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Abstract
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amphibious vehiclesa$igned fothe North Pole. This thesis is a brief introduction to the North
Pole Amphibious Vehicleshich consists irstudying the main requirements of this kind of
vehicle.Thus the research about amphibious vehittechnologiesis done on the stateof-art
and different powertrairsystems anaonfigurations are studied.

In this project, a 3D design of an amphibious vehicleitmffiow simulation werecreatedwith
Solidworks in order to calculate thengitudinal parameters of theehicle.

The powertrain system has been chosellowing an analysis of conventional, electric and
hybrid powertrains,so as to determinavhich systemhasa better performance at the North
Pole.

Different powertrain configurationshave beenmodelled in Matlab Simulink following the
mathematical equations that describe the components or using the Powertrain Blockset offered
by Matlab. The software simuks the whole powertrain dynamics in conjunction. The results
obtained by the simulationvere used to compare the 4WD and 6WD powertrains in order to
find outwhich are the most suitable



1.
2.
3.

[ a1 oo [0 o i o] o BT P PR PPPPRRI 1
(O] ][0 1)Y= OO PP PPP S PPPPPRPPPP 2
Amphibious vehiclesState of the ArL...........cccc 3
3.1.  Types of amphibious VENICIES............cooiiii e 3
.11, WREEIEA.... ..o 3
BOALS . ..ttt eaeaaaeeas 4
3120 TFACKEA. ..ot 5
G 700 I TR B =T =T o 1 o] o [T o RSSO 6
3.1 4. HOVEICHR ....oeiiiiiiice e 6
3.2. Amphibious vehicles technologies research..............ccoooveeiiiiiiii e, 7
3.2.1.  Miscellaneous COMPONENLS.......cccoiiiurriiieeeei e e e e e e e s e e e 7
32,2, YEMELY A e 9
R B 1= T o 1 N TP EPP ORI 9
3.2.4.  AVIOIrOS SNAIMAN... ..ottt 9
REQUITEIMENTS. ...t e e e e e e e e e e e e s s e b e e e e e e e e e anne 10
POWETTIAIN ...ttt e e e e et r e e e e e e e neeee s 11
5.1.  POWErtrain tOPAOQgY .......cccieiuuriiiiiiiiiiiiirerire e e e e e e e eeeeeeeeaeaaaaeaea e e s s e e s s easaaesesnnnnnne 11
5.1.1. Which powertrain is the most convenient for an Amphibious vehicle?.....12
5.2. Conventional powertrain COMPONENLS.........uuuiiiriieiiirieeerereeeeeereeeeeeeaeaeeaeeaeaeeeeens 13
5.2.1.  ENQING e 13
5.2.2.  Power takeup lementS............ooiiiiiiiiiiiiiiee e 13
I T N = 10 S 0 0151 (o] g (1= T= T o0 ) U 14
5.2.4.  DIfferential.........cccuriiiiiiie e 16
5.2.5.  Alllwheel drive transfer CaSE.........coouiiiiiiiiiiiiieiiieeee e 16
5.3, Powertrain CONfIQUIatiONS..........oiuvriiiiie it 17
5.3.1. Fourwheels drive POWEIIAIN. ..........uviiiiieiiiiiiieee e 17
5.3.2.  Si¥WheelS POWEITIAIN...........oiiiiieeeee e 18
Powertrain MOdelling.......ccooo oo 20
B.1.  COMPONENTS.....uutititiiitii ettt ettt ettt e e e e e e e e e e e e e e e e e e e e s e ab bbb bbb e e s eneeeeeeeeeees 22
6.2, VENICIE ... 27
2 Axles vehicle longitudinal dynamic model..............ccooooiiiie e 28

3 Axles vehicle longitudinal dynamic model.............ccoooiiiiiiie 29



R\

PN ESERSR
0 TR 10 U] F= 11 o] o OSSR 32
6.3. 1. AWD POWEITIAINL....ceiiiiiiiiiiiiiee e ettt ee e e e s st e e s a e e e s s nnbbeeeeeeeeaannes 33
6.3.2.  BWD POWEITIAINL....ceiiiiiiiiiiiiiie ettt ee ettt e e s a e e e s nibee e e e e e e e annes 36
6.4, RESUILS....oiiiiiiiiiiiie e a e e e e e e 38
Y I 01V = T U 38
BVWD POWEITIAIN......etveiieie e ettt ettt e et e e e et e e e e e s s bbb e e e e e e e s nnnnbneeeee s 39

R (Y (=] A 16T 41



1. Introduction

The North Pole (also known as Geographic North Poleemestrial North Pole) is one of the
points of the eartlds surface that coincide with its rotation axis, the opposite one is called South
Pole.

The North Pole is situated at@ic Oceanwhere the sea is almost constantly covered by a thick
layer ofice. The thickness of &selayers can reach 5 meters in the nearastasto North Pole
because of its climate. In winter, the temperatures can range farto-13°C with an average

of -31°C and in summer, the averageasound @C withthe highestrecordedtemperaturebeing
13C[1].

Currently the Arctic countries that surround the North Pole dtee Russian Federation, Norway,
Denmark (Greenland), Canadad theUnited Stated (AlaskaHoweverno country owns the
North Pole or the region of the Agtic Ocean that surrounds this poinsinceit is under
international law

The fauna of the North Pole quite limited, the animals that live in such cold plaege Polar
bears,ringed seals and Atic foxes Some birdsseen at the North Pole are Snow bunting,
Northern fulmar and Blaclegged kittiwakd2]. Howeverthere are many unidentified creatures
underwater[3] since the thick layer of icgéoesnot allow an eayexploration In addition, the
harsh surface conditions, a mixture of ice, water and snow, make it really difficult to acosss th
areasusingconventional vehicles such as boats or cditserefore, eithean icebreaker or an
aircraftis needed

Duringthe history of humankindthere have been a lot of expeditions to the North Pole, some
of themresulting in tragedies while others were succesdBdfore the 2 century,many ways

to arrive to the North Pole had been tried, e.g. Icebreaker, helicopter,Neverthelessjuring

the past few yearsthe Russians achied@ new way to arrive to the Pole. In 2009, the Russians
reached the North Pole with two custehuilt 6x6 lowpressuretire ATVs (Yemelyh and
Yemelya?), achieving the recognition to be the first trip from land to the Geographical North
Pole[2].



2. Objectives

Due to climate change and global warming, huge glaciers and ice grounds istth@rrrapidly
melting. This fact is opening multiples chasc® the world, such asnew shippingroutes,
transport routes, etcEcormmically speaking, this couldvolveimportant benefits becausef
shorter shipping times.

On the other handrecently, the highoil pricesand the fastmelting of the iceare bringing the
attention of petroleum industriesfrom countries surrounding the Agtic Oceanand even
countriessuch asChina, India and Japapecause according tan USGS publication, the Arctic
is estimated to contain between 44 and 157 billion barrels of recoverabjé]oil

In orderto exploit the North Poleéegion greatpowers like Russia, China athé United States
are seeking new resources to take advantagarmd consequently, considering the option to
explorethe North Pol€5]. In spite of the existeze ofthe Ice-breaker, an expensive resource,
there is a need forother kinds of vehiclesthat allow to take cheap trips. This is why the
amphibious is under research and could be a very useful resource.

Hence with the final purposeof pleasingthe current demand, the objectives of this magier
thesisare:

- Do aresearch about amphibious vehicles.

- Do aresearchbout the different technologies required in amphibious vehicles.
- Designthe amphibious vehiclewsith the main requirements

- Select a suitable powertrain configuration for the North Pole conditions
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3. Amphibious vehiclesStateof the Art

Currently, the worldhas many different kinds ofveird artefactscreated as prototypes by
amateurs or big companie#é\t present, we do not have a relevant amount of information
regarding amphibious vehicleBlost of the information that we can find is abbmilitary war
amphibious vehicles.

3.1. Types of amphibious vehicles

The different ypes of amphibious vehiclese:

3.1.1. Wheeled
Cycles

- A human powered amphibious vehicégquipped
with floats forbuoyarcy.

Figurel. Cyclomer, Paris 1932

ATV4AlFTerrain Vehicles)

The AATVs(Amphibious AdlTerrain Vehiclesare
non-air cushioned wehicles propelled by the
wheelswith a maximum speedjsually, over 40
km/h.

This kind of vehicle use watertight body to get
the needed buoyancy. Usually, the AATV is disma
lightweight vehicle without suspensionor
steeringwheels The direction of the vehicle is
controlledby changing the speed of theheels of

Figure2. Sherp ATV

each side.
The first fas®BATV is named LoravaitedQuadski made by Gibbs Amphibians, and
it is able to reaclr5km/h.

Cars

Amphibious cars werergginated in 1900but the Second/Norld Warwas the main
incentivefor developing these kinds of kieles.Most of them usea combination of
wheelktraction and a propeller.

The most famous vehicles are:



Schwimmwagen (Germany 1942: Small
4x4 Jeep, designed by Porsche.

Amphi-Ranger(Germany, 1985)The most
capable poswar car, hull built by
aluminium alloy (AIMg2) and very resista
in sea conditions.

Amphicar(Germany, 1961)The most
successful amphibious car producsidce
the 603sto date becauseof its aesthetic
and similarityto a conventional car.

Gibbs Aquada(New Zealand, 20030Only
fifty Aquadas were built in th0003s, butit
was a success becausé its capability to
reachhigh speedon water.

— S ——

Figure6. Gibbs Aduéda

Python(US,2010: It is just a prototype but
this car is the fastest amphibious car in t
world according to theGuinness Worlds
Record.

Marine vehicles enabled todrive on land. The
main characterigc of the amphibious boat is the
conventional boat design, just addingtractable
wheels. This kind of vehicles are usually fast on

aquatic environments and slow on land
Figure8. Profile Boats 635H environments.
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Oyster boats

Figure9. Oyster boat

Trucks

Figurel0. DUKW

Armoured vehicles

Figurell. Panhard VBL

Tracked
Yachts

Figurel2. Ilguana yacht

- Amphibiaus boats specially designed for mussels

and oysteré areas made of aluminium. These
boats canrun through the wheels or by the
propeller, depending the tide level

“ Amphibian trucks were very successful vehicles in

WWII due to its big carrying capabilities. In the
wars, these trucks are used as suppliers, launched
from the warcrafts, to supply material to
beachheads

This group of vehicles is composed by armoured
personnel carriers, tanks and amphibious warfare
ships. Tiese vehicles are propelled by waterjets
and wheeltraction.

This kind of vehiclés very similarto amphibious
boats, the unique difference is that instead of
wheels, the boat is equipped with trackshich
allowsa bettertraction overland than wheels



Amphibious armoured vehiclesare principally
used on land Nevertheless some of them have
amphibious charactergs. It is mainly used by
marine corps.

On water, these vehiclesan be powered by
hydrojets or by their own tracks

An altterrain vehicle that ha two different
compartments. Eacbompartmentis poweredoy
an independenttrack; this makes a multi-unit
vehicle much more robusbn smooth terrains
than a singleunit.

The deep fordings amilitary vehiclewhich is
able to drive underwateiby using an entirly
waterproof hull. Manyof them are equipped
with a long tube asommandeds hatch to allow
the submergence or as snorkel

[Tet o it

Figurel5. Deepfording tank

3.1.4. Hovercraft

Hovercrafts are air cushioned vehicl¢ACVs)

that can hover over land and travel over water.

The ability of hovengis thanks to the skirt that

surrounds the base of the crafthis skirt is filled

with pressurized aiand the air is ejected from

the bottom of the ship, making it lift.

Figurel6. Hovercraft ACVs arehigh speedvehicles over water and
allow to make the transition between land and

water without stopping the vehicle
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3.2.  Amphibious vehicles technologiesearch

Asmentioned before currently, there is not a lot of information about amphibious vehicles,
most of the researches are about military amphibious vehidlsigthis information we will
analysethe stateof-art of amphibious vehicke

3.2.1. Miscellaneous@mponents
From a mechanical viewpoirthe components of amphibious vehiclean be divided intdhree
different groups:

- Structure
- Powertrain
- Suspension

The most important groupso focus on for theamphibious vehicledesignare structure and
powertrain. Hencethe technologies ofiifferent amphibious vehicles will be shown below.

3.2.1.1.  Structure
In the case of the armoured amphibious vehicle,eoaf the biggest problems is the water
collapse when this is crossing a river, lal®] so onwith a high speed, because this can produce
the swamp of the vehicleTo avoid the water collapse of theehicle and to improve the
capability of driving with higher speed over water, thare two options:

1. Addinga head plate. The head plate is jugtlate, flatform or \-form, installedon the
bow of the ship with a higlreheight than thevesseds draft line, as is shown ifigure
17.

2. Changing the bow design of thehicle, using a design simitarboats

Figurel7. Armoured vehicle with head plate in the bow

The inconvenient of the head plate is the increase of resistdratés produced over the vehicle
To offset thisresistancemore power is needed, i.e. the vehicle with a head pktgvatedwill
need more power to reach a specific speed than a vehicle without head[plate
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3.2.1.2. Powetrain
Anotherissue ofAll-Terrain Vehicles is théow traction of wheeled vehicles in smooth surfaces
suchas snow, muar icy roadsCurrently there are manglectronicaimechanicamethods to
avoid losingcontrol of the vehicle(Traction Control System, AntiSlip RegulationAntiHlock
BrakingSystem, etc.)There are also show tires that improuwhe traction in snow terrains
considerably However, tlesesolutions are not enoughecause better traction on the ground
is needed in order to reach the highest efficiency.

TheDepartment ofAutomobile Engineering of Beihang University wanted to do further
research and in 2016 they designed and developgassible solution, aew transformable
wheel for amphibious alierrain vehicles (ATV) asis shown in Figurel8.

According to the report oftte wheel designed by Beihang Universitith the results obtained
on the kinematic and the dynamic simulations, the wheel is feasible and could be a prominent
improvement for offroad vehicle$7].

On the other hand, the transformable wheel in its unfolded state could be used as paddles in
the water, avoiding the need of propellers, i.e. the amphibious vehicle couldpropgerly with
just one engineNevertheless, the speed will be slow.

Wheel lbo\l

__Wheel foot

Transform skeleton
mechanism 2
B | » 2 "
¥ "
Wheel hub
(a) Folded wheel (b) Unfolded wheel

Figurel8. Transformable wheel designed by Beihang Univeidity

Another solution to improve the #ictionconsists ifow-pressure tires. This kind of tires
permit the vehiclgo carry the same load with quite lower air pressure than conventional tires
[8]. Low-pressure tires are very useful for afiad vehicles sincthey provide a good traction
on icy landssnow, mud or sandoils[9] [10]. This solutiowasadopted by Yemelygrigurel9),
the firstamphibious vehicles to arrive from land to the North Palso adopted by the Sherp
ATVand by Avtoros Shaman 8X8ore information in thefollowingsection.
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As statedin the last section, the Yemelya was the first vehicle
to arrive to the North Pole from landherefore seing that
this All-Terrain Amphibious Vehiclghown inFigure19) was

a succes letds see its specificatiol]:

Yemelya is equipped with six wheebs diameter of1,30
meters dressed with special loywressure tires produced in
China.Each wheels mounted on independent suspensions
(450 mm free trave). The watertight body igully made of
aluminium The powertrain of the vehiclés equipped withtwo driveshaftthat deliver taque
from the engineto the locking differentials of the front and middle axle (rear differential is
dependent of the middle axle), thengine(2.0 LToyota 3C diesel}he electrical components,
transmission(5 manuatspeed) etc. These components are asabled inside the watertight
body. hat is to sayYemelya is a vehicle allowed to drive in salty sea water.

Figurel9. Yemelya Amphibious vehi

Thegrossweight of the vehicleis 1450 kgand itis able to reach a ma speed of 55 km/h (on
paved roads) and with its huge spinning whatls capable of propelling at the speed 2-3
km/h on the water.

3.2.3. Sherp ATV
The Sherp AT{Figure2), equipped with a 1,5L Diesel engine and 5 maispeéd transmission,
is an all-terrain vehicle with an impressive afbad performancelts small size and ifeur huge
wheels(1,60 meters of diameter) make it able to overcome boulders, fallen trees, deep snow,
etc. Furthermore, due to the four low pressutires and the watertight bodymade of
aluminium in order to optimise the weight of the vehicthe vehiclehas a high buoyancy and
allows itto float and move over the water

The dry weight of this vehicle is 1600kg, and combining it with the 44k ehgine, the ATV
can reach almost 40km/h in dry terrai@therwise, over the water, the huge wheels with
paddles can propel the ATV with a maximum speed of 6Kfih

3.2.4. Avtoros Shaman
The Avtoros is an amphibious vehioliebig dimensios, equipped with 8 wheels (1,20 meters
of diameter)that allows up to 12 people. According to its manufacturer, the Shaman is able to
cross dirt, snow or marshes$hat is to say, the Shaman is the petfeehicle for people who love
huntingandfishing in any season of the year.

On the other hand, this ATV has a great manoeuvrability and stability on thedigaib its
innovative steering system that affosithree handling optios: front wheels, front ad rear
wheels, and front and rear wheels with an opposite gyre.

The 3.0L Diesel engine thgeneratesl76HP, the 6 manualpeed transmission and its 4800kg
curb weight allow the vehicle to reach a maximum speed of 70km/h in terrain. Otherwise, on
water, the maximum speed is just 2km/fihe drawback of the high power of this vehiclé&ss

fuel consumption, Avtoros neadin average of 25L pdiOOkm. In this case, a big fuel tank is
needed to satisfy the high consumption and afford it to dfwehours on ed [13].
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4. Requirements

Once we have done an initial research aboe different amphibious vehicles and tire
different technologiesit is possible to know whahe requirements for a North Pole amphibious
vehicleare:

Thevehicle should have a good ground clearance to cross any obstacle.

The vehicle hull should be watertight to allow the buoyancy of the vehicle.

The total weight of the vehicle should be as light as possible to facilitate the buoyancy.
The commander hatch shld be elevated and watertight to allow a good point of view
and avoid the entrance of water inside the vehidg

Due to the big surface of the Arctic Circle, an amphibious vehicle bound to the North
Pole should have a bagapacity for provisioslike food, research equipment, etc.

Forthe same reason as the previous point, the vehicle should have a big autonomy.
The Arctic is a place full of snow and water, so the vehicle should be ready tondrive
theseconditiors. Therebre, the vehicle wheels shoufgtovide a good traction on that
kind of ground.

The vehicle should provide a high thrust at low speeds for the manoeuvrg6]lity

The Arctic also has sonaeaswith water where the vehicle wilheed to useits
buoyancy skills. To ensure a good buoyamdyeels of bigger size would be needed

In water conditiors, to avoid the water collapse and the swamp of the vehicle, the bow
of the vehicle should have a similar design as boats (tilted).

The masgentre of the vehicleshould stay in the middle point of the vehicle to provide
good stability on water.

The drivetrain should bisolatedfrom the salty sea water to avoid the corrosion of the
components.

The exhaust/intake of the engine should dey at all times[6].

The interior of the vehicle should be thermally insulated

Cavitation avoidance for good maintenarjé¢

10



5. Powertrain

The powertrain of a vehicleomprises the main components that generate power and send the
power to the road. These components include the engine and the tdaivng 14].

The drivetrain is composed by many elements wlgoh in charge of transmittinthe
engings power to thedrive wheels. AccordingptBosch Electronic automotive rdivook[15],
these elements must perform the following functions

- Remaining always stationary.

- Achieving the transition from stationary to mobile state of the vehicle.

- Converting the torque and rotational speed of the engine.

- Providingbackvard and forwardmotion.

- Regulating the wheelspeed variation in curves.

- Keepimg the engine within a range on the operating curve where the vehicle gets the
minimum fuel consumption and exhaust emissions.

The elements that maké possible to complwith the functions described previously, are:

9 Clutch. This component allovis conne¢ and disconnect the rotational speed of the
engine with the drivetrain

1 Transmission (gearbox). This modifies the rotational speed and torque of the engine,
adapting them to the tractive requirements the vehicle.

1 Differential. This component makes théferent speeds of the wheels the same axd
possible.

5.1. Powertraintopology

In the current marketthere are few powertrain systemsategorized bypower source which
combining them with differentrivetraincomponents, can give birtto thousands of different
powertrain configuratios.

- Conventional These areystems that use an internal combustion eng{h@E}o drive
the vehicle combining it with a transmission and final d{iv&. There are two kinds of
ICE: the spark ignition engine (S| engine) and the compression ignition engine (Cl engine),
also known as gasoline and diesegaes[17].

- Electric These kinds of powertrains are powered by electricity. In comparison with
conventional powertrains, electric ones are propelled by electric moémgdo not
need a reducersimplifying the transmission systefis].

- Hybrid. Hybrid vehicle powertrains are a mix of conventional and electric vehicle
powertrains. This system was designed in order to extract the benefit of each system
previously commented, the energy density of gasoline anddfiieciency of electric
motors[18].

11



5.1.1. Which powertrain is the most convenient for an Amphibious vehicle?
The selection of théestpowertrain system is a key point to design the powertrain. In order to
clarify which system is the most suitable thie weather in theNorth Pole, a brief research
should be done comparing advantages and inconveniesiad conventional and electric
powettrains.

EV Conventional
Pro Cons Pro Cons
No direct gas emissions Lowerfuel Higher fuel Air pollution
energydensity | energydensity
Low noise emissions Long time to | Quickly fuel Irregular mass
recharge the | refuelling distribution
batteries

Low consumption cost, low | Vehicle price | Larger range | Waste of energy
price kWh

Lowermaintenancecosts Lower range | Vehicle price More space needed
due to the engine and
fuel tank

Efficiency >90% Efficiency More noise emissions

25-35%

Instant torque, offer Maximum power

maximum power from the achieved at a specific

standstill engine speed

Smooth power delivery, Irregular power

achievable at any moment delivery

Uniform masdistribution

Energyconservation

Less space needed
Possibility to become energy
independent using renewable
energy

Tablel. Comparison EV and Conventional Veh[@&l@g20] [21]

Oncewe have made @omparison and seen the results,ist obvious that the mossuitable
powertrain is the electric one due to allits advantagesDespitehe few disadvantagesswed

in Tablel, currently, the stateof-the art of this kind of powertraiirs improvingso fast that they
have almost reachedhe specifications of theconventional vehicles through Lithidian

batteries, fast chargers, etc.

Thereis no doubt that electric vehicles are the future since they are much more efficient and
produce less emissighelping the environmentFor thisgeason, nowadays, electric vieles are
getting more popular in the cities. Nevertheleskis fact is not happening in cold places.
Therefore, we are wonderingvhy are electric vehiclesiot popularin cold weather places?

Lithium+ion batteries (LIBsyre able to work in a temperature region frol2°C to 60C, the
optimal rangebeing 15°C to 38C. Once the temperature is out of the working region, these
batteries will degrade fasteading toan increase of safety problenssich as the risk dire and
exposion[22].

12
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As stated by Z.G. Qi al.[23], decreasinghe battery cell temperature from 2T to-20°C, the
battery capacity is reduced an 88% with respect to the original capacity@ue to the plating

by the lithium deposit on the anode surface during the charging process. Moreover, plating
could induce an internal short circuit in the battergsultingin serious safety issue$his means

that low temperatures affect the performanad all the electric vehicles.

In spite of many heating strategies to warm up the battery under cold weather cond[@8hs
this area is still being studiaince the actual statef-the art of the battery heatings not totally

effective and should be optimized. Therefore, the best option for the North Polddibe a
conventional powertrain using a Cl engine which is more efficient than the Sl engine.

5.2. Corventional pwertrain components

In this section,the mainelements of the powertrainvill be briefly explained

5.2.1. Engine
The prime mover of the powertrain, better known as Engine, is a maetithethe purposeof
convering energy from some kind of fuel into mechanical energy. In the current market, the
most popular engines are the internal combustion engines (ICE), whiah tha different
ignition types: Sparkgnition (Sl), also known as Gasoline engine, and Comprdgsiibion (Cl),
also known as Diesel engine. Neverthelesshe pastfew years electric enginesire gaining
more importance in the automotive market bacse of the improvementin the capacity of
batteries although itis still worse than ICEs.

5.2.2. Power takeup elements
In conventional powertrainghe engine is always running (when texhon), evenwhen the
vehicle is stopped.hErefore in orderto allow the engine to start and run without moving the
vehicle, a devices neededo connect and disconnect the engine power from the transmission.
This device is also needed in manual gearboxes, sircgahsmission should napinduring
gear changedDependingon the type of gearbox, manual or automatic, a clutch or a torque
converter will be used, respectively

5.2.2.1. Dryplate friction clutch
The friction clutch is composed by a pressure plate, a cllisdhand the enginis flywheel. The
flywheel and the pressure plate are connected to theput of engings crankshaft, while the
clutch disk is connected to the beginning of the transmission shatft.

In order to transfer rotational speed and torque from tlemgine to the transmission, the
flywheel and pressure plate are engaged to the clutch tilugh a central spring plate.
Otherwise, to disengage the clutchfaaice is applied to the center of the pressure plateptiigh
mechanical or hydraulically actigal throw-out bearing, releasing the pressurks].

13



5.2.2.2. Wetplate friction clutch
The wetplate friction clutch comparetb the dry-plate one, has the advantage that its thermal
performance is bettebecausehe oil has a higher heat dissipation capac8pmetimesthe wet
clutchalsohas spacesavingadvantage, since some frictiairive gearshift component could be
used for the power takaip processNevertheless, the drag losses of the vpddte are highe
than the dryplate friction clutch15].

5.2.2.3. Hydrodynamic torque converter
The hydrodynamic torque converter, composed by an impeller, a turbine and a stator,
compensates the speed difference between the drivetrain and thenendihe impeller converts
the mechanical energy into fluid energy rolugh the oilof torque converter, and lateit is
transformed back into mechanical energyrdbhgh the blades within the turbine.

This takeup power element has the advantage that itngihates vibration peaks and absorbs
vibrations effectively. Howeverjt is useless for motevehicle applications due to its
conversation range and efficiency at high levels of s$fipnce, it isonly useful whenit is
combined with multispeed or continausly variable gearbds5], whichwill be explained in the
next section

5.2.3. TransmissioiGearbox)
The vehiclés transmission, also called gearbox, is the drivetrain element in ch&apaverting
the enginés power and torque to make it able to rup the vehicle from the stationargtate
and onceit is running, transform the speed to be able to break the vefictesistance forces
such aghe aerodynamic resistance, the rolling resistance, or the climbing resistance.

Multi-speed gearboxes are very popular in motor vehicles due to thificiency, optimal
adaptation to the vehiclés traction and they araneasly mastered technologysear shifting in
these gearboxes is performed by a disengagement of power transmission (manual and semi
automatic gearboxes) or under load by a friction mechanism (automatic geardasés)

The manuakhifted transmissions installed in passenger cars and in heavy vehicles, are
usually a duashaft transmissionwith main and countershatft (idler shaft, order to optimise
the space. Howevein heavycommercial vehiclest is not unusual tofind a trarsmission with
more than two shaft$15].

Automatic transmissionare usuallyplanetary transmissions (Ravigneaux or Simpson
planetary gears) and the countershaft designsbarely used15].

5.2.3.1.  Manual transmission
Manual transmissions are composed basically by a varralile geartransmission unit and a
shift mechanisnwith a shift lever controlled by the drivemhelayout of the gearbox depends
on the vehiclés drive configuration (frortvheel drive, reatwheel drive, 4wheel drive)15]. An
example & 5-speed gearbowith conventional drive layous shown irFigure20.
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1. Input shaft
2. Main shaft
3. Selector rail

4. |dler shaft

5. Output shaft

Figure20. 5-speed transmissiofi 5]

5.2.3.2. Automatic transmissions
As it is mentioned previously, there are two types of automatic transmis§iéijs

- Semiautomatic transmissions are manual gearboxes on which shift actions are carried
out by an electronic system instead of the action of the driver.

- Fully automaticransmissions. This gearbowunlike manual transmissionsallowsthe
gearshiftingwhile the power of the engine continues being transmitted to the driving
wheels.

The main factor which determines the type of transmission that will be installed in one vehicle
is the vehiclé handling dynamje.g, inthe case of the offroad vehicleUsuallyfully-automatic
transmissiongrealsoused in casgwhere the disengagement of the enght@nsmission power

has a serious impact ae driving comfort Nevertheless, sersiutomatic transmissionsare
usedin conventional vehiclebke passengerars, trucks, racing cars, etc.

5.2.3.2.1. Fully automatic transmissions
In the case ofully automatic transmission, which is always accompanied by a hydrodynamic
torque converter, the geds change operation doast heed an actiorexecutedby the driver.

This kind of transmission is composed dyhydrodynamic torque converter, a number of
planetary gears, a hydraulicathctuated multiplate clutches, plate or band, enay clutches,
a transmissiorcontrol system and an engirdriven hydradic-fluid pump[15].

Comparedio the manual and semautomatic transmissiog) the fully automatic transmission
has a lower efficiency, but it is compensated by shift progrdesigned to keep the engine in
the optimum work ranggromising the minimum fuel consumption.
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5.2.3.3.  Continuously variable transmission (CVT).
The CVT is able to convert every point on the engilngerating curvénto an operating range
within the drivirg conditions requirement. The advantage of this kind of transmission is its
potential to enhance the performance and fuel economy while at the same time reducing the
exhaust emissiond 5].

The CVT can operate in different vgapechanically, hydraulically or electrically. Currently, the
most used one ithe mechanical continuously variable transmission employing steel belts due
to its high level of development achieved. Timain elements that compose this CVT ane a
engagementmechanism for starting off, primary and secondary diskith axially adjustable
taper-disk sections, an electronic/hydraulic transmission control, the reversing mode and the
final drive unit with differential.

5.2.4. Differential
In the drivingprocess, there are a lot of different phenomena that can affect the velsicle
dynamic. There are casesuchas variations in the road surface, that produddferent
coefficient of friction at the respective wheel making thesometimesroll with different speed.
Another scenariois when a vehicle is cornering, there is always a differandbe speed
betweeninside and outside wheg[15].

In order to allow these discrepancies in the respective rotation rates of the dieel, there
is an element called Differential which makigsossiblefor the wheels to roll in different speeds
and consequentlya vehicle equipped with differentiathe wheelsof the same axle are able to
roll independentlyfrom each other

5.2.5. Allwheel drive tansfercase
As itisknown, allwheel drive (AWD) vehicles have a better behaviour on slippery surfaces and
rough terrain than reaxvheel drive (RWD) or frorwheel drive (FWD) vehicles.

The difference between AWand RWD or FWD is that the first one is equipped with a transfer
case that proped speed and torque at the same time to the rear and front differential.
Commonly the torque distribution between front and rear axles are 50:50 coming from the
transmission, although there are different distributigd$].

Currently there are two systems availabladis-engageable alivheel driveand permanent aH
wheel drive
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Powertrain configurations

The configurations explained in the following part adferent possibilities that may be
considered foia North Pole AnphibiousVehicle

5.3.1. Fourwheels drive powertrain
Being a sort of AlTerrainVehicle,the most important feature is the vehicle traction on the road
since this will allow the vehicke overcome different kindof terrains. Itis clear that our main
options are all-wheel drivevehicles

Thefirst choice is a fouwheel drivepowertrain Figure22), where the engine propspower to
front and rear wheelshough atransmission, dransfer caseand driveshatfts.

Figure21l. Fourwheels vehicle body
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Figure22. Fourwheels powertrain

5.3.2. Sixwheels powertrain
The second option is a sidheels drive powertrair(Figure24). Unlike the first choice, this
powertrain is equipped with another transfer case that transmpitwer from the middle axle to
the rear axle.

Figure23. Sixwheels vehicle body
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Figure24. Six wheels powertrain
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6. Powertrainmoddling

Oncewe knowthe requirements of the amphibious vehi@ded itspowertrainsystem it is time
to proceed to perform thesimulaion of the Powertrain in order tanalysehow the different
componentswill interact once allare combined This simulation will consist ianalysingthe
behaviour of all the powertraiis component&ssembledn conjunction as a complete system,
from the engine, through thdriveling until the drivewheels.

Wheels
F:—:q ______ = I

Drrveline

Fuel tank
Dh Engine tﬂ — DE:H: —

=

Figure25. Simplepowertrain schem¢16]

Currently, there are two methods to simulate vehicles and its components. These are the
Quasistatic approach and the Dynamic approach.

- Quasistaticapproach. In quasistatic simulations, the input variables are the vehicle
speed and acceleration, and the road grade af@4é Through these variablethe fuel
consumption could bebtained following the chart shwn inFigure26.

Driving cycle Vehicle body Wheels and axles Driveline Engine Fuel tank

Figure26. Quasistatic conventional vehicteodel

- Dynamic approach. Dynamic simulations are basethemrmathematical description of
the systems. The inputs in this method are the same signals as those presented in a real
propulsion system. Urke thefirst method, in this one there is a block that emulsitiee
behaviour of the driver, Wichmakes the simlation much more complicate[24].

\ r 1 r ) ( " 'S
[ Driving cycle ‘; Driver H Engine Driveline Wheels and axle > Vehicle body ]
/ \ J \ J \ J \,

A

A 4
\ 4

Figure27. Dynamic conventional vehicle model
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Nowadays, there are many ways baild a vehiclesimulation Theycan becreated byusing
numerical computing programs or specific programs designed just forptirigose Some
examples are:

QSS toolbox This toolbox is a set of blocks to use in Simulink. QSS toolbox is an
educational library made by Guzze]#d], with simple quasistatic models of vehicles
component.

ADVISORAdvanced Macle Simuladr is a set of models, dat scripts, etcdesignated
with Matlab and Simulink. ADVISOR alidavdesign and analyse conventional, electric
and hybrid vehiclesapidlyby combining different powertrain components.

This simulator is able to analyde performanceof vehiclesandtheir fuel consumption
using data measured in laboratorif2b].

DYMOLAMIODELICADymola is a complex tool designed to model and simulate systems
of aerospace, automotive, robotic and process sectors. Modelica is a library used in
Dymola,which containsa large number of component&n orderto design different
systemsThis toolallowsus to simulate vehicles powertrain, study the behavior of the
vehicle on the road and also the cooling system for the engine or electric bat2éies

MATLAB Matlab is a numerical computing environment usedntijlions of engineers
and scientists, allowing them to carry out complex iterative analysis. Ther&furejing
the components dynamics of a vehicie could be easy to simulatiss behavior by
codingthe dynamicsn Matlab.

Matlab provides different tools One of them is Simulinkhich allowso design
basd onmathematical models. Simulink offers a library known as Powertrain Blockset,
where we can find the main components models designed by Maléaielopers.

Another tool offered by Matlab is Simscaphbis lets usquicklycreate physical
system models in SimulinWith Simscape we can also model complex systambas
vehicles powertrai27].

In this thesis Matlab-Simulinkis going to be usedince itis a software that provides ra

educational licenseMoreover,Matlab offers manyexamplesteaching how to model different
types of powertraineasilyand also offers the Powertrain Blocksethere there are many
components already modield.
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6.1. Components

ICEngine

Asexplainedin section5.1.], for the North Pole Amphibious Vehicle, the best option is a Diesel
engine, since Diesel has the best energy densityclwallows the vehiclgo have a larger
autonomy.

In the vehicle powertin analysis, the engine characterista® very importantin order to
obtain an accurate performance. Due to the complexifymodellinga full engine, another
option has been usedo simulate the engine, hich is usinglook-up tables indexed by the
angular speed and torquebtained by different test made bya dynamometer[16], as it is
shown inFigure28. However there arenot many maps available freely in the literature, leading
researchesto use old engine magd28].
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Figure28. 2-D Throttlemap of engine[16]

In Simulink Powertrain Blockstitere aredifferent engines previously modled. In this project
the ClI enginewill be used

N TraCmd Info [»

EngTrg B

Figure29. Mapped CI Engir[e7]

Mapped CI Engine blotk a set of several Loalp tables where inserting the required torque
and engine speedhe blockcalculategparameters as the engine torque, engine speed, engine
fuel flow output, etc. This block is totally configurable, it alldlassmodification ofevery value
that defines an enginee.g. number of cylinders, crack revolutions per power strotatal
displaced volume.
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Transmission
As previously commented section5.2.3, the use of gearbox is a must in conventional vekicle

since this allows the engine speed and torque to match with the vekidtead and speed
conditions.

The Gearbox is nothing else tharvesl meshed gears with the following kinemdié]:

L (6.1)
— (6.2)

O Y O Y (6.3)

1 1 :The output and input rotational speed.
Y, Y- The output and input torque

i ,i :The speed and torque ratios, respectively. These ratios are defined by the number
of gear teeth of the input and output gears. These ratios also provide the relation
between the input and output speed and torque.

0 , 0 : The output and input powers.

Simulink Powertrain Blockseffers variousransmissios previously modelld. In the caseof
this thesis an ldeal fixed gear transmissi@going to be usedcconpanied by a transmission
shift logic maden Stateflow in order to simulate an automatic gearbox.

) Gear Info > f/_ N
) EngTrg | EngSpd > té Gear >
) VehicleSpeed
3 DiffTrg DiffSpd N\ Y,
Transmission Shift Logic

Figure30. Ideal fixed gear transmissi¢a7] Figure31. Transmission shift Lod27]

Introducing the gear number to engage, applied input torque and applied load targtiee
Ideal fixed gear transmission block, this retuassresult the output agular speedLikeevery
block from the PowertraimBlockset, thisone is completelyconfigurable, allowingisto modify
the efficiency, the gear ratiothe number of gears, etc.
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Stateflowenables usto code the shifting algorithm using statesich, by reading the throttle
and the speed of the vehicleould define the optimum gear instantly in that momeFRigure
32 shows ashift logic made for a six gestransmission.

fifth
Enlry
~ 2 G ear = 5;
DOWN

‘gear_state T

Il
i
I
]
1
]
i
1
i
1
|
\

S

’selechun_slale_ - N
du:[up_th]=calc_up(Gear,Throttle); 1
du:[down_th]=calc_down(Gear, Throttle); !

[
1 [VehicleSpeed < down_th &Eanr >1 2 1 JMeﬂ@j_Speed >up_th]

~ =

/ iy '
/ i
/ Simulink Function

f Vehlc\eSpeed <up_th]

y ehicleSpeed > down |D]. up_th = calc_up(Gear, Throttle)
downshifting 2 }/ upshlﬂlng
— — 1
Simulink Function

1
i

i

| after(1,tick) after(1,tick) i

| [VehicleSpeed <= down_th] [VehicleSpeed >= up_th] : down_th = calc_down(Gear, Throttle)
. {gear_state. DOWN;} {gear_state.UP;} J

Figure32. Transmission shift logic Statefl§29]

All wheel drive transfer case
The transfer case is a common component in all AWD vehicles. This mechanism allows to split a
single input shafinto two output shafts.

In SimulinkPowertrain Blockset, there is the Split Torsional Compliance that implements the
following schematic andguations[27].

AN F— w 1out
k1 T
] —_— T1 out
win —> }bl
Tin <= AN <+— w2out
k2 |
- _s T2 out
|
b2

Figure33. Split torsional compliance schemdi@]

Y 1 1 O 1 ® —0Q —0 (6.4)
Y 1 1 © —0 (6.5)
Y 1 1 © —Q (6.6)
. . (6.7)
— 1 T (6.8)
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“Y : The applied input reaction torque.

1 :The input shaft rotational speed.

Y 7Y :Theapplied torque to first and second shatft.

1 N : The rotational speed of the first and second output shaft.
& Fo : First and second shaft viscous damping.

"Q,"Q: First and second shaft torsionalfiess.

Obtaining a block thdinksthe input shaft speed, first and second output shaft speed with the
input shaft torque, first and second shaft torque, as showRigure34.

Y Rspd RTrq

Jcispd = C1Trg
__'- =

Y c2spd C2Trg P

Figure34. Split torsional compliand@7]

Driveshaft

In real vehiclesit is not possible to connect all the powertrain components without a bridge
since there are long distances that separate some of tmesehanisms. This is wilyiveshafts
exist used to assembly different mechanisms as the gearbox with the differential.

Powertrain Blockset supplies a block called Torsional complidrigaré35) to simulate the
driveshaft. This bloclkenables the calculation ahe input torque and the load torque just
introducing the input angular velocity and the load torque angular velocity.

M RSpd RTrg P
==
N cspd CTrg P

Figure35. Torsional compliand@7]

Differential

As explained in sectiof.2.4 modern vehicles are equipped with differentials in order to allow
the rotational speed discrepancies of the drive wheels from a same axle produced by the
variation of the road surface or whehe vehicle is cornering.

Thedifferential Figure36) is just a set of gears assembled in a way that pethtleft and the
right axle to rotaten different velocities.
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Figure36. Open differentia]27]

The equations to represent the dynam@sponseof this mechanism arg7]:

70 Y 1 @ Y Ring Gear (6.€
10 Y1 o Y Left axle (6.10
170 Y1 o Y Right axle (6.11
YUY =Y (6.12)
R T (6.13)
Being

0 : Carrier to drive shaft gear ratio.

0 : Rotational inertia of the ringyear.

o : Rng gear linear viscous damping.

1 :Drive shaft angular speed

0,V : Axle 1 and axle 2 rotational inertia.

@, ®: Axle 1 and axle 2 linear viscous damping.

1 1 :Axle1and axle 2 angular speed.

“Y,"Y: Axle 1 and axle 2orque.

Y. Drive shaft internal resistance torque.

Y, Y : Axle 1 and axle 2 internal resistance torque.

All these equationsesults inthe open differential blockRigure37) which provides the angular
speed of the driveshaft and angular speed of the output axles from the driveshaft torque and
the output axles torque.
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Figure37. Open differential27]

Drive wheel

The vehiclés tire is one of the most complex systems to model sindescribes the interaction

of the longitudinal force between the tire and the ro§@D]. In this thesisthe semiempirical

tyre model calledMagic Formulas going to be useda model that uses a single equation to
describe the longitudinal forces and the tire transient behaviour. Due to the complexity of this
single equation and its relatives, the equations will be not explained #iesecould be found

in the literature Tyre and Veiale Dynamicdy Hans B. Pacej§d1] and have already been
modelled by Matlab developers

Figure38. Longitudinal wheelDisk brakd27]

The longitudinal wheel block has input the brake pressure, input axle torque, lineal speed and
the normal force. With these inputke block isable to calculate the wheel angular speed, the
longitudinal axle force, among other variables.

6.2. Vehicle
The main goal of this simulation is to model the powertrain and see how it works. However, just
simulating the powertrain componenisnot enough because the automatic transmission needs
to know the vehicle speed in order fzerform the gearshift. Therebre, the vehicle should be
modelled.

To modelthe vehicle,the one degreeof-freedom (DOF) vehielmodel will be used in order to
simplify the process.
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