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1. Preface 
	Learning

Objectives
	1. To learn about the GDI engine’s characteristics.

2. To learn about the new technologies and systems featured in the GDI engine.

3. To learn how to diagnose the GDI engine.


By far, the most common type of engine mounted in YF is the theta engine, which is available in 2.0MPI , and 2.4GDI forms. Here, 2.4 Theta GDI is an entirely new HMC engine and is featured for the first time in the YF model.

This document describes the GDI engine’s configuration and how to diagnose the GDI engine.
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2. Engine Overview
2.1 Overview

2.4 GDI (Gasoline Direct Injection) engine directly injects fuel into the cylinders for combustion and thereby achieves improved performance, fuel efficiency, and emission output. Specifically, the engine produces 200 hp, 25.2kgf·m of torque, and a 10% fuel efficiency improvement over the 2.4 MPI engine. 

These performance improvements are made possible by directly injecting fuel in to the combustion chamber and instigating latent heat of vaporization for lowered intake air temperature. Lower intake air temperature means higher air density and increased charge efficiency for improved torque output across the entire rev band, reduced knocking, and higher low-speed performance.

In respect to fuel efficiency, reduced knocking meant the engineers were able to design a higher compression ratio and consequently achieve greater partial load fuel efficiency. In addition, an optimized gear ratio was selected to complement the improved fuel efficiency of the GDI engine. During engine startup, the management CPU injects fuel into the cylinders during their compression cycle to drive fuel closer to the spark plug and reduce the overall amount of fuel consumed during startup.

Lastly, the engine CPU commences split injection immediately following engine startup to rapidly increase the catalytic converter’s temperature and lower gas emissions.
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▶ Key Engine Components
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2.2 Main Specifications

	Item
	2.4ℓ

	
	GDI (YF)
	MPI (NF)

	Displacement (cc)
	2,359
	←

	Compression Ratio
	11.3
	10.5

	Fuel Injection
	Direct Injection (combustion chamber)
	Port Injection

	Bore × Stroke (mm)
	88 × 97
	←

	Stroke/Bore Ratio
	1.10
	←

	Max. Output (ps)
	200(+13%)
	177

	Max. Torque (kgfㆍm)
	25.2(+10%)
	23.0

	Fuel Consumption (g/kwh)
	330 (+2%)
	337

	Fuel Pressure
	High Pressure
	135bar (Idle: 40bar)
	-

	
	Low Pressure
	4.5bar
	3.5bar

	Timing Chain
	Roller Chain
	Silent Chain

	Piston Cooling Jet
	Yes
	-

	Piston Pin
	Full Floating
	Pressurized

	Piston
	bowl
	flat

	Cylinder Head
	Features an injector mounting hole.
	-

	Injector
	High-Pressure Injection
	Low-Pressure Injection

	Fuel Pressure Sensor
	250Kpa High-Pressure Sensor
	-

	Oil Cooler
	Yes
	-

	Spark Plug
	M12 iridium
	M14 iridium

	Injection Method
	Split Injection
	Single Injection

	EMS
	Continental
	←

	Oxygen Sensor
	S1: Linear + S2: Zirconia
	S1: Zirconia + S2: Zirconia


2.3 Engine Composition

1) Front and Rear Views
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2) Left and Right Views
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3. Engine

3.1 Cylinder Block & Oil System
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There are four piston cooling jets that provides improved piston cooling for greater engine durability. In addition, an oil cooler further cools the oil to prevent degradation of oil viscosity.

The main bearing’s oil supply port has been increased in size, resulting in improved oil supply to the engine.

In addition, BSM (Balance Shaft Module)’s tap was increased to achieve a stronger connection.

▶ Torque Ratings

	Item
	Bolt Size
	Torque

	Oil Pan
	10mm
	1 kgf·m

	
	12mm
	2.5 kgf·m


▶ Engine Oil Specifications & Replacement Schedule

	Item
	Description

	Oil Specifications
	SJ/SL or above, SAE 5W-20


3.2 Cylinder Head

The cylinder head has been added with three mounting points for the GDI high-pressure fuel pump. 

Due to the GDI engine’s high compression ratio, the head bolt’s axial force has been increased from 5.5 tons to 6 tons and its tensile strength from 94~104kgf/㎟ to 100~110kgf/㎟.
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▶ Head Bolt Torque Ratings (plastic tightening, replace as a rule)

	Stage
	1
	2
	3

	Torque/Angle
	3.5kgf·m
	90˚
	90˚


The exhaust side flame deck’s thickness has been reduced from 10.8mm to 8.5mm to achieve greater cylinder head cooling performance. 

In addition, the GDI injector is mounted directly to the combustion chamber.
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Due to smaller cylinder displacement and direct mounting of the GDI injector, the combustion chamber’s shape has changed. Direct injection of fuel into the combustion chamber means lower intake air temperature and higher air density, which achieve reduced knocking and consequently allows for a higher compression ratio.

Compression Ratio: 10.5:1 → 11.3:1
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☞ Flame Deck: Located between the combustion chamber and the cylinder head’s water jacket.

3.3 Valve System
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The exhaust camshaft now features a lobe that drives the GDI high-pressure fuel pump and both intake and exhaust camshafts have slotted lobes for reduced weight.
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A fuel pump bracket is mounted on top of the cylinder head. In addition, the cylinder head cover features a fuel pump mounting hole.
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The GDI engine features a roller chain, which is more resistant against soot. The intake and exhaust CVVT gears were also redesigned so that they are driven by the roller chain.

3.4 Moving Parts

1) Crank Shaft

The crankshaft’s balance weights have been slotted to reduce weight and redesigned to eliminate piston interference at the bottom points. In addition, the CKPS wheel’s mount diameter has been reduced so that it does not interfere with the piston at the bottom.
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2) Piston

The GDI engine features bowl pistons and a new combustion chamber design to accommodate the bowl pistons. 

During engine startup or catalytic converter heat up, fuel is injected at the compression cycle to stratify the fuel and air (not mixed) and push the fuel closer to the spark plug. To achieve this, bowl pistons are used. 

Piston Pin: Full Floating
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3) Piston Ring

The upper and lower surfaces of the top ring has been nitrified and its outer edges were nickel chrome-plated to achieve greater resistance against wear.

The 2nd ring was also chrome-plated so that it can be used as a common component with MPI engines.

The oil ring comprises a two-piece side rail and the actual oil ring for greater durability. Here, the side rail’s two pieces are joined vertically.

When assembling, do not detach the oil ring; instead, simply spread it apart.
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☞Stratification: Air and fuel are not mixed and instead layered.

4) Timing Chain Installation
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① First check the balance module’s timing mark before installing.

② Set the crankshaft key so that it aligns straight with the main bearing cap.

③ Align the intake/exhaust camshaft assembly to the TDC mark indicated on the front of the intake and exhaust CVVT sprockets and to the top of the cylinder head (no.1 cylinder piston at compression cycle TDC).

④ Install the chain guide.

⑤ As you check the timing marks, install the timing chain in the order of crankshaft sprocket, timing chain guide, intake CVVT sprocket, and exhaust CVVT sprocket, ensuring that the chain is taught.

⑥ Install the tensioner arm.

⑦ Install the hydraulic auto tensioner and pull out the pin.

⑧ Rotate the crankshaft clockwise for two revolutions and then recheck the timing marks.
3.5 Key Engine Changes

	Category
	MPI
	GDI
	Description

	Spark Plug
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	Long-reach spark plugs are used to reduce knocking and improve valve seat wear-resistance (M14 → M12).

	Cylinder Head 
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	Four injector bosses and three fuel rail bosses are featured to mount GDI injectors.

	Water Pump
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	Redesigned impeller to accommodate the increase in flow, as per the increase in engine output. (185ℓ/min →  200ℓ/min).

	Coolant Line
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	An oil cooler nipple is added for improved gap with the TGS cable (6-speed automatic only) and reduced weight.

	Timing Chain Tensioner
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	Tensioner also updated along with the timing chain. Timing chain noise can be reduced by tuning the tensioner.

	Balance Shaft Chain Tensioner
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	Tensioner also updated along with the timing chain. Timing chain noise can be reduced by tuning the tensioner.

	BSM
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	Three oil holes were eliminated to improve lubrication performance, and the rear plastic plug was also eliminated for identification.

	Intake Manifold
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	Relocation of injectors means injectors are no longer mounted to the intake manifold.


4. GDI System

4.1 Overview
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The GDI engine injects highly pressurized fuel directly into the cylinders for combustion to achieve improved performance, greater fuel efficiency, and reduced emissions.

The fuel system consists of a high-pressure fuel pump, a tube, a fuel rail, a fuel pressure sensor, and injectors.

From the fuel tank, fuel is delivered to the high-pressure fuel pump at 4.5bar of pressure.

Driven by the camshaft, the high-pressure fuel pump then sends the fuel to the fuel rail. A fuel pressure sensor attached to the rail reads the pressure of the fuel coming in through the rail. Lastly, the fuel passes through the rail and enters the combustion chambers via the injectors.
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4.2 GDI Components

	Category
	High-Pressure Pump & Fuel Pressure Regulation Valve
	Injector
	Fuel Rail & Pressure Sensor
	Fuel Tube

	Composition
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	Specs
	- Rated Pressure: 135bar

- Max. Flow: 125L/h

- Pump: 1-Piston

- Stroke: 3.5mm

- 0.9 cc/cam Rotation

- Regulation Valve Resistance: 0.5Ω
- Kefico
	- 6 Hole

- Operating Pressure: 165bar

- Flow: 14.7g/s       (at 100bar)

- Continental
	- Material: SUS 304

- Pressure Sensor: 250 Bar

- Continental
	- Diameter: 8.0mm

- Thickness: 1.0mm

- Material: SUS 303


[ GDI Components ]

The fuel arrives at the high-pressure pump at 4.5bar of pressure. Once the fuel passes through the pressure regulation valve, its pressure level reaches between 40bar (at idle) and 135bar. 

If there is an engine malfunction, fuel is delivered at 4.5bar (low pressure).

The injectors are high-pressure models and feature six holes. 

The fuel pressure sensor is mounted on the fuel rail, with a range of 250bar and power requirement of 5V. The fuel rail and the fuel tube are made out of stainless steel so that they can withstand high pressure levels and have high resistance against corrosion.

	RPM
	Idle
	1,500
	6,300
	Malfunction

	Fuel Pressure (bar)
	40
	90~100
	135
	4.5


4.3 High-Pressure Fuel Pump
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1) Mechanism

As the camshaft rotates, a lobe attached to the shaft moves the roller tappet up and down, driving the high-pressure pump.

2) Assembly

① Set the exhaust cam’s high-pressure pump lobe to BDC (Bottom Dead Center).

② Coat the tappet with clean oil.

③ Align the support bracket’s groove with the tappet’s groove and insert.

④ Coat the high-pressure pump support bracket’s insertion hole with oil.

⑤ Coat the high-pressure pump’s o-ring with clean oil and insert into support bracket hole.

⑥ Tighten the two bolts simultaneously or loose fit and then tighten (Torque: 1.3~1.5kgf·m).

※ Once used, do not reuse old bolts.

※ Whenever installing the high-pressure pump, use a new o-ring.

※ If the lobe is not positioned BDC, you will need to press down on the high-pressure pump spring as you tighten the bolts. This will result in an uneven pump installation and cause piston damage and/or bolt threat stripping.
3) High-Pressure Pump Structure
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4) Fuel Flow
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5) High-Pressure Pump’s Fuel Supply
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① Fuel Intake
As the piston lowers, lower pressure at the delivery chamber causes the fuel to enter into the chamber.

② Fuel Return
The piston rises, but the intake valve remains open, pushing the fuel back toward the intake port.

③ Fuel Pressurization and Discharge
The flow regulation valve initiates, the intake valve closes, and the remaining fuel inside the delivery chamber becomes pressurized and gets discharged toward the fuel rail.

④ Fuel Discharge
The flow regulation valve stops, but the pressurized fuel inside the delivery chamber keeps the intake valve closed and the fuel becomes discharged.

☞ Return: Revolution

4.4 Fuel Rail & Injectors


[image: image43]
1) Overview

Injectors are devices that directly deliver into the combustion chamber fuel that has been highly pressurized by the high-pressure fuel pump. DPI engine’s injectors have many differences with MPI injectors, which inject fuel into the intake manifold. DPI injectors spray fuel directly into the combustion chamber to achieve lower intake air temperature and higher air density for greater power output.

These injectors feature a spray generator and a swirl disc to achieve finer atomization. Here, the swirl disc is powered (rotates) by the fuel’s pressure and activates the fuel atomization process until a level suitable for combustion is reached.

Immediately following engine startup, split injection is performed for twenty seconds to achieve the catalyst activation temperature (350℃) in the shortest amount of time possible. Compared with the MPI engine, time to reach the catalyst activation temperature has been shaved by 18 seconds for less CO, HC, and NOx emissions.
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☞ Split Injection: Immediately following engine startup, injection takes place in two stages to quickly raise the catalyst temperature.
2) Assembly
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① Remove the injector caps using expansion pliers.

② Coat the o-ring with engine oil.

③ Assemble the fuel rail by tightening the bolts in the following order and in accordance with their torque rating (1.9~2.4kgf·m).
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3) Caution

① The clip pushes the injector against the combustion chamber and must be replaced with a new unit each time.

② Do not reuse old o-rings.

③ Do not reuse old bolts.

④ When inserting the injector into the head, be careful not to damage the injector tip.

⑤ Do not use a fuel rail assembly that has been dropped.

⑥ When storing injectors or the rail, replace the caps.

4) Injector Cap Maintenance

① After removing the injector cap, you must complete the installation within one hour. The cap presses down on the combustion chamber thread and, once removed, allows the thread to restore to original shape, making it impossible for the thread to perform as a seal.

② Leaving an injector unprotected (without a cap) for an extended duration of time allows the thread to expand and makes it difficult to insert and install the injector.

③ If the thread has expanded, replace the protection cap to compress the thread.

5) Fuel Injection Timing
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	Cycle
	Detonation
	Exhaust
	Intake
	Compression

	GDI 
	Cruising
	 
	 
	Fuel Injection
	 

	
	Startup
	 
	 
	 
	 Fuel Injection

	
	Catalytic Converter Heating
	 
	 
	Fuel Injection

	MPI 

Fuel Injection
	Fuel Injection
	 


[ Fuel Injection Timing ]

DPI engine’s fuel injection scheme is drastically different than that of the MPI engine.

During normal cruising, fuel is injected at the intake cycle to facilitate a good air/fuel mixture.

During engine startup, fuel is injected at the compression cycle to achieve air/fuel stratification and push the fuel toward the spark plug. This improves engine startups and enables fuel savings.

During catalytic converter heating, fuel is injected during intake and compression cycles. In addition, a high-pressure fuel pump failure (low fuel pressure) results in advanced injection timing.

6) Control
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① Preparation: Magnetization to ensure fast and precise injector opening. In order to achieve a specific current level, battery voltage is used produce a specific duty pulse for the injectors. In this stage, the injector is closed (Voltage: 12V).

② Rise: Current is rapidly increased to open the injector as quickly as possible. 55V electricity is supplied, and the injector’s current rises. The injector opens as the peak current is reached.

③ Peak/Hold: The injector is kept open in this stage. In order to rapidly lower the current level, electricity is no longer applied. The injector remains open throughout this stage.

④ Hold: Specific duty is used to keep the current to a specific level and keep the injector open. The injector closes when the current rapidly drops.

4.5 High-Pressure Tube
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1) Assembly Sequence

① Position the high-pressure tube to the rail. Hold the tube with one hand and manually tighten (loose) the nut with the other.

② Install the clip and secure the clip to the head.

③ Using a torque wrench, tighten the clip bolt all the way.

④ Using a torque wrench, tighten the tube nut all the way.

※ When performing maintenance, remove the two high-pressure tube caps immediately before assembly.

※ When performing a replacement, use a new tube only.

	Item
	Torque

	High-Pressure Tube Nut
	3.0±0.3 kgf·m

	Clip Bolt
	1.0±0.2 kgf·m
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※ Use the wrench in a right angle to the high-pressure tube.

4.6 High-Pressure Sensor
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The high-pressure sensor is attached to the fuel rail and detects the fuel pressure coming out of the high-pressure pump. The sensor itself features three pins: power supply, signal, and ground.

Fuel Pressure Range: 250 bar

Supply Current: 5~12mA

Supply Voltage: 5V

4.7 Maintenance Precautions

1) High-Pressure Pump

① Cranking without Fuel Injection: 18,000 strokes
   ex) If cranking is 300rpm, 18,000/4 lobes×300 = 15mins 
   ∴ Never crank for more than fifteen minutes without fuel.

Surpassing this timeframe wears out the high-pressure pump’s internal lubricant coating and aversely affect the unit’s durability.

2) Air Removal

The fuel system is a return-less type of system that requires forced removal of air from the line.

This can be achieved either manually or automatically as follows:

◇ Manual

① Force activate the fuel tank’s low-pressure pump relay to fill the low- and high-pressure fuel lines with fuel.

② After approximately twenty seconds, deactivate the low-pressure pump.

③ Start the engine.

※ Forced Relay Activation: Connect low-pressure pump’s + and – terminals inside the fuse box.

◇ Automatic 

① Shift into P or N.

② Depress the brake all the way and turn the ignition on. This will be recognized by the ECM as the first crank.

   → ECM will force activate the low-pressure pump for approximately twenty seconds.
   → After twenty seconds, the low-pressure pump will operate normally.

③ Turn the ignition off and then start the engine again.

3) Wiring

Twist lines were used to wire the high-pressure pump and the injectors.

① Resistance of the ECM-high-pressure pump-ECM connection must be less than 160Ω.

② Resistance of the ECM-injector-ECM connection must be less than 160Ω.
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	Pin
	Function
	Pin
	Function

	B73
	Injector 1 (High)
	A60
	Rail Pressure Sensor Ground

	B74
	Injector 1 (Low)
	A39
	Rail Pressure Sensor Signal

	B39
	Injector 3 (High)
	A12
	Sensor Power

	B40
	Injector 3 (Low)
	B91
	High-Pressure Fuel Pump (High)

	B56
	Injector 4 (High)
	B90
	High-Pressure Fuel Pump (Low)

	B57
	Injector 4 (Low)
	 
	 

	B22
	Injector 2 (High)
	 
	 

	B23
	Injector 2 (Low)
	 
	 


5. Electronic Control Module
5.1 Overview

The GDI engine features Continental EMS 32bit as its ECM.

The ECM features an embedded injector driver that controls the injectors using DC 55V. In addition, the ECM is larger and features more pins.

The ECM drives the high-pressure fuel pump, generates electrical current, and contains an embedded regulator IC.

Heat dissipation for the ECM is achieved by air circulating inside the engine room and by conductive cooling through the chassis bracket.

When replacing the ECM, consider the following vehicle option configurations:
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	Item
	Specification

	EMS
	Continental

	CPU
	32bit

	Model
	SIM2K-240

	Pins
	196 pin

	Weight
	1050g

	Housing
	Aluminum Die Cast

	Bottom Plate
	Pressed Steel

	Injector Driver
	DC to DC 55V

	Dimensions
	212×215×38

	Location
	Engine Room (near the battery)

	Operating Temperatures
	-40℃ ~ 105℃


[ ECM Specifications ]

5.2 I/O Elements
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The GDI features a linear oxygen sensor in the front and a binary oxygen sensor in the rear.

In addition to the I/O signals of the Theta II engine, the GDI engine also relies on fuel pressure sensor and high-pressure fuel pump control signals and features high-pressure injectors. 
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1) MAP (Manifold Absolute Pressure) Sensor

MAP sensor is located at the surge tank and measures the pressure inside the intake manifold to indirectly derive the amount of intake airflow into the engine.

The sensor transmits analog signals that are proportionate to an absolute pressure value to the ECM, which uses the signals to calculate the engine’s RPM and intake air volume.

MAP sensor consists of piezoelectric elements and a hybrid IC that amplifies the elements’ output signal. Here, the elements are silicon diaphragm elements utilizing piezoelectric resistance of semiconductors. On one side of the silicon diaphragm is a 100% vacuum chamber and on the other is where pressure from the intake manifold meets. 

Simply put, the MAP sensor reads the engine’s output based on changes in intake pressure.
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	Pressure (kPa)
	Output Voltage (V)

	20.0
	0.79

	46.66
	1.84

	101.32
	4.0


▶ Sensor Terminals

1. Ground

2. Intake Temperature Sensor

3. MAP Signal

4. Sensor Power (5V)

MAP signals are transmitted at 3.9 to 4.1V during engine startup and at 0.8 to 1.6V during idle.

2) IATS (Intake Air Temperature Sensor)

IATS is located inside the MAP sensor and measures the intake air temperature. Air density changes depending on the temperature, and gaining an accurate intake airflow reading requires compensation for temperature-based air density changes. The ECM utilizes airflow data from the intake airflow sensor or the MAP sensor along with IATS readings to calculate an accurate intake air volume.

IATS is exposed to the airflow and features a thermistor whose resistance drops as the temperature rises and increases as the temperature drops.
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	Temperature (°C)
	Resistance (kΩ)

	-40
	40.93 ~ 48.35

	-30
	23.43 ~ 27.34

	-20
	13.89 ~ 16.03

	-10
	8.50 ~ 9.71

	0
	5.38 ~ 6.09

	10
	3.48 ~ 3.90

	20
	2.31 ~ 2.57

	25
	1.90 ~ 2.10

	30
	1.56 ~ 1.74

	40
	1.08 ~ 1.21

	60
	0.54 ~ 0.62

	80
	0.29 ~ 0.34


3) ECTS (Engine Coolant Temperature Sensor)

ECTS is located along the cylinder coolant line and measures the engine coolant temperature. The sensor has a negative temperature coefficient thermistor whose resistance drops as the temperature rises and rises as the temperature drops.

Power from the ECM is delivered to the ECTS via one resistor that’s connected inline with the sensor’s thermistor. Therefore, the electrical resistance of thermistor changes as the coolant temperature changes, producing different output signals. During a cold startup, the ECM relies on the coolant temperature data to compensate fuel injection volume and ignition timing to prevent the engine from shutting down and engine hesitation.
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	Temperature (°C)
	Resistance (kΩ)

	-40
	48.14

	-20
	14.13 ~ 16.83

	0
	5.79

	20
	2.31 ~ 2.59

	40
	1.15

	60
	0.59

	80
	0.32


▶ Sensor Terminals

1. Ground

2. Cluster

3. Sensor Ground

4. ECTS Signal

4) CMPS (Camshaft Position Sensor)

CMPS is also known as a hall sensor because it uses a hall element to determine the camshaft’s position. CMPS utilizes the same reference point as CKPS and monitors the positions of individual pistons.

Two CMP Sensors are mounted to the engine head cover, one for the intake and one for the exhaust. These sensors feature a hall IC whose voltage changes if a magnetic field is introduced while current is flowing through the IC.

5) CKPS (Crankshaft Position Sensor)

CKPS detects the engine’s RPM, which is the most important factor when it comes to electronic engine management.  If the ECM does not receive engine RPM data, it cuts off the fuel supply and shuts down the main relay.

CKPS is attached to the transmission housing and detects the piston positions using the target wheel. The target wheel features 58 slots and two empty slots in a 360° arrangement.

[image: image60]

[image: image61]
6) Oxygen Sensor

The GDI engine features a three-way catalytic converter to reduce the amount of gas emissions and to comply with emissions standards. This catalytic converter deoxidizes CO, HC, and NOx near the theoretical air/fuel ratio and converts these chemicals into CO2 H2O, O2, O2, and N2.

In order to achieve the air/fuel ratio required by the three-way catalytic converter, an oxygen sensor is attached to the exhaust pipe to determine whether the current ratio is too rich or too lean.

Specifically, the oxygen sensor reads the level of oxygen concentration within the exhaust gases and transmits its readings to the ECM. The ECM then adjusts the gas catalysis efficiency to achieve the theoretical air/fuel ratio and thereby minimize harmful gas emissions.

The GDI engine features two oxygen sensors: a linear sensor in the front and a binary sensor in the rear.

▶ Sensor Terminals
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7) APS (Accelerator Position Sensor)

APS is attached to the accelerator module. This sensor transmits the driver’s acceleration intent to the PCM, allowing the PCM to accurately determine what the fuel volume should be. Because reliability is key when it comes to APS, it consists of sensor 1 and sensor 2, with the former being the main sensor and the latter being the backup sensor that monitors the main sensor.

Sensor 1 and 2 feature independent power and ground circuits. Sensor 2 generates signals whose voltage is half that of sensor 1. When the ratio between these two sensors’ output voltage varies by a certain degree, the computer recognizes an error.
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	Accelerator Position
	Output Voltage (V)

	
	APS1
	APS2

	C.T
	0.7~0.8
	0.29~0.46

	W.O.T
	3.85~4.35
	1.93~2.18


▶ Sensor Terminals
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8) PCSV (Purge Control Solenoid Valve)

PCSV controls the path between the canister and the intake line. The valve is an electromagnet valve that becomes a magnetized when current is applied through the valve’s coil. When magnetized, the magnetic force opens and closes the valve itself, regulating the evaporated gas flow.

Evaporated gas contained in the canister is fed to the combustion chamber if PCSV is open. PSCV is controlled by the ECM.

Component Resistance: 19.0 ~ 22.0Ω (20°C) 
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9) Ignition Coil

The GDI engine uses the same ignition coil as the Tau engine. The connector features a center lock device that prevents incomplete wiring connection. When removing the connector, first remove the locking device..

The cigar type ignition coil can be diagnosed by assessing the primary ignition waveform.
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	Item
	Specification

	Type
	Cigar

	Voltage
	5~16V

	Temperature
	-30 ~ 130˚C

	Primary Coil Resistance
	0.62Ω ± 10%
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	Item
	Specification

	TR On
	Approx. 2ms

	Ignition
	1.5~1.8ms

	Primary Voltage
	200~250V
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6. Dual CVVT (Continuously Variable Valve Timing)

1) Overview

Dual CVVT optimizes intake and exhaust valve opening/closing based on engine RPM and load to achieve maximum engine performance. Here, the CVVT system continuously varies the camshaft’s phase angle to optimize valve overlap and achieve EGR. This results in improved fuel efficiency and lowered NOx emissions across the entire rev band and under all load conditions. In addition, the intake and exhaust valve status (advanced, neutral, and retarded) continuously varies, depending on the oil pressure.

The key objectives of the system are to reduce harmful gas emissions, improve fuel efficiency, improve performance, and stabilize idle.

[image: image70]
2) CVVT Valve Opening/Closing Scheme

	Valve
	Angle
	Valve Opening/Closing (˚)
	Valve Timing
	SVC Data 
(cam position)

	
	
	Max. Retardation
	Max. Advancement
	
	

	
	
	Open
	Closed
	Open
	Closed
	
	

	Intake
	45
	ABDC 11
	ABDC 67
	BTDC 34
	ABDC 22
	236 (118)
	129 ~ 84

	Exhaust
	45
	BBDC 9
	ATDC 35
	BBDC 54
	BTDC 10
	224 (112)
	-122 ~ -77


※ Figures in parenthesis are maximum intake valve open positions

Cam Position: TDC to maximum open angle

3) CVVT Application Objectives

	Lower Gas Emissions
	- Reignites unburned fuel at the end of the exhaust cycle to reduce HC.

- Utilizes internal EGR to lower the combustion temperature and thereby reduce NOx output.

	Improved Fuel Efficiency
	- Speeds intake valve opening to reduce pumping work.

- Maintains stable combustion during idle to lower the idle RPM and thereby reduce fuel consumption.

- Utilizes internal EGR to improve fuel efficiency.

	Increased Output
	- Valve timing optimization across the entire range for increased power output.

- Speeds intake valve opening to reduce pumping work.

- Improved volumetric efficiency.

- During detonation, piston drops to the lowest point for increased expansion/contraction work.


Dual CVVT controls both the intake and the exhaust valves simultaneously to enable optimized engine performance across the entire rev band. During idling and other low-speed/load conditions, the system reduces valve overlap to enable stable combustion. During medium-speed/partial load conditions, the system retards the exhaust valves to improve fuel efficiency and reduce gas emissions.


[image: image71]
4) Exhaust CVVT Assembly

The exhaust CVVT assembly’s initial position is maximum advancement and, after engine startup, the system controls the valve timing by retarding it.

The assembly features a bias spring, which applies force in the direction of maximum retardation so that exhaust valve timing can be controlled from advance to retard.
	Components
	Control

	 
[image: image72]
	 
[image: image73]

	※ The spring returns the cam to the maximum advancement position when the engine is shut off.
	Initial Position: Max. Advancement
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7. ETC System

7.1 Overview

ETC (Electronic Throttle Control) is attached to the throttle. It utilizes the throttle motor to adjust the throttle’s opening angle. Overall, the system controls the throttle valve, idle speed, and TCS.

The ECM receives APS1 and APS2 signals from the accelerator module to calculate the required throttle angle and instructs the throttle motor to open the throttle accordingly.

Throttle position sensor, which is contained inside the throttle body assembly, monitors the actual throttle open angle. The sensor then feeds TPS1 and TPS2 signals to the ECM for a feedback.


[image: image75]

1) ETC Control Functions

	Item
	Mechanical
	ETC

	Throttle Valve
	Cable-based mechanical system.
	Integrated control using the throttle motor.

	Idle Speed
	ISC motor-based bypass.
	

	TCS
	Support throttle valve control and ABS-based TCS control.
	

	Cruise Control
	Support throttle valve-based.
	


2) ETC Motor & TPS


[image: image76]
▶ Sensor Terminals


[image: image77]
The throttle body is attached with a motor, the throttle valve, and TPS. Here, the motor features gears and springs that drive the throttle valve. The motor itself is a single-phase DC motor, and TPS features four wires (shared power and ground). When the throttle valve is open, TPS1 rises and TPS2 falls. Conversely, when the throttle valve is closed, TPS1 falls and TPS2 rises.

In the event of an electrical malfunction of the ETC motor, the spring returns the motor to the 5˚ position.

	Item
	Resistance (Ω)

	ETC Motor
	1.2 ~ 1.8

	TPS1
	0.875 ~ 1.625

	TPS2
	0.875 ~ 1.625


3) Learning & Initialization


[image: image78]
ECM needs to learn the throttle valve’s minimum position. This is because carbon buildup on the throttle body results in TPS output variations. Minimum position learning is performed when the ignition is turned off. In other words, the ECM checks the motor’s operation upon ignition startup and then automatically learns the TPS’s minimum position when the ignition is shut off. This is commonly referred to as initialization..

Upon ignition startup, ETC moves to approximately the 15˚ mark and then returns to the 5˚ position. When the ignition is turned off, ETC closes completely for three seconds and then returns to the base position. The relay is then turned off.




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Fuel Pressure Sensor





High-Pressure Injector





High-Pressure Fuel Pump





 Piston





Camshafts














































































































[ Learning Initialization Waveforms ]





Key Off





Relay Off





ETC Active





Key On





Minimum Value Learning Zone





TPS-2








TPS-1








Sensor





[ TPS Output ]





Sensor Output





Throttle Opening Angle





TPS_1





TPS_2





 1. ETC Motor (+)


 2. TPS Power Supply (5V)


 3. TPS Ground


 4. ETC Motor (-)


 5. TPS2 Signal


 6. TPS1 Signal





[ Sensor Circuit ]





ECM





A96 54  75  33  5   6











[ ETC System ]





Throttle Valve





Rotating Shaft





Return Spring





TPS1, 2





Motor





Gears





Throttle Body





Retardation





EX





IN





BDC





BDC





TDC





Bias Spring





[ Exhaust CVVT]





③





④





②





①





Partial Load





Load





RPM




















IN





BDC





TDC





BDC





EX





④ Partial Load


   - Massive internal EGR (increased fuel efficiency, lowered NOx output).


   - Reduced pumping work, increased expansion/contraction work.


   - Reduced HC.





③ Low-Speed/Load


   - Stable combustion.


   - Reduced valve overlap.





② High-Speed/Load: Improved volumetric efficiency.





① Low-Speed/High-Load�


- Intake backflow prevention for improved  volumetric efficiency.


    - Increased expansion/contraction work.





Internal EGR





IN





BDC








TDC





EX








BDC





IN





BDC





TDC





EX





BDC





IN








BDC








TDC








BDC





EX





Variable Exhaust Valve Timing





Intake Regulation Valve





Exhaust Cam Position Sensor





Intake Cam Position Sensor





Exhaust Camshaft





Intake Camshaft





Variable Intake Valve Timing





Exhaust Regulation Valve





Valve Lift





Intake





Exhaust





Bottom





Top





Bottom





Intake





Bottom





Top





Bottom





Exhaust





Valve Lift





[ Ignition Waveform ]





[ Ignition Circuit ]





Primary Waveform Measurement Position





BAT





ECM





[ Ignition Circuit ]





Primary Waveform Measurement Position





Ignition Plug





Ignition Coil





Secondary Coil





Primary Coil





BAT





Power TR





ECM





[ PCSV ]





[ CCV ]





[ PCSV ]





ECM





A56 77  98  55 76  97











 1. Sensor 2 Power Supply (5V)


 2. Sensor 1 Power Supply (5V)


 3. Sensor 1 Ground


 4. APS 1 Signal


 5. Sensor 2 Ground


 6. APS 2 Signal





[ APS Circuit ]





Pedal Stroke





Sensor 2





Sensor 1





Output Voltage





[ APS ]





[ APS Characteristics ]





[ 악셀 페달 위치센서 ]





Lambda





Current (mA)





0.69





-2.96





0.83





-1.37





1





0.00





5





3.17





10





3.59





1000 (Air)





4.01





100





3.97





S2 Binary Oxygen Sensor





S1 Linear Oxygen Sensor





V





ECM





B88  A105      A84     A83     A104  B89  A14 A35











[ Oxygen Sensor Circuit ]





[ Oxygen Sensor ]





 S2


 1. Sensor Signal


 2. Ground


 3. Heater Power


 4. Heater Control





 S1


1. Pumping Cell Current


2. Sensor Out


3. Heater Control


4. Sensor Power


5. Heater Power 


6. Sensor Ground





CKP





CMP





[ Sensor Waveforms ]





CMP2





CMP1





CKP





V





ECM





B25  8   46     29  47  30











[ Sensor Circuits ]





[ Terminals ]





[ CKPS ]





[ CMPS ]





 1. Main Relay


 2. Sensor Ground


 3. Sensor Signal





Cluster


Ground





[ ECTS ]





[ ECTS Circuit ]





[ IAT Sensor ]





[ IAT Sensor Characteristics ]





[ MAP Sensor ]





[ MAP Sensor Characteristics ]





[ Main Changes ]





S1 Linear Oxygen Sensor





Injectors (4)





High-Pressure Fuel Pump





Fuel Pressure Sensor (FPS)





[ System I/O ]











Canister





Fuel Pump 





PCSV





high-Pressure Fuel Pump





Fuel Pressure Sensor





CKPS





ECM











VIS





Air Cleaner











CVVT





IG Coil





O2 Sensor


Linear / Binary 





Knock Sensor





Coolant Temperature Sensor





CMPS





Injector





MAP





ETC





▶ ECM Specifications





Automatic Transmission + Immobilizer


Automatic Transmission + No Immobilizer


Manual Transmission + Immobilizer


Manual Transmission + No Immobilizer





[ PCU ]





ECM





B73  74     B39  40    B56   57    B22   23   A60  39  12     B91   90

















High-Pressure Fuel Pump





Fuel Pressure Sensor





Injector 2





Injector 4





Injector 3





Injector 1





[ GDI-related Circuits]





[ Twist ]





20~100mm





(%)





[ High-Pressure Sensor ]





<4% Diagnosis





>96% Diagnosis





High-Pressure Sensor Characteristics (5V)





Output





Pressure (bar)





90˚





90 ˚





[Socket-Type Torque Wrench]





[ High-Pressure Tube ]





Protection Cap





Clip





High-Pressure Tube





Rail





High-Pressure Pump





13A





3A





Approx. 1ms





0V





60V





40V





20V





C1





[ Fuel Injection ]





Peak/


Hold





Rise





Hold





Preparation





Injector Voltage





Injector Current





Crank Angle





720 ˚





540 ˚





360 ˚





180 ˚





0 ˚(TDC)





[ Fuel Rail Assembly ]





[ Injector ]





#3





#1





#2





Clip





Combustion Chamber Thread





O-Ring





Rail Protection Cap





Use expansion pliers.





Injector Cap





[ Fuel Rail & Injector ]





Catalyst Temp.





℃





GDI





MPI





[ Catalyst Activation Temp. ]





Time (Sec)





Swirl Disc





Spray Generator





Fuel Supply





Combustion Chamber 


Thread





Spring





Armature 





Supply Tube
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Connector
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Valve Body





Coil





� EMBED Unknown  ���





Current
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[ High-Pressure Pump Mechanism ]
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Fuel Return





Fuel Intake
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Fuel Pump
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Fuel Tank
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Cam Drive
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Spring





Control Valve





Valve Housing





Coil
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Relief Valve





[ High-Pressure Pump Structure ]





Insertion Hole





High-Pressure Pump





Align and insert.





O-Ring





Support Bracket





Tappet 





Bracket





High-Pressure Pump





Roller Tappet





Cam Lobe





[ High-Pressure Pump Lobe Assembly ]





Fuel Rail





Pressure Sensor





Injector Hole





Pressure Regulation Valve





High-Pressure Pump





[ Combustion Chamber & Piston ]





Bowl





Tube





High-Pressure Fuel Pump





Fuel Pressure Sensor (FPS)





[ GDI Fuel Line ]











Chain Guide





Tensioner Arm





Crankshaft Key





Timing Mark





．





Tensioner





Timing Mark





Timing Mark





Exhaust CVVT





Intake CVVT
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Timing Mark





[ Timing Chain Installation ]





Top Ring





Side Ring





Oil Ring





[ Piston Ring ]





Bowl





[ Piston ]





Slotted





[ Crankshaft ]





[ Exhaust CVVT ]





[ Intake CVVT ]





[ Timing Chain ]





[ Cylinder Head Cover ]





[ Pump Bracket ]
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Slotted





[ Camshaft ]





[ GDI Combustion Chamber ]
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Oil Filter
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