed by the relevant specification. The different steps are
as follows:
= initial vibration response investigation, if prescribed;

= lowdevel excitation for egualization before proceeding to the full level test in one
continuous mode;

— random vibration testing;

= final vibration response investigation, if prescribed.

The specimen shall be excited in each of the preferred testing axes in turn, unless otherwise
prescriped by the relevant specification. The order of the testing along these axes is not
important, unless prescribed by the relevant specification. If the specimen is sensitive to

gravity. for example a mercury tilt switch, then wvibration may only be applied in its normal
service position and shall be prescribed by the relevant specification.

The control ASD of each frequency at the reference point shall be derived from one
checkpoint if single point control is used or from a number of checkpoints where multipoint
control is utilized.

In the latter case, the relevant specification shall state which checkpoints shall be used to
control to the specified level for the following control strategies, (see also 4.7):

© the average value of the ASD of each checkpoint (average control);

= the weighted average value of the ASDs at the checkpoints (weighted average control); or

= the maximum or minimum extreme values of each frequency of all checkpoints (extremal
cantrol).

In either of the above cases of multipoint control, the control spectrum becomes a fictitious
one without a reference to an existing checkpoint.

Special action is necassary when a specimen normally intended for use with wvibration
isolators needs to be tested without them. See also IEC 60068 2 47,
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8.2 [Initial vibration response investigation

If mot especially prescribed by the relevant specification, a vibration response investigation is
not required. Howewver, the relevant specification may prescribe a vibration response
investigation in each axis either before, or both before and after, the random vibration testing.

When prescribed by the relevant specification, the dynamic response for at least one point on
the spacimen in the defined frequency range shall be investigated. The number and position
of the response points should be clearly defined in the relevant specification. The vibration
response investigation may be performed with sinusoidal or random vibration in a test
frequency range and with a test level as prescribed by the relevant specific ation. Reference is
made w IEC 6006826 for sinusoidal wvibration and to this standard for random vibration
excitation. Also see |EC 60068348 for more information and the advantages and
disadvantages of each method.

The response investigation shall be carried out with a tast level selected so that the response
of the specimen remains less than during random testing but at a sufficiently high level to
detect critical frequencies.

When sinusoidal excitation is used, at lzast one sweep cycle over the test frequency range
prescribed by the relevant specification shall be performed with an acceleration amplitude
<10 m/s? or a displacement amplitude of £1 mm, whichever is less. The vibration amplitude
shall be adapted to the r.m.s. acceleration value of the random test, in order to prevent a
higher stress on the specimen than during random vibration testing. A sweep rate of 1 octave
per minute shall be applied to determine the frequencies and amplitudes of the resonances. If
there is concern about exciting the structure to a full resonance then a faster sweep rate may
be applied as an indication of frequency and relative amplitude of the resonance within the
frequency band of interest. Investigations at slower sweep rates or sweeping back and forth
around a known resonance may be required but should be limited to the minimum time to
obtain the results required. Undue dwell time is to be avoided. The vibration amplitude may be
varied as reguired.

The response investigation with random vibration shall be carried out taking into account that
the time of the test shall be long enough to minimize stochastical variations in the response. A
random vibration response test shall be camied out using a spectrum between f and . At the
lowest resonance frequancy there shall be a minimum of five spectral lines within the
frequency band at -3 dB of the resonance peak.

When random excitation is used, the r.m.s. value of acceleration should be not more than
25 % of the value specified to be used during the random vibration testing. The duration shall
be as short as possible, but at |least long enough to make an analysis with DOF = 120
possible degrees of freedom (see Figure 3). If the resonance response is observed and
documented periodically during the full level test, special resonance investigations are not
NECessary.

The specimen shall be in functioning mode during this investigation if required by the relevant
specification. Whera the mechanical vibration characteristics cannot be assessed because the
specimen is functioning, an additional vibration response investigation with the specimen not
functioning shall be carried out. During this stage, the speciman shall be examined in order to
determine the critical frequencies which shall then be stated in the test repart.

8.2 Lowdevel excitation for equalization prior to testing

Prior to random wvibration testing at the specified level, a preliminary random excitation at
lower levels with the real specimen may be necessary to equalize the signal and for
preliminary analysis. It is important that at this stage the level of the acceleration spectral
density applied is kept to a minimum.

The permitted durations for preliminary random excitation are the following:
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=  below -12 dB of the specified r.m.s. value level: no time limit;
= from <12 dB to -6 dB of the specified r.m.s. value level: not more than 1.5 times

the specified test duration;

= betwean -6 dB and 0 dB of the specified r.m.s. value level: not more than 10 % of the
specified test duration.

The duration of the preliminary random excitation shall not be subtracted from the specified
test duration for random vibration testing.

8.4 Random testing
B.4.1  General

The relevant specification shall select the appropriate test frequency range (f to £). the
overall r.m.s. value of acceleration, the shape of the acceleration spectral density curve and
test duration. When prescribed by the relevant specification, multiple measurements of the
acceleration spectral density and of the r.m.s. value of acceleration. at the checkpoints, shall
be made at appropriate intervals in order to wverify that the random input spectrum is
stationary, and this shall be stated in the test report.

B8.4.2 Intermediate measurements and functional performance

When prescribed by the relevant specification, the specimen shall be functioning during a
prescribed time interval during the testing, and its performance shall be checked (see
Clause B.g).

B.5 Final vibration response investigation

If the relevant specification has prescribed an initial response investigation, it may also
require an additional vibration response investigation on completion of the random testing, in
order to determine whether changes or failures have occurred since the initial vibration
response investigation. The final response investigation shall then be performed in the same
manner at the same response points and with the same parametars as used for the initial
vibration response investigation. Guidelines for the use of changes in vibration responsea, for
example change of critical frequencies, is given in IEC 60068-3 8. The relevant specification
shall state what action is to be taken if different results are obtained in the two investigations.

9 Recovery

It is sometimes necessary to provide a period of time after testing and before final
measuraments in order to allow the specimen to attain the same conditions, for example of
temperature, as existed for the initial measurements. The relevant specification shall then
prescribe the conditions for recovery.

10 Final measurements and functional performance

The specimen shall be submitted to visual, dimensional and functional checks and any others
as prescribed by the relevant specification.

The relevant specification shall provide the criteria upon which the acceptance or rejection of
the specimen shall be based.

For the evaluation of vibration response results sea |EC 60068 -3 8.



60068 £ 64 O |EC:2008

Spectrum A.3
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Equipment in wheeled vehicles

For details see specifications referenced in the Tables A5 and A.6 below.

Acceleration spectral density (ASD)
(mifs® iz (log. scale)
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Frequency (Hz) (log. scalke)

EC 58578

Figure A.3 - Equipment in wheeled vehicles - Frequencylamplitude break points

Table A.5 = Categories for spectrum: equipment in wheeled vehicles

Category Description Suggested AXES Specification!
time per axis
reference
Moo h Mo
1 Automokbdle; chassis mounted. B 3

Automobile: Installation erea: Engine compartment
(bay): aitached io body or on the radiator.

2a Wertical B 1

2b Horizontal longitedinal B 1

2c Horizontal transwersal 8 1
Railcars; body mounted; mass of lest specimen < IEC 61373, Cat. 1
500 kg. B

ia Vertical 5 1

ib Horizontal longitedinal 5 1

ic Horizontal transversal 5 1
Railcars: bogie mounted; mass of test specimen < IEC 61373, Cat. 2
100 kg.

4a Wertical 1 1

4b Horizontal lengitedinal 5 1

LI Horizontal transversal 5 1
Reilcars: axle mounted; mass of test specimen < 50 IEC 61373, Cat. 3
kg-

5a Wertical 5 1

5h Horizontal lengitedinal 5 1

5¢ Horizontal transversal 5 1
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Table A.6 = Break points for spectrum: equipment in wheeled vehicles

Category I, ASDF f, fiy ASDILE f ASDS, - —
valug.
Ma. Hz {mi's2)iHz Hz Hz (mis2)2iHz Hz (mifsZ)2iHz mis?
1 10 10 10 50 10 1000 0,1 13,8
2a 5 0,4 11 15 4,0 200 0.1 11,0
20 5 0,15 12 16 0,9 200 0,07 G.7
ZC 5 0.15 10 15 1.8 200 0,15 10.0
ia 5 1,88 ] 20 1,86 150 D.034 T.8
ib 5 0.8 =] 20 [R:] 150 0,016 5.4
3c g o.37 3 20 0,37 150 0,0067 1.5
4a g 1.49 10 1o 11.4 250 1.9 a2, 4
40 g 0,33 10 100 2,62 250 042 20,0
ic 1 1.13 10 100 8,96 250 1,44 7.0
5a 10 == 20 oo 545 500 22 300
Sb 10 13.9 20 100 110 500 4,45 135
5 1a 55,5 20 100 441 500 17,64 270

Spectrum A.4 Equipment installed in airplanes and helicopters

For details see specifications referenced in the Tables A.7 and A.8 below.

Agceleration spechral densily (AS0)
imits*iHe (log. scale)

h I E 2 & i

Frequency (Hz) (log. scale)
v % EC 55508

Figure A.4 - Equipment installed in airplanes and helicopters
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