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Abstract 

A 2.0 Liter High Performance Engine(HPE) is developed for next generation Hyundai sporty coupe. It is based on
newly developed Hyundai Theta Engine under mass production, which is equipped with aluminum alloy cylinder block,
ladder frame, and intake Continuously Variable Valve Timing(CVVT).

The modifications to HPE include the reinforcement of moving parts for high revolution over 7,500rpm, adoption of
2-stage Variable Valve Lift(VVL), Variable Intake System(VIS), and exhaust Continuously Variable Valve 
Timing(CVVT) for improvement in fuel efficiency as well as in performance. 

By applying these variable mechanisms, it was possible to achieve significantly improved torque, power and fuel
consumption: 40% improvement in maximum power, 10% improvement in maximum torque, and 4% reduction in fuel 
consumption. 

Investigation shows that the application of VIS and VVL can give major improvements to performance and fuel
consumption respectively. 

Keywords:  HPE, Variable Valve Lift(VVL), Variable Intake System(VIS), Continuous Variable Valve 
Timing(CVVT) 

1. Introduction 3. Design Changes for HPE 
For next generation mass-produced Hyundai Coupe,

Hyundai Motor Company (HMC) developed a 2.0 Liter 3.1 Overall Characteristics 
Hyundai High Performance Engine (HPE) aiming for Table 1 shows the basic specification of the base
improved performance and fuel efficiency. Many variable and HPE. 
mechanisms available for production were adopted for 
this purpose: 2-stage variable valve lift(VVL), Table 1 Engine Specifications.
continuously variable valve timing (CVVT) for intake and
exhaust camshaft, and 2-stage variable intake 
system(VIS). The prototype HPE was designed, built up
and tested to give the evaluation of effect of each 
mechanism on the performance and fuel consumption. 

2. Development Concept and Target 
A newly developed 2.0 Liter Theta Engine under mass 

production was chosen for the basis of HPE. The base
theta engine is thought to have potential for high
revolution over 7,500rpm with high pressure die 
casting(HPDC) cylinder block, high strength aluminum
alloy ladder frame, intake CVVT, and silent chain drive 
system. The maximum brake torque and power of the base 
theta engine are 187Nm (19.1kgm) at 4,250rpm and 
106kW (144PS) at 6,000rpm respectively. 

Development concept and target were as follows: 
1) Improved full-load performance: Better torque than 

base engine at all speed range as well as max power of
over 200PS at over 7,000rpm. 

Base Theta 
Engine 

Theta High
Power 

Displacement(cc) 1998 1998 

Bore X Stroke 86 X 86 86 X 86 

Compression ratio 10.5 11.0 

Valvetrain Intake CVVT 
Intake VVL 

Intake CVVT 
Exhaust CVVT

Valve 
diameter 

(mm) 

Intake 35 36.5 

Exhaust 29 30 

Valve Lift
 (mm) 

Intake 
High 9.0 10.0 

Intake 
Low - 3.0 

Exhaust 8.2 10.0 
Max Torque (kg.m) 19.1 >21.0 

Max Power (PS) 144 >200 

2) Reduction in part-load fuel consumption compared Figure 1 illustrates the cross-sectional view of HPE, to the base engine. 
3) Variable mechanism demonstrator: incorporates all where height of engine was increased by 10mm.

available variable mechanisms to give potential evaluation 
of the performance/fuel benefit. 
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Figure 1. HPE appearance 

3.2 Cylinder Head 

3.2.1 Cylinder Head Layout 
The cylinder head of Theta base engine has DOHC,

intake CVVT with direct acting type mechanical lash
adjuster. 

The base engine is compact in size and gives proper
functionality and durability for normal use. However it 
was necessary to design and make a new cylinder head to
accommodate larger flow capacity and variable valve
system for HPE. 

HPE adopted a direct acting type 2-stage VVL system
and CVVT system for intake and exhaust camshaft.
Adoption of VVL displaced the intake port downward and 
the camshaft upward by 5 and 10mm respectively, as 
shown in Figure 2.

Figure 2. Cylinder Head Layout of HPE 

3.2.2 Intake and Exhaust Ports 
As described earlier, the position of valve spring and

port flange should be shifted down by 5mm. All new 
intake port had to be developed under limited layout but
for significantly larger intake flow for high power 
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compared to the base engine. The new intake port was 
designed aerodynamically with 1.5mm enlarged valve 
diameter and 17% bigger port flange area, as shown in
Figure 3 (dashed line denotes the outlines of the 
baseline port for reference) The equivalent flow area
was secured by racetrack-shaped flange and shorter 
bifurcation wall. Any abrupt change of cross sectional 
area was removed from side wall of ports.

Since there was no stringent layout restriction at 
exhaust port, the port flange was changed with larger
flow area and optimized shape in addition to 1.0mm 
increase of valve diameter, as shown in Figure 4. 

The intake and exhaust flow was measured in a flow 
rig. The effective intake and exhaust flow were
increased by 8% and 15% respectively, and was
considered suitable for HPE. 

HPEBase

Figure 3. Intake Port Development

HPE
Base

Figure 4. Exhaust Port Development
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3.2.3 Valvetrain
A new valvetrain was designed for the VVL system

and high revolution: tri-lobe intake camshaft for VVL 
actuation, high-lift exhaust camshaft, high-strength valve
springs (dual spring for the intake and single for the
exhaust), light-weight intake and exhaust valves.

Since the target revolution of valvetrain increased up 
to 8,400rpm and the equivalent dynamic mass added by
2.4 times with the addition of VVL tappet, it was 
necessary to increase valve stiffness by 2.1 and 1.5 times 
for intake and exhaust valve springs respectively. The 
fitted length of intake valve spring had to be reduced due 
to the limited layout, which brought the use of dual valve
springs for a intake valve.

New valve profiles were designed for larger air flow at
high speeds. In addition, new low lift profile was also
designed for low-end speed torque. The use of the VVL
switchable tappet limited the contact eccentricity and the
maximum lift velocities, especially for the low lift cam. 
The other restriction for the valve profile design was
limited maximum valve lift by the layout. Both intake and 
exhaust valve lifts were set to 10.0mm. 

To confirm the functionality of valvetrain system, a 
valvetrain rig was built up and tested with Fast Laser 
Displacement Transducer (FLDT). Result showed that
there were no abnormal valve behavior such as jumping
and bouncing up to 8,000rpm, as shown in Figure 5. 
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Figure 5. Valve lift and velocity measurement 
in a rig test at 8,000rpm

The actual valve timing was limited by valve clash 
shown at Figure 6., which came from longer valve 
duration and the application of dual CVVT. The 
maximum valve overlap was set to 80 degree crankangle
for safe operation at full range of dual CVVT. 

Figure 5. Valve lift and velocity measurement 

3.2.4 Oil Circuit
Since HPE introduced VVL and exhaust CVVT for 

valvetrain, it was required to embed a new control oil 
circuit for VVL actuation, hydraulic lash adjuster, and 
exhaust CVVT into the cylinder head. The designed oil
circuit was modeled and analyzed by FLOWMASTER, 
including VVL actuation solenoid, HLA of VVL tappet,
intake and exhaust CVVT, main bearings, connecting
rod, piston cooling jets and an oil cooler. It was found
from the analysis that the oil could achieve the oil feed
pressure target of cylinder head oil gallery at idle 
condition regardless of VVL activation and that the oil 
pressure target for VVL actuation could be met over 
700rpm. However it was necessary to increase the oil 
pump capacity by small amount to achieve sufficient
safety margin for head gallery pressure at 2,000rpm. 

Figure 6. Modeled Oil Circuit of HPE 

3.3 Cranktrain 
To endure the high load and high speed of HPE, the

main moving parts of cranktrain such as piston and 
connecting rod were evaluated and redesigned as 
necessary. Target in-cylinder pressure for analysis was
9.6MPa at 8,000rpm.

The piston material was changed from cast to forged 
aluminum. A few oil holes for pin boss lubrication and 
oil drain were added to the new piston. The piston pin 
size was increased by 2mm, according to the stress 
analysis results. 

To endure higher in-cylinder pressure and inertial 
force from speed increase, a new connecting rod was 
designed for HPE. It had a slender flank thanks to the 
material change from sintered metal to forged steel. 

In addition, the crankshaft bearing loads, oil film
thickness, crankshaft stress, torsional vibration
amplitude and fixing bolt loads were estimated. Design
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changes were made as necessary: for example, use of 
friction washer for damper pulley bolt. 

3.4 Variable Intake System (VIS) 
The HPE intake system was tuned elaborately both to

admit larger intake air flow at high speed and to reduce
flow resistance. One dimensional simulation was
performed for the determination of the intake and exhaust
runner geometries and surge tank volume. It was 
performed with the Lotus LES software with full
optimization of valve lift, valve timing, runner lengths and 
diameters. From simulation results, the major geometries 
of intake system were modified: 10% increase in runner
diameter, 100mm shorter runner for high speed and 
170mm longer runner for low and mid-speed.

Figure 7 shows the simulation results. It can be noted
that the rated power target could be met with the
application of selected high lift and short runner length, 
and the mid-speed torque target by the application of VIS. 

The runner length is switched by a cylindrical 
control valve which changes flow path. When the valve 
is closed, intake air flows through long runner only. 
When open, through both of short and long runner. The 
cylindrical control valve was chosen for its lower flow 
restriction at high speed than a butterfly valve. It is 
controlled by ECU using intake vacuum stored in a 
vacuum tank integrated in manifold housing. The intake
manifold is made by aluminum casting. Complex shape
of flow path resulted in unintentional burr near 
confluence position, which was removed with special
care. 

3.5 Exhaust Manifold 
A 4-2-1 exhaust manifold with larger diameter (by

10% on average) and longer pipe lengths (by 50mm
respectively) was applied to HPE. The dimensions of 
the exhaust manifold were determined from the 1-D 
performance simulation results. It was fabricated by
bending and welding the stainless steel pipes and
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flanges. 

4. Results and Discussion 
Prototype HPE’s were built for dynamometer test 

and in-vehicle development. 

4.1 Full-load Performance 
It was intended from the beginning to achieve high

mid-speed torque and maximum power by using 
variable mechanisms. It was thought that wide speed
range of HPE brings torque dips as well as torque peaks. 
From the 1-D performance simulation results, the
effects of the intake runner shape on the full-load torque
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1000 2000 3000 4000 5000 6000 7000 8000 were analyzed to find optimal length and diameter for 
entire speed range. 

Figure 7. 1-D simulation Results of Full-load Toques Figure 9 shows the measured and predicted full-load
torques of HPE as well as the measured full-load torque 
of the base engine. HPE produces approximately 10% 
increased maximum torque and 40% increased
maximum power compared to the base engine. In
addition, HPE has better full-load torques than base 
engine even in low-end speed, where longer exhaust
valve duration of HPE has disadvantage compared to
the base engine due to the larger backflow during valve 
overlap. 

Figure 8. Variable Intake System for HPE 

10Nm

HPE Result
Simulation
Theta Base

Compact layout for given runner dimensions was 1000 2000 3000 4000 5000 6000 7000 8000

required for vehicle installation. Figure 8 shows the cross Figure 9. Measured and Predicted Full-load Toques 
sectional view of intake manifold. 
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The locations and levels of torque peaks were also 
well correlated between the measurement and prediction. 
First 2 peaks came from the long runner whereas the last 
one from the short runner. It is thought that the location of 
last peak was moved from 6,500rpm to 6,000rpm because 
the long runner remained open during the short runner 
operation as shown at Figure 7. 

To investigate the actual effects of VIS (or runner 
length) and VVL (or valve lift), full-load torques of 
different configurations were plotted at Figure 10. It can 
be noted from Figure 7 and Figure 10 that 1-D simulation 
predicted well the full-load performance curve for VIS 
and VVL. From both of 1-D simulation and test results,  
the short runner is thought to bring high power output 
over 6,000rpm but also induces big torque dips at around 
3,500rpm and 5,000rpm. These torque dips could be 
recovered by long runner effectively. As a result, the use 
of VIS provides good mid-speed torque, and mitigates the 
torque dips. 

 

 
 Figure 10. Measured Full-load Effect of VIS and 

VVL 
 
For the current HPE, VVL has relatively small effect 

on the full-load performance. It is thought to be because 
the current low lift was chosen mainly for idle stability 
and part-load fuel economy and partially because the cam 
timing were limited by valve clash between intake and 
exhaust valves, as shown in Figure 5. 

 

 
Figure 11. Full-load Torque Comparison with Other 

High Speed Engines 
. 

In Figure 11, full-load performance of HPE is 
compared to other high performance engines in BMEP, 
which have specific power outputs around 100~110 
PS/L. It illustrates that HPE has mid-speed torque 
benefit over others by 100~150kPa below 4,500rpm. 

To invest the full-load performance further, the 
cylinder pressure was measured with spark plug type 
pressure transducers. Figure 12 shows brief comparison 
of IMEP with other MPI engines. The increase of full-
load torques was thought mainly coming from the 
higher IMEP. From the pressure measurement, FMEP, 
PMEP, and combustion phase were analyzed and the 
results can be summarized as follows: HPE has slightly 
higher FMEP but lower PMEP than the base engine. In 
spite of larger intake flow and higher compression ratio, 
detonation was well controlled and the combustion was 
phased so that 50% burn location was at around 10 
CAD ATDC over 5,000rpm. It could partially be 
attributed to the use of the higher RON fuel (premium 
gasoline of RON 95). 

 

 
Figure 12. IMEP comparison with Other MPI 

Engines 
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Figure 13. Part-load Fuel Consumption 
 
 

5. Conclusions 
Based on the Hyundai 2.0 liter Theta engine, the 

Hyundai High Power Engine(HPE) was developed for 
next generation Hyundai Sporty Coupe. It incorporated 
the structural reinforcement for high speed and additional 
adoption of variable mechanisms including 2-stage VVL, 
2-stage VIS, and exhaust CVVT. 

 
1) Hyundai HPE was developed to give both high 

torque at entire operating speed range up to 
7,500rpm and improved fuel economy. 

2) Variable intake system(VIS) is effective for mid-
speed torque improvement in a high-speed tuned 
engine. 

3) Variable valve lift system is effective for part-load 
fuel efficiency improvement. 
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