GARAGE GYAN — CTI TRAINING

Electrical Mastery

Automotive Electrical & Electronics Troubleshooting
Car « Truck | Petrol « Diesel -« CNG

Fuse, relay, wiring, sensor, actuator, signal 3iiZ module & d1fge dfaC — 3i¢ g2 deg bl Imel &
electrical fault step-by-step gaell Zif&TI Indian car, truck 3¢ 2-wheeler & examples & &1
practical, workshop dTe! training|

Gar: Electrical Mastery — Automotive Electrical & Electronics Troubleshooting
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v/ Multimeter 3{IZ oscilloscope 1 dgl 31 Fefad ddid & Tl

v/ Fuse 3fl¢ relay &t testing, 3fle open circuit, short circuit @ voltage drop faults bl step-by-step ‘gg:aan
v g2 §8 sensor 3T actuator &l testing — 312 & UgdTeTall fdb fault part & &, wiring 3 AT ECU

v faseft 8ft module @1 SGesal & Uges ECU 312 BCM ot power, ground, inputs 3712 outputs testing

v Petrol, Diesel (Common Rail / BS-VI) 3{lZ CNG engine systems &t troubleshooting
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Electric Blueprint
Wiring, Fuse, Relay 3fIZ Circuit Testing

Sensor DNA
aré 2 _ .
g2 Sensor & Types, Working 3f1Z Testing

Actuator DNA
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&2 Actuator & Types, Working 3T Testing

Signal Decoder
uéa o
Electrical Signals o1 HATeT 3 Ugell

Module Brain
urés ,
ECU, BCM 3112 Module &t Power, Input 3fte Output Testing

Petrol Pulse
a6 .
Petrol EMS Troubleshooting (Car 3f1Z 2-Wheeler)

Diesel Power
a7 , ,
Diesel Common Rail 3{IZ BS-VI Truck Troubleshooting

CNG Code
s .
CNG System Troubleshooting

eHETal o1 eredr: dfdies (U1 1) - geedife (Uré 2-3) - Tedies (UTe 4-5) - fdecd gace[fea (Ui 6-8)
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v Diagrams 3112 animation & AT ATH explanation
v Workshop 3 3[&e1 Il UE live practical demo

v Technicians &t 3fTd Jesfdat — 31T JoTd bl &l

v U181 vi&dl 81 9gl safety points

v Workshop 3 5147 3Tl dTe> PDF notes
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high-pressure CNG system|

AR TG UgeS: g2 UIS & safety training & — battery handling, airbag (SRS) circuits, ECU handling 3{IZ
static & &4, diesel common rail BT high fuel pressure, ignition 3f2 injector circuits T high voltage, 3112
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UTé 1: Electric Blueprint

Wiring, Fuse, Relay 31T Circuit Testing
dc: Afd | 7 el | Toheld: ool 1-4 Tt

UTE &1 BE: A ofid GallsC: multimeter b professional Wt deg TBTEE, fuse 3112 relay test HIFAT, open,
short 3712 voltage drop fault Gc'\ 3T, 3T battery, charging d ground circuit check HIfAT — car 3112 truck
<lsfl uel

&4l 1.1 - Technicians & f3T Electrical Basics €3d

- Voltage, current 32 resistance — practical ddtd &

- Ohm'’s law — f&@t™h Idel fAdel fault finding 3 ST 3TC
- Power, ground 3iZ load — &2 circuit & diel fgzal

- 12V (car) 312 24V (truck) electrical system

SdA1.2 - Digital Multimeter Mastery €3»

« DC voltage, resistance, continuity, diode test 3f12 current AT
» Auto range FeITdl manual range, MIN/MAX 32 HOLD

- Current efeld ddlch & YeTT — 10A socket 3¢ meter T fuse

- 3T ISdl: Lead current socket A &t T&d €C voltage AT

- A9t TE meter category (CAT) 3iIT probe Udhgal bl deiapl

B&e1 1.3 - Circuit Types 3i12 Switching €:)
- IS A series 37T parallel circuit
+ High-side 31T low-side switching
« ECU 3f12 BCM load (lamp, relay, solenoid) @1 dbdl control ded &

B&el 1.4 - Fuse 3{IZ Relay — Working 3flZ Testing €29

- Car 3i1T truck @ fuse box T tour

. Fuse ® types: blade, mini, maxi, fusible link, MIDI/megq fuse

+ Circuit 3 &9 fuse o1 testing (Glall deW voltage) 31T fuse 3gat hl HSBT dulg
» 4-pin 3 5-pin relay; pin 30, 85, 86, 87 3iT 87a

- Diode IT resistor dTe) relay — polqritya?ﬁm%

« Relay &I bench test 31T in-circuit test

- &d T&dt: Relay circuit i Tulg & fuel pump / cooling fan o Tcsell

P15 - Open Circuit, Short to Ground, Short to Battery icicd
« Multimeter & g2 fault bt GgdTel
« Short @I step-by-step G&all (circuit W1 3TEM- 3T Ficeln)
- poft 3MTol, Haft TTal aTes fault — wiggle test
« 3T Ie5dlt: Short & a1l dTe-dTE fuse Teesell

BT 1.6 - Voltage Drop Testing Eizizd

- & voltage fa&el o d1q 8ft circuit load U fail R EldT g
- Power side 3f1Z ground side U¢ voltage drop
- Starter, charging 3fle lamp circuit @l load U¢ testing
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1.7 - Battery, Charging 3fi2 Ground Circuits [ sitfaae )

- Battery testing: open circuit voltage 31T load test

« Charging system basics — alternator output S-ﬁ'd’warning lamp
- Ground strap 3{T¢ body ground — 37ofld faults &1 BT dulg

- Parasitic drain test (2Td 8¢ & battery down glol)

- Al Battery @i gas, jump-start 3fI2 #&! disconnect order

Garage Gyan - CTI Training | Electrical Mastery (fgdl)  www.cartoolindia.com

v UTé 1 quiz « 8¢ B3l & PDF notes



qrd 2: Sensor DNA

g2 Sensor & Types, Working 312 Testing
>dcs: $cedfifSte | 17 el | Taete: Sl Wt

UTE &1 584: Ugch sensors Pl Jolchl property (A ol &) A HATIIT 302 T working (GRIT ATYA 8) & — difds
3y faseft oft 91Tt o1 BIE off sensor test de TD, 81 & Uges daft of SHT &l

Aere A: ufda

B 2.1 - Sensors BT U 3112 IsTdb Types €D
- Sensor TT g 31T ECU 3dd signal BT use obdl hedl &
- Sensors ! dical & Gl ddiab: Property-wise (dbdl &6l §) 3112 Working-wise (aRIT AT )
» 2-wire, 3-wire 302 4-wire sensor; 5V reference, signal 31 sensor ground
- T universal testing ddiohT: reference — ground - signall

ARl B: Sensor Types — Property-wise

> 2.2 - Resistance Based Sensors — Temperature Resistance iGtod

- Thermistor: NTC (temperature §&ai Ue resistance TedT §) 3i1¢ PTC
» Multimeter & resistance Falld temperature testing

- ECU b1 GiTel dTe3T voltage signal 312 open/short fault & fG&rd &

el 2.3 - Resistance Based Sensors - Pressure Resistance Gizigd

- Piezo-resistive [ strain-gauge pressure element
- WTGTdT pressure sensor 5V reference dle 3-wire a1 gld &
- Pressure & &Y signal voltage i testing

>dd 2.4 - Resistance Based Sensors - Variable Resistance oz
- Potentiometer T working (sliding contact)
* Throttle, pedal 31T fuel level & examples
+ Voltage T smooth sweep check ddqll — dead spot QEEIT

Bl 2.5 - Hall Effect Sensors @iZizd

« Hall effect principle 3iie digital square-wave output
 Power, ground 3fe signal testing

« Examples: CMP, CKP, speed 3fle position sensor

« 3{TH ISt Hall sensor DI fAH resistance & check Haall

Bl 2.6 — Magnetic (Inductive) Sensors EiGizd
- Magnet + coil dTc5 sensor Gl &G AC signal FeTld &
* Resistance, AC voltage 31T frequency testing
« Air gap, reluctor ring 3ﬁ?wiring @1 problems
- Examples: CKP 3{IZ passive ABS wheel speed sensor

@&l 2.7 - Chip Based (Smart [ Digital) Sensors @iz

+ Built-in electronics dTe> sensor (MEMS 312 digital sensor)

- Digital output: frequency, PWM 31T serial data

- 8ol sensors U resistance testing ol I gl dhed!

- Examples: digital MAF, active wheel speed, steering angle sensor
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@l 2.8 - Special Sensors LI

- Oxygen sensor: zirconia (narrowband) 3112 wideband / air-fuel ratio
- Knock sensor (piezoelectric)

« BS-VI IMfSAT & NOx sensor

- 8a1db signal normal sensors & 33T bl &

@A 2.9 - Infrared (Light Based) Sensors @izzzd
« Infrared LED 3fi2 photodiode principle
+ Rain 3flg light sensor, climate control & sun-load sensor
« Basic testing 3lg common faults

AdRIE C: Sensors — Working-wise

B 2.10 - Temperature Sensors EiGiEd

« ECT, IAT, fuel, oil 31 AC evaporator temperature sensor
- Diesel after-treatment & exhaust gas temperature (EGT) sensor
- B TS ST ECT signal & hard starting 3¢ wIel fuel TUA

@ 2.11 - Pressure Sensors iz
« MAP 3{IZ boost pressure sensor

« Diesel fuel rail pressure sensor
- Oil, AC, DPF differential 3 CNG pressure sensor

> 2.12 - Position Sensors Eizis)
- CKP 3{IZ CMP (engine position 32 sync)
« TPS 3{12 accelerator pedal position (dual track)
« EGR position, steering angle 3fIe gear position sensor

- &d T3k Engine crank EdT § UT start oTgl &ldm

BT 2.13 - Speed Sensors @it

« Vehicle speed sensor (VSS)
 ABS wheel speed sensor — passive 3{IT active
* Turbo speed 312 transmission speed sensor

BT 2.14 - Level Sensors @it

* Fuel level sender
» Coolant, oil, brake fluid 302 washer level sensor
- BS-VI IMfSTT A DEF/AdBlue level sensor

BT 2.15 - Flow Sensors EiZizd

« MAF sensor: analog voltage 3fle frequency type
« J7cT JoTTdT HSTE MAF — live data & qosell

B& 2.16 - Gas 31T Quality Sensors GIZIm)
. 02 [ lambda 3{lZ NOx sensor
- DEF/AdBlue quality sensor
« Water-in-fuel sensor

« 3{TA IS dL: TS fault leak IT misfire &, T 8ft 02 sensor §G& Sall
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& 2.17 - Sensor Fault Finding — Case Studies iZiod

« Sensor fault dofldl wiring fault Feild ECU fault
- Th shorted sensor T dTchi sensors T 5V reference 12T Gall
+ Maruti, Hyundai, Tata, Mahindra 3¢ commercial vehicles & real cases
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qrd 3: Actuator DNA

g2 Actuator & Types, Working 3f1¢ Testing
>dcs: $ceAlfSTe | 15 o5efol | Tardier: Sal Whi

UTé 1 58d: Actuators Bl property-wise (b dal &) 3112 working-wise (GRIT control ded g) HATHT — 31T
actuator, 38T power supply 312 ECU control circuit o1 testing ZfHTI

Aere A: ufda

B 3.1 - Actuators BT URE 31T 3P Types €D
- Actuator &1 g 3M¢ ECU 3& obdl control edl g
- Actuators @I dicel b &I ddld: Property-wise 32 Working-wise
» Ground control, power control 3fi¢ PWM control
- Universal testing d@eibl: power - control - resistance - current

AdRIE B: Actuator Types - Property-wise

Bl 3.2 - Solenoid (Electromagnetic) Actuators iz
- On/off 3T PWM solenoid
« Resistance, control signal 312 current testing
- Examples: injectors, purge valve, VVT/OCV, IMV/SCV

Bl 3.3 - DC Motor Actuators @it

» Brushed DC motor 3{IZ H-bridge (3F1/dt&) control
« Examples: electronic throttle, power window, door lock, mirror
- Current draw 3i12 voltage drop testing

S 3.4 - Stepper 312 Brushless (BLDC) Motors @iz

* Stepper motor ﬁworking (idle air control, gauges)
- Fan 3i2 electric pump & BLDC motor
- Coil 312 control signal &t testing

B3 3.5 - Heating Element Actuators €itimd

- 02 sensor heater, glow plug, DEF/AdBlue line heater
- Resistance 3{IZ current testing
- Heater faults faaid warning code 3Td &

> 3.6 - Piezo Actuators Eiisd
- Piezo effect — fdui3t & movement
 Piezo common rail injector
- Aw: Piezo injector circuit U2 high voltage

@dd 3.7 — High-Voltage Actuators - Ignition Coils €iZIE)
- Coil Tob transformer o1 deg: primary 3fle secondary
« Coil-on-plug 312 coil pack system
- AwL: secondary circuit & high voltage

&l 3.8 - Smart (Module-Controlled) Actuators @iZiz)

. 3[Usft electronics 3112 LIN/CAN control dTch actuator
« Electronic VGT/turbo actuator, smart cooling fan, EPB motor
« Sold power, ground 3fi2 communication check o} W& %
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Adelel C: Actuators — Working-wise

@l 3.9 - Fuel Delivery Actuators @iZzd

* Fuel pump 312 fuel pump control
« Petrol injector 3T CNG injector
* Injector I control pulse check 2ol

B4l 3.10 - Diesel Fuel Control Actuators @iZzzd

« Common rail injector (solenoid 3{I2 piezo)

« Inlet metering valve (IMV/SCV) 32 pressure control valve (PCV)

+ Rail pressure &d control EldT g
- A%l g4 high fuel pressure — engine Td g€ Pafl line of &

@l 3.11 - Air Control Actuators @iZzd

« Electronic throttle body 3fIT idle control
» EGR valve, intake throttle 32 swirl flap
- VGT 3¢ wastegate control

BHT3.12 - Ignition 3 Starting Actuators EiEZED
« Ignition coall 3112 misfire
« Glow plug 3fle glow plug control
- Starter motor 3f1¢ starter relay circuit

&l 3.13 — Emission Control Actuators @iZZE)

- Purge (EVAP) valve
« Petrol 312 diesel engine 3 EGR
- BS-VI IfEaT & DEF/AdBIue dosing module 32 pump

Bdd 3.14 - Cooling 32 Body Actuators @iz

- Radiator fan 3T blower motor
+ Window, door lock, wiper 3i2 horn
« BCM-controlled outputs

@&l 3.15 - Actuator Fault Finding - Case Studies @itizd

« Actuator fault dofldl wiring fault Seile] ECU driver fault
- Actuator faults & limp mode 3fIZ derate
« Car, truck 32 2-wheeler & real cases

v UTé 3 quiz » & B3Hel & PDF notes
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uTé 4: Signal Decoder

Electrical Signals o1 HHASTGI 312 Uaall
Sdcs: USdies | 7 el | Taheldl: el 1ht

q1é 1 B8d: Sensors, actuators 32 modules T "8TeT" U 3, T — voltage, frequency, PWM 3fT network

signalsl

B 4.1 - M & signals & Types €D
- DC analog, AC, digital on/off
* Frequency, PWM 3T duty cycle
- Serial 3{IZ network signal (CAN, LIN)

B 4.2 - Multimeter & Signal ATYT oz

- Frequency (Hz) 3fIZ duty cycle (%) TG
- gl multimeter ®TthT & — 31T gl aTal

BT 4.3 - Technicians & f3T Oscilloscope @iz

- Scope dl fault Uchsdl g Uil meter oTal Udbs UTdl
- Basic settings: volts/div, time/div, trigger

« IS & circuits A Fefeld ddlds & wilgel

B 4.4 - Sensor Waveforms @izzmd

- CKP 3{IZ CMP waveform 3{l2 sync
- 02 sensor 3l MAF frequency signal
- 31T 31e T waveform i qesell

B 4.5 - Actuator Waveforms @izzmd

* Injector 3fle ignition primary waveform
« PWM solenoid signal
- Current probe testing oI Ufdad

el 4.6 — Network Signals - CAN 32 LIN Gizzz

- Scope U2 CAN-H 3{lZ CAN-L
« LIN bus signal
- TIE T shorted network o1 UgdTel

Bl 4.7 - Signal Fault Case Studies @izt
« Electrical noise 3{IZ interference
« &h-&d be signal I glell
« Shielding 3fle grounding T problems

Garage Gyan — CTI Training | Electrical Mastery (f&el)  www.cartoolindia.com

v UT€ 4 quiz « € 3&el & PDF notes

g 10



qr< 5: Module Brain

ECU, BCM 3i2 Module &t Power, Input 3 Output Testing
d: USdigs | 7 o5diel | Taaldh: 5S¢l tht

uré &1 B&d: Toheft 8ft module 1 T Slcsel & Uges 38 Fal delb & test IV — power, ground, inputs,

outputs 312 communicationl

e 5.1 - ECU & e RTE €D

« Power supply, input circuit, processor, memory 31T drivers
« ECU sensors &I &d UadT g 31T actuators ! dbal IB3IdT &
« AWl ESD (static) & TTd 312 ECU D1 &l ddids & handle @eall

S&e 5.2 - ECU Power, Ground 3i1Z Wake-up @iz

- Battery supply, ignition supply 32 main relay control
- ®s ground pins — &2 ground ol Ti&dl &
« Pinout & ECU connector U testing

S&d 5.3 - ECU Input 312 Output Testing Gizzmd
- ECU U2 5V reference 3{1Z sensor ground check

 Load U¢ output driver testing
« Breakout box / back-probing T gefald use

@dd 5.4 - ECU Dead T Wiring Fault? Gizizp
- ECU dccsal & U step-by-step checks
- ECU &ITTd glol <t 3HTeT dutg: UTell, ITe5d jump-start, welding, short
- A9L: ECU connector #icsal AT welding & Ugs battery g2l

B&el 5.5 - BCM 3i12 Body Modules izizd
« Lighting, central locking, wiper 3{IZ horn control
- Body inputs 3ile outputs
- Body systems & LIN bus

Bl 5.6 - Network 32 Gateway Faults Gizzz

« CAN 31T LIN network layout
« U-codes (communication codes) 3{I2 35TehT AdHE
- Module T sleep o &lall — battery drain

®ddl 5.7 - Truck Modules (24V) iz

« Truck & engine ECU, vehicle control unit 3fI¢ instrument cluster
* 24V power 3fle ground checks
- Commercial vehicle & common module faults
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qrd 6: Petrol Pulse

Petrol EMS Troubleshooting (Car 3f12 2-Wheeler)
&des: fdeed ¢aese[fedT | 8 5ol | Tarder: ¢t Wt

T &1 584: UTS 1-5 & el g¢ ool & petrol fuel injection system 1 G¢t fault finding|

& 6.1 - Petrol EMS Overview €D

- MPFI system layout — inputs, ECU 3{I2 outputs
» Open loop 31T closed loop control
» Maruti, Hyundai, Tata 3fi2 Honda @& examples

@dd 6.2 - Fuel Supply System @iz
* Fuel pressure testing
* Returnless fuel system 3fle pressure regulator
« Fuel filter 3f12 pump EETUfST faults
- A Fuel line Tol & UES fuel pressure release ¢

B4 6.3 - Air Management iz

« Electronic throttle 312 idle control
« MAP/MAF based system
« Vacuum 32 intake leak Gaall

S&d 6.4 - Ignition System 31iE Misfire Gizzm)
- Misfire codes 3{IZ misfire counters
« Coil, plug, injector 3IZ mechanical doig
« Step-by-step misfire diagnosis

BT 6.5 — Emission Control Systems @iz

- 02 sensor 3¢ catalytic converter
« EVAP [ purge system
- Emission dTe> warning lamp faults

Bl 6.6 — Crank No-Start 3{lZ Hard Start GiZzs

« Step-by-step: fuel, spark, sync, immobilizer, compression
- Live data & fault o1 Blcl dheall

S&el 6.7 - Idle, Pickup 3i12 Mileage Problems @izimd

- Rough idle, hesitation 3f1¢ &d pickup
« WIqT fuel WU I diagnosis

@l 6.8 — 2-Wheeler Fuel Injection (BS-VI) iz

- BS-VI bikes 3fIZ scooters 3 FI system
- 2-wheeler U sensor 3{IZ injector testing
- 2-wheeler FI & common faults
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qrd 7: Diesel Power

Diesel Common Rail 3¢ BS-VI Truck Troubleshooting
&des: fdeed ¢aese[fedT | 8 5ol | Tarder: ¢t Wt

UTé &1 B38A: Car, pickup 3112 truck & common rail diesel engine @I diagnosis — BS-VI after-treatment &

el

@ddl 7.1 - Common Rail System Overview €:)
* Low pressure 3fle high pressure side
« Pump, rail, injectors, sensors 3T ECU
« Indian JMMfEAT & Bosch, Delphi 3fIZ Denso system

- @l Common rail I high pressure U2 I&dl g — engine Tesd €€ bt line of Tited

el 7.2 - Low Pressure Fuel System @iz
- Fuel filter, feed/lift pump 3fle priming
- Fuel 3 &4T 3fIZ water-in-fuel sensor
* Low pressure testing

@ddl 7.3 - High Pressure System @iz
« Rail pressure sensor, IMV/SCV 3flg PV
- Live data & desired SolTd actual rail pressure
« Rail pressure E?quT no-start 3¢ power loss

Bddl 7.4 - Diesel Injectors GiZzzd
- Back leak (return flow) test
« Injector coding 3112 correction values
« Solenoid dolld] piezo injector faults

S&eA 7.5 - Air System - Turbo, EGR 31iZ Intake Gizizd
» Turbo, VGT 3iT boost pressure control
« Intercooler leak
- EGR 3{iT intake throttle faults

Y1 7.6 - Diesel No-Start, Low Power 3flZ Smoke €S
- Step-by-step crank no-start diagnosis
- Low power 32 limp mode

- TBTe3], Ethe 3{Ie ofieaT &[3i — aofg

Bl 7.7 - BS-VI After-Treatment @izizd

» DOC, DPF 3{1¢ SCR 3{T&TeT 81Te &
- DEF/AdBlue system 3{IZ NOx sensor
- DPF regeneration 3ilZ derate conditions

&ddl 7.8 - Commercial Vehicle Case Studies Gizimd

* 24V truck systems
« Tata, Ashok Leyland, Mahindra, BharatBenz 31T Eicher & cases
« Fleet & 3{Tal dTed® common faults
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qrd 8: CNG Code

CNG System Troubleshooting
&des: fdeed ¢aese[feT | 6 el | Tader: 5¢1 Wl

9Té &1 B&T: Factory-fitted 3112 retrofit CNG system FATSIT 32 CNG & I8 electrical 312 running faults
efeld ddtes & sldh HIfAT!

e 8.1 - CNG System Overview €ip

« Factory-fitted CNG ddlld] retrofit kit
« Cylinder, valves, pressure reducer, CNG ECU, rail 3iie injectors
« Examples: Maruti S-CNG, Hyundai CNG, Tata iCNG

A 8.2 - CNG Safety €itird
- AW CNG Fgd high pressure (~200 bar) T2 81t gldt &
- Leak testing T &gl delapl
- Cylinder testing b1 validity 3il¢ faizeT — technician b1 &1 518l el <fET

BT 8.3 - CNG Electrical System @itz

+ CNG ECU power, ground 32 communication
- Solenoid valves 3iiZ changeover switch
* Petrol-CNG changeover logic

Bd1 8.4 - CNG Injectors, Reducer 3fie Sensors sitfeaat
+ CNG injector testing
- Pressure 3i1¢ temperature sensor
- Reducer & U3 faults

BT 8.5 - CNG Running Faults @itz

« CNG U¢ changeover o glal
« CNG U2 misfire 3{IZ power loss
- CNG JTIfgdT & starting problem

3 8.6 - 3-Wheeler 32 Commercial Vehicles  CNG Gizzmd

« CNG auto, LCV 3{IT bus
« Common faults 3i1T case studies

v UT¢ 8 quiz « & &l & PDF notes

Garage Gyan — CTI Training

Electrical Mastery
by CTI — Car Tool India | www.cartoolindia.com

Garage Gyan - CTI Training | Electrical Mastery (fgdl)  www.cartoolindia.com ol 14


https://www.cartoolindia.com

	Electrical Mastery
	Automotive Electrical & Electronics Troubleshooting
	यह कोर्स किसके लिए है
	आप क्या सीखेंगे
	कोर्स रोडमैप
	हर लेसन कैसे चलेगा



