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Advantages of the Hiittlin-Kugelmotor®
over the reciprocating piston engine

The Hiittlin-Kugelmotor® corresponds with a four cylinder reciprocating piston engine
because each full work stroke, consisting of intake, compression, ignition and exhaust,
occurs every 180°. In order to take this into account all comparisons below are made
between the prototype Hiittlin-Kugelmotor® 1,180 cm? and a similar reciprocating piston
engine.

1. Smaller and lighter

A lower engine weight and the reduced space requirements are of increasing importance,
not only because of the fuel consumption, but also because of spatial considerations and an
unfavourable weight distribution in light weight vehicle construction. The HUttlin-
Kugelmotor”, referred to by the abbreviation HKM, so a pure internal combustion engine
with the electrical components weighs approx. 60 kg, a very
light-weight reciprocal piston engine weighs at least 80 kg
(see chart from www.motorlexikon.de). An engine weighting
20 kg less means, just for Switzerland alone, an annual
reduction in fuel consumption of 79,375,800 litres of fuel,

as calculation in the graduation paper by Lukas Keller and g

Jurg Studer (see Appendix 1). ey ek R
The Hiittlin-Kugelmotor® as a hybrid has a diameter of 405 === x
mm. Because of the spherical shape an engine with a larger cylinder capacity is not much
larger. A reciprocating piston engine on the whole is larger in any case, also because it
contains many more components - ration 63:240 (see Appendix 2).
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2. More economical in consumption

The reduced weight and the fewer moving components are the first, more obvious
contribution to the fuel consumption reduction. But primarily the low intrinsic resistance
and the ignition in @ combustion chamber with a counter-piston reduce the fuel
consumption substantially.

Because both piston pairs are guided on a central axis it is ensured
that the piston never actually come into contact with the cylinder
walls, so that there is no resistance or friction except that on the
sealing rings, as in the reciprocating piston engine, but there this
cannot be ensured due to the constant changing of the connecting
rod angle (see diagram); the pistons come into contact with the
inside of the cylinders on all sides.

When looking at the combustion chamber an essential difference is
striking: in the reciprocating piston engine the ignition explosion can only expand in one
direction, above it there is the cylinder head, and only the piston can be pushed down. But
the explosion has the tendency to expand spherically, so it is blocked from above and must
be redirected downwards. The further the piston moves away the larger the combustion
chamber becomes and with it the distance to the initial ignition, so the mixture combustion
is less efficient.
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In the H{ttlin-Kugelmotor” both pistons are pushed away
from the ignition. This way the flame can expand much
more spherically, reflecting the nature of an explosion.
Upon ignition, the pistons move only half as much as they
do in reciprocal piston engine with a comparable
displacement capacity, thus always enhancing the
combustion because of the given symmetry. This is also
evidenced by the calculations and animations prepared by
the FEV with great effort. According to the FEV
calculations, the mixture of air with the fuel is better during filling and emptying of the
combustion chamber of the exhaust gases than in the reciprocating piston engine with its
intake and exhaust valves located at the top because of the given optimized kinematics with
the rotation of the entire inner spherical engine. The measurements during tests on the
prototypes rendered definitive results. On the basis of our experience so far we are
convinced that we can reach the values of modern reciprocating pistons and even exceed
these and therefore be able to meet the requirements of future Euro standards.

CFD-Berechnung Kugelmotor
Vergleich v, nahe der Zundkerze zum Zundzeitpunkt
v2 V3 voabil

3. Life expectancy and production costs

The life expectancy of an engine depends on many factors. A major one is the number of
components, especially the number of moving components. The Hiittlin-Kugelmotor® does
not need any connecting rods, no cam shaft, no crank shaft, and no valves, so many of the
moving components considerably influencing the life expectancy of an engine. All in all the
Huttlin-Kugelmotor” consists of only 63 components, but the reciprocating piston engine of
240 (see Appendix 2).

This low number of components also has a considerable effect on the engine production
costs. Nowadays, a conventional engine is assembled in 3.5 to 5 hours. We can assume
much shorter times, but with the complete assembly of a Hittlin-Kugelmotor” taking half
an hour less, this would mean a substantial saving with the following consequences:
according to the OICA Organisation Internationale des Constructeurs d'Automobiles, in
2011 80.1 million vehicles were built worldwide, with 8,157,058 only by VW alone (see
Appendix 3). Half an hour time savings per engine would mean saving more than 4 million
production hours; in this time 1.359 million additional HKMs could be produced. Of course,
not to be underestimated are the saving in grey energy (electricity and material) during
production.

Regarding the complexity of the components and their production the answer can only be
that the production of a conventional crank shaft is also not
particularly easy, and that on the other hand a modern
production facility needs only an appropriate programming
to products almost any component required. So the
production of the curved pistons is not really a challenge, as
are the production of the curved elements and all other
components of the Httlin-Kugelmotor”.

Another considerable factor influencing the life expectancy
of an engine is the number of revolutions per minute, known
as the speed. The Hiittlin-Kugelmotor’, a so-called slow or low speed runner, performs only
half the revolutions to achieve the same result as a four cylinder reciprocal piston engine,
which needs 720° or two full revolutions so that every cylinder runs through a full stroke
cycle (intake, compression, ignition, exhaust), all at 180°. The HKM needs only one single
revolution, so 360°, also all at 180°.




INNGMOTAG

4. Huttlin-Kugelmotor-Hybrid®

There is a valuable enhancement to the Hiittlin-Kugelmotor® as a pure combustion engine
with a conventional drive using a drive shaft, namely the Hittlin-Kugelmotor-Hybrid®,
abbreviated to HKH, with further advantages over the existing technology. Each reciprocal
piston engine can be converted to a hybrid by adding an extra electrical generator. In the
HKH the generator is already integrated in the casing, which means that a lot of weight and
space can be saved. In addition, this generator can be used as a starter for the engine,
which means that no separate starter motor is required.

If we use the HKH as a range extender in an electrical vehicle for the production of
electricity we have combined the advantages of electro-mobility and of the pure
combustion engine:
- No need for a gearbox, cardan shaft, and the
differential gears
- No need for a large and heavy battery
- The range is similar to a “normal” vehicle
- Refilling is @ matter of minutes, and not hours
of charging from a power source

Because the Hiittlin-Kugelmotor-Hybrid” not only

produces electricity, but also heat, it can just as well be used as a CHP (combined heating
and power system) to provide a building with electricity and heat for hot water and/or room
heating.

5. Possible uses
The HGttlin drive technology is very versatile and can be used as

- Motor and engine

- Range extender

- Compressor

- CHP

- Wind energy hybrid

Apart from the automobile industry a wide range of industries can become licensees of
Innomat AG using this system:

Motorcycles and scooters

Electrically powered vehicles

Community vehicles

Construction machinery and vehicles

Boats and ships, from small craft to seagoing vessels
Tools for gardening and agriculture

Compressors for construction and industry

CHPs

Wind power

and many more.

For more information please visit www.innomot.org December 2013 / RL
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Appendix 1 (Excerpt from the graduation paper by Lukas Keller and Jurg Studer)

7.1. Fuel saving

According to the German Federal Environmental Agency (UBA) a motor vehicle with an
extra load of 100 kg consumes 0.7 litres of fuel more per 100 km.

An extra load of only 20 kg would mean an increase in fuel consumption of 0.14 litres per
100 km.

If a spherical engine is installed in the vehicle this would mean a weight reduction by 20 kg
and consequently a fuel consumption reduction of 0.14 litres per 100 km.

If this also applies to the unloading of weight, this would mean a reduction of the fuel
consumption of 0.7 litres per 100 km.

According to the Swiss Federal Road Traffic Agency there are 5.35 million motor vehicles
in Switzerland, travelling a total distance of 56,697,000,000 km per year.
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Appendix 2

Comparison of components INNOMOTAG
| E-t:hamher-l-li]ttlin-l'(ugelmntmtl | 4_cylinder Otto-engine
(gasoline engine) (gasoline engine)
Components Number Components Number
Aluminium housing, 2 parts 2 Cylinder block 1
Aluminium lateral covers 2 Cylinder head 1
Internal covers 2 WValve cover 1
Rotor, 2 parts 2 Crankshaft housing 1
Rotor covers 2 Crankshaft 1
Rotor beanngs 2 Crankshaft beanng blocks 5
Rotor geaning 1 Crankshaft main bearings 5
Qutput shaft/screw 1 Flywheel 1
Beanngs output shaft 2 Piston rod bearing bolts 4
Twin pistons 2 Piston rods 4
Piston centre bolt 1 Individual pistons 4
Piston slide bearings 4 Piston bolts 4
Piston guide balls 4 Cam followers 16
Piston bearing cup 4 Hydraulic lifters 16
Piston guide sleeves 4 Valve spring bases 16
60-2 timing wheel 1 Valve springs 16
Curve elements, 2 parts 2 60-2 timing wheel 1
Charge change seals 2 Charge change valves 16
Seal springs =] Valve spring retainers 16
Lateral rotor seals 2 Valve keys 32
El. Frehs gas flaps 2 Valve shaft seals 16
Fresh gas intake nozzles 2 El. Fresh gas flap 1
Fuel injection jets 2 Fresh gas intake nozzles 4
El. Charge air fan 1 Fuel injection jets 4
Charge air radiator 1 El. Charge air fan 1
Mator electronics 1 Charge air radiator 1
Exhaust gas lambda sensors 2 Valve guides 16
Exhaust gas manifolds 2 Exhaust gas lambda sensor 1
Exhaust gas nozzles 2 Valve seat nngs 16
Number of components 63 Camshafts 2
Camshaft bearing blocks 10
Camshaft wheel 2
Screws, seals and other small parts are not Crank shaft wheel 1
included. Idler pulleys 2
Tension pulley 1
Cam belt/camshaft drive chain 1
Dr. h.c. Herbert Hiittlin Number of components 240




Appendix 3

INNOGMOT A

14. /&= Thailand

aktueller x | Anderung
Rang ~ zum Vorjahr

;"3 Land

1./ China 87.166]
2 VE Vereinigte Staaten 78 283949
3| e Japan 5289157
4w Deutschiand |3.995 625
5 | & Sidkorea | 28819
6./ Indien 76,409
7.|gE3 Brasiien | 416089,
8|0 Mexiko 192,841
9./ Spanien | 539132
10| 1 Frankreich 12750086
11.|go1 Kanada |1 159,504,
12. | gy Russland | 844300/
13. /== Iran | 35000,
f 22055

15. |5 Vereinigtes Konigreich| 2.098.498]

16. am Tschechin 169.920
17| Torksi | 25000/
18 | == Indonesien KA |
19.| g Polen | 113087
20.|== Argentinien | 219590
21| halien [1854252
22.| g Slowakei 0|
23 [J B Belgien | 296000/
24, = Malaysia [ kal
25§55 Sudafrika | 207573

| 8.009.841
111042884
| 4095138
| 123135
113917

490,006
| 1181659
| 3378.433
1369.607
2195000

161.000

1312914
233112

281793
1610287
0
923426
104 227

204766

r A

2 v -
.3 ‘v -
4 [— K3
5 = =
.6 - . .
'7 A - L]
C v nn
9 ‘A [ 3
= B =
11 [a =
12 |a —
= = =
14 [a -
115 [a -
Quelle:

22288

1165174,

73347
| 1565957
| 242000
50.881|

KA |
417834

Entwicklung der Fahrzeugproduktion nach Landern
Aufgefuhrt sind die 25 Lander, in denen die grote Anzahl von Kraftfahrzeugen hergestellt wurden. Alle Angaben beziehen sich auf die Staaten in ihren heutigen Grenzen.
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