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 HR/MR Engine
Technology Overview

In a conventional engine, the cylinder bores under-
go some deformation due to axial forces when the 
cylinder head is bolted to the cylinder block. In the 
HR/MR engines, circularity machining is performed 
on the bores with the engine fi tted in a jig that re-
produces conditions under which the cylinder head 
and block are bolted together. Therefore, bore de-
formation due to axial forces on cylinder head bolts 
is prevented, and bore circularity is improved. This 
permits reduced contact pressure between piston 
ring and cylinder bore, thereby reducing friction. 
Bore circularity machining is a technology used 
in ultra-precision racing engines where even the 
slightest power loss is unacceptable. Its use in the 
HR/MR engine marks an epoch-making advance 
in the technology of volume production engines. 

The crankshaft and camshaft journals are fi nished 
with a polishing tape to produce a mirror-like fi nish. 
The result is a thorough reduction in friction on 
these bearing surfaces of key engine components.

Crankshaft and camshafts 

Offset cylinders

Cylinders in the HR/MR engines are fi tted at an off-
set to minimize friction arising from the angle of the 
connecting rod as a piston descends into the cylin-
der. The resulting smoother reciprocating motion of 
the pistons contributes to high power output and 
high torque as well as fuel economy. 
Also, the structure is designed so that the piston re-
mains in the upper part of the cylinder longer than in 
a conventional engine (piston velocity slows down). 
This permits more effi cient use of combustion energy 
and effectively improves thermal effi ciency. Offset cylinderOffset cylinder
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Plastic intake manifold with integrated tumble control valve

Large capacity EGR system

For rapid and effi cient combustion, the air-fuel 
mixture must be in a state that is most conducive 
to ignition. The HR/MR engines incorporate an im-
proved tumble control valve that generates optimal 
tumble (longitudinal vortex) of the air-fuel mixture to 
promote combustion stability. The cylinder interior 
and piston crowns are also shaped to promote tum-
ble swirl. This design helps optimize air-fuel mixture 
consumption to enhance fuel economy even under 
typically unstable conditions such as while the 
engine is warming up.

The EGR (Exhaust Gas Recirculation) system 
returns a portion of the exhaust gas to the intake 
side to reduce fuel consumption and minimize 
NOx emission. Reintroducing exhaust gas to the 
cylinders reduces pumping loss by allowing less 
energy to be used on the intake stroke to turn the 
engine. Owing to combustion effi ciency improve-
ments including the upgraded tumble control valve, 
the HR/MR engines can use more exhaust gas 
in EGR. This yields even better fuel economy with 
assured power delivery.
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Reducing friction

Friction has been reduced between moving metal parts such as pistons and 
cylinders, cams and valve lifters. 

Bore circularity machining

Mirror fi nishing

Improving combustion effi ciency

To achieve more effi cient combustion, we applied a variety of technologies to valves, 
fuel injectors, ignition systems and other areas.
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Fine spray injectors

Long-discharge ignition coil

The fi ner the particle size of spray from the fuel in-
jectors, the easier it is to attain complete combus-
tion of the air-fuel mixture and therefore the less 
hydrocarbons (HC) are generated. The HR/MR 
engines replace the previous 4-hole injector nozzle 
plate (diameter: 250 µm) with a 12-hole version 
(diameter: 130 µm) in a multi-hole fi ne spray injec-
tor. Spray particle size is reduced by approximately 
40%, and the spray range is greater, thereby rais-
ing combustion effi ciency. 

The large capacity EGR system returns a substan-
tial volume of inactive exhaust gas to the air-fuel 
mixture in the cylinders, which lowers the ignitability 
of the mixture. To adjust for this situation, we length-
ened the discharge time of the ignition coil, thereby 
improving ignition performance for effi cient combus-
tion even under unstable air-fuel mixture conditions.

Ignition coil with longer discharge time  

Nozzle plate (injector head)Nozzle plate (injector head)
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with 4 holes
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atomized spray

Thinner water jacket wall

Increased cooling effi ciency helps maintain anti-
knock capability during combustion at higher 
compression ratios. We reduced water jacket wall 
thickness around the HR/MR engine’s combus-
tion chambers to 4.5 mm, about 25% thinner than 
our previous design, while maintaining suffi cient 
strength and rigidity. The resulting increase in wa-
ter jacket capacity raises cooling effi ciency.

Water jacket: coolant passages in the cylinder block and cylinder head, 
which help maintain optimum combustion conditions and prevent parts 
from deforming or seizing up.

M12 spark plugs

Using smaller M12 plugs allowed more leeway in 
water jacket design, thereby further raising cool-
ing effi ciency.

Conventional 
spark plug

M12 
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Thin water jacket wall raises cooling effi ciency

M12 spark plug

Fuel injector

4.5mm
Thickness reduced to 4.5mm 

Raising cooling effi ciency

More stable combustion results from more effi cient cooling of the combustion chambers. 
This helps enhance both power output and fuel economy.


