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Abstract.The article examines modern valve timing and lift adjustment systems used in spark-ignition
automotive engines, which enhance power output and reduce harmful exhaust emissions.

The object of the study: Control systems for the intake valve timing mechanism.

The aim of the study: analysis of the main methods of regulating valve timing and lift and their impact
on internal combustion engine performance.

Research method: Analytical.

The article explores the design and operating principles of variable valve timing (VVT) systems in
spark-ignition engines. It has been established that modern engine manufacturers employ a unified approach
to dynamic valve timing regulation, utilizing engine oil pressure to adjust the camshaft's angular position via
a valve timing adjustment mechanism. Additionally, it has been determined that camshaft torque can be
leveraged to enhance the efficiency of VVT systems.

Various types of variable valve lift (VVL) systems are analyzed. In general classification, VVL
systems are divided into discrete variable valve lift (DVVL) systems and continuously variable valve lift
(CVVL) systems. Discrete VVL systems operate by switching between different cam profiles and are widely
adopted across manufacturers, with diverse implementations. In contrast, CVVL systems enable continuous
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adjustment of intake valve lift, optimizing power and torque across all engine operating modes. CVVL systems
regulate airflow into the cylinders, ensuring a smooth power output transition at any engine speed or load. It
is also noted that CVVL systems can be either mechanically or hydraulically actuated.

The findings presented in this article can be used for further analysis and enhancement of existing
valve timing and lift systems.

Keywords: internal combustion engine, valve timing, intake valve lift.

Introduction.

Problem Statement.

The conventional valve timing mechanism in spark-ignition engines operates with fixed valve timing,
determined by the camshaft profile and its position relative to the crankshaft. However, a fixed valve timing
and intake valve lift do not allow for optimal engine performance across the entire range of speeds and loads.

When the engine operates at maximum power (full throttle), high gas exchange speed improves
cylinder filling by opening the intake valve before the top dead center and closing it after the bottom dead
center, resulting in a significant valve overlap angle (when both intake and exhaust valves are open
simultaneously). However, under low-load conditions (partial throttle opening), vacuum in the intake manifold
and excessive valve overlap can cause exhaust gas backflow into the intake manifold, reducing cylinder filling
efficiency [1].

In addition to valve timing, intake valve lift also influences fuel efficiency and engine power under
various operating conditions. At low loads, reducing the intake valve lift increases the throttle opening degree,
minimizing engine pumping losses. Conversely, under maximum load, increasing the intake valve lift
improves cylinder filling, thereby enhancing power output [2].

Analysis of Current Research.

Traditionally, to ensure balanced engine performance across various operating conditions, engineers
selected a compromise valve timing and intake valve lift height. However, this approach did not allow for
optimal performance. Modern automotive engines incorporate systems that enable adjustments to both the
valve timing and the intake valve lift [3].

The Aim of the Study.

Analysis of the primary methods of regulating valve timing and lift and their impact on internal
combustion engine performance.

Main Content.

The principle of dynamic valve timing adjustment is universal across all modern automotive engines
and is implemented via a variable valve timing (VVT) system. This system is an electro-hydraulic unit that
can regulate either the intake valve timing alone or both intake and exhaust valve timing independently using
two separate unit. Adjusting the opening moment of the intake valves and the closing moment of the exhaust
valves relative to the camshaft position helps optimize engine performance, reducing fuel consumption and
emissions of harmful substances in exhaust gases. This is achieved by modifying the valve overlap angle [4].

The position of each camshaft is monitored by the engine control module (ECM), which processes
data from the camshaft and crankshaft position sensors. This information is used to control solenoid valves
that regulate the supply of pressurized engine oil to different chambers of the VVT mechanism. When oil
pressure is absent, the intake valve timing unit remains in the maximum retard position, while the exhaust
valve timing unit is in the maximum advance position. These positions are locked by a locking mechanism,
which is released when oil pressure is applied. In this state, the minimum valve overlap angle is maintained,
ensuring stable engine startup.

During engine operation, when valve timing adjustments toward advance or retard are required, the
solenoid valve directs pressurized oil to the appropriate chamber of the VVT mechanism (Fig. 1). The advance
and retard adjustment chambers are located between two components of the VVT unit — one rigidly attached
to the camshaft and the other connected to the timing gear. Under hydraulic pressure, the camshaft rotates
relative to the timing gear, adjusting valve timing. Oil pressure can be supplied to the VVT mechanism at
varying rates, allowing for independent and precise valve timing control.
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Figure 1 — A — Exhaust variable valve timing unit, B — Intake variable valve timing unit:
1 — Body; 2 — Advance adjustment chamber; 3 — Retard adjustment chamber;
4 — Locking pin; 5 — Adjustment angle; 6 — Free play (0.25-0.75 degrees); 7 — Return spring
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Figure 2 — A — Camshaft torque (Nm), B — Camshaft rotation (degrees), C — Valve opening, D — Valve peak
lift, E — Valve closing: 1 — 1000 min—1; 2 — 4000 min—1; 3 — 7000 min—1; 4 — Inertia effects from rotating
mass; 5 — Force caused by valve spring; 6 — Bias torque from friction

Depending on the engine design, the variable valve timing unit has several pairs of advance/retard
chambers (typically three to five). This design allows for an even distribution of forces on the camshaft to
ensure precise adjustment of the valve timing advance or retard angle.
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In recent years, a widely adopted valve timing adjustment technology has emerged, utilizing the torque
generated on the camshaft for its rotation relative to the timing gear [5]. This torque arises due to the interaction
of the camshaft lobes with valve springs and the inertia of the moving components in the valve mechanism
(Fig. 2). Unlike systems that rely solely on pressure created by the oil pump, this approach primarily utilizes
internal movement of engine oil between the chambers of the unit to regulate the camshaft's relative position
(Fig. 3).

As a result of this approach, the operation of the variable valve timing system requires significantly
less engine oil—approximately 15% less [5]. The reduction in oil consumption decreases the engine oil pump's
workload, which in turn improves fuel efficiency and increases power output. Additionally, since this
technology is less sensitive to fluctuations in engine oil pressure, it enhances response speed at low engine
speeds and high temperatures, where oil pressure may be insufficient.

Beyond the variable valve timing mechanism, two types of variable valve lift systems are employed
to enhance engine performance under different speed and load conditions: the discrete valve lift system
(DVVL) and the continuously variable valve lift system (CVVL). The discrete valve lift system is based on
the concept of switching between different camshaft profiles. During low-load engine operation, a lower cam
profile is used, reducing fuel consumption by minimizing engine pumping losses, achieved by increasing the
throttle opening angle. In high-power modes, a high cam profile is engaged, improving cylinder filling and
thus increasing maximum power output (Fig. 4).

Figure 3 — Variable valve timing unit: 1 — Engine control unit; 2 — Solenoid valve;
3 — Locking mechanism; 4 — Engine oil supply; 5 — Spool valve; 6 — Retard chamber

Automakers adopt various approaches to controlling cam profile switching. Honda's i-VTEC
(intelligent Variable Valve Timing and Lift Electronic Control) system consists of a camshaft with a central
high-profile cam and external low-profile cams, along with corresponding roller rocker arms (Fig. 5). At low
loads, valve actuation occurs through the external roller arms linked to the low-profile cams. As load increases,
hydraulic oil pressure is used to engage a locking pin that connects the central roller arm to the external ones,
allowing the intake valves to be actuated by the high-profile cam. Investigation completed on a 2.4L Honda
engine have demonstrated torque and power increases of 3.67% and 9.33%, respectively, with the i-VTEC
system [6].
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Figure 4 — Two cam profiles of the Audi EA839 engine with DVVL system:
1 — Low profile; 2 — High profile

Figure 5 —Honda i-VTEC valve lift system: A — Low valve lift; B — Switching from low to high valve lift;
C — High valve lift; 1 — Low-profile cam; 2 — High-profile cam;
3 and 5 — Rocker arm for low-profile cam; 4 — Rocker arm for high-profile cam

Chevrolet's IVLC (Intake Valve Lift Control) system also switches between low and high cam profiles
using a roller rocker arm. Similar to Honda’s i-VTEC, this system engages or disengages two rocker arms via
a hydraulic actuator from the lubrication system. However, in this case, a single high-profile and a single low-
profile cam are used. Research conducted on a 2.5L Chevrolet EcoTec engine found that the IVLC system
reduced fuel consumption by 4% [3].

A similar design is employed in the CPS (Camshaft Profile Switching) system used in Jaguar Land Rover
AJ133 N/A engines. In this case, cam profile switching is performed via a hydraulic tappet (Fig. 6). In this system,
at crankshaft speeds between 2,800 and 4,825 rpm (depending on load), the intake valve lift height is 5.5 mm
(low profile), while in all other modes, the lift height increases to 10.53 mm (high profile) [5].
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Figure 6 — Camshaft profile switching system of Jaguar Land Rover AJ133 N/A engine:
A — Low valve lift operation; B — High valve lift operation.

Figure 7 — Audi AVS: 1 — Electric actuator of the sliding module; 2 — Intake camshaft; 3 — Intake valves;
4 — High-profile cam; 5 — Low-profile cam; 6 — Spiral channel.

The Audi Valvelift System (AVS), which also employs camshafts with two different profiles, adjusts
the valve lift height from 2 mm at low loads to 11 mm at high loads. The minimal valve lift height generates
turbulence in the fresh charge, enhancing mixture formation at low loads. Two cams with low and high profiles
for each of the two intake valves of a cylinder are mounted on a sliding module in such a way that the active
cam can be switched depending on the longitudinal position of the sliding module on the camshaft (Fig. 7).
Each sliding module has two spiral channels, into which a pin enters via an electric actuator to move the sliding
module with the cams in the longitudinal direction. Another spiral channel and corresponding pin are used for
switching the cam profiles in the opposite direction. The AVS system enables a fuel consumption reduction of
up to 7% [7].
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The Mercedes Camtronic system is similar to the Audi AVS system, except that it uses fewer sliding
modules and, consequently, fewer pins with electric actuators. In the Mercedes system, a single sliding module
serves multiple cylinders simultaneously.

Continuously variable valve lift (CVVL) systems allow optimal power and torque output across all
engine operating modes. CVVL is used exclusively for intake valves and enables continuous regulation of the
airflow into the cylinders, ensuring smooth power delivery at any engine speed or load. This system reduces
valve lift when low torque is required and gradually increases lift as torque demand rises. By optimizing air
intake, the CVVL system enhances engine dynamics and reduces fuel consumption.

The integration of CVVL with variable valve timing (VCT) is a key technology aimed at reducing fuel
consumption and CO; emissions. Conventional engines with throttle-controlled power regulation experience
energy losses due to air intake resistance. CVVL, in combination with VCT, directly regulates the required air
volume via the intake valves for each engine operating condition. This is achieved through a flexible intake
valve actuation process. The throttle is used to maintain proper intake manifold pressure under all operating
conditions. Additionally, early intake valve closure reduces the amount of air entering the cylinder, decreasing
the work required for compression. This results in lower temperatures, allowing the engine to generate more
energy. The indicator diagram in Fig. 8 demonstrates reduced energy losses during cylinder filling when using
CVVL combined with VCT.
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Figure 8 — A — Indicator diagram of an engine with a standard gas distribution mechanism,
B — Indicator diagram of an engine with a CVVL system: 1 — Opening the intake valve; 2. — Closing the
exhaust valve; 3 — Closing the intake valve; 4. — Opening the exhaust valve; 5 — Ignition; C — VCT control;
D — CVVL control; E — Piston stroke; P — Pressure.

CVVL systems support multiple operating modes depending on the specific system design. For
example, the CVVL system in Jaguar Land Rover Ingenium engines features the following modes:

- Full lift mode - The valves are fully opened and closed as during conventional control by the
camshaft. The full lift mode is used at high engine speeds to obtain maximum engine power.

- Late intake valve opening (LIVO) mode - The opening of the intake valves are delayed when starting
the engine and during idling. The valves open for a shorter period and at a lower lift providing precise control
of the exact amount of air entering the cylinder. As a result fuel economy is improved during idling periods.
During a cold start, only a small amount of cold air enters the cylinder, meaning the engine starts more easily.
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- Early intake valve closing mode (EIVC) - Activated during low to medium engine speeds. The intake
valves are closed hydraulically before the camshaft profile would normally allow. The mode reduces pumping
losses, increases the engine output and prevents an undesirable backflow of the fuel mixture into the intake
ports.

- Composite mode - is used at very low engine speeds and loads. It is a combination of LIVO and
EIVC modes. Composite mode is used as it provides a stable combustion.

Continuously variable valve lift systems are classified into mechanical and electrohydraulic types.
Mechanical systems include BMW Valvetronic and Toyota Valvematic. BMW Valvetronic was the first
mechanical system for continuously variable valve timing, introduced in 2001 [3]. The primary goal of
Valvetronic was to reduce fuel consumption by managing engine power through valve lift adjustments, thereby
minimizing throttle losses and pumping losses. The latest generation of Valvetronic achieves a fuel
consumption reduction of 10%.

In the Valvetronic system, a rocker arm is positioned between the camshaft and the roller finger
follower. The position of the rocker arm is adjusted by an eccentric shaft driven by an electric motor via a
worm gear (Fig. 9). Rotating the eccentric shaft changes the contact point of the rocker arm with the roller
finger follower, thereby altering the valve lift height [3].
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Figure 9 — BMW Valvetronic system:

1 — Exhaust variable valve timing unit; 2 — Exhaust camshaft; 3 — Roller cam follower; 4 — Hydraulic valve
clearance compensator; 5 — Valve spring; 6 — Exhaust valve; 7 — Roller cam follower; 8 — Hydraulic valve
clearance compensator; 9 — Intake valve; — Valve spring; 11 — Valvetronic servomotor; 12 — Eccentric shaft;
13 — Spring; 14 — Intermediate lever; 15 — Intake camshaft; 16 — Intake valve timing unit.

In the Toyota Valvematic system, an intermediate shaft containing a roller and eccentric elements is
positioned between the camshaft and the roller finger follower, which acts on the valve (Figure 10). The
angular position of the shaft is adjusted via an electric motor. Increasing this angle increases the valve lift.
Investigation compleated on a 1.8-liter engine indicate that the Valvematic system improves fuel efficiency by
5% and increases power output by 6% [8].
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Figure 10 — Toyota Valvematic System: A — Low valve lift; B — High valve lift; 1 — Intermediate shaft;
2 — Intake camshaft; 3 — Intermediate roller; 4 — Eccentric; 5 — Roller rocker arm

Electrohydraulic systems include the CVVL system used in Jaguar Land Rover's Ingenium engines
(Figure 11). In this system, there is no direct mechanical connection between the intake valves and the
camshaft. Instead, the camshaft operates four small oil pumps that pressurize four hydraulic accumulators,
which act as hydraulic buffers between the camshaft and the intake valves. If full valve lift is not required, oil
is discharged from each accumulator via an electronically controlled solenoid valve, reducing the lift height
provided by the camshaft. As the camshaft rotates, the action of the cam transforms into the movement of the
pump piston, generating hydraulic pressure within the device. The high-pressure chamber serves as a hydraulic
link between the pump, brake device, and solenoid valve. Hydraulic pressure can reach up to 150 bar. When
the solenoid valve is closed, the hydraulic pressure of the engine oil opens the intake valve through the brake
device. When the solenoid valve is open, part of the oil returns from the high-pressure chamber to the
intermediate pump chamber, reducing valve lift. The brake device acts as a hydraulic valve lash adjuster and
regulates valve closing speed in early intake valve closure mode. According to the manufacturer, CVVL
improves fuel efficiency by 5% compared to the previous generation of engines.

@T@*

® e ®

+ (1)

Figure 11 — Jaguar Land Rover CVVL system hydraulic circuit schematic: 1 — Solenoid valve;
2 — Engine oil supply; 3 — Check valve; 4 — Intermediate chamber; 5 — Pressure accumulator;
6 — Oil return line; 7 — Engine oil temperature sensor; 8 — Brake unit; 9; — Intake valve; 10 — Engine oil
supply; 11 — Roller finger cam follower; 12 — Camshaft; 13 — Hydraulic tappet; 14 — Pump

-

HaykoBuii ;xypHan « ABTOMOBUIBHI IOPOTY I JOPOXKHE BY AIBHULITBO», 2025. Bunyck 118. Yactuna 1.
ISSN 0365-8171 (Print), ISSN 2707-4080 (Online), ISSN 2707-4099 (CD), http://addb.ntu.edu.ua.
Scientific journal KAUTOMOBILE ROADS AND ROAD CONSTRUCTIONY», 2025. Issue 118. Part 1.

222



I'AJIY3EBE MAIIMHOBY IYBAHHS / BRANCH MECHANICAL ENGINEERING

A similar electrohydraulic continuously variable valve lift system, Multiair, is used in Fiat/Chrysler
engines. The key difference is that it employs a single camshaft, which simultaneously operates the exhaust
valves and drives hydraulic pumps for CVVL operation. According to the manufacturer, the Multiair system
reduces fuel consumption by up to 10% and increases torque output by 15% at low engine speeds [3].

Conclusions.

The application of variable valve timing and variable valve lift systems enhances the power output of
spark-ignition gasoline engines while reducing fuel consumption and, consequently, lowering exhaust
emissions. Various system designs exist today, with the most efficient approach combining variable valve
timing with continuously variable valve lift systems. This combination provides the most flexible control over
the valvetrain, resulting in superior fuel economy across all engine operating conditions.
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Anomauyia. B cTaTTi pO3MISIHYTO Cy4YacHi CHCTEMH 3MiHH (a3 ra3opo3NOiTy Ta BHCOTH HigHOMY
KJIallaHiB, 110 BUKOPHUCTOBYIOTHCS B aBTOMOOUTRHUX ABUTYHAX 3 ICKPOBHM 3aIllaIIOBAaHHSIM Ta JTO3BOJISIOTH
MIJBUIIUATH MOTYXKHICTh Ta 3HU3UTU BUKUIM HIKIIJIMBUX PEUOBUH 3 BIANPAIlbOBAHUMU ra3aMHu.

O6’ext gocnimkenas — CHCTEeMHU KepyBaHHS ra30pO3MOIiTbHUM MEXaHi3MOM BIIYCKHUX KJIallaHiB.

Merta poboTn — BukoHaTH aHaji3 OCHOBHUX METOIB pEryitoBaHHS (a3 Ta30pO3IMOAUTy Ta BUCOTH
iAoMY KJIallaHiB Ta iX BIUIMB Ha MOKA3HUKH POOOTH ABUI'YHA BHYTPIIIHBOTO 3rOPSHHSL.

MeTton DOCHIIKEHHS — aHATITHYHUHN.
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PosrnsnyTo Oy10BY Ta MPUHIUITY pOOOTH CHCTEM 3MiHU (Da3 Ta30po3oAily aBTOMOOLTBHHUX ABUTYHIB
3 iICKpOBHMM 3alaliOBaHHSIM, BCTAHOBJIEHO L0 BHPOOHMKM CyYaCHUX [BUTYHIB BHKOPHCTOBYIOTH €IJMHUHN
HiIX1A 10 TUHAMIYHOTO PETYJIIOBaHHS (a3 ra3opo3nojilny, SKHH MOJsArae y BUKOPUCTAHHI THCKY MOTOPHOI
ONIMBH Ul 3MiHM KYTOBOTO TIOJIOKEHHS PO3MOJINBYOTr0 Baly 3a JONOMOIOI0 MeXaHi3My 3MiHM (a3
ra3zopo3nojiry. BcraHoBiieHO 10 171 MiABUIIEHHS €PEKTUBHOCTI pOOOTH CUCTEMH 3MiHU (a3 ra30po3MoIiTy
MOJJINBO BUKOPUCTOBYBAaTH KPYTHUI MOMEHT, 1110 BUHUKA€E Ha PO3NOAUIEYOMY BaIi.

Po3risiHyTO pi3HI THIKM CHCTEM 3MiHM BHCOTH MiIHOMY BITyCKHHMX KIAIlaHiB Ta BH3HAYEHO MO B
3araipHii knacuikanii BUAUISIOTH IUCKPETHI CHCTEMYy 3MiHM BHCOTH mimiiomy kiamaniB (DVVL) Ta
0e3CTymiHYaCTy CHUCTEMY 3MiHHM BHCOTH mimiomy kiamaHiB (CVVL). JluckpeTHa CHUCTEMHU 3MiHH BHCOTH
migiioMy KiiamaHiB 0a3yeThecsl Ha KOHIICTIIIT IepEMHUKaHHS MK PI3HUMHU poQiisiMu KynaukiB. Bonn Habynn
LIMPOKOTO PO3MOBCIOKEHHS Ta Ma€ Pi3Hi BapiaHTH BUKOHAHHS B 3aJIEXKHOCTI Bi BUpoOHMKa. besctyminuacTi
CHUCTEMHM MiAHOMY KJIANaHiB AAlOTh 3MOTY HaiOiIbIl e(EeKTUBHO AOCATaTH MaKCHUMAaJIBHUX 3HA4YCHb
TTOTY>KHOCTI Ta KPYTHOTO MOMEHTY B Oyab-sikoMy pobodoMy pexknMi nuryHa. Cuctemu CVVL no3BoisiioTs
0e3mepepBHO pEryJIoBaTH MOTIK MOBITPS, IO MOJAETHCA B LWIIHAPH, B PE3yJbTaTi 4Oro 3a0e3nedyeThes
IUTaBHA 3MiHa MOTYXHOCTI 3a OyIb-sKOi yacToTu oOepTaHHs a00 HAaBaHTAXEHHsS ABHIYHa. BusHaueHo 1mo
cuctemu CVVL MOXyTh MaTH SIK MEXaHIIHUHN TaK 1 TiIpaBIiqHANA TPUBII.

Pe3ynpTaTd BUCBITIICHI B CTAaTTI MOXYThb OYTH BHKOPHUCTaHI Ui MOJNAIBIIOTO aHamizy Ta
BJOCKOHAJICHHS ICHYIOUMX CHCTEM 3MiHU (a3 ra3opo3noily Ta BUCOTH MigHOMY KJanaHiB.

Kniouosi cnosa: nBUTYH BHYTPIIITHROTO 3TOPSHHS, (ha3w Ta30pO3MOALTy, BHCOTA ITiIHOMY BITYCKHHX
KJIaIaHiB.
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