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Onso6z

Hibrid ve Elektrikli Tasitlar icin Sanal ve Artirilmis Gergeklik
(SG/AG) destekli dijital egitim materyalleri gelistirilmesi projesi ile,
Hibrid ve Elektrikli Tagitlarin bakim ve servis konularinda mesleki
egitim ve 6dretim performansini artirmak igin ¢ok disiplinli tasarim
temelli aragtirma metodolojisi kullanarak egitim igerikleri ve Sanal
ve Artimlmis Gergeklik destekli dijital egitim materyalleri
gelistirilmistir.

Proje calismalar kapsaminda, Hibrid ve Elektrikli Tagitlarin
egitiminde kullanilan temel ve ileri diizey standartlarin ve
prensiplerin SG/AG ortamina aktarilmasi hedeflenmistir. Béylece
ogrenciler ve calisanlar, bu konular1 i¢ boyutlu ortamda daha
kolay anlayabilmek icin SG/AG uygulamalarindan
yararlanabileceklerdir.

Proje; Bursa Uludag Universitesi koordinatorlugiinde
Bulgaristan’dan Sofya Teknik Universitesi Romanya’dan, Cluj
Napoca Teknik Universitesi ve tilkemizden OIB Mesleki ve Teknik
Anadolu Lisesi ile SANLAB AS ortakhiginda stirdiirtilmusttir. Bu
strecte ¢ok sayida akademisyen, yaziim uzmanlari ve egitimci
personel projede goérev almistir.

Bu kullania kitabinda; SG/AG destekli Hibrid ve Elektrikli
Tasitlarin egitimi icin gelistirilen icerikler, animasyonlar, WEB sitesi
ve SG/AG aplikasyonlarinin gerek bireysel kullanicilar ve gerekse
egitimciler tarafindan nasil kullanillacagina dair detaylar
verilmektedir.



Giris

Bu kitapta wverilen ve Hibrid ve Elektrikli tasitlar
konularindan olusan moduller, metin tabanli  6gretim
yontemlerinin yani sira, animasyon ve similasyon araclarinin
destedi ile gelistirilen Sanal ve Artimlmis Gergeklik (SG/AG)
araclarinin kullanimina yoneliktir. Bu modiiller, Hibrid ve Elektrikli
Tasitlarin egitiminde kullanilan temel, ileri standartlar ve ilkeler
kavramlarinin é@retilmesinde eksik olan konu alanlarini belirlemek
icin gerceklestirilen uluslararasi bir ihtiya¢c analizi sonucunda
Uretilmis ve gelistirilmistir.

Bu modiler program gelistirme ¢alismasinin amaci,
akademik ve endustriyel ortaklarla birlikte yetkinlik tabanl ve
hedefe yonelik bir Hibrid ve Elektrikli Tagitlar egitim programi
gelistirmekti. Bu nedenle, Hibrid ve Elektrikli Tagitlar egitimde
sadece geleneksel oOgretim yontemleri kullaniimasinin  yerine,
gincel SG/AG uygulamalarinin kullanimi ile desteklenmesi
hedeflenmistir.

SG/AG teknolojilerinin kullanilmast ile kullanicilarin gorsel
hafizalarint  destekleyerek daha fazla kalict bilgi ve beceri
kazanmasina  yardimct  olacagi,  6grenicilerin  6grenme
performansina 6nemli katki saglayacadi 6ngorilmektedir.



SG/AG Uygulamalari Nasil Kullanilr

SG uygulamalarinin kullanimi:

SG uygulamalan igin 6@renci / 6dretmenin gereksinimleri, Meta
Quest 3 Sanal Gergeklik gozliigi olacaktr. Sistem bireysel kullanilacak
ise kullanicr kilavuzunda verilen yontem ile Kisiler http://urforev.org
sitesinden VRforEV.apk isimli APK dosyasim gdzliiklerine indirecekler
ve yine kilavuzdaki menti tizerinden uygulamayi kullanma yéntemlerini
kolaylikla 6grenebileceklerdir. Uygulama aynm anda hem SG hem de AG
altyapisim  yani  Karma  Gerceklik (Mixed Reality) seklinde
tasarlandigindan kullanim esnasinda sistemi kullanmaya istenirse AR
ortaminda devam edebileceklerdir.

Coklu Egitimlerinde SG Uygulamalarinin Kullanimi:

Egitimciler Kullanici  kilavuzundaki adimlar izleyerek
gozliklerindeki tim sahneleri PC ekranina yansitabileceklerdir ve
bir projeksiyona baglanildiginda egitimci sanal gergeklik
uygulamasini kullanir ilen 6grenciler/ izleyiciler tiim siireci izleme
imkanina sahip olacaklardir.

AG uygulamalarinin kullanimi:

e Hybrid & Electric Vehicles Technology kitabindaki
1nci bolime ait belirli resimler, birer "Image Target" olarak
tanimlanmigtir.

e ARforEV.apk  uygulamasini  telefonunuza  veya
tabletinize indirin.

e Uygulamay1 acip kamerayi kitaptaki bu 6zel resimlere
dogrultun.

e Kamera, resmi tanidi@i anda ekranda, gercek diinya
gortintlistinlin Gizerinde ilgili konuya ait bir 3B model veya
animasyon belirecektir.

e Bu gorsel ve animasyonlar sayesinde, karmasik kavramlar
etkilesimli bir sekilde daha kolay 6drenebilirsiniz.

e Tim SG/AG uygulamalar, kulanim kilavuzu, e-kitap ve
diger dijital dokimanlar proje web sitesinden
(http://vrforev.org) tcretsiz olarak indirilebilir.


http://vrforev.org/
http://vrforev.org/

MODULLER / iCERIKLER
VE

PROJE KAPSAMINDA GELISTIRILEN
URUNLERIN

OGRETIM VE OGRENME YONTEMLERI



Modiil Kodu: 1
Modiil Adi: H/E Tasitlar Elektrik ve Elektronigi

Egitim Icerigi

1. Elektrik ve Elektronigin Temel Kavramlari
1.1 Dogru ve Alternatif Akim Kavramlari
1.2. Analog ve Dijital Sinyal Kavramlari
1.3. lletken, Yalitkan ve Yari iletken Kavramlari
1.4. Manyetik ve Elektrik alan Kavramlari
1.5. Pasif Devre Elemanlari
1.6. Ohm Kanunu
1.7. Kirchhoff Akim ve Gerilim Kanunu
1.8. Giic ve Enerji Kavramlari
1.9. Seri ve Paralel Elektrik Devreleri
1.10. Yildiz ve Uggen Baglantilar
1.11. Olcii Aletleri
1.12.  Aktif Devre Elemanlari
1.13. Elektromanyetik Girisim ve Guriiltli Kavramlari
2. Sensorler
2.2. Agisal Konum ve Devir Sensorleri
2.3. Sicaklik Sensorleri
2.4. Basing Sensorleri
2.5. Debi Sensorleri
2.6. lvme Sensorleri
2.7. Lambda Oksijen Sensérleri
2.8. Akim Olglim Sensérler
3. Elektronik Kontrol Sistemleri
3.2.  Aglik Devre Kontrol Sistemleri
3.3.  Kapali Devre Kontrol Sistemleri
3.4. Mikrodenetleyiciler
4. Elektrik Motorlari
4.2. DC Motorlar
4.3. AC Motorlar
5. Rectifier (Dogrultucu), Konvertdr ve invertorler
5.2. AC/DC Rectifierler
5.3. DC/DC Konvertorler
5.4. DCIAC Invertorler
6. Arag Haberlesme Teknolojileri-Veri Yollar
6.2. Veri Yollari
6.3. UDS Protokol ve Servisleri
6.4. OBD Il Protokol ve Servisleri
7. lleri Siiriis Destek Sistemleri ve Otonom Siiriis
7.2. Yapi ve Donanimlari
7.3. Seviyeler
7.4. Sensorler
7.5. Sonar, Radar, Lidar, Gériinti Algilama




7.6. Konumlandirma Sistemleri
7.7.Surlis Karar Sistemleri

8. Giivenli calisma, Ekipmanlar ve Tehlike Yonetimi
8.2.Yiiksek Gerilim (YG), Tehlikeleri ve Onlemleri
8.3.Yiiksek Gerilimin insan Sagligina Etkileri
8.4.YUksek Gerilim Kablo ve Bilegenleri
8.5.Kisisel Koruyucu Donanimlar
8.6.0rtam Koruyucu Donanimlar
8.7.Personel Midahale Siniflandirmasi

Ogrenme Ciktilari

Bu egitimin sonunda égrenciler:

* Elektrik ve elektronigin temel kavramlarini bilir.

* QOlgii aletlerini tanir ve kullanir.

* Elektromanyetik girisim ve yayilim mekanizmalarini bilir

1.1

12 | * Hibrid ve Elektrikli Tasitlarda (H/E) kullanilan farkli olcim yeteneklerine sahip
' sensorlerin ¢alisma prensiplerini bilir

* Aclk ve kapali dongu elektronik kontrol sistemlerini bilir
* Mikro denetleyicileri ve ¢alisma prensiplerini bilir.

1.3

* DC elektrik motorlar ve galisma prensiplerini bilir.
* AC elektrik motorlari ve galisma prensiplerini bilir.

14

15 * AC/DC Rectifier, Boost DC/DC Converter, Buck DC/DC Converter ve DC/AC
' Inverteri ve ¢alisma prensiplerini bilir.

* CAN, LIN, FLEXRAY ve MOST veri yollarini bilir.
1.6 | * OBD-Il protokol ve servisleri bilir.
* UDS protokol ve servisleri bilir

* lleri siiriis destek sistemleri ve galisma prensiplerini bilir.
* Otonom sris sistemleri ve ¢alisma prensiplerini bilir.

1.7

1.8 * Guvenli calisma ile ilgili ekipmanlar ve tehlike ydnetimini bilir

Egitim Saati
40 saat
Onerilen Ogretme / Ogrenme Yéntemleri
SGIAG Meta Quest 3 ile gyumlu SG uygylamalarl
icerigi QR qu yg@a resim oguy_an Mob|| AG uygulamaS|
Web sitesi Uzerinde yiklU animasyon videolari

Egiticiler icin dnerilen yontemler

Aplikasyon ve animasyonlar, ders iceridini 6gretmek icin edgiticiler tarafindan teorik ders
sirasinda destekleyici materyal olarak kullaniimalidir.

- Ilgili konu sunumunun gérsellestirmek iizere egitim portalinda verilen ilgili e-book, video
veya animasyonlari gosterin,

Veya Ogrencilere ayrintilari gdstermek icin SG uygulamalarini projeksiyon vasitasiyla
ekrana yada perdeye yansitarak kullanin,

- Ogrenciler, SG gézliiklerini kullanarak bu konulari 3D ortami olarak olusturmak tizere ilgili
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SG uygulamalarini gérmek igin kendi SG gozlUklerini kullanabilirler
- Veya egitmenler, ilgili konuyu 3B ortami olarak anlamak icin SG uygulamalarini Meta
Quest 3 SG sistemi tzerinden égrencilerle birlikte kullanabilirler.

Bireysel kullanicilar i¢in 6grenme yontemleri

- Oncelikle ilgili video veya animasyonlari izleyin ve konularin temelini anlayin.

- Bu uygulamalari 3B ortamda canlandirmak igin SG uygulamalariniz kullanin

- ilgili SG uygulamalarini gérmek icin Meta Quest 3 SG gézliikleri ile birlikte kullanin

- Bu animasyon ve S/AG uygulamalari http://vrforev.org/ web sitesinde bulunabilir ve
Ucretsiz indirilebilir.
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Modiil Kodu: 2
Modiil Adi: Hibrid ve Elektrikli Tasitlara Giris

Egitim Icerigi

1. Elektrikli ve Hibrid Tagit Teknolojisi
1.1. Elektro-Mobilite kavramlari
1.2. Hibrid Elektrikli H/E tasitlar
1.3. Elektrikli tagitlar
1.4. igten yanmali motorlu tagitlar ile elektrikli tagitlarin karsilagtirimasi
2. Hibrid Tagit Teknolojileri
2.1.Cesitleri ve yapisal 6zellikleri
2.2.Galisma prensipleri
2.3.Hibrid Tagitlarin Yiksek Gerilim Komponentleri
2.4.Hibrid Tagit Kontrol Sistemleri
2.5.Gl¢ Aktarma Sistemleri
2.6.48V Hibrid Tasit Sistemi
3. Elektrikli Tagit Teknolojileri
3.1. Cesitleri ve yapisal ézellikleri
3.2. Calisma prensipleri
3.3. Siirlis Sistemleri
3.4. Giig Elektronikleri
3.5. Motorlar
3.6. Bataryalar
3.7. Kendinden Giivenli Araglar (ECE-R100)
3.7.1. Yiiksek Gerilim Giivenlik Sistemleri
3.7.2. Pilot Line-Interlock
3.7.3. Es potansiyel Devreleri
3.7.4. izolasyon Direnci ve izleme Modiilii (IMD)
3.7.5. Carpisma Sistemi
3.7.6. Servis tapasi
4. Elektrik Makineleri
4.1. Tork, Giig Karakteristikleri, Motor Verimleri
4.2. Elektrik makinelerinin cesitleri ve yapisal ézellikleri
4.3. AC Alternatif Akim Motorlari
4.4. Elektrikli Araglarda Kullanilan Cekis Motorlari
4.4.1. Asenkron Motorlar
4.4.2. Senkron Motorlar
4.4.3. DC Dogru Akim Motorlari
4.4.4. Rellktans Motorlar
5. Motor Kontrol Sistemleri (Gii¢ Elektronigi )
5.1. Motor Kontrol sistemlerinin yapisal 6zellikleri ve galismasi
5.2. Glig elektronigi sistemleri
5.2.1. invertdrler
5.2.2. Boost konvertérler-Buck konvertdrler
6. H/E Tagitlarda Kullanilan Yiiksek Voltajli Bataryalar
6.1. Yiksek voltaj bataryalari yapisal ézellikleri ve gesitleri
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6.2. HEV ve EV araglar batarya sarj konektér- sarj tiniteleri
7. Diger Sistemler

7.1. Termal Yénetim Sistemleri
7.1.1 Batarya iklimlendirme Sistemi
7.1.2 inverter- Elektrik Motoru Sogutma Sistemi
7.1.3. Arag Igi iklimlendirme sistemleri

7.2. Direksiyon Sistemleri

7.3. Fren Sistemleri

Ogrenme Ciktilar

Bu egitimin sonunda 6grenciler:

* Hibrid Elektrikli Tagitlarin yapisi ve galismasini bilir,

* Elektrikli tagit yapilarini ve gesitlerini bilir,

* Bataryall Elektrikli Tasitlarin yapisi ve ¢alismasini bilir,

1.1

12 * Hibrid araclarin gesitlerini, sistemlerini ve bu sistemlerin ¢alismasini bilir,

* Elektrikli tagitlarin sistemlerinin calismasini bilir,
1.3 *YG glvenlik sistemlerinin gesitlerini bilir,
* YG givenlik sistemlerinin yapisini ve galismasini bilir,

14 * Elektrik makinalarinin gesitlerini, yapisini ve galismalarini bilir,
' * Elektrik makinasinin ¢alismasini agiklar

* Motor kontrol sistemlerini bilir,
1.5 * invertdrlerin gesitlerini ve caligmasini bilir,
* Konventdrlerin cesitlerini ve ¢alismasini bilir,

* HE tasitlarda kullanilan Yiksek Voltajli Bataryalar
* Hibrid ve elektrikli tagitlardaki ylksek voltaj bataryalarini bilir

1.6

* Hibrid ve elektrikli tagitlardaki diger sistemleri siralayabilir,

17 * iklimlendirme, Fren, Direksiyon ve Termal yénetim sistemlerini aciklayabilir,
* [si pompalarini ve sivi sogutma sistemlerinin galismasini bilir,

* H/E tasitlardaki 1sitma / sogutma sistemlerin calinmasini bilir.

Egitim Saati

40 saat

Onerilen Ogretme / Ogrenme Yontemleri

SG/AG Video / Animasyon
Icerigi Meta Quest 3 ile uyumlu SG uygulamalari

Egiticiler igin dnerilen yontemler

Aplikasyon ve animasyonlar, ders icerigini 6gretmek icin edgiticiler tarafindan teorik ders
sirasinda destekleyici materyal olarak kullaniimalidir.

- Teorik ierigi 6gretmek icin genel PowerPoint slaytlarini kullanin,

- llgili konu sunumunun gérsellestirmek Uzere egitim portalinda verilen ilgili video veya
animasyonu gosterin,

Veya Ogrencilere ayrintilari gostermek igin SG uygulamalarini projeksiyon vasitasiyla
ekrana yada perdeye yansitarak kullanin,

- Ogrenciler, SG gézliiklerini kullanarak bu konulari 3D ortami olarak olusturmak tizere ilgili
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SG uygulamalarini gérmek igin kendi SG gozlUklerini kullanabilirler
- Veya egitmenler, ilgili konuyu 3B ortami olarak anlamak icin SG uygulamalarini Meta
Quest 3 SG sistemi Uizerinden 6grencilerle birlikte kullanabilirler.

Bireysel kullanicilar i¢in 6grenme yontemleri

- Oncelikle ilgili video veya animasyonlari izleyin ve konularin temelini anlayin.

- Bu uygulamalari 3B ortamda canlandirmak igin SG uygulamalariniz kullanin

- ilgili SG uygulamalarini gérmek icin Meta Quest 3 SG gézliikleri ile birlikte kullanin

- Bu animasyon ve S/AG uygulamalari http://vrforev.org/ web sitesinde bulunabilir ve
Ucretsiz indirilebilir.




14

Modiil Kodu: 3
Modiil Adi: Batarya ve Enerji Depolama Sistemleri

Egitim Icerigi

=

. Enerji Depolama Sistemleri

1.1. Kimyasal bataryalar
1.2. Stiper kapasitérler
1.3. Volanlar

1.4. Hidrolik sistemler

. Batarya Performans Karakteristikleri

2.1. Kapasite

2.2. Ozgiil Glig

2.3. Ozgiil Enerji

2.4. Enerji Yogunlugu
2.5. Sarj Durumu-SoC
2.6. Desarj Derinligi-DoD
2.7. Saglik Durumu-SoH
2.8. Cevrim-Ddngii

. Yiiksek Voltaj Batarya Teknolojisi

3.1. Bataryalarin Gelisimi ve Gesitleri
3.2. Kursun-asit bataryalar

3.3. Nikel bazl bataryalar

3.4. Lityum bazli bataryalar

3.5. Sodyum bazli bataryalar

. Batarya Mimarisi

4.1. Hiicre cesitleri
4.2. Paket tasarimi

* Modiil-paket modeli
* Hiicre-paket modeli

. Batarya Yonetim Sistemleri (BMS)

5.1. Yapisi(Master-Slave) Gorevleri (Sensérler)
5.2. Roleler/Kontaktorler ve On sarj Devresi
5.3. Termal sistemleri(lsitma-Sogutma)

. Batarya Omrii

6.1. Batarya Tagima islemleri
6.2. Termal Siriklenme ve Yangin
6.3. Atik Yonetimi ve Geri Déniigiim

. Batarya Arizalari ve Bakim

7.1. Yiksek voltaj batarya ariza kodlari
7.2 Mekanik, Termal, Kimyasal bozulma kaynakli arizalar

. Yakit Hiicreleri

8.1. FCEV
8.2. Hidrojen Yakiti
8.3. Caligmasi
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8.4. Cesitleri

9. $Sarj Yontemleri ve Sistemleri

9.1. Sarj Metotlari (AC, DC, Kablosuz, Batarya Degistirme)
9.2. Sarj Modlari

9.3. Sarj Konektorleri

9.4. Kablosuz Sarj Sistemi

Ogrenme Ciktilari

1.1

Bu egitimin sonunda 6grenciler:
* Enerji depolama sistemlerini ve cesitlerini bilir.
* Kimyasal bataryalar, stiperkapasitdrler, volanlar ve hidrolik sistemleri bilir

1.2

* Bataryalara ait performans karakteristiklerini bilir,
* Bataryalara ait kapasite, 6zgil gii¢, 6zgul enerji, enerji yodunlugu, gevrim-
ddng, sarj durumu, desarj derinligi ve sagdlik durumu temel kavramlarini bilir.

13

* Yilksek voltaj batarya teknolojisinin gelisimini ve batarya gesitlerini bilir,
* Kursun-asit, nikel bazli, lityum bazli ve sodyum bazli yiiksek voltaj bataryalarini
bilir.

1.4

* Batarya mimarisini ve tasarimini bilir,
* Batarya hiicre gesitlerini bilir.
* Batarya paket tasarimi igin gerekli hesaplamalari yapar.

* Batarya paketinin modiil-paket ve hiicre-paket tasarimlari hakkinda bilgi sahibi
olur.

1.5

* Batarya yonetim sistemlerinin yapisini ve gorevlerini bilir,

¢ Batarya yonetim sistemleri iginde yer alan elektronik kontrol Unitesi(Master-
Slave) tasarim gruplama gesitlerini bilir.

* Batarya yonetim sistemlerinde yer alan rleler/kontaktorler ve 6n sarj devresini
bilir,

* Batarya paketlerinde yer alan termal sistemlerin ¢alismasini ve gesitlerini bilir.

1.6

* Batarya hayati boyunca yapilan islemleri bilir.

* Batarya tagima islemlerini ve prosediirlerini bilir.

* Bataryalarda termal siriiklenme, yangin ve énlemlerini bilir
* Bataryalarin atik yonetimini ve prosediirlerini bilir.

* Bataryalarin geri déniisiim islemlerini ve prosediirlerini bilir.

1.7

* Batarya ve sistemlerinin arizalarini ve hata kodlarini bilir,

* Batarya ve sistemlerinin ariza tespit cihazi ile hata kodlarini tespit eder, bakim
ve kontrol islemlerini yapar.

1.8

¢ Yakit hucreli elektrikli arag (FCEV) teknolojisini bilir,
* Hidrojenin &zelliklerini, elde edilmesini ve depolanmasini bilir,
* Yakit hiicrelerinin kimyasal reaksiyonlarini, calismasini ve cesitlerini bilir.

1.9

* Sarj modlarini ve metotlarini bilir,
* Sarj konektdrlerini bilir,
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* Kablosuz sarj yontemini bilir,
* Elektrikli arac sarj islemini yapar.

Egitim Saati

40 saat

Onerilen Ogretme / Ogrenme Ydntemleri

SG/IAG Video / Animasyon
Igerigi Meta Quest 3 ile uyumlu SG uygulamalari

Egiticiler igin dnerilen yontemler

Aplikasyon ve animasyonlar, ders icerigini 6gretmek icin edgiticiler tarafindan teorik ders
sirasinda destekleyici materyal olarak kullaniimalidir.

- Teorik ierigi 6gretmek icin genel PowerPoint slaytlarini kullanin,

- llgili konu sunumunun gérsellestirmek Uzere egitim portalinda verilen ilgili video veya
animasyonu gosterin,

Veya Ogrencilere ayrintilari gostermek igin SG uygulamalarini projeksiyon vasitasiyla
ekrana yada perdeye yansitarak kullanin,

- Ogrenciler, SG gézliiklerini kullanarak bu konulari 3D ortami olarak olugturmak tizere ilgili
SG uygulamalarini gérmek igin kendi SG gézlikerini kullanabilirler

- Veya egitmenler, ilgili konuyu 3B ortami olarak anlamak i¢in SG uygulamalarini Meta
Quest 3 SG sistemi iizerinden d@rencilerle birlikte kullanabilirler.

Bireysel kullanicilar igin 6grenme yontemleri

Oncelikle ilgili video veya animasyonlari izleyin ve konularin temelini anlayin.

- Bu uygulamalari 3B ortamda canlandirmak igin SG uygulamalarinizi kullanin

- ilgili SG uygulamalarini grmek igin Meta Quest 3 SG gézliikleri ile birlikte kullanin

Bu animasyon ve S/AG uygulamalar http://vrforev.org/ web sitesinde bulunabilir ve lcretsiz
indirilebilir.
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Modiil Kodu: 4
Modiil Adi: E/H Tasitlar Diagnostigi

Egitim Icerigi

1. E/ Arag Servis islemleri
1.1. Arag servise kabul prosediirii
1.2. Ariza teshis, tespit, raporlama
1.3. OKD- sinyalizasyon,- kilitleme
1.4. Olgii Aletleri ve Ariza Teshis Cihazlari
1.5. Teknik dokiimanlar (Katalog vb.)
1.6. E/H Araglar 6zel atdlye ekipmanlari
1.7. E/H Araglarin hata kodlari (DTC)
1.8. Normal bakim onarim
1.9. Hasarl arag islemleri
2. E/ Araglarda Elektriksizlestirme iglemleri
2.1. Elektrigi kesme servis soketinin ¢ikarma
2.2. Tekrar kapanmaya kars| kiliteme
2.3. Voltaj 6lctimi
3. E/H Arag Elektrik Motoru Ariza Kodlari Ve Testleri
3.1. Ariza kodlarinin belirlenmesi
3.2. Yiksek voltaj testi
3.3. izolasyon testi
3.4. Es potansiyel esitleme-Topraklama testi
3.5. Direng dlgtiimi
4. E/ Arag Invertor- Konvertor Ariza Kodlari ve Testleri
4.1. Ariza kodlarinin belirlenmesi
4.2. Yiksek voltaj testi
4.3. izolasyon testi
4 4. Es potansiyel esitleme-Topraklama testi
5. E/H Arag Klima Kompresoérii Ariza Kodlar Testleri
5.1. Ariza kodlarinin belirlenmesi
5.2. Yiiksek voltaj testi
5.3. izolasyon testi
5.4. Es potansiyel esitleme-Topraklama testi
6. E/H Arag Sarj Sistemi (OBC) Ariza Kodlari ve Testleri
6.1. Ariza kodlarinin belirlenmesi
6.2. Yiiksek voltaj testi
6.3. izolasyon testi
6.4. Es potansiyel esitleme-Topraklama testi
7. E/H Araglarda YG Kablo Ariza Kodlari ve Testleri
7.1. Sureklilik kontroli
7.2. izolasyon kontrolleri
8. YG Batarya Ariza Kodlan ve Testleri
8.1. Batarya ariza kodlari ve testleri
8.2. Batarya Termal runaway- Kacak testi
8.3. Modiil dengeleme
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8.4. SOC, SOH, DoD parametreleri.
9. Onarim Sonrasi Yiiksek Gerilimin Sistemi Aktive Edilmesi
9.1. Yiiksek voltajli elemanlarinin montaj yapilmasi
9.2. Servis soketi montaji
9.3. Servis bataryasinin devreye alinmasi
10.Yol Yardim Hizmetleri

10.1.
10.2.
10.3.

Cekici Hizmetleri
Acil Midahale
Arag Yanginlari

11.1leri Siiriig Destek Sistemleri ve Otonom Siiriig

11.1.
11.2.

ADAS Sensor Kalibrasyonu
Bulut Sistemleri ve OTA

Ogrenme Ciktilar

4.1

Bu egitimin sonunda 6grenciler:

o Elektrikli ve Hibrid aracin servise kabul iglemlerini yapar

o Elektrikli ve Hibrid araci servise alir, sinyalizasyon islemleri ile KKD, OKD lari
uygular, araci galisma icin glivenli hale getirir

o Ariza teshis cihazini kullanmasini bilir

o YUksek voltajli sistemleri hata kodlarinin teshis cihazindan okur.

o Arag teknik dokiimanlari (katalog ) okumasini bilir

¢ Diistik ve yiiksek voltaj élciimiinde kullanilan élcii aletlerini tanir ve kullanilir

42

. H/E"ta§|t|arda diagnostik ve ariza giderme islemlerini bilir ve pratikte uygular
« EKU hafizasindaki arizalari silmeyi ve pargalari EKU ye tanitmay bilir
o Diagnostik cihazlarini ileri fonksiyonlari ile tam kapasitede kullanabilir

43

o Elektrik motoru ariza kodlari okur

o Yilksek voltaj él¢limiini yapar

o izolasyon testlerini yapar

o Es potansiyel esitleme-Topraklama testini yapar
o Direng 6Iglim yapar

44

o Diagnostik cihazlar ile invertér-Konvertdr ariza kodlari
o Invertor-Konvertor testlerini yapar.

45

o Elektrikli arag klima sistemi elemanlari bilir
e Diagnostik cihazlar ile klima kompresorii ariza kodlarini okur.
o Klima kompresdrii ariza testlerini yapar.

4.6

e Diagnostik cihazlar ile arag sarj sistemi (OBC) ariza kodlarini okur
o Arag sarj sistemi (OBC) testlerini yapar.

47

o Diagnostik cihazlar ile YG Kablo ariza teshisini yapar
¢ YG kablolarinda Siireklilik kontrol(inii yapar.
¢ YG kablolarinda izolasyon kontrolleri yapar

4.8

o Diagnostik cihazlari ile batarya ariza kodlari okur
¢ SOC, SOH, DoD parametrelerini anlamini bilir

o Batarya testlerini yapar.

¢ Batarya Termal kagaklari (runaway) bilir.

o Mod(il degistirmesini bilir
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o Modiil dengeleme islemini bilir
o Onarim sonras| batarya sizdirmazlik testlerini bilir

49 e Onarim sonras yiiksek gerilimin sistemini aktive eder.

o Elektrikli aracin gekici ile taginmasi bilir.
410 e Yolda kalan araca miidahale edilmesini bilir.
 Batarya yanginlarina nasil miidahale edilebilecedini bilir

o Diagnostik cihazlar ile Otonom arag ariza kodlarinin okur
411 o ADAS kalibrasyon cihazini kullanir
o ADAS kalibrasyonunu yapar

Egitim Saati

40 saat

Onerilen Ogretme / Ogrenme Ydntemleri

SG/IAG Video / Animasyon
Igerigi Meta Quest 3 ile uyumlu SG uygulamalari

Egiticiler icin onerilen yontemler

Aplikasyon ve animasyonlar, ders icerigini 6gretmek icin egiticiler tarafindan teorik ders
sirasinda destekleyici materyal olarak kullaniimalidir.

- Teorik icerigi 6gretmek icin genel PowerPoint slaytlarini kullanin,

- llgili konu sunumunun gérsellestirmek zere egitim portalinda verilen ilgili video veya
animasyonu gésterin,

Veya dgrencilere ayrintilari gdstermek i¢in SG uygulamalarini projeksiyon vasitasiyla
ekrana yada perdeye yansitarak kullanin,

- Ogrenciler, SG gézliiklerini kullanarak bu konulari 3D ortami olarak olugturmak tizere ilgili
SG uygulamalarini gérmek igin kendi SG gézllkerini kullanabilirler

- Veya egitmenler, ilgili konuyu 3B ortami olarak anlamak icin SG uygulamalarini Meta
Quest 3 SG sistemi iizerinden d@rencilerle birlikte kullanabilirler.

Bireysel kullanicilar i¢in 6grenme yontemleri

- Oncelikle ilgili video veya animasyonlari izleyin ve konularin temelini anlayin.

- Bu uygulamalari 3B ortamda canlandirmak igin SG uygulamalarinizi kullanin

- iigili SG uygulamalarini gérmek icin Meta Quest 3 SG gézliikleri ile birlikte kullanin. Bu
animasyon ve S/AG uygulamalari http://vrforev.org/ web sitesinde bulunabilir ve (icretsiz
indirilebilir.

Bu rehber kitap “Hibrid ve Elektrikli Tasitlara Yonelik Sanal ve
Artirlmis Gergeklik (SG/AG) Destekli Dijital Egitim Materyali
Gelistirilmesi (DTM4HEVs)” isimli AB Erasmus+ Stratejik

Ortakliklar Projesi kapsaminda yazilmistir. Proje No: [2023-1-
TRO1-KA220-VET-000152218]
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Preface

Within the scope of the project, training content and Virtual
and Augmented Reality (VR/AR) supported digital training
materials were developed using a multidisciplinary design-based
research methodology. This initiative, titled "Development of
VR/AR Supported Digital Training Materials for Hybrid and
Electric Vehicles," aimed to enhance vocational education and
training performance in the maintenance and servicing of Hybrid
and Electric Vehicles.

A primary objective of the project was to transfer the
fundamental and advanced standards and principles used in
Hybrid and Electric Vehicle training into a VR/AR environment.
This allows students and professionals to utilize VR/AR
applications to comprehend these subjects more easily through
immersive, three-dimensional visualization.

The project was conducted under the coordination of Bursa
Uludag University, in partnership with the Technical University of
Sofia from Bulgaria, the Technical University of Cluj-Napoca from
Romania, and OIB Vocational and Technical Anatolian High
School and SANLAB Inc. from Tiirkiye. Throughout this process,
numerous academics, software specialists, and educational staff
were involved in the project.

This user manual provides details on the contents,
animations, website, and VR/AR applications developed for
VR/AR-supported Hybrid and Electric Vehicle training. It includes
comprehensive instructions on how these resources can be used
by both individual users and educators.
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Introduction

The modules in this guide book, which cover topics on
Hybrid and Electric Vehicles, are designed for use with low-cost
mobile Virtual and Augmented Reality (VR/AR) tools. These tools
were developed with the support of animations and simulations,
in addition to text-based teaching methods. These modules were
created and refined based on an international needs analysis
conducted to identify gaps in teaching the fundamental and
advanced standards, principles, and concepts used in Hybrid and
Electric Vehicles education.

The objective of this modular program development effort
was to create a competency-based and goal-oriented Hybrid and
Electric Vehicles training program in collaboration with academic
and industrial partners. Consequently, the aim was to supplement
the use of only traditional teaching methods in Hybrid and
Electric Vehicles education with the application of contemporary
VR/AR practices.

It is anticipated that the use of VR/AG technologies will
support users' visual memories, help them gain more permanent
knowledge and skills, and will make a significant contribution to
learners' learning performance.
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How to Use VR/AR Applications

VR Applications Usage:

To use the VR applications, students and instructors will
need a Meta Quest 3 Virtual Reality headset. For individual use,
users can download the APK file named VRforEV.apk to their
headsets from the website http://vrforev.org following the method
described in the user manual. The application is designed with
both VR and AR infrastructure, meaning it supports Mixed Reality.
Therefore, during use, users can switch to the AR environment if
they wish.

Using VR Applications in Group Training:

Instructors can follow the steps in the User Manual to reflect
all scenes from their headset to a PC screen. When the PC is
connected to a projector, students or audience members can
observe the entire process while the instructor uses the virtual
reality application.

AR Applications Usage:

e Specific images in the first chapter of the Hybrid & Electric
Vehicles Technology book are defined as "Image Targets."

e Download the ARforEV.apk application to your phone or
tablet.

e Open the application and point the camera at these special
images in the book.

¢ As soon as the camera recognizes the image, a 3D model or
animation related to the topic will appear on your screen, overlaid on
the live view of the real world.

¢ Through these visuals and animations, you can learn complex
concepts more easily in an interactive way.

¢ All VR/AR applications, user manuals, e-books, and other
digital documents can be downloaded for free from the project website
(www.vrforev.org) .


http://vrforev.org/

MODULES / CONTENTS
AND

PRODUCTS DEVELOPED WITHIN THE SCOPE
OF THE PROJECT

TEACHING AND LEARNING METHODS
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Module Code: HEVS1

Module Title: Hybrid/Electric Vehicles (HEVs) Electric
and Electronics

Course Content

1. Basic Concepts of Electricity and Electronics
1.1 Direct and Alternating Current Concepts
1.2. Analog and Digital Signal Concepts
1.3. Conductor, Insulator and Semiconductor Concepts
1.4. Magnetic and Electric Field Concepts
1.5. Passive Circuit Elements
1.6. Ohm's Law
1.7. Kirchhoff Law
1.8. Concepts of Power and Energy
1.9. Series and Parallel Electric Circuits
1.10. Star and Delta Connections
1.11. Measurement tools
1.12. Active Circuit Elements
1.13. Electromagnetic Interference and Noise Concepts
2. Sensors
2.2. Angular Position and Rotation Sensors
2.3. Temperature Sensors
2.4. Pressure Sensors
2.5. Flow Sensors
2.6. Acceleration Sensors
2.7. Lambda Oxygen Sensors
2.8. Current Measurement Sensors
3. Electronic Control Systems
3.1. Open Loop Control Systems
3.2. Closed Loop Control Systems
3.3. Microcontrollers
4. Electric Motors
4.1. DC Motors
4.2. AC Motors
5. Rectifier, Converter and Inverters
5.1. AC/DC Rectifiers
5.2. DC/DC Converters
5.3. DC/AC Inverters
6. Vehicle Communication Technologies-Data Buses
6.1. Data buses
6.2. UDS protocols and services
6.3. OBD Il protocols and services
7. Advanced Driving Support Systems and Autonomous Driving
7.1. Structure and Equipment
7.2. Levels
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7.3. Sensors
7.4. Sonar, Radar, Lidar, Image Detection
7.5. Positioning Systems
7.6. Driving Decision Systems

8. Safe working, Equipment and Hazard Management
8.1. High Voltage, Dangers and Precautions
8.2. Effects of High Voltage on Human Health
8.3. High Voltage Cables and Components
8.4. Personal protective equipment
8.5. Workshop Protective Equipment
8.6. Personnel Intervention Classification

Learning Outcomes

* At the end of this training, learners:

11 * Knows the basic concepts of electricity and electronics.

* Recognizes and uses measuring instruments.

* Knows electromagnetic interference and propagation mechanisms.

12 *Knows the working principles of sensors with different measurement capabilities
) used in Hybrid and Electric Vehicles

13 *Knows open and closed loop electronic control systems
' * Knows microcontrollers and their working principles.

14 *Knows DC electric motors and their working principles.
' * Knows AC electric motors and their working principles.

15 *Knows AC/DC Rectifier, Boost DC/DC Converter, Buck DC/DC Converter and
) DC/AC Inverter and their working principles.

*Knows CAN, LIN, FLEXRAY and MOST data buses.
1.6 * Knows OBD-Il protocols and services.
* Knows UDS protocols and services

17 * Knows advanced driving support systems and their operating principles.
' * Knows autonomous driving systems and operating principles.

1.8 * Knows equipment and hazard management related to safe working

Course Hours

40 Hours

Recommended Teaching/Learning Methods

VR/AR VR apps compatible with Meta Quest 3 glasses
Mobile AR Application that reads QR Code or image

Content Animation videos installed on the website

Recommended methods for trainers

The applications and animations should be used by instructors as supporting material
during the theoretical lesson to teach the course content.

- Use general Power Point slides to teach theoretical content,

- Show the relevant video or animation provided on the educational portal to visualize the
relevant topic presentation,
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Or use VR applications by projecting them onto a screen or screen to show details to
students,

- Students can use their VR glasses to see relevant VR applications to render these
subjects as a 3D environment using VR glasses

- Or instructors can use VR applications with students via the Meta Quest 3 system to
understand the subject in question as a 3D environment.

Learning methods for individual users

- First, watch the relevant videos or animations and understand the basics of the topics.

- Use your VR applications to animate these applications in a 3D environment

- Use with Meta Quest 3 VR glasses to see relevant VR applications

- These animations and S/AG applications can be found on the website http://vrforev.org/
and can be downloaded for free.




28

Module Code: HEVS2

Module Title: Introduction to Hybrid and Electric
Vehicles

Course Content

1. Electric and Hybrid Vehicle Technology
1.1. Electro-Mobility Concepts
1.2. Hybrid Electric (HEV) vehicles
1.3. Electric (EV) vehicles
1.4. Comparison of internal combustion engine vehicles and electric vehicles
2. Hybrid Vehicle Technologies
2.1. Types and structural features
2.2. Working principles
2.3. High Voltage Components of Hybrid Vehicles,
2.4. Hybrid Vehicle Control Systems
2.5. Powertrain Systems
2.6. 48V Hybrid Vehicle System
3. Electric Vehicle Technologies
3.1. Types and structural features
3.2. Working principles
3.3. Driving Systems
3.4. Power Electronics
3.5. Electric motors
3.6. Batteries
3.7. Self Safe Vehicles (ECE-R100)
3.7.1. High Voltage Security Systems
3.7.2. Pilot Line-Interlock
3.7.3. Equipotential Circuits
3.7.4. Insulation Resistance and Monitoring Module (IMD)
3.7.5. Collision System
3.7.6. Service plug
4. Electrical Machines
4.1. Torque and Power Characteristics, Motor Efficiencies
4.2. Types and structural features of electrical machines
4.3. AC Alternating Current Motors
4.4. Traction Motors Used in Electric Vehicles
4.4.1. Asynchronous Motors
4.4.2. Synchronous Motors
4.4.3. DC Direct Current Motors
4.4.4. Reluctance Motors
5. Motor Control Systems (EV Power Electronics)
5.1. Structural features and operation of Motor Control systems
5.2. Power electronic systems
5.2.1. inverters
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5.2.2. Boost converters-Buck converters

6. High Voltage Batteries used in HEV and EV vehicles

6.1.
6.2.

Structural features and types of high voltage batteries
HEV and EV vehicles battery charging connector-charging units

7. Other Systems

7.1.

7.2.
7.3.

Thermal Management Systems
7.1.1.Battery Thermal Management System
7.1.2.Inverter-Electric Motor Cooling System
7.1.3.In-vehicle air conditioning systems
Steering Systems

Brake Systems

Learning Outcomes

1.1

At the end of this training, learners:

o Knows the structure and operation of Hybrid Electric Vehicles,
o Knows electric vehicle structures and types,

o Knows the structure and operation of Battery Electric Vehicles

1.2

eKnows the types and systems of hybrid vehicles and the operation of these
systems

1.3

eKnows the systems of electric vehicles and the operation of these systems,
eKnows the types of high voltage security systems,
eKnows the structure and operation of high voltage security systems

14

eKnows the types, structure and operation of electrical machines,
o Explains the operation of the electrical machine

1.5

eKnows motor control systems,
eKnows the types and operation of inverters,
eKnows the types and operation of conventors

1.6

oHigh Voltage Batteries used in HEV and EV vehicles
eKnows high voltage batteries in hybrid and electric vehicles

1.7

o List other systems in hybrid and electric vehicles,

e Explain Air Conditioning, Brake, Steering and Thermal management systems,
eKnows the operation of heat pumps and liquid cooling systems,

eKnows how to steal heating/cooling systems in hybrid and electric vehicles.

Course Hours

40 Hours

Recommended Teaching/Learning Methods

VR/AR

Content

VR apps compatible with Meta Quest 3 VR glasses
Mobile AR Application that reads QR Code or image
Animation videos installed on the website

Recommended methods for trainers

These applications and animations should be used by instructors as supporting material
during the theoretical lesson to teach the course content.
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- Use general PowerPoint slides to teach theoretical content,

- Show the relevant video or animation provided on the educational portal to visualize the
relevant topic presentation,

Or use VR applications by projecting them onto a screen or screen to show details to
students,

- Students can use their VR glasses to see relevant VR applications to render these
subjects as a 3D environment using VR glasses

- Or instructors can use VR applications with students via the Meta Quest 3 VR system to
understand the subject in question as a 3D environment.

Learning methods for individual users

- First, watch the relevant videos or animations and understand the basics of the topics.

- Use your VR applications to animate these applications in a 3D environment

- Use with Meta Quest 3 VR glasses to see relevant VR applications

- These animations and S/AG applications can be found on the website http://vrforev.org/
and can be downloaded for free.
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Module Code: HEVS3
Module Title: Battery and Energy Storage Systems

Course Content

1. Energy Storage Systems
1.1. Chemical batteries
1.2. Super capacitors
1.3. Flywheels
1.4. Hydraulic systems
2, Battery Performance Characteristics
2.1. Capacity
2.2. Specific Power
2.3. Specific Energy
2.4. Energy Density
2.5. State of Charge-SoC
2.6. State of Function-SoF
2.7. Depth of Discharge-DoD
2.8. Cycle Life
3. High Voltage Battery Technology
3.1. Development and Types of Batteries
3.2. Lead-acid batteries
3.3. Nickel based batteries
3.4. Lithium based batteries
3.5. Sodium based batteries
4. Battery Architecture (Design)
4.1. Cell types
4.2. Package design
4.2.1. Module-package model
4.2.2. Cell-pack model
5. Battery Management Systems (BMS)
5.1. Structure (Master-Slave) Duties (Sensors)
5.2. Relays/Contactors and Precharge Circuit
5.3. Thermal systems (Heating-Cooling)
6. Battery Life
6.1. Battery Transportation Procedures
6.2. Thermal Runaway and Fire
6.3. Waste Management and Recycling
7. Battery Malfunctions and Maintenance
7.1. High voltage battery fault codes
7.2. Malfunctions caused by Mechanical, Thermal, Chemical degradation
8. Fuel Cells
8.1. FCEV
8.2. Hydrogen Fuel
8.3. Working Principles
8.4. Types
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9. Charging Methods and Systems
9.1. Charging Methods (AC, DC, Wireless, Battery Replacement)
9.2. Charging Modes
9.3. Charging Connectors
9.4. Wireless Charging System

Learning Outcomes

1.1

At the end of this training, learners:
o Knows energy storage systems and their types.
* Knows chemical batteries, supercapacitors, flywheels and hydraulic systems

12

At the end of this training, learners:

* Knows the performance characteristics of batteries,

o Knows the basic concepts of capacity, specific power, specific energy, energy
density, cycle life, state of charge, depth of discharge and state of health

1.3

o Knows the development of high voltage battery technology and battery types,
e Knows lead-acid, nickel-based, lithium-based and sodium-based high voltage
batteries.

1.4

o Knows battery architecture and design,

o Knows battery cell types.

o Makes the necessary calculations for battery pack design.

o Have information about module-pack and cell-pack designs of the battery pack.

1.5

o Knows the structure and functions of battery management systems,

o Knows the design grouping types of the electronic control unit (Master-Slave) in
battery management systems.

o Knows the relays/contactors and pre-charging circuits in battery management
systems,

o Knows the operation and types of thermal systems in battery packs.

1.6

o Knows the operations performed throughout the life of the battery.
o Knows battery transportation processes and procedures.

o Knows thermal runaway, fire and precautions in batteries

o Knows the waste management and procedures of batteries.

» Knows the recycling processes and procedures of batteries.

1.7

o Knows the malfunctions and error codes of batteries and systems,
o Detects error codes of batteries and systems with the diagnostic device and
performs maintenance and control operations.

1.8

o Knows fuel cell electric vehicle (FCEV) technology,
o Knows the properties of hydrogen, its extraction and storage,
o Knows the chemical reactions, operation and types of fuel cells.

1.9

* Knows charging modes and methods,
o Knows charging connectors,

* Knows the wireless charging method,
o Performs electric vehicle charging.

Course Hours

40 Hours
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Recommended Teaching/Learning Methods

VR apps compatible with Meta Quest 3 VR glasses
Mobile AR Application that reads QR Code or image
Animation videos installed on the website

VR/AR
Content

Recommended methods for trainers

The applications and animations should be used by instructors as supporting material
during the theoretical lesson to teach the course content.

- Use general PowerPoint slides to teach theoretical content,

- Show the relevant video or animation provided on the educational portal to visualize the
relevant topic presentation,

Or use VR applications by projecting them onto a screen or screen to show details to
students,

- Students can use their VR glasses to see relevant VR applications to render these
subjects as a 3D environment using VR glasses

- Or instructors can use VR applications with students via the Meta Quest 3 VR system to
understand the subject in question as a 3D environment.

Learning methods for individual users

- First, watch the relevant videos or animations and understand the basics of the topics.

- Use your VR applications to animate these applications in a 3D environment

- Use with Meta Quest 3 VR glasses to see relevant VR applications

- These animations and S/AG applications can be found on the website http://vrforev.org/
and can be downloaded for free.
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Module Code: HEVS4
Module Title: HEVs and EVs Diagnostic

Course Content

1. EVIHEV Vehicle Service Procedures
1.1. Vehicle service acceptance procedure
1.2. Fault diagnosis, detection, reporting
1.3. Workshop Protective Equipment - signaling,- locking
1.4. Measuring Instruments and Diagnostic Devices
1.5. Technical documents (Catalogue, etc.)
1.6. EV/HEV special workshop equipment
1.7. EV/HEV fault codes (DTC)
1.8. Normal maintenance and repair
1.9. Damaged vehicle operations
2. De-electrification Procedures for EV/HEV vehicles
2.1. Removing the power cut service socket
2.2. Locking against re-closing
2.3. Voltage measurement
3. EVIHEV electric motor fault codes and tests
3.1. Determination of fault codes
3.2. High voltage test
3.3. Insulation test
3.4. Equipotential equalization-Grounding test
3.5. Resistance measurement
4. EVIHEV Inverter - Converter fault codes and tests
4.1. Determination of fault codes
4.2. High voltage test
4.3. insulation test
4 4. Equipotential equalization-Grounding test
5. EV/HEV Air conditioning compressor fault codes tests
5.1. Determination of fault codes
5.2. High voltage test
5.3. insulation test
5.4. Equipotential equalization-Grounding test
6. EVIHEV vehicle charging system (0.B.C) fault codes and tests
6.1. Determination of fault codes
6.2. High voltage test
6.3. insulation test
6.4. Equipotential equalization-Grounding test
7. EVIHEV HV cable fault codes and tests
7.1. Continuity check
7.2. Insulation checks
8. HV Battery fault codes and tests
8.1. Battery fault codes and tests
8.2. Battery Thermal runaway test
8.3. Module balancing
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8.4. SOC, SOH, DoD parameters.
9. Activating the High Voltage System After Repair
9.1. Installation of high voltage elements
9.2. Service socket installation
9.3. Commissioning the service battery
10. Roadside Assistance Services
10.1. Towing Services
10.2. Emergency Response
10.3. Vehicle Fires
11. Advanced Driving Support Systems and Autonomous Driving
11.1. ADAS Sensor Calibration
11.2. Cloud Systems and OTA

Learning Outcomes

At the end of this training, learners:

 Performs the service acceptance procedures of electric and hybrid vehicles.

e Takes the electric and hybrid vehicle into service, applies PPE and
Environmental Protective Equipment with signalling processes, and makes the
vehicle safe for operation.

* Knows how to use the diagnostic device

o Reads high voltage systems error codes from the diagnostic device.

o Knows how to read vehicle technical documents (catalogue)

* Recognizes and uses measuring instruments used in low and high voltage
measurement.

4.1

o Knows and practically applies diagnostic and troubleshooting procedures on
H/E vehicles.

o Knows how to delete faults in ECU memory and introduce parts to ECU

o Can use diagnostic devices at full capacity with their advanced functions
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e Reads electric motor fault codes

o Measures high voltage

4.3 o Performs insulation tests

o Performs equipotential equalization-Grounding test
o Measures resistance

4.4 o Inverter-Converter fault codes with diagnostic devices
o Performs Inverter-Converter tests.

o Knows the elements of electric vehicle air conditioning system
45 o Reads air conditioning compressor fault codes with diagnostic devices.
 Performs air conditioning compressor malfunction tests.

o Reads vehicle charging system (OBC) fault codes with diagnostic devices

46 o Performs vehicle charging system (OBC) tests.

 High Voltage (HV) with diagnostic devices. Diagnoses cable faults
47 o HV. It checks the continuity of the cables.
o HV. Performs insulation checks on cables

4.8 o Reads battery fault codes with diagnostic devices
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o Knows the meaning of SOC, SOH, DoD parameters
o Performs battery tests.

o Knows battery thermal runaways.

* Knows how to change modules

o Knows the module balancing process

o Knows battery leakage tests after repair

4.9 o Activates the high voltage system after repair.

o Knows how to transport electric vehicles with a tow truck.
410 o Knows how to intervene in a vehicle stranded on the road.
o Knows how to intervene in battery fires

o Reads autonomous vehicle fault codes with diagnostic devices
411 o Uses ADAS calibration device
o Performs ADAS calibration

Course Hours

40 Hours
Recommended Teaching/Learning Methods
VR/AR VR apps compatible with Meta Quest 3 VR glasses
Mobile AR Application that reads QR Code or image
Content o . ;
Animation videos installed on the website

Recommended methods for trainers

These applications and animations should be used by instructors as supporting material
during the theoretical lesson to teach the course content.

- Use general PowerPoint slides to teach theoretical content,

- Show the relevant video or animation provided on the educational portal to visualize the
relevant topic presentation,

Or use VR applications by projecting them onto a screen or screen to show details to
students,

- Students can use their VR glasses to see relevant VR applications to render these
subjects as a 3D environment using VR glasses

- Or instructors can use VR applications with students via the Meta Quest 3 VR system to
understand the subject in question as a 3D environment.

Learning methods for individual users

- First, watch the relevant videos or animations and understand the basics of the topics.

- Use your VR applications to animate these applications in a 3D environment

- Use with Meta Quest 3 VR glasses to see relevant VR applications

- These animations and S/AG applications can be found on the website http://vrforev.org/
and can be downloaded for free.
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