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IVA is a full authority, purely electro-mechanical,

variable valve actuation system for piston engines
Unprecedented level of control — valve by valve
Full, fast feedback control throughout the event

Can be used on both inlet and exhaust valves,

double events possible — an HCCI enabler?

Digital control of gas exchange, the last controllable

combustion variable
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Uses an individual, electrically actuated

desmodromic mechanism per valve or valve pair

No mechanical drive from the crankshaft

No conventional valve (or “helper”) spring

Compliance to allow for seating loads, expansion

etc. is built in to the drop link

Operates on 12 or 48 volts i _ i
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Full lift = full rotor rotation

Part lift = part rotation + return

Rotor velocity never constant

Rotor “parks” between most events
Every event is independent of both its

predecessor and its successor
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Valve X

* Individual control over every valve, every cycle

Complete, infinitely variable, phase control
Complete, infinitely variable, period control
Complete, infinitely variable, lift control
Event shape control — and not just MOP shift
All virtually independent of each other

Multiple event, no event

* All from one valve event to the next

IVA Valve Position (mm)

Valve Y

(mm)

IVA Valve Pasitien

O = N W &

o - ~N w I w o

270

360 450 540

Crankshaft Position (deg)

630 720

2

70

360 450 540

Crankshaft Position (deg

630 720
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* Actuator axis perpendicular to

crankshaft

* Electronic control unit compliantly
mounted over or alongside the

mechanicals

* Packages within normal N-S and E-W
layouts with conventional bonnet

clearances

Actuator < l /
&L ] IVA Actuator
Rotor/Camshaft W l Module
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* Mechanically, the linkage contains nothing unfamiliar or of unusual precision
* Each actuator is an 8-pole, permanent magnet machine

* The stator is segmented and shared between actuators, maximising torque capacity

and efficiency

* Asymmetry further improves performance/unit package volume and weight

,5 J ,5

End view of 8 valve stator Iamlnate stack showmg asymmetrlc slots for windings and the 4 dlfferent segment geometries

Actuator
Rotor
Centre
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Master controller requests the required valve event

ENGINE SENSORSﬂ ! ! ECU DEMANDS
© Errors and Faults © Errors and Faults

MASTER CONTROL © Demands

Each actuator is under independent position control

© Demands

Local actuator controller determines the target rotor ooy | feoeey | b | rEm
trajectory for minimal energy consumption LT | TR | T | el T
* The target trajectory is dynamically adjusted, s e e srece

compensating for transient engine behaviour during ——{zewer] || oo ] || —{Gowrer] || - rerwrer ]

I EMC FILTERING AND POWER DISTRIBUTION

each valve event
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Testing has been conducted both on test

rigs and on the dynamometer

The first IVA modules have been designed
for the inlet valves of a Jaguar Land Rover
Ingenium engine

Successful completion of 500 hour OEM
durability cycle on the rig

To HORIBA-ONE

»missions analyser i

Oil feed for cooling
of IVA electronics

Blowby meter

>1200 hours on the engine dyno

Battery Box (Powers
instrumentation and
ECU, not IVA)

AVL Fuel Exact IVA System

Charge
Amplifiers

.‘(for PCYL’s) | s=dggs
5

5=
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Baseline Inlet IVA
Max valve lift reduced to 7.8mm engine Results
1D analysis suggested similar performance- 400 < /\\
—
timing/period compensating for reduced lift %0 o
The dynamometer results confirmed the [ R E———
é work below
predicted performance 5 100 a:f;?gpg“gt
this stage
° Maintains engine performance at the °, w0 00 300 a0 s so0o
Engine Speed (RPM)
Same bOOSt |eve| Baseline  =====|VA Preliminary Results ® VA Result at Rated Condition

* Reduces IVA electrical power demand

* Eliminates piston interference
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. Sample results for 2.62 bar/1500RPM point
CorBSFC |

10 “minimap” steady state s = M e &“m g g | itioned

St N A L

PMEPav0 di [m;wo V‘Aam.,a f Lit - Compromise Sight MOP retard Exhaust cam fully ['{] asxpa i imposed for .| Earfier SOI holps stabiity &
] t d f- d on a1} 10 tho stabty ket Il betweon lower PMEP & | || improves PMEP & gives || | retarded for maximum | || breather system 1 BSFC, but PN appeaced %
pOIn S e Ine womoen | Jower IVA Currents small current benefits CXDASION WOrk rapidly increase beyond 32
A = T - J [ 2o, § J [ ‘ 1] i
Mo o i < et o B el R S L e e ——
o O i, SSNEEY, . L5 o VED t ...... | R i3 . .
f

Large DoE experiment waes | M f‘? n

completed (Inlet only) T -

Stability

CO, improvements up t0 7.5% =" | g | Firadion el e

InVlv Duration | - G SRR ) RN ) O . --|aa
recorded T~ ,

Optimised events established ™

“ . » e

. Plenum Press Start of Injection

) ® ® wes

InViv Lift , InViv MOP . Exhaust Cam

InViv Open

The VVT capability required is greater than any other available system

° Even greater IVA dynamic capability is now in development and will provide further benefit
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Results Analysis

The CO, benefits come from

\ 4

3 sources:

*  Pumping loss

° Heat release rate &
knock sensitivity

* Parasitic losses ‘

CO, results achieved with
IVA power sourced from the
alternator — opportunity for

smart charging?

Upper bounds of conventional

valve train friction

~——

Lower bounds of conventional

valve train friction

IVA power Demand (W)

2500

2000

1500

1000

500

power demand &
corresponding
alternator drive

Current IVA

power

= Full Load IVA Electrical Demand

= + = Alternator Mechanical Power (Eff'y=50%)

4000

power demand

Next generation IVA

0.05 bar fmep - Lowest Camshaft Drag

0.2 bar fmep - Worst Case Cam Drag

Next Generation IVA Demand 40%+ Reduction

000

&

1200 1400

O  1200/25Nm

1500/45Nm
2000/300NmM

0.2 bar bmep

A
O

A

IVA power demand

® at Minimap points
1600 1800 2000 2200 2400 2600
RPM
X 1200/75Nm + 1200/150Nm
< 1500/210Nm 0O 2000/150Nm
A 2400/130Nm 0.05 bar bmep
< 1800/75Nm

IVA Power Demand vs Conventional Valve Trains
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7.00

° Valve position was measured on the fired engine for 300  *~

g

consecutive events

Valve Lift (mm)
w »
8 8

g

* An example of the control achieved is shown

8

° Measurements of event quality have been established in =, o S

Crank Angle

99.5 Percentile  ———Mean Lift ~ = 0.5 Percentile

order to ensure that other development improvements,

e.g. power consumption, can be measured against a 0

°
&a

common standard

Lift Error (mm)

=3
o o
] -

o

270 450 630
Crank Angle

Standard Deviation 99% Umit 95% Umit
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Throttle wide open in all cases,

including idle
Single valve mode often best

Both EIVC and LIVC capability needed

for different conditions

Late MOP useful for some events

strategies have been explored so far —

there is much more to come

700rpm, 1.66bar, 25Nm

Valve Lift (mm)

Valve Lift (mm) _

1200rpm, 1.66bar, 25Nm 1200rpm, 4.75bar, 75Nm

Valve Lift (mm)

270 180 -90 o S0 180 270
Crank Angle (deg)
1200rpm, 9.45bar, 150Nm
12

Valve Lift (mm)_

@

Valve Lift (mm)
Valve Lift (mm)_

o w~

270 -180 -90 o 90 180 2K 0270 180 90 o 90 180 270
Crank Angle (deg) Crank Angle (deg)
1500rpm, 2.62bar, 42Nm 1500rpm, 1300kpa. 207Nm

180 90 0 9% 180 270
Crank Angle (deg)

1800rpm, 4.72bar, 75Nm

Only steady state and the simplest IVA

Valve Lift (mm)

2

0

Valve Lift (mm) _

Valve Lift (mm)_

70 180 90 o 90 180 n 270 180 90 0 %0 180 270
Crank Angle (deg) Crank Angle (deg)
2000rpm, 946kPa, 150Nm

2000rpm, 1946kPa, 300Nm  2400rpm, 7.87bar, 125Nm
1 1

Q2vae Y 2valve J

Valve Lift (mm)

7 18 9 0 % 18 270
Crank Angle (deg)

70 180 90 4] % 180 270
Crank Angle (deg)

270 -180 90 o %0 180 270 270 180 90 ] 90 180 270
Crank Angle (deg) Crank Angle (deg)
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VERY low mechanical noise
Transient valve response: 0-100% in one cycle
Significant detonation sensitivity improvement

Cranking torque reductions of ~30% through reduced

pumping loss have been demonstrated

There are hybridisation synergies yet to be explored

but deletion of the timing drive is an obvious benefit
Demo car available now

Single cylinder R&D programme support possible
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Cost and Affordability

On-costs have been estimated as a

joint effort — a Tier 1, Jaguar Land

Rover and Camcon:

The CO, benefit, even on the
basis of today’s steady state

results alone “pays for” the system

There is much more to come in

terms of CO, benefits

Affordability Line

CO, Benefit estimated from
steady state dynamometer
results only

On Cost

Today I

At SoP

CO2 (gm/km)

Inlet IVA only: Cost-Benefit
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The next generation IVA prototypes are being

procured now.

The new actuators will be smaller, lighter,

cheaper, >40% lower electrical power demand

Improved dynamic performance will mean

further improved CO, results

Exhaust actuators and 16V engine testing

included in the next stage of the programme

Today’s Next Generation —
And then: diesel, including heavy duty Prototype Running in Q1 2018
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Thank you very much, questions?



