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dopmyna CtynoeHT PY/H

dopmyna CryoeHT MALI

Formula Electric MADI

Togliatti Racing Team

SHUKHOV RACING TEAM

NEFTEGAZ Engineering
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[10 2017 roga ObIn eanHbIv pernameHT oT SAE (accoumaumnm aBTOMODUNbHbIX
NHXeHepoB). B 2017 rogy opraHu3aTopbl HEMELKOro aTana NpeanoXxunu cBok

BEPCUIO pernamMmeHTa, Kotopas ctarna 0OCHOBHOW Ha OOMNbLUMHCTBE EBPONENCKUX
9Tanos.

FS-Rules (formulastudent.de - Formula SAE Rules (fsaeonline.com - CLLA):
[epmaHuns):

e [epmaHusa e CLIA (2 aTana)

e ABCTpPUS e Utanuga

o AHMMuS

o Yexus

e BeHrpus

e VcnaHus
e [onnaHaus
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133 cTpaHuUbI
8 pas3nernos:

A - Administrative Regulations

T - General Technical Requirements

CV - Internal Combustion Engine Vehicles
EV - Electric Vehicles

DV - Driverless Vehicles

IN - Technical Inspections

S - Static Events

D - Dynamic Events

CTpyKkTypa pernamMmeHTa
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Al.2.1 The competition is split into the following classes:
e Internal Combustion Engine Vehicle (CV)
e Electric Vehicle (EV)

g A\ ]
-
/ g

CV. It’s our, you know EV. AMZ Racing Zurich(LLIBeviLapus)

3%
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TexHn4yeckasa MHCneKkuus

CTaTM Ka: CV & EV DV

¢/ Business Plan Presentation Static Events: < <
L Business Plan Presentation 75 points 75 points
v/ Costand ManUfaCturmg Cost and Manufacturing 100 points 100 points
v Engineering Design Event Engineering Design 150 points 300 points

y Dynamic Events:
'D' MHaMWKa: Skid Pad 75 points 75 points
v/ Skidpad Acceleration 75 points 75 points
. Autocross 100 points 100 points
v’ Acceleration Endurance 325 points -
v/ Autocross Efficiency 100 points 75 points
v Endurance Trackdrive - 200 points
B Overall 1000 points 1000 points
v/ Efficiency

Table 3: Maximum points awarded

Pa3snenbl pernamenTa T,S,D
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IN1.1.1 The technical inspection is divided into the
following parts:

¢ Pre-Inspection

e [EV ONLY] Accumulator Inspection

e [EV ONLY] Electrical Inspection

e Mechanical Inspection (scrutineering)
e [DV ONLY] Driverless Inspection

o Tilt Test

e Vehicle Weighing

e [CV ONLY] Noise Test

e [EV ONLY] Rain Test

e Brake Test

e [DV ONLY] EBS Test
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|_|p63eHTaLI,I/IFI Ha 10 MUHYT C Oun3Hec nnaHom e e
B Plant organization
NPOU3BOACTBaA U rNnpoaaxxv aBTOMODOUNen
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Marketing & R&D

MARKET ANALYSIS « PRODUCT « MARKET STRATEGY « FINANCE - CONCLUSIONS
Finance:
e \ *Inputs $3380 000 * Contract period 8 years
UMAN RACING TEAM ) « Investor's i $5300 000
| 4\ BA *Required investments $ 2550 000 nvestor's income
(19% of the net profit)
n:;ni s miliony, USD

o / — NCOME

w—cONStant expenditures
e inVESIMENLS

BP breakeven point
PoR point of return

quantity, cars

quantity, can




MITY VIM. H.9. BAYMAHA — @OPMYJIA CTYLAEHT

PacueT cTonmocTn onepaumnmn n3rotoBrieHnst u cbopkn getanemn, onucaHme aTux
npnreccnr

Rear Hubs (431-WT-A0003)
Rear Anti Roll Bar 431-SU-A0007

Rear Hub (431-WT-00016) s

Blade 431-SU-00044

Load-Carrying Part (431-ST-00001)
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OO0LeHre ¢ cyabsAMM B TeYEHME Yaca — 3aLmTa KOHCTPYKLMOHHBLIX pELLEeHWUI U
pacyeToB.




MITY IM. H.9. BAYMAHA — ®OPMYJIA CTYOEHT

/\’

o-o\-_n' \\i

‘_gm .rnnﬂ;, i .liéi‘i-‘*:;:. '

~‘~—~—L""




MITY M. H.9. BAYMAHA — ®OPMYJIA CTYLEHT Skidpad

D . 4 Cones

Start/Finish Line

X

-

Figure 21: Skidpad Track Layout



Autocross
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D6.1.1 The autocross track layout is a handling track built
to the following guidelines:

e Straights: No longer than 80m

e Constant Turns: up to 50m diameter

e Hairpin Turns: Minimum of 9m outside diameter (of the
turn)

e Slaloms: Cones in a straight line with 7:5m to 12m
spacing

e Miscellaneous: Chicanes, multiple turns, decreasing
radius turns, etc. The minimum

track width is 3 m.

D6.1.2 The length of the autocross track is less than 1:5
km.
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D7.1.1 The endurance track layout is a closed lap circuit
built with the following guidelines:

Straights: No longer than 80m

Constant Turns: up to 50m diameter

Hairpin Turns: Minimum of 9m outside diameter (of
the turn)

Slaloms: Cones in a straight line with 9m to 15m
spacing

Miscellaneous: Chicanes, multiple turns, decreasing
radius turns, etc.

The minimum track width is 3m

D7.1.2 The length of one lap of the endurance track is
approximately 1 km.

D7.1.3 The length of the complete endurance is
approximately 22 km.
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ABTOMOOUIb C OTKPbITbIMU KOJ1€ECaAMU

T2.1.2 The vehicle must be open-wheeled, single seat and open cockpit (a formula style
body) with four wheels that are not in a straight line.

O6bem gBuratens He 6onee 710 cm?®

CV1.1.1 The engine(s) used to power the vehicle must be piston engine(s) using a
four-stroke primary heat cycle with a displacement not exceeding 710 cm3 per cycle.

Hybrid powertrains, such as those using electric motors running off stored energy, are
prohibited.

MuHUManbHbIX Xo4 noaBeckn 50 MM

T2.3.1 The vehicle must be equipped with fully operational front and
rear suspension systems including shock absorbers and a usable wheel
travel of at least 50mm ...
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Figure 1: Keep-out-zones for the definition of an open-wheeled vehicle.
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e JloOoun Tvn
e XoAO He MeHbLUe 50 MM
e (QbOgasaTtenbHO 4 Koneca

e ba3aHe MeHbLlue 1525MMm
T 2.7.1 The vehicle must have a wheelbase of at least 1525 mm.

Yalue Bcero:

« [lByXpblda)kHas nogBecka criepegn u csagu
 AmopTu3aTopbl OT Bernocunega
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Hecywiasa cnctema MOXeT ObITb J1t000MN.
Yalue Bcero:

e (CranbHasa npocTpaHCTBEHHaAsA Tpyb4yaTasa pama
e KapboHOBbLIN MOHOKOK

e  AnOMUHUEBBLIN MOHOKOK

e KomMmnosuTHaga Tpybyartas pama
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Pama BkntoyaeT B cebd crneayolme 3reMeHTh:

Main Hoop - A roll bar located alongside or just behind the
driver’s torso.

Front Hoop - A roll bar located above the driver’s legs, in
proximity to the steering wheel.

Roll Hoops — Both the Front Hoop and the Main Hoop are
classified as “Roll Hoops”

Roll Hoop Bracing Supports — The structure from the lower
end of the Roll Hoop Bracing back to the Roll Hoop(s).

Front Bulkhead — A planar structure that defines the forward
plane of the Major Structure of the Frame and functions to
provide protection for the driver’s feet.

Impact Attenuator — A deformable, energy absorbing device
located forward of the Front Bulkhead.

Side impact structure — The area of the side of the chassis
between the front hoop and the main hoop and from the
chassis floor to the height as required in T3.15 above the
lowest inside chassis point between front hoop and main hoop.
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Main Hoop

1291

- The main hoop must be constructed of a
single piece of uncut, continuous, closed
section steel tubing.
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Main hoop bracing

T2.11

Main Hoop Bracing

T211.1

The main hoop must be supported by two bracings
extending on both sides of the main hoop

to the front or the rear.

T2.11.2

In side view the main hoop and the main hoop bracings must
not lie on the same side of the

vertical line through the top of the main hoop.




Pama

T2.10

Front Hoop

T2.10.1

If the front hoop is made from more than one piece it
must be supported by node-to-node triangulation or an
equivalent construction.

T2.10.2

In side view, no part of the front hoop can be inclined
more than 20° from vertical.




Pama

T2.14

Front Bulkhead

T2.14.1

The rear plane of the front bulkhead must be located
forward of all non-crushable objects.

T2.14.2

The soles of the driver’s feet/shoes must be rearward of
the rear bulkhead plane when touching but not applying
the pedals for all pedal box adjustments.

T2.14.3

Any alternative material used for the front bulkhead must
have a perimeter shear strength

equivalent to a 1.5 mm thick steel plate.



Pama

Side impact structure

T3.15
Side Impact Structure

T 3.15.1
The side impact structure must consist of at least three

steel tubes (see T 3.2) at each side of the cockpit (see
Figure 8).
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» The upper member must connect the main hoop and the
front hoop. It must be at a height between 240 mm and
320 mm above the lowest inside chassis point between

i the front and main hoop.

Diagonal Side Impact Member [ §
: N N

Upper Side Impact Member

(completely in zone ;‘ﬁ‘f’ Il {1) ) .
pletely n) ] y» T'he lower member must connect the bottom of the main
hoop and the bottom of the front hoop.

y I'he diagonal member must triangulate the upper and
lower member between the roll hoops node-to-node.

320 mm

240 mm

Figure 6: Side impact structure tube frame
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T 3.1.1 The size of the cockpit opening needs to be sufficient for the template shown on the left in Figure 9 to pass vertically
from the opening below the top bar of the side impact structure whilst being held horizontally. The template may be moved

fore and aft.

T 3.2.1 The cockpit must provide a free internal cross section sufficient for the template shown on the right in Figure 9 to pass
from the rear of the front hoop to a point 100 mm rearwards of the face of the rearmost pedal in inoperative position. The
template may be moved up and down. Adjustable pedals have to be put in their most forward position.

steering column may pass

600 mm i
- =5 through this area
100 mm
! 1
g | =
8| g
=1 =
w |
2| S !
T =
-t =
‘ . g - El
| <Front < =y
B - 2 1 0mm - g‘
S | 2 o ﬁ
< - pad B
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Figure 9: Cockpit opening template (left) and cockpit internal cross section template (right)
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T 3.3.1

When seated normally and restrained by the driver’s restraint system, the helmet of a 95" percentile male and all

of the team’s drivers must:

(@) Be a minimum of 50 mm away from the straight line drawn from the top of the main hoop to the top of the front
hoop.

b) Be a minimum of 50 mm away from the straight line drawn from the top of the main hoop to the lower end of

the main hoop bracing if the bracing extends rearwards.

(c) Be no further rearwards than the rear surface of the main hoop if the main hoop bracing extends forwards.

s>

/ - Helmet must be forward | _—»~
"4 of this Line T ?

”

-

~

\2
e
\2

Figure 10: Minimum helmet clearance
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T3.3.2

The 95™ percentile male is represented by a two dimensional figure consisting of two circles of 200 mm
diameter (one representing the hips and buttocks and one representing the shoulder region) and one
circle of 300 mm (representing the head with helmet).

T3.3.3

The two 200 mm circles are connected by a straight line measuring 490 mm. The 300 mm circle is
connected by a straight line measuring 280 mm with the upper 200 mm circle.

e Y
llr.u(.l ‘ 25 mm
Restraint L ® \\\\"‘

™
\ rearmost
Seat Back / A . Pedal Face
i oSG\
o | B
) /1
o el
prvert e |
a'l !7
’ /1
1
- A

Figure 11: Percy placement



Engine
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CV1.1.1 The engine(s) used to power the veh

primary heat cycle with a displacement not exceeding 710 cm?® per cycle...

o  YeTblpexTakTHbIN

e [lopLuHeBOMU
e [lo710 cm®

CV1.7.2 In order to limit the power capability from the
engine, a single circular restrictor must be placed in the intake
system and all engine airflow must pass through the restrictor...

CV1.7.3 ... (@) Gasoline fueled vehicles - 20mm, (b) E-85 fueled

vehicles - 19mm

Becb BO3ayX, nonagaroLyv B ABUratesib, JO/MKEH NMPOXOaUTb YEPES
PECTPUKTOP - 0TBepcTME 20 MM (05159 6EH3VHOBBLIX MaLLVH) U1 19 MM (o4
MalluH Ha aTaHone E-85)

. Hapgoye paspelleH

° Tonnmeo: beH3nH nnin atadon E-85




Engine

(paHbLLe 610 cmd)

Yalle Bcero asurartesfib OT MOTOLIMKNA

« PapgHasa yetBepka (Honda CBR600, Yamaha
YZF-R6, Kawasaki 600, Suzuki GSX-R600)

« OpHoumnmHaopoBble 450cm® 1 500cMm®, (a Ternepb
1 690 cm3). KTM 500 EXC, Yamaha WR 450 F.

« [IByxumnmHgpoBble: Aprilia sxv 550

Air plenum

Electronic throttle

Resftrictor

Intercooler
Blow-off

AT
Gear change ﬂ& *}5
pneumocylinder \ A

Supercharger

Yamaha YZF-R6

Muffler

Dry sump system
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Haw asuratens (BRT-4,5,(0))

Yamaha WR 450 F ¢ TypboHaaayBom
O6bem: 450 cm®

Typbokompeccop: Garrett gt12

bnok ynpasneHusa: Motec M400
KpblLLKa COBCTBEHHOW Pa3paboTKm C
yBENMYeHHbIM reHepatopomM 350BT

Engine
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AsponHaMmKa

T7.2.1 Power ground effects are prohibited. No
power device may be used to move or remove air
from under the vehicle except fans designed
exclusively for cooling.

» Reference Point

1200 mm

3agHee Kpblio

* He Bbilwe 1200 mm; //
*  HEe LUMpe BHYTPEHHEN KPOMKIM 3aOHX

Minimum Ground Clearance

500 mm

250 mm

LY
/
LLINH,
250 mm

* Ha ganbwe 250 mm Hasan; e
[NepenHee Kpblno

* He Bbille 500 MM;

* He panblie 700 MM OT Komnec Brnepen
CpepgHune Kpbinbsi

* He Bbille 500 MM;

* HEe LUMpPEe HaPY>KHbIX KPOMOK LLIVH;

Anbdysop

* HE Wnpe HapPy>XHbIX KPOOMOK LUNH;

\

above 500 mm

below 500 mm
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AspoanHamMmnKa
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AspodHaMmKa
-




«DOPMYJIA
CTYIIEAT>
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BRT-1 BRT-2 BRT-3 BRT-4 BRT-5 BRT-6
CE30H 2012/2013 CE30H 2013/2014 CE30H 2014/2015 CE3OH 2015/2016 CE30H 2016/2017 CE30H 2017/2018
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3agaHnS:

» Kakune Kraccbl aBTOMOOWUSIEN CYLLIECTBYIOT B COPEBHOBaHWAX “Dopmyna CTYAEHT”

* /I3 4ero coCcTonT TEXHNYECKAsA NHCTEKLINS

*  3a 4YTO HAYUCSAOTCA Bansibl HA COPEBHOBAHUSAX, Kake 3 UCTIbITaHUA BXOOAT B CTATUYECKYHO YaCTb U Kakue
5 B AVHAMUYECKYO YacCTW.

» HasBaHusi OCHOBHbIX 3N1eMeHTOB pamMbl (4TO Takoe Main hoop, Front hoop, Side impact structure)

* OCHOBHbIE OrpaHNYeHNa Ha aBuratesib (06 beM, TUM, TOMMBO, TAKTHOCTb, MPO4YUTATL NPaBUSIO MPO
0b6A3aTENbHbIV PECTPUKTOP U Ero pa3mepbl, HaaayB).

* (OCHOBHbIE OrpaHNYEHNSA HA a3POANHAMUKY

[lpouuTaTh paspenbl: Al,
A2.

T1-T4; T7
CVv11.1,CV1.7.

IN 1.1, IN 1.2.1
S1.1.1-1.2; S2.1-S2.2.7.
D4-D7 .



