
In order for anyone to understand how Quantum Solenoid works, we have to first 
understand how modern Variable Valve Timing (VVT) works. There are many different types 
of VVT, and we will focus on the most prominent versions here. 

HOW VARIABLE VALVE TIMING WORKS 

Cam phasers can be found in both the intake and exhaust cams in most modern cars while 
most hybrids still use only intake cam VVT. The alteration of camshaft position changes the 
cam centerline and the lobe separation angle between the intake and exhaust cams 
allowing engineers to improve fuel efficiency and power while meeting emissions standards 
(AASA).


Motor oil is the hydraulic medium that makes the VVT work, and therefore, correct oil levels, 
proper viscosity, and being contaminant free is imperative (This is why we always 
recommend an oil change with the installation). Changes in viscosity and high level of 
contaminants can drastically lessen the effectiveness of VVT function and efficacy.  Modern 
engines have sensors that monitor oil pressure, oil temperature, cam angle, etc. that creates 
a feedback loop system for the engine control module (ECM) to monitor and adjust fuel trim, 
spark, etc. leading to proper engine performance (Wikipedia).


The oil control valve (OCV) also generally known as a solenoid, is a spool valve that controls 
oil flow and pressure for camshaft phasing and is an important component of VVT. The OCV 
determines, by a duty-cycle, which ports of the cam phaser receive pressurized oil and 
which are drained (AASA).


The cam phaser is comprised of two parts, a rotor and a phaser body, where the phaser 
body is physically secured to the camshaft sprocket and the rotor is secured with a dowel 
pin. The cam phaser can move about 20 degrees (40 crankshaft degrees), although different 
manufacturers have different angles of movement (AASA).

 

The camshafts cannot be advanced more than the maximum angles of movement of the 
cam phaser. Manufacturers design their engines and program their ECM to make sure the 
maximum and minimum angle for proper engine operation is not exceeded.


Copyright QSPWR 2019



There are three phases (duty-cycles) to an OVC and depending on the manufacturer, it is 
used to advance, retard, or hold the cam phaser in a set position differently (Slideplayer).
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Current VVT systems now use electric motors and OCV spools that are part of the camshaft 
and cam phaser to lessen the time required to reach the oil pressures dictated by the ECM. 
Toyota has slowly transitioned to this method especially in the newer engine designs that 
include the 2GR-FKS, M20A-FKS, and A25A-FKS to name a few.


Components of an Oil Control Valve (OVC) 

An Oil Control Valve (OVC) also known as a solenoid is comprised of several parts as seen 
below in the diagram.


The OVC is a slave unit to the ECM that works in three phases as described in the prior 
section. By moving the spool to the correct position, flow of oil as well as stopping oil flow 
can be achieved. The OVC is a moving part and it is not meant to last indefinitely. Two 
components are known to fail, and these two are the spring and the electromagnet. They 
usually slowly degrade in performance before they fail completely. As they start to degrade, 
engine performance can be impacted, causing rough start and idle, as well as a lack of 
power, engine lag, and throttle response degradation.
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WHAT MAKES QUANTUM SOLENOID DIFFERENT 

R&D, Components, and Manufacturing 

Quantum Solenoid conducts its own R&D, market research, compatibility and testing. When 
our solenoids are manufactured, Quantum Solenoid only accepts units that pass a higher 
level of Quality and Assurance tests.


The first generation of solenoids manufactured were formulated for fuel efficiency and not 
performance. Working closely with the factory, the new performance solenoids were 
developed and tested. During the research and development phase, test units caused CEL’s 
(Check Engine Lights) and we faced many failures before finding the correct formulations for 
different manufacturers and models.


Quantum Solenoids are manufactured 
in a factory that specializes in 
aerospace and military components.


Quantum Solenoids use a higher 
thermal capacity spring with a spring 
rate nearly double the OEM units. In 
order to match the spring rate, the 
electromagnet also has nearly double 
the thrust force of the OEM unit. This 
makes it possible for the solenoid to 
function more effectively and for a 
longer duration of time. The 
components of Quantum Solenoids 
were tested for many years and millions 
of miles to insure long term 
performance at peak levels.


The spool casing (red portion) and the spool itself are manufactured using a five-axis CNC 
machine from aerospace grade aluminum for better thermal expansion resistance as well as 
more precise dimensions. (OEM spool and casing are manufactured using a casting 
method. )
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Function 

1. Advancement


When the ECM needs the camshaft to advance, it sends a wider width pulse to the OVC 
causing the electromagnet 	 to push the spool and compress the spring. The oil drains out 
of one chamber of the cam phaser while filling another for cam advancement (Shrigopal)


2. Retardation


When the ECM needs the camshaft to retard, it sends a narrow width pulse to the OVC 
causing the electromagnet to push the spool and compress the spring very little. The oil fills 
the opposite chamber of the cam phaser as cam advancement while draining the other 
chamber (Shrigopal).


3. Hold


When the ECM needs the camshaft to hold the angle, it sends a medium width pulse to the 
OVC causing the electromagnet to push the spool and compress the spring about halfway. 
The oil fills the opposite chamber of the cam phaser as cam advancement while draining 
the other chamber (Shrigopal).
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********************************************************************************************************************

Quantum Solenoid uses a near perfect balance of spring rate to 
electromagnet thrust force. If the spool can be held in the correct 
position more precisely, the oil flow can be faster with less fluctuation 
in flow decreasing turbulence and reaching the ECM dictated oil 
pressure faster. This also means that the oil pressure can be held 
better, translating to more precise valve timing at higher RPM. When 
the correct oil pressure is reached faster and held more consistently, 
the sensors will send back information to the ECM, making it possible 
for the engine to perform more mechanically efficiently generating 
more power that was detuned from the manufacturer. 
********************************************************************************************************************
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Calculations 

Let’s start with the Law of Conservation of Energy.


Potential Energy initial+ Kinetic Energy initial + Work initial = Potential Energy final + Kinetic Energy final + Work final 

	 	 	 	 	 PEi + KEi + Wi = PEf + KEf + Wf 


The equation denotes the standard engine with the OEM solenoid where:

	 PEi = combustion potential

	 KEi = 0 (since there is no Kinetic Energy before combustion)

	 Wi = 0 (since no Work is being done initially)

	 PEf = 0 (since combustion converts all Potential Energy to Kinetic Energy and Work)

	 KEf = Heat and Sound

	 Wf = Force x Displacement (where displacement is constant)


So given the initial Potential Energy for the engine with OEM solenoids, the combustion will 
translate into Work done on moving the Piston down with a variable force for a constant 
displacement (piston travel) and a decent portion of the Potential Energy is converted into 
heat and sound (We all know that internal combustion engines are still not highly efficient).


Now let’s see what happens when the OEM solenoids are replaced with Quantum 
Solenoids.


	 	 	 	 	 PEQSi + KEQSi + WQSi = PEQSf + KEQSf + WQSf


This equation denotes the engine with Quantum Solenoids where: 

	 PEQSi = combustion potential

	 KEQSi = 0 (since there is no Kinetic Energy before combustion)

	 WQSi = 0 (since no Work is being done initially)

	 PEQSf = 0 (since combustion converts all Potential Energy to Kinetic Energy and Work)

	 KEQSf = Heat and SoundQS

	 WQSf = Force x Displacement (where displacement is constant)


With the Quantum Solenoids installed, you have these conditions:

	 PEQSi > PEi		 The combustion potential is greater with QS

	 KEQSf > KEf		 The sound is louder with QS

	 WQSf >Wf	 	 The force is greater with the QS


Ultimately, with the Quantum Solenoids replacing the OEM solenoids, there is an increase in 
power in the engine. It is undeniably apparent that the engine revs faster and the sound of 
the engine also becomes louder proving KEQSf  is greater. This then translates to greater 
force being generated for the constant displacement proving WQSf is greater. Conclusively, a 
greater Force is generated translating to more power being produced by the engine.
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Results 

Quantum Solenoid is an innovative performance product with applications that were 
overlooked for over 2 decades. There was a way to extract more power from the engines 
with VVT and we are the first company to research and test this application. We are proud to  
introduce Quantum Solenoid to customers who wish for their cars to have more power and  
improved driving enjoyment.


Why does Quantum Solenoid make it possible for the engine to make more power?


Quantum Solenoid makes the valve timing more precise, leading to a more complete and 
greater combustion cycle. The gains can range from 10 horsepower and 8 torque in a 4 
cylinder engine with just the intake VVT solenoid replacement, over 25 horsepower and 25 
torque in an 8 cylinder engine with just the exhaust VVT solenoids replacement and over 30 
horsepower and 30 torque in a 6 cylinder engine with both the intake and exhaust VVT 
solenoids replacement. These gains can be seen in our dyno results. (The power gains are 
more apparent in smaller engines due to the relative percentage increase.)


The power can be felt as soon as the solenoids are installed and the ECM starts to adapt. 
As the ECM fully adapts, the improvements are very apparent. Quantum Solenoid changes 
not only the power output of your engine, but it improves the transmission shifts, as well as 
throttle response. There is no other product in the market that can do all these things by 
itself.


1. The car is faster (Increase in power) 
2. The throttle response is better and more sensitive 
3. The engine revs faster to redline 
4. The transmission shifts are smoother 
5. The power delivery is smoother and more linear 
6. The car feels completely different, and the driving enjoyment is improved greatly. 

As the ECM adapts and learns the ability of the engine with the Quantum Solenoid, the 
engine becomes more mechanically efficient producing more power, and improving throttle 
response. This is possible because the highly adaptable ECM now understands that it can 
rev more freely and faster, translating to an improved throttle response.


From testing, the engine note changes at higher RPM after the install of both the intake and 
exhaust VVT solenoids in bigger displacement engines. As the engine is revved higher, the 
engine note becomes a little louder and deeper. As the combustion in the cylinders become 
more complete and greater, there is more energy created. This increase in energy is 
translated to more power put down to the wheels. This increase in energy is also translated 
into an engine note change. A greater Potential Energy converting to more Kinetic Energy is 
achieved. This is real world proof that the engine is making more power.
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The highly adaptable ECM also makes it possible for the transmission shifts to be smoother. 
Quantum Solenoids make the engine more mechanically efficient, making it possible for the 
engines to make power all the way to redline instead of dropping off right before the rev 
limit. This makes is possible for the automatic transmission shifts to be smoother and also 
feel faster. The abruptness of the automatic transmission shifts are almost completely 
subdued.
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