FEDERATION INTERNATIONALE DE L' AUTOMOBILE
Appendix to the 2012 FIA Formula One Technical Regulations

The purpose of this Appendix is to provide information about the practices and procedures in use by the FIA
when carrying out checks under the regulations. It is for information only and does not form part of the
regulations themselves. In general, any changes deemed necessary by the FIA Technical Department will come
into force 90 days after publication, or sooner in consultation with the Formula One Technical Working Group.
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Article 6.1.1

The following are the only materials approved by the FIA for use in the manufacture of fuel bladders
to FIA/FT5-1999 specification :
Manufacturer AERO TEC LABORATORIES

Materials ATL-818-D
ATL-818-D (Issue 2003)

Manufacturer PREMIER FUEL SYSTEMS
Material Kevlar F228
Manufacturer PRONAL

Material 39387/02396
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Article 6.1.4

The list of manufacturers approved to produce fuel bladders to the FIA/FT5-1999 specification are :

Aero Tec Laboratories
Spear Road Industrial Park
Ramsey

NJ 07446

USA

Tel + 1201 825 1400
Fax + 1201 825 1962

40 Clarke Road

Mount Farm Industrial Estate
Bletchley

Milton Keynes

MK1 1LG

United Kingdom

Tel +44 1908 270590
Fax +44 1908 270591

FPT Industries
The Airport
Portsmouth
Hants PO3 5PE
United Kingdom

Tel
Fax

Premier Fuel Systems Limited
Willow Road

Trent Lane Industrial Estate
Castle Donington

Derby DE7 2NP

United Kingdom

Tel +44 1332 850515
Fax +44 1332 850749

Pronal

Rue du Trieu du Quesnoy
Z| de Roubaix-Est

59115 Leers

France

Tel +33320997500
Fax +33320997520
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Article 6.6.3

The fuel sampling hose comprises a tube approximately 2000mm long x 4.6 mm internal diameter
with a “-2” female snap fit connector at one end and a valve at the other end attached to a 200 mm
long piece of stainless steel tubing of 4.6 mm internal diameter.
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Article 7.5

Details of the FIA approved water pressure relief valve are as follows :

Manufacturer : Circle Seal Controls, Inc.
Model Number : 532A-2MP-3.75Bar g
Seal Material : Viton

Temperature Range : -20 °F to 400 °F
Supplier:

TAMO LIMITED

Crown Business Centre
195 Horton Road
West Drayton
Middlesex UB7 8HB

Tel + 44 (0)1895 859700
Fax +44 (0)1895 859888

Contact : Jim Pearce
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Article 8

Guidelines for electronic systems

1)
1.1

Sensor and Actuator Homologation

Parts to be homologated

In accordance with Article 8.2 of these regulations, the following components must be homologated:

a.

Control sensors. A sensor will be designated a control sensor if its signal is used by any strategy
of the FIA Standard ECU (SECU) other than the input handling, input failure detection or on-
board functions used for logging only.

Monitoring sensors connected to the FIA Standard ECU.

Actuators: this includes all parts controlled electrically. For example:
- Moog valves

- Solenoid valves

- Ignition coils

- Solenoid injector valves

- Electrical pumps.

The homologation process will primarily focus on electrical and electronic characteristics. Variants
due to packaging, mounting, connector and wiring may not require individual homologation.

All components homologated by the FIA must be uniquely identifiable.

1.2

Classification of parts

The classification for a part is a decision that rests solely with the FIA. The lists below are not
necessarily exhaustive but are shown to given an indication of the choices we are likely to make.

The parts to be homologated will be classified in the following three categories:

‘Category a’:

- Sensors used for driver inputs
- Control sensors and actuators containing semiconductor devices

Sensors and actuators used during the 2007 racing season will, at FIA discretion, be considered
to ‘category b’.

A summary list of ‘category a’ parts ,including name, type and applications, will be published
for all teams to view and a working reference sample of these parts will be retained by the FIA.

Teams will be allowed to inspect ‘category a’ components under the supervision of the FIA and
the component’s manufacturer or supplier.

‘Category b’:

- Control sensors and actuators containing no semiconductor device
- Sensors used by the engine and gearbox protection strategies
- Sensors used for the display of information to the driver

‘Category b’ components will be logged on a private list between the FIA and the team or
supplier. A working reference sample of these parts will be retained by the FIA.
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‘Category c”:

1.3

14

- Sensors used for monitoring / logging purpose only
- Sensors used during testing only

‘Category ¢’ components will be logged on a private list between the FIA and the team or
supplier.

Request for homologation

A request to homologate a sensor or an actuator may be submitted to the FIA by ateam or a
supplier.

Requests received from a supplier will only be processed by the FIA if it is clear that the
component to be homologated is used or will be used in races by at least one team.

Non-homologated parts may be used during testing or when in conformity with Article 8.11.1
of the Technical Regulations. A request to run non-homologated parts must be submitted to
the FIA before use.

Non-homologated parts may be run during aerodynamics straight line testing without the
approval of the FIA.

Homologation steps

The steps to homologate a sensor or an actuator are as follows :

a.

The team or supplier submits a request to the FIA including :

- Denomination and identification of the component to be homologated.

- List of the teams using the component (if the request is from a supplier).

- Detailed specification of the component.

- One working reference sample of the component that will be retained by the FIA.

The FIA validates the conformity of the component with the technical regulations.

The FIA sends a homologation certificate to the team or supplier who submitted the request.

The summary list of homologated ‘category a’ components will be published for all teams to
view.

The teams are responsible for verifying the compatibility of sensors, actuators and other electronic
components with the FIA Standard ECU.

15

Sensor specification

For sensors, the specification should include (but is not limited to) the information listed below. Any
inability to provide information specifically requested by the FIA must be justified.

a.

Application :

- List of applications where the sensor will be used.
Electrical information :

- Schematic of any integrated electronic circuitry

- Supply voltage

- Maximum supply current

- Maximum output voltage

- Output type and range
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- Output polarity
- Output non-linearity
- Output hysteresis
- Output resistance
- Accuracy
- Response time
- Thermal drift
- Cut-in threshold for speed sensors
- Short circuit protection
- Calibration conditions
- Calibration formula.
C. Cable and connection definition :
- Connection definition.
d. Mechanical information :
- Mechanical dimensions, including drawing
- Requirements for sensor orientation
- Operating range of air gap for speed sensors
- Guidelines for trigger wheel design for speed sensors.
e. Environmental information :
- Operating vibration range
- Operating humidity range
- Resistance to fluids
- Operating temperature range (for sensor body and sensor cable).
- Operating pressure range.
1.6 Actuator specification

For actuators, the specification should include (but is not limited to) the information listed below.
Any inability to provide information specifically requested by the FIA must be justified.

a. Application :

- List of applications where the actuator will be used.
b. Hydraulic information:

- Flow rate characteristics

- Operating pressure
C. Electrical information:

- Schematic of any integrated electronic circuitry

- Voltage range

- Current range

- Output type and range
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2)

- Inductance information

- Accuracy

- Response time

- Short circuit protection.

Cable and connection definition:

- Connection definition

Mechanical information:

- Mechanical dimensions, including drawing
- Requirements for actuator orientation

- Mounting instructions.

Environmental information:

- Operating vibration range

- Resistance to fluids

- Operating temperature range (for actuator body and actuator cable)

- Operating pressure range.

On-car wiring

In addition to requirements listed in Article 8 of these regulations:

a.

The connectivity of the control loom to the FIA Standard ECU is defined in SCR3987_xx
Electrical Specification by the list of required FIA inputs and outputs. If any FIA Standard ECU
input or output is not being used for the function designated to it in SCR3987 xx Electrical
Specification then it will be configured in the ECU’s FIA application as being not fitted (inputs),
or not used by strategy (outputs).

Spare inputs or inputs flagged as ‘Not fitted’ may be used to connect extra sensors for
monitoring.

The usage of any outputs which are operated by the ‘Spare Output’ processing must be
confirmed with the FIA.

All wiring looms must be built to ensure that each control sensor and each control actuator
connected to the FIA Standard ECU is electrically isolated from logging-only sensors connected
to either the FIA Standard ECU or a team data acquisition unit. The following guidelines should
be used to achieve an acceptable level of electrical isolation:

- Follow the recommendations listed in SCR3999 xx Electrical Installation Manual,

- Any measurement of resistance from the TAG310 main harness analogue ground
connections to any analogue ground pin on any harness should not exceed 1 ohm,

- With the exception of the IGP supply, regulated power supplies may not be shared
between control and logging-only sensors.

The teams can decide which materials to use for the wiring looms and where to place
connection breaks.

Modifications to the electrical harness to interface the Lemo connectors on the HIU to other types of
connectors are accepted by the FIA with the following conditions:

d.

The interface must not include any passive or active electronic component.
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e. The interface will be homologated as part of the electrical harness.

f. The installation of the HIU and connector interface on the car must allow the FIA sticker to be
visible on the HIU.

3) FIA Standard ECU connection to SDR, FIA marshalling unit and FOM FIU
An overview of the connections to the SDR is provided hereafter. Note that the FOM interface unit
and FIA Marshalling unit connect directly on to SDR CAN 1A and SDR CAN 2AB respectively.

It is a requirement to feed the crank speed signals from the TAG310 to the SDR. This is achieved by
connecting the two scope outputs of the TAG310 to the crank inputs of the SDR via inline capacitors.
Inductive crank 1 and inductive crank 2 outputs must be selected in the related TAG310 BIOS
parameters to activate this function.

The SDR also operates as an ADR so please remember article 8.8.1; in particular, the recorder must
be fitted :

- In a position within the cockpit which is readily accessible at all times from within the cockpit
without the need to remove skid block or floor.

- In order that the download connector is easily accessible when the driver is seated normally
and without the need to remove bodywork.

The SDR will also log raw channels sent by CAN from the TAG310 — the configuration is hard coded in
any particular release. Teams must provide a means of verifying the calibration of the all pressure
and temperature sensors. In the case of sensor types being used where modulation of the supply or
reference voltage can cause a change in the output, the team must inform the FIA so that the
particular voltage measurements can also be logged.
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SDR2 Connector

Conn.#2 AS214-35PA
CAN 1 A +ve (FOM unit connection)
CAN 1 A —ve (FOM unit connection)

0-5V analogue input SE 17
0-5V analogue input SE 18

CAN 1 B +ve
CAN 1B —ve

0-5V ADC input SE24 (KERS status input option)
0-5V ADC input SE23 (KERS status input option)

SDR CAN 2AB +ve
SDR CAN 2AB -ve

SDR Ethernet transmitt —ve
SDR Ethernet transmitt +ve
SDR Ethernet receive —ve
|SOR Ethemet receive +ve

0-5V analogue input SE 22
Internal battery disable input
Screen/Shield

|Sensor OV Supply 1

Ground OV Supply 2
SV Supply 2 (S/C Protected)

VREF1 5V (S/C Protected) KERS LED supply option

19
Kl

Team rain lamp switch or HSD cutput
active high 5-12v

FIU CAN connection

CAN +ve = CON1 pin 8 (2010 FOM info)

CAMN —ve = CON1 pin 7 (2010 FOM infa)

Rear Lamp Assembly A52-06-05-PN-HE

Conn.#1 AS216-35PN
VREF1 5V (SIC protected)
reference GND 1

Z side (up direction)
Y side (side direction)
X side (forward direction)

Screen/shield
VR/Mall +
VR/MHall -

VRMHall +
VR/MHall -

Conn.#3 AS214-35PN
2A Low Side 1 (Medical Warning Lamp)

Programming enable
Ground reference supply

+ve HSD supply
+ve HSD supply by default)
Vbatt 12 V +ve supply

Wbatt 12 V +ve supply
Ground/Vbatt -ve

Ground/Vbatt -ve

Screen/Shield

X side (forward direction)
Y side (side direction)

Z side (up direction)
Sensor 5V supply
|Sensor OV supply

2A Low Side 2 (KERS status LED option)
1A High Side 3 (KERS status LED option)
|8V internal battery KERS LED supply option

+ve HSD supply (connect all together to KERS LED
supply option chosen or Vbatt 12V

L—1 4 CAN +ve
28 L 3 Rain Lamp Enable
37 5 CAN —ve
2 Battery -ve
20 TAG310B 1 Baltery +ve
29 CAND
Nermal car system 12V supply
FIA KERS DC Battery +ve
g Power Sensor Battery -ve
10 (connections as per|
manufacturers Marshalling System CE AS2-10-35PN
instructions) 11 +CANZ
2 -CAN2
3 +CANT
< >< 14 .cans
5 ENCP
12 Vbat 12V +ve supply
12 Ground/Viat —ve
TAG310B 1 232Rx
CAN A — 10 2827x
Download Connector AS-0-10-35-SN
2 232Tx
3 232Rx
32 5 Programming CAN +ve
o] :
22 _'>< 6 Programming CAN —ve
16 9 Ethernet downloaded
17 10 Ethemet downloaded
18 11 Ethemnet downloaded
12 Ethemet downloaded
7 SDR Ground
8
34 1
2 13 Aux 12 V power
30
11
12
13
14
ACCELEROMETER #2
Mounted at front of chassis
55 4 5V supply
54 3 OV supply
& OV Mo Connection
20 3 Z axis
25 2 Y anis Medical
40 1 X axis ‘ Warning
mounting instructions as sensor #1 —+— LED
44
38 | | Buffered Crank Sensor 1 from TAG310B
39|65:\F terann! caETnor scope output
30 i | Buffered Crank Sensor 2 from TAG3108
3 |63'\F ceramic caginor scope output
1
b Power nominal 12V (13 to 15V,
absolute max 16V)
Active when car units switched on or
20 umbilicalljump battery connected.
3 wire to be 24AWG minimum.
4 Battery +ve
1 » L
T n
12 SB520 Ref Article 8.8.3
o — & Rl
14 4 Battery -ve | Regulation
19 ACCELEROMETER #1
Mounted near CoG
34 1 X axis
25 2 Y anis
24 3 Z axis
49 4 5V supply
10 5 OV supply
6 OV Mo connection
2 Solid mount with marked face up,
17 X arrow pointing forwards,
29 Y arrow pointing left

|Note: to use 8V supply for KERS LED specify Marl part number 695-532-41-50 or add current limit resistor to 5V part to achieve 45mA @5V

Pin Out SOR 2011 rev1.xls
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4) Application of the maximum crankshaft rotational speed

In order to comply with Article 5.1.3 of the F1 Technical Regulations, the FIA hard rev-limit provided
by the FIA Standard ECU will be set to 18,000rpm. In addition, the data and events logged by the FIA
Standard ECU and SDR will be used to analyse occurrences of over-revving.

The SDR calculates the crankshaft rotational speed once per engine cycle (i.e. two revolutions) as an
average over the last engine cycle.

5) Verification of team units

In order to comply with Article 8.1 of the F1 Technical regulations, all team electronic units
containing a programmable device will be checked by means of :

5.1 FIA stickers

The FIA will seal and identify all electronic units on the car that contain a programmable device. All
sealed units must be presented for inspection upon FIA request.

5.2 Software version verification

All programmable devices must have a mechanism that allows the FIA to accurately identify the
software version or versions that are being used. In order to satisfy this requirement, a range of
procedures are available.

a. The dynamic CRC logging methodology currently in use may be suitable; subject to filling
unused code memory with an FIA supplied random filler sequence. Unless the design is a
carry-over from previous seasons, an FIA supplied MD5 CRC algorithm must be used in place
of the previous CRC32. Any microprocessor with access to non-code memory of sufficient size
to store additional program images may not be considered suitable for this method.

All units that can be reprogrammed via an external connector and that are connected to the
FIA Standard ECU “control” CAN buses (A, B, C or D) are expected to provide this mechanism.

b. Restricted programming. Reprogramming of electronic units will be restricted by an approved
mechanism that has been established before the electronic unit is first used. The following is a
non-exhaustive list of possible techniques :

i) Depending on the design, the FIA sticker or stickers may act as a seal.

Examples: 1) where the reprogramming is via an internal connector, 2) the sticker seals
some hatch that gives access to reprogramming.

ii) Password protection.

iii)  Application list restriction: typically a list of CRCs or MD5s of all the allowed program
versions that the unit can run. Updating the list requires knowledge of an FIA secret
password.

iv)  Signed application code. An FIA private encryption key must be securely stored in each
unit. The code will not run unless it has been digitally signed by the FIA.

In all cases there must be a mechanism available to determine the software version in any
reprogrammable device. Examples would be: 'program image' verification, upload of '‘program
image', CRC or MD?5 of ‘program image’. A simple version string communicated by the device is not
sufficient. Security 'fuses' or other mechanisms that prevent access to stored 'images' should not be
used.

One time programmable devices can be used but subject to the device having an acceptable
mechanism for identifying the program version.

Any change in the team’s electronic unit software must be registered with the FIA in advance of use.
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5.3 Setup data

All set up and calibration data must be verifiable by the FIA at any time. Appropriate
communications equipment, software and analysis tools must be supplied by the team for FIA use.

5.4 Power Cycles

Cars with units containing microprocessors able to run code from RAM may be power cycled by
the FIA immediately prior to the race. Thereafter no external computer may be connected to the
car until parc ferme has finished or permission is granted by the FIA Technical Delegate.

6) FIA Standard ECU software versions
It is the FIA’s policy to have a single version of software running on all cars.

When a new version of software is made available by the FIA Standard ECU supplier, it is expected
that each team will use this software at the next Event. If a team has valid reasons for not using this
new version then they should be submitted in writing to the FIA with justifications to support the
claim.

The “version locking” scheme of the FIA Standard ECU allows the team to select which version of
software to load from a list that is maintained by the FIA. This FIA list will contain a limited number of
previous releases chosen by the FIA.

The FIA will publish, after each race, the software version (or versions) that were used by each team
during the Event.

7) FIA Standard ECU software setup

Teams are reminded that they are responsible for ensuring that the FIA Standard ECU software setup
provides functionality that is consistent with the FIA F1 Technical and Sporting Regulations.

For new software versions, the FIA will communicate the base FIA data version to be used during the
Event.

8) Lap trigger transmitters

The FIA Standard ECU supplier will supply, set-up, locate on the track and service a set of lap trigger
transmitters to be used by all teams during team tests and Events.

All lap trigger transmitters will be positioned on the pit lane side of the track for easy access during
sessions and to minimise the service time in the event of failure.

In general, the transmitters will be configured as shown in the table below. The exact positioning
may vary if the track layout requires it.

Transmitter

Main lap tri
name ain lap trigger

Backup lap trigger Pit-lane lap trigger

On or as close as
possible to the pit-lane

30m after the main lap
trigger transmitter

On or as close as

Position on the possible to the

track control line Set sBackupLapTriggerOffset | entry line
to 30m
External 6 Internal 6 External 3 Internal 6 External 1 Internal 6
Set NTrackChannel to | Set NBackupChannel to 3 Set NPitLaneChannel to
. . 6 Set NBackupCustChannel to 6 | 1
Configuration
Set Set
NTrackCustChannel to NPitLaneCustChannel to
6 6
Frequency 2193Hz 1812Hz 1623Hz
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Article 8.10

Details of the FIA approved Medical Warning Light are as follows :
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Article 9.9.5

The light shown below may be used for KERS status warning :
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Article 10.3.6

Wheel tethers will be tested using the following test procedure :

/N S
i .1;_ R
&=

FIA TEST SPECIFICATION 03/07

FOR
FORMULA ONE WHEEL RESTRAINT CABLES

1. SCOPE

Wheel restraint systems are important to improve protection to the drivers and the personnel
(spectators and officials) within the proximity of the race event. It has been shown that during an
accident a wheel may be ejected at velocities in excess of 150km/h (42m/s) relative to the car, which
corresponds to a linear kinetic energy of 17kJ for a 20kg wheel assembly.

This specification provides test methods, criteria and limits to assess the performance of wheel
restraint systems to ensure that the potential for wheel ejection is reduced.

During early development work, an advanced wheel restraint system was considered in two parts; an
energy absorbing unit and a connecting tether. However, the latest research has demonstrated that
an integrated tether can absorb the required energy without the need for a separate energy
absorbing unit. And, therefore, an integrated tether is the preferred solution. Other designs may be
acceptable, but the geometry and function must be approved by the FIA before submitting for
certification.

A definition of the key components is provided below.
2. DEFINITIONS

2.1 Wheel Assembly
Those parts, likely to include the wheel, tyre, upright, brake calliper and brake disk, that are
considered to be a single projectile during a wheel ejection event.

2.2 Wheel Restraint Cable (Tether)
Flexible load carrying element that connects the wheel assembly to the main structure of the car and
that provides the required strength and energy absorbing capability.

2.3 Energy Absorber
The energy absorbing capability of the tether. A separate energy absorbing element may be
permitted but must be approved by the FIA before submitting for certification.
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2.4 Tether End Fitting
Feature at each end of the tether to facilitate attachment to the car and the wheel assembly. The
tether end fitting may include a bobbin if this represents the in-car conditions.

The in-board-tether-end-fitting connects to the car chassis
The out-board-tether-end-fitting connects to the wheel assembly

2.5 Tether Attachment
Attachment between the tether end fitting and the main structure of the car that achieves the
strength and geometrical requirements defined by the Technical Regulations.

2.6 Tether Sliding Surface
Rigid structure that represents the local structure of the car over which the tether must slide if the
wheel is ejected in any direction normal to the axis of rotation of the rear wheels.

3. PERFORMANCE ASSESSMENT

3.1 Wheel Restraint Cable Test
The performance of the wheel restraint system shall be measured in accordance with the dynamic
tests defined in Appendix A.

3.1.1. One Wheel Restraint Cable (per wheel assembly)
During the tensile tests and tether sliding surface tests, the following performance shall be achieved
by all test samples;

The energy absorption shall not be less than 6kJ over the first 250mm of displacement.
The peak force shall not exceed 70kN (CFC 1000) over the first 250mm of displacement.

3.1.2. Two Wheel Restraint Cables (per wheel assembly)
During the tensile tests and tether sliding surface tests, the following performance shall be achieved
by all test samples;

The energy absorption shall not be less than 3kJ over the first 250mm of displacement.
The peak force shall not exceed 70kN (CFC 1000) over the first 250mm of displacement.

APPENDIX A: WHEEL RESTRAINT CABLE TEST PROCEDURE

Al. Apparatus
An appropriate test apparatus is shown in Figures Al and A2.

The aim of the test is to dynamically load the tether in a tensile direction, in order to determine the
strength, elongation and energy absorbing characteristics. The tests shall be conducted using a
dynamic sled apparatus based on the Formula One frontal impact test. The mass of the sled shall be
780kg + 7.8kg.
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Two tether attachments shall be provided; one fitted to the sled and one fitted to a ground anchor
within a close proximity to the sled. The position of the sled tether attachment point relative to the
CoG of the sled shall be chosen to prevent excessive torque loadings to the sled. The position of the
ground anchor tether attachment point shall achieve the tether angle requirements defined in Al1.1
and Al.2. The tether attachments shall reproduce the in-car fixing method as defined by the
Technical Regulations. The tether manufacturer may provide a bobbin arrangement if this represents
the in-car fixing method.

During the test, the entire kinetic energy of the sled shall be directed into the tether end fittings to
load the tether in tension. The tether shall move with the sled during the pre-impact phase with the
in-board tether end fitting engaged with the sled tether attachment. At the point of impact, the out-
board tether end fitting shall engage with the ground anchor tether attachment. As the tether is
loaded the sled will be decelerated. The motion of the sled shall be otherwise unrestrained until the
displacement of the sled has exceeded 500mm from the point of impact. After this time, the sled
may be arrested using crush tubes or any other appropriate device.

Two loading configurations are prescribed

Al.1 Tensile Test (0°)

During the tensile test, the tether shall be loaded between two points only; the sled attachment
point and the ground anchor attachment point. At the point of impact, the angle between the major
axis of the tether and the axis of the sled shall not exceed 20°.

A1.2 Tether Sliding Surface Test (90°)

During the tether sliding surface test, the tether shall be loaded at three points; the sled attachment
point, the tether sliding surface and the ground anchor attachment point. The tether sliding surface
shall be a solid steel cylinder with a diameter of 25mm and a length of at least 100mm. The major
axis shall be perpendicular to the axis of the tether. At the impact point, the distance between the in-
board end of the tether and the centre of the Tether Sliding Surface shall be 115mm + 15mm. The
apparatus shall be configured such that the tether is flexed through 90° + 5° around the tether sliding
surface. At the point of impact, the angle between the out-board section of the tether and the axis of
the sled shall not exceed 20°.

A2. Test Samples
The test samples shall include the tether and the tether end fittings. The test samples shall have a
length of 600mm = 15mm measured between the centres of the tether end fittings.

A3. Environmental Conditioning
The FIA may require that polymeric tethers are conditioned before testing as follows;

Temperature: 100°C for 24 hours
Moisture: Immersed in water 25°C for 48 hours
Ultra-violet: 250mm from 125V xenon-filled quartz lamp for 48hours

A4. Instrumentation

The apparatus shall be fitted with a single axis load cell to measure the force exerted at the out-
board tether end fitting along the direction of the tether. The sensitive axis of the load cell must be
aligned with the axis of the tether * 5° at the point of impact. It is understood that during the impact
event, the angle of the tether will change as the tether extends. However, the sensitive axis of the
load cell shall be fixed at the point of impact position.
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A method of measuring the velocity of the sled immediately before the point of impact shall be
provided. The sled shall be fitted with an accelerometer to measure the fore-aft acceleration during
the impact event.

All instrumentation shall conform to SAE J211 (latest revision) with a channel frequency class (CFC) of
1000. The sampling frequency shall be at least 20,000Hz.

A5. Test Procedures

Test A5.1. Wheel Restraint Tensile Test

The test samples shall be fitted to the sled with the in accordance with the tensile test configuration
as described in Al. The impact velocity shall be at least 14m/s. The tests shall be conducted on two
test samples and the results shall be reported as defined in A6.

Test A5.2. Wheel Restraint Tether Sliding Surface Test

The test samples shall be fitted to the sled with the in accordance with the tether sliding surface test
configuration as described in Al. The impact velocity shall be at least 14m/s. The tests shall be
conducted on two test samples and the results shall be reported as defined in A6.

A6. Results
The results shall include:

(a) Length of test sample (mm)

(b) Diameter (or x-sectional area) of test sample (mm or mm?)

(c) Mass of test sample (g) including end fittings

(d) Actual impact velocity (m/s)

(e) Acceleration-time history of the sled CFC60 (g, ms)

(f) Velocity'-time history of the sled (m/s, ms)

(g) Force-time history for tether showing peak force CFC1000 (N, ms)
(h) Force-displacement? history for tether CFC1000 (N, mm)

(i) Energy’ absorbed over first 250mm

 The velocity shall be calculated by single integration of acceleration

% The displacement shall be calculated by double integration of acceleration
3 The energy shall be calculated by integration of force with respect to displacement

19/74



Figure A1l. Test apparatus for 0° (tensile) tests on wheel restraint cables

Figure A2. Test apparatus for 90° (tether sliding surface) tests on wheel restraint cables
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Article 14.1.2

The following extinguishants are approved for use in Formula One cars :

Company

SPA Design
Chubb Fire
OMP

Total Walther
Hi Tech

Safety Devices
Kingdragon
Werner GmbH
Lifeline
Sparco

AP Sport
Taifun
BRB/QUELL
FEV

Mistec

Product

SPA Lite
Spray Lance
Ecolife

Microdrop Arc 3x6

AFFF

AFFF

Hydral AFFF
Wema AFFF
Zero 2000
Eco-Sir
Exteco
Safetydrive I
3M Light Water
AFFF

FX G-TEC
AFFF
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Article 14.1.3

The following volumes (in litres) of extinguishant are required :

© : SPA Lite - Zero 2000 - Spray Lance - Eco-Sir - Ecolife — FEV AFFF - Safety Devices
@® : HiTech - Mistec

FEV Wema | Exteco | Safetydriv| Arc3x6 3M L. Hydral (2]
FX G-TEC AFFF e3 Water AFFF
Cockpit 1.65 n/a 4.7 2 4.8 5 same 4.7 2.20
Engine 3.30 n/a 4.7 4 engine 5 same 4.7 3.30
+cockpit

With reference to the above Article, the following quantities (in kg) of extinguishant are required :

Cockpit

1.12

1.7

4 1.15 4 4 same 4 1.75
Engine 2.25 Engine 4 2.3 engine 4 same 4 3.0
+cockpit +cockpit
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Article 14.1.5

Depending upon the product, extinguishers should be pressurised as follows :

Product Fill Pressure Temperature limits
SPA Lite 7.0 bar -15°C/ +60°C *
Zero 2000 12.0 bar -5°C/ +45°C *
Spray Lance 10.0 bar -11°C/ +55°C *
Wema AFFF A1, B1 14.0 bar -15°C / +60°C
Wema AFFF A2, B2 14.0 bar +4°C / +60°C
Eco-Sir 12.0 bar +20°C/
Ecolife 12.0 bar -20°C/
Exteco 12.0 bar -20°C / +100°C
Safetydrive Il 15.0 bar 0°C / +50°C
Arc 3x6 16.0 bar +4°C / +60°C (without antifreeze)
-20°C / +60°C (with antifreeze)
3M Light Water 10.3 bar +4°C / +60°C
Hi Tech 12.0 bar -6°C / +60°C
FEV AFFF 9.0 bar -5°C / +60°C
-10°C / +60°C
FEV G-TEC n/a
Safety Devices 9.0 bar -5°C / +60°C
-10°C/ +60°C
Mistec 12.0 bar -6°C / +60°C
Hydral AFFF 14.0 bar -15°C / +60°C

* Special options available
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Article 14.5

PRODUCT SUMMARY

MclLaren’

RAINLIGHT 2
HIGH INTENSITY LED LIGHT WITH CAN

The Rainlight 2 is a high intensity LED based light with
CAN connectivity for use at the rear of an F1 car.

The light is activated via a control signal input. Flashing
speed and intensity are adjustable and diagnostic
information is available via the CAN bus.

Default mode (without CAN link): The light flashes at 4Hz
when the Rain Light input pin is switched to supply
voltage.

Red-Orange and Green versions are available.

Electrical

e Supply 10 to 16V dc
Supply not to exceed 17V continuous (the unit is
protected against transients and reverse polarity)

e Current up to 3.0A at 13.8V

e Rain light input 5 to 17V dc

e Default Rain light flash rate 4Hz, 30% duty cycle
* Internal temperature sensor

Optical

e LED colour Red-Orange (617nm wavelength), or
Green (530nm wavelength).

e Typical maximum light intensity distribution as
shown on graph.

o CAN control of brightness and flash rate
(No CAN termination fitted)

Illuminance Distribution

6000
5000
4000
3000
2000
1000

0

llluminance 1m from source

0 25 5 7.5 10 12.5 15
Angle from perpendicular (degrees)
e Red-Orange = == = Green

Connection Definition

Connector ASL006-05PN-HE

Connection

Pin 1 Supply

Pin 2 Ground

Pin 3 Rain Light Input

Pin 4 CAN+

Pin 5 CAN-
Mechanical

Aluminium alloy body, hard ancdised and dyed black
Clear polycarbonate lens cover

Black polyester surround

Supplied with Q4 Flex-Loc A/V mounts

Weight < 265g

Environmental

Splash resistant to standard Motorsport fluids
Maximum humidity 100%

Operating temperature 0 to +85T

Storage temperature -10 to +85C

Shock tested to 50g, 11ms

Vibration 100 to 1000Hz, 24 hours each axis

100Hz 0.00797g%Hz
200Hz 0.17157g%Hz
300Hz 0.54279g%Hz
850Hz 0.00965g°/Hz
1000Hz 0.02080g%/Hz

McLAREN TECHNOLOGY CENTRE
CHERTSEY ROAD, WOKING
SURREY GU21 4YH, UNITED KINGDOM

T: +44 (0) 1483 261400
F: +dd (0) 1483 261402
W:www.mclarenelectronics.com

USA: McLAREN ELECTRONICS INCORPORATED

11/11/09

ASIA: TOKYO R&D CO. LTD
T: 481 (0) 46 226 5500

Email: mes@r-d.co.jp

T- +1 (704) 660 3181
Email: sales @ mclarenelectronics.com
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PRODUCT SUMMARY

RAINLIGHT 2
HIGH INTENSITY LED LIGHT WITH CAN
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Description ' Order Code
Rain Light CAN (Red LED's) O 030 970010 009

Rain Light CAN (Green LED’s)

O 030 270 010 010

MeLAREN TECHNOLOGY CENTRE
CHERTSEY ROAD, WOKING
SURREY GU21 4YH, UNITED KINGDOM

T: +44 (0) 1483 261400
F: +dd (D) 1483 261402

W:www.melarenelectronics.com

USA: McLAREN ELECTRONICS INCORPORATED
T: +1 (704) 660 3181
Email: sales@mclarenelectronics.com
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Article 14.6.1

The following materials are the only ones approved for head protection :

For ambient temperatures above 30°C (Type A)

For ambient temperatures between 15°C and 302C (Type B)

For ambient temperatures below 15°C (Type C)

Type A and B foams are available from :

E.A.R. Specialty Composites Corporation
7911 Zionsville Road

Indianapolis IN 46268 - USA

Tel +1317692 1111

Fax +1317 692 0618

or

Dowty Energy Control Products
Unit C

The Beaver Centre

Ashburton Industrial Estate
Ross on Wye

Herefordshire HR9 7BW

United Kingdom

Tel +44 1989 565 636
Fax +44 1989 565 410

Type C foam is available from :

Dynamic Systems Inc
235 Sunlight Drive
Leicester

NC 28748

USA

Tel +1 828 683 3523

Fax + 1828 683 3511
E Mail dsi@sunmatecushions.com
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Article 14.6.5

The head protection must be secured to the car in the following way :

Two horizontal pegs behind the driver’s head and one pin on each of the forward extremities, the
latter must be clearly indicated and easily removable without the use of tools.
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Article 14.6.7

The following material is the only one approved for leg protection :

For all ambient temperatures (Type B) : Confor CF42 (Pink)

Type B foam is available from :

E.A.R. Specialty Composites Corporation
7911 Zionsville Road

Indianapolis IN 46268 - USA

Tel +1317692 1111

Fax +1317 692 0618

or

Dowty Energy Control Products
Unit C

The Beaver Centre

Ashburton Industrial Estate
Ross on Wye

Herefordshire HR9 7BW

United Kingdom

Tel +44 1989 565 636
Fax +44 1989 565 410
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Article 14.8.4

Details of the tool, belt receptacles and head stabilisation may be found in the specification below.

RECOMMENDED SPECIFICATION FOR EXTRACTABLE SEATS
IN SINGLE SEATER AND SPORTS CARS

Version 3 01-10-2005

In order that an injured driver may be immobilised and removed from the car in his seat under
medical supervision following an accident, cars shall be fitted with a seat constructed according to
the following principles.

1. The seat shall be in the form of a shell in non-metallic fibre composite material, suitable if
necessary for receiving a liner formed to the driver, which should be positively located. The seat shall
provide him with good lateral support at the hips and shall extend from coccyx to shoulder level
(unless there is an integrated headrest as mentioned in 3).

2. The shape and fit of the seat in the cockpit will be such that:

- no head restraint worn by the driver may be less 25mm from any structural part of the car when he
is seated in his normal driving position;

- removable shoulder supports can be fitted on either side if necessary.

3. Normally the seat shall be designed with a slot in the back to accept a head stabilising board which
is issued to all extrication crews in the FIA Extrication Bag. The dimensions of this slot are given in
Figures 1 and 2.

' 3 £l
) 14|
\§ |
I e
|
Figure 1. Receptacle for removable head board Figure 2. Removable head board
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An alternative model, used in some existing formula cars, has an integral head support which extends
upwards, with a minimum width of 90mm, as far as a horizontal tangent to the top of the driver's
head.

4. The seat must be removable without the need to cut any of the seat belts or remove the harness
buckle.

The shoulder and lap belts must fall away over the seat edges as it is withdrawn and the crotch
straps must pass freely through the seat bottom hole or holes, which must be located in front of
the driver's crotch.

Any seat liner must have the same holes as the seat shell, identical and perfectly aligned with them in
order to prevent the harness straps being trapped.

However, if the lap straps have to pass through holes in the seat, it is necessary to fit the car with a
harness having the buckle attached to a shoulder belt, given that the buckle will not pass between
the driver's body and the side of the seat.

5. The seat shall be located in the chassis such that it is firmly fixed horizontally. It is important that
the seat shall not be displaced or fractured by lateral or longitudinal accelerations. To achieve this it
is recommended to eliminate any voids between seat and chassis.

If it is mechanically secured, this must be done with no more than two bolts. If bolts are used they
must:

- be clearly indicated and easily accessible to rescue crews;

- be fitted vertically;

- be removable with a 4mm Allen key, issued to all extrication crews in the FIA Extrication Bag.

6. The seat must be equipped with the following straps and anchorages (see figures 3 and 4) for
immobilising the driver and lifting the seat, with the help of the contents of the FIA Bag (see bag
contents in Appendix).

Figure 3. Disposition of strap receptacles Figure 4. Detail of lower straps

- 2 shoulder straps, diagonally crossed from right side of thorax to top left corner (red strap) and
from left side of thorax to top right corner (blue strap), attached with plastic adjuster buckles. The
female buckle receptacles at the shoulders are mounted on webbing loops in the corresponding
colours, on to which 2 of the black lifting straps from the FIA Bag will also be clipped.
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- 1 buckle receptacle* on each side of the seat at hip level, to receive one of the orange immobilising
straps from the FIA Bag.

- 1 buckle receptacle* on each side at the bottom end of the seat, to receive the other orange
immobilising strap from the FIA Bag and mounted on orange webbing loops onto which the other 2
black lifting straps from the FIA Bag will also be clipped.

*See buckle references in Appendix.

The straps shall be :
- In 50mm wide seat belt webbing.
- Preferably in the colour corresponding to their function.

- Permanently exposed at the edges of the seat so as to be immediately visible and accessible to
the extrication teams. The liner shall be trimmed accordingly.

7. The FIA training DVD showing the seat in action, as well as any further information, is available on
request from the FIA, Geneva.

APPENDIX - CONTENTS OF THE "FIA EXTRICATION BAG"

One bag with FIA logo

One tool - 4mm Allen key

One headboard in carbon fibre with Velcro on both sides

4 cushions to place between head and headboard as necessary

2 red straps with Velcro for immobilising the head at forehead and chin

2 orange straps with plastic male buckles*, adjustable, for immobilising at hips and thigh
1 black strap with Velcro for tying hands together

1 blue strap with Velcro for tying feet together

4 black straps with snap hooks for lifting the seat out

* BUCKLE: maker and references:
Butonia (London) Ltd.

E-mail: bltd@butonia-group.com
Tel: +44 (020)7249 5141

Fax: +44 (020)7249 8859

Part n°: 960406-BA-50
Description: ACW CSR2 2" BLACK BUCKLES
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Article 15.1.2

The definition of metallic materials and test procedure are detailed below.

DEFINITION OF METALLIC MATERIALS
A metallic material will be defined as a material that is made-up of metallic elements, whether that
material is a pure metal, alloy of several metals or an inter-metallic. In the case of a composite this is
designated a metallic material when the matrix or reinforcement, whatever phase proportion, is
composed of metallic elements.

Metallic elements are those designated by the periodic table, shaded yellow below.

PERIODIC TABLE OF THE ELEMENTS
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Mumbers in parentheses are mass numbers of most stable sotope of that element

Non-metallic materials will include pure and impure compounds such as oxides, nitrides, silicides etc,
and material with organic matrices such as carbon and Kevlar reinforced composites.
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FIA TesT PROCEDURE 03/03

SpeciFic MobuLus OF METALLIC MATERIALS

1) All materials over 35GPa/gm/cm?, and with a metallic content greater than 60% by mass, must
be submitted for testing at the National Physical Laboratory, Teddington, UK.

2) All tests will be carried out at 20-252C and by using test procedure ASTM E 111 as a basis for
analysis.

3) Ten test samples of each material type must be supplied.

4) Flat specimens FTSB, FTSD or FTSE must be supplied. Drawings of the specimens are attached
to this test procedure.

5) Data will normally be analysed using the tangent and secant moduli to calculate Young's
modulus.

6) The tests will not normally be carried out to failure, only the early (linear) part of the stress-
strain curve will be measured.

7) The modulus measurements will normally be made only from the first loading cycle unless
there are problems in obtaining a linear part to the curve. In this case some pre-loading or
repeat load cycling will be carried out.

8) Archimedes Principle will be used to assess the density of the samples.

9) The report for each materials type will normally include all relevant information, the stress-
strain curves, Young’s modulus values, density measurements and calculated specific modulus.
Specific modulus results will be quoted to the nearest 0.1GPa/gm/cm?>. Any material found to
be above 40GPa/gm/cm? (including total uncertainty) will be deemed not to comply with
Article 15.1.2 of the 2003 F1 Technical Regulations.

10) If a dispute arises the car component(s) in question will undergo quantitative chemical analysis
according to UKAS standards. The National Physical Laboratory will compare the component
chemical analysis to that of the specimens previously submitted for specific modulus testing to
ensure they are manufactured from the same material.

May 2003
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Article 15.4.1

Position of chassis transponders required by the above Article :

One transponder on the upper surface of the survival cell within a 150mm radius of the centre
of the line A-A.

One transponder in each side of the cockpit rim anywhere between 300-850mm forward of
the rear edge of the cockpit entry template.
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Article 15.4.7

The additional side anti-intrusion panel lay-up details may be found below.

@D FIA Institute

Specification for 2008 Secondary Side Intrusion Panel

FINAL VERSION 1.0

General

The panel shall be constructed from Torayca T1000G and Toyobo High Modulus Zylon (PBO) fibres,
impregnated with a toughened, elevated cure temperature, epoxy resin system. If different resins
are used for the T1000G and Zylon reinforced plies, they must be co-curable. The construction of the
panel shall be quasi isotropic and shall avoid darts, joins or gaps in any ply, apart from those required
to cover complex geometry, cut outs for wiring and side impact structures. Rebates shall be
permitted in the outer four Zylon plies only, for the attachment of external bodywork. Any joins
required in each £45 degree ply, to cater for a finite material roll width, shall overlap by at least
10mm and be staggered through the laminate, to avoid super-imposing. The panel must be cured to
the manufacturer’s recommended cure cycle. The panel will be bonded to the chassis over the entire
surface area with the prescribed film or paste adhesive.

Zylon HM — 300gsm

Minimum average weight [285]gsm, 6K fibres per tow, in a 2 X 2 twill weave style, impregnated with
an epoxy resin.

T1000G —280gsm

Minimum average weight [269]gsm, 12K fibres per tow, 2 X 2 twill weave or 5 harness satin weave,
impregnated with an epoxy resin.

Matrix System

MTM49-3 or Cycom 2020 epoxy resin. Alternatively, it is permissible to replace the approved resin
system with the primary matrix system used for the homologated side intrusion panel.

Adhesive (to chassis)

Film adhesive 150gsm 3M AF163-2 or paste adhesive 3M 9323 B/A

Stacking Sequence (0 degree represents longitudinal axis of the chassis)

Outer surface

1 ply T1000G (0/90)

16 plies Zylon (+45, 0/90); or (+45, 0/90, 0/90, +45),
1 ply T1000G (0/90)

Inner surface
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Thickness

The minimum thickness of the cured panel, excluding the adhesive, shall be [6.2]mm.

Area Weight

The minimum area weight of the cured panel, excluding the adhesive, shall be [8700]gsm.

Voids

The panel shall be essentially void free.

Examples of Compliant Materials

1. Supplied by Cytec
Zylon HM-300gsm/2x2 twill with Cycom2020 epoxy resin (NOM 42% by weight)
T1000G-12K 280gsm/2x2twill or 5 harness weave with Cycom2020 epoxy resin (NOM 42% by
weight)
2. Supplied by ACG
Zylon HM-300gsm/2x2 twill with MTM49-3 epoxy resin (NOM 43% by weight)

T1000G-12K 280gsm/2x2twill or 5 harness weave with MTM49-3 epoxy resin (NOM 40% by
weight)

Andrew Mellor 4 September 2006
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Article 15.4.8

The additional front anti-intrusion panel lay-up details may be found below.

@D FIA Institute

Specification for 2011 Forward Side Intrusion Panel

FINAL VERSION 1.0

General

The panel shall be constructed from Torayca T1000G and Toyobo High Modulus Zylon (PBO) fibres,
impregnated with a toughened, elevated cure temperature, epoxy resin system. If different resins
are used for the T1000G and Zylon reinforced plies, they must be co-curable. The construction of the
panel shall be quasi isotropic and shall avoid darts, joins or gaps in any ply, apart from those required
to cover complex geometry, cut outs for wiring and side impact structures. Rebates shall be
permitted in the outer three Zylon plies only, for the attachment of external bodywork. Any joins
required in each £45 degree ply, to cater for a finite material roll width, shall overlap by at least
10mm and be staggered through the laminate, to avoid super-imposing. The panel must be cured to
the manufacturer’s recommended cure cycle. The panel will be bonded to the chassis over the entire
surface area with the prescribed film or paste adhesive.

Zylon HM — 300gsm

Minimum average weight [285]gsm, 6K fibres per tow, in a 2 X 2 twill weave style, impregnated with
an epoxy resin.

T1000G —280gsm

Minimum average weight [269]gsm, 12K fibres per tow, 2 X 2 twill weave or 5 harness satin weave,
impregnated with an epoxy resin.

Matrix System

MTM49-3 or Cycom 2020 epoxy resin. Alternatively, it is permissible to replace the approved resin
system with the primary matrix system used for the homologated side intrusion panel.

Adhesive (to chassis)

Film adhesive 150gsm 3M AF163-2 or paste adhesive 3M 9323 B/A

Stacking Sequence (0 degree represents longitudinal axis of the chassis)

Outer surface

1 ply T1000G (0/90)

7 plies Zylon (%45, 0/90, +45, 0/90, +45, 0/90, +45)
1 ply T1000G (0/90)

Inner surface
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Thickness

The minimum thickness of the cured panel, excluding the adhesive, shall be [3.0]mm.

Area Weight

The minimum area weight of the cured panel, excluding the adhesive, shall be [8700]gsm.

Voids

The panel shall be essentially void free.

Examples of Compliant Materials

1. Supplied by Cytec
Zylon HM-300gsm/2x2 twill with Cycom2020 epoxy resin (NOM 42% by weight)
T1000G-12K 280gsm/2x2twill or 5 harness weave with Cycom2020 epoxy resin (NOM 42% by
weight)
2. Supplied by ACG
Zylon HM-300gsm/2x2 twill with MTM49-3 epoxy resin (NOM 43% by weight)

T1000G-12K 280gsm/2x2twill or 5 harness weave with MTM49-3 epoxy resin (NOM 40% by
weight)

Andrew Mellor 4 January 2011
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Article 16.1.1

The test procedure is detailed below.

TYPE AND RANGE OF CHASSIS AND STEERING

Single axis transducers

COLUMN TRANSDUCERS 2000g overload capacity (+/- 1000g). Low working range
200g (high linearity (2 % or better) of the accelerometer
within the range of 0 — 200g)

DUMMY SUGGESTION Hybrid I (size: 50% male)

TYPE AND RANGE OF DUMMY TRANSDUCER

Three axis transducer

2000g overload capacity (+/- 1000g). Low working range
200g (high linearity (2 % or better) of the accelerometer
within the range of 0 - 200g)

TYPE OF SIDE IMPACT TRANSDUCER

TNC F1 Impact TROO1.issue 1

FILTER FOR TRANSDUCER DATA

Front and rear test (peak deceleration) CFC 60

Front test (average deceleration) unfiltered
Dummy chest CFC 180
Side (peak force) CFC 60
Side (average deceleration) unfiltered

Steering column (peak deceleration)  CFC 600
All filters specified SAE J211

SAMPLING RATE

20 kHz each test

TIME ZERO (T0)

TO will be defined by electronic contact

VELOCITY AT TO Velocity at TO will be measured immediately before
impact
VELOCITY CALCULATION Single integration of unfiltered deceleration data

DISPLACEMENT CALCULATION

Displacement will be established by double integration
of unfiltered deceleration data

FRONTAL IMPACT TEST :
DATA PROCESSING PROCEDURE

Peak deceleration over the first 150mm of deformation

Peak deceleration using deceleration data filtered to
CFC60

Time for 150mm will be determined as the first instant
that displacement exceeds 150mm

Peak deceleration over the first 60kJ energy absorption

Peak deceleration using deceleration data filtered to
CFC60

Energy will be established by numerical integration
(unfiltered deceleration x mass) x displacement

Time for 60kJ will be determined as first instant that the
energy exceeds 60k

Average deceleration of the trolley

Average deceleration from TO to VO using unfiltered
deceleration data

VO will be determined as first instant that velocity is less
than Om/s
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Peak deceleration in the chest of the dummy
Deceleration data filtered to CFC180

SIDE IMPACT TEST :
DATA PROCESSING PROCEDURE

Average deceleration

Average deceleration from TO to VO using unfiltered
deceleration data

VO will be determined as first instant that velocity is less
than Om/s

Force applied to any one of the four impactor segments
Force data filtered to CFC60

Energy absorbed by each of the four impactor segments

Energy will be established by numerical integration of
force x displacement from TO to VO

Force data per segment will be established using the
sum of unfiltered data from four load cells

VO will be determined as first instant that velocity is less
than Om/s

REAR IMPACT TEST :
DATA PROCESSING PROCEDURE

Peak deceleration over the first 225mm

Peak deceleration using deceleration data filtered to
CFC60

Time for 225mm will be determined as first instant that
displacement exceeds 225mm
Maximum deceleration for cumulative 15ms

Cumulative period will be established by using
deceleration data filtered to CFC60

STEERING COLUMN TEST :
DATA PROCESSING PROCEDURE

Maximum deceleration for cumulative 3ms

Cumulative period will be established by using
deceleration data filtered to CFC600
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Parts to be fitted to the crash structure for impact tests

Frontal impact test :

Front impact structure including properly attached front wing hangers.

A fully representative 500mm wide front wing section. If there is provision within the front
wing to carry ballast the lightest version must be tested.

Ventilation scoops.
Any kind of externally fitted winglets including a dummy camera.
Any kind of externally fitted brackets.

Any part or component which is forward the front end of the survival cell such as the steering
rack, hydraulic lines for the power steering, brake fluid containers etc., even if these fall
outside the deformation zone.

Rear impact test :

Rear impact structure including inserts for the attachment of components.

A fully representative 500mm wide lower rear wing section.

Fully machined gearbox (the part number and weight must be supplied at the test).
Differential (real or dummy).

Any structural shrouds.

Rear light (SLC dummy rear light possible).

Any brackets situated behind the rear wheel centre line.

Any rear suspension members which are fitted to the structure behind the rear wheel centre
line.

Jack hook (if fitted).

Side impact test :

Impact structures including any brackets.

All components such as electronic boxes which fall within the area of the impactor, allowing
for the tolerances permitted by Article 16.3 and the 1mm between the impactor tiles, this area
is 407mm x 551mm (its centre lying 300mm above the reference plane and 500mm forward of
the rear edge of the cockpit opening template).
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Article 16.2

With reference to the above Article, the test procedure is detailed below.

TYPE AND RANGE OF FRONTAL IMPACT
LOADCELL WALL TRANSDUCERS

FTSS FIA load cell system :

Array of 20 single axis 600kN load cells, each
125mm x 125mm, arranged 4 wide x 5 high.

FILTER FOR TRANSDUCER DATA

Front test (peak force) CFC60
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Article 16.3

Details of the impactor which must be used during the side impact test are as follows :

STRAIN MEASUREMNENNT TECHMNDLOEY

Unit C3, Acre Business Park

Acre Road, Reading

Berkshire RG2 0SA

Telephone : 01189 314107
Facsimile: 01189 314971

F1 2001 Impact Load measuring plate

TNC F1 Impact TR0O1 issue 1{8/5/00)

Description:

The Impact load measuring plate will be manufactured in such a way that 4 off Impact faces (Tiles)

of 200 mm x 250 mm x 38 mm_will be mounted via the load cells to a single back plate

manufactured from 38 mm thick Aluminium 600 mm x 501 mm.

A

WOUNTING HOLES FOR BACK PLATE =
T0 BE AGREED ON L
I
”‘11“ 11N
A;‘: L:‘ux:,\
I
| [ ~N
TN 3
3 | T
9 eon | e o
& \ ‘ S
-
o3
0|~
N +
é —

200.0
+-0.1

1. OSPACE BETWEEN EACH TILE

600.G/- 2

FRONT VIEW OF IMPACT PLATE

(Drawing 1153a)

Each Impact Tile will be mounted on a 4 off Load Cell system which will comprise of 2 Off Double
Shear Beam style Load Cells designed in such a way that each end of the beam is wired as an

independent Load Cell.

(See attached out line drg. and spec for TNC 850s).
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Each Load cell will be manufactured so that an over load stop will be provided at approx. 200% of
rated load. Therefore no load cell will suffer damage if loaded up to 400% of rated load

Outline drawing TNC 850s 100 kN | ] |

T
: T
420 NOUNTING HOLES \ 1P68 PG7 CABLE GLAND

FOR M20 CAPSCREWNS FOR 6 CORE SCREENED CABLE

100 kN NOMINAL LOAD 100 kN NOMINAL LOAD
200 kN OVERLOAD STOP 200 kN OVERLOAD STOP
\/ y

HieHciol

(Drawing 1153)

Each load cell will be individually calibrated up to 200% of rated load, and the outputs rationalised to

1.5 mV/V +/-0.25%.

Load cell mounting:

The plate will be designed and manufactured in such a way that all fixing bolts will be accessed via

the back plate, thus leaving the font Tile faces clear of holes.

- — =

<i:> Al MOUNTING BOLTS FIXED
T VIA BACK PLATE

r“j“ [
I

b= — =

]
I

[mi;iiiifl VIEW A,A
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Impact plate Technical Details:

Nominal Tile loading 4x100 KN=400KN.

Obtainable measuring accuracy of each Tile:< 0.25% Nominal load
Total Load per Tile up to overload 4 x 200KN= 800KN.

Static Calibration Certification traceable to NAMAS will be provided for each Impact Tile.
Single Lifting Eye for assembly will be provided.

Maximum overall weight estimated at: 91 Kg. (Including all fixing bolts)
150 KN Rated Load Cells can be provided at no extra cost as an option.
Materials used:

Load cell : 174/PH precipitation hardened.

Impact plates: HS 30 TF.

Fixing bolts: High Tensile steel BZP.

Cable: 6 core poly insulated overall screen braid 5.5 dia.

TNC 850s

Technical Data Standard load ranges kN 100, 150
Full Load output mV/V 1.5 +/-0.25%
Excitation voltage (recommended) dc or ac \Y 10- 15
Excitation voltage (maximum) dc or ac Vv 18
Safe service load % 400
Safe side load % 150
Combined error (non-linearity & hysteresis) % <+/-0.08
Repeatability % <+/-0.05
Output at zero load % <+/-1.0%
Input resistance ohms 350 +20/ -0
Output resistance ohms 350 +/-2
Creep after 30 minutes (20 deg C) % <+/-0.02
Operational temperature range degC -20 to +80
Compensated temperature range deg C -10 to +40
Temperature coefficient of zero  %/C <+/-0.0017
Temperature coefficient of span  %/C <+/-0.0010
Environmental protection IP65
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Cable length standard m 5
Insulation G ohms >2 at
50V.dc
NOTE: All percentages related to Full Rated Load

Electrical LC1 LC2
Connections Red + input Green + output  White + output

Blue - input Yellow — output Black — output

Screen not connected to load cell

All Dimensions in mm.

Outline drawing TNC 850s 100, 150kN

9 - OnQ 19

e e B — B S —— F—F—=

T T
420 NOUNTING HOLES ?\ 1PG8 PG7 CABLE GLAND

FOR N20 CAPSCRENS FOR 6 CORE SCREENED CABLE

240.0
200.0
40.0

: J—J
t i O O

50.0
|
| 1
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Article 18.6.1

Side intrusion panels will be tested using the following test procedure :

FEDERATION INTERNATIONALE DE L' AUTOMOBILE

SIDE INTRUSION TEST PROCEDURE 02/05

1. SCOPE

This document defines the test methodology and performance specification for Formula One Survival
Cell Penetration Resistance. The penetration resistance is evaluated by testing flat samples which are
constructed with the same lay-up configuration as the survival cell. The test method aims to
represent the conditions by which the survival cell structure is loaded during a side impact.

2. DEFINITIONS
2.1 Test sample

Flat panel with lay-up configuration corresponding to the side wall of the survival cell. The size of the
test sample is 550mm x 550mm with a rigid 25mm border. The sample will be supplied with 28
mounting holes, of diameter 9.0mm, which are equally spaced around the perimeter of the sample,
and positioned 15mm from the edge.

2.2 Rigid nosecone

A conical impactor which represents the loading conditions of a Formula One deformable nosecone
during a side impact accident. The rigid nosecone is a truncated cone with an enclosed angle of 25° +
1°, a length of at least 200mm, and a 138mm + 1mm diameter flat face which has a radius of 10mm
(x 1mm).

3. PERFORMANCE ASSESSMENT

The performance of the survival cell panel shall be tested by the method described in 4) below The
results shall be presented to the FIA in accordance with 5) below.

The maximum load shall exceed 250kN and the energy absorption shall exceed 6,000J.

4. TEST PROCEDURE AND INSTRUMENTATION
4.1 Apparatus

A rigid frame shall be provided to which the four sides of the test specimen may be clamped in order
to simulate in-vehicle boundary conditions whilst preventing any spurious damage to the test
specimen. The frame shall support the perimeter of the sample with an overlap of 25mm, thus
providing an unsupported central area of 500mm x 500mm.
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The inside lower edge of the frame may have a 5mm radius. The sample should be placed with the
side which represents the outer skin of the survival cell uppermost and be fastened by a clamping
plate and 28 M8 screws which have been tightened to a torque of 20Nm.

The sample will be tested using the rigid nosecone described in 2.2 above.

A method of forcing the nosecone through the test sample at a rate of 2mm * 1mm per second to a
maximum load of 300 kN shall be provided.

4.2 Specification of test samples

The lay-up configuration of the test sample shall correspond to the side wall of the survival cell. The
test sample shall be flat and measure 550mm x 550mm, and the thickness shall correspond to the
thickness of the survival cell. A rigid border of width 25mm shall be provided, in order to fasten the
test sample to the test apparatus, thus providing a central test area of 500mm x 500mm.

4.3 Instrumentation

The apparatus shall provide a means for measuring the applied load and the displacement of the
nosecone. The instrumentation shall conform to the requirements of the NAMAS Accreditation
Standard and the NAMAS regulations (or equivalent). The load and displacement shall be
continuously measured at a sampling frequency of 10Hz.

4.4 Test Procedure

The test sample shall be fastened to the rigid frame and positioned on the compression testing
machine. The rigid nosecone shall be positioned on the centre of the panel and a load shall be
applied, to force the nosecone through the panel, until the displacement of the nosecone has
exceeded 150mm. The applied load and the deflection shall be continuously measured during the
test. The ambient temperature shall be 25°C (+/-5°C).

5. RESULTS
The results shall be presented on A4 size paper and shall include:

(a) Chassis reference number

(b) Thickness of test sample

(c) Graphical trace to show load (kN) versus displacement (mm)
(d) Graphical trace to show energy® (J) versus displacement (mm)
(e) Maximum load 2 (kN)

(f) Energy absorbed 3 (J)

 The energy shall be calculated by single integration of the load with respect to displacement with
an interval no greater than 1mm.

% The maximum load over the first 100mm of displacement.

% The energy absorbed over the first 100mm of displacement.
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Article 19.8.1

Fuel samples will be taken and handled in the following way :

At any time during an Event a fuel sample can be taken from a car, a fuel drum or from a fuel rig by
the FIA. A representative of the team should be present during sampling.

SAMPLING

When sampling from a car or a fuel rig the fuel is sampled with the fuel sampling hose mentioned in
Article 6.6.3 of the 2009 FIA Formula One Technical Regulations. This comprises a tube approximately
2000 mm long x 4.6 mm internal diameter with a “-2” female snap fit connector at one end and a
valve at the other end attached to ca. 200 mm of 4.6 mm internal diameter stainless steel tubing.
Fuel drums are sampled by siphoning using approximately 1500 mm of rubber fuel piping.

Before sampling the sampling hose is flushed with the fuel to be sampled using a volume of fuel
approximately equal to three times the volume of the hose. The fuel is then sampled sequentially
into three tinplate cans. Therefore at least one litre of fuel has to be on board a car at any time
during the Event. The tinplate cans should be filled to at least 85 % of their total volume with fuel.
During the sampling the fuel temperature may be measured. A fire extinguisher should be present.

LABELLING

After sampling all three cans are labelled and sealed with a numbered seal. On the label the
following is recorded: the Event, date, team, car number, seal number, team representative including
signature and FIA delegate including signature.

SAMPLES

One sample remains with the team, two samples remain with the FIA. One of these two FIA samples
is used for the “Track-side” analysis. The other is kept refrigerated and used in the case of a dispute.

49/74



TRACK SIDE FUEL CONFORMITY PROCEDURES

Initial comparisons are carried out by careful manual inspection of peak height ratios in the GC traces
of the sample and that of the approved reference fuel. The fuel traces are also overlaid and
compared using facilities available in an appropriate software package. If an apparent discrepancy is
observed, computer generated peak areas are compared with those obtained on the reference fuel
(using the same integration parameters). To avoid any effects due to evaporation, comparisons will
be made with the change in peak area of similar sized peaks either side of (and, if possible, close to)
the peak in question. For example, if the peaks either side of the peak in questions have each
increased in relative area by 5% and the peak in question has increased by 15%, it will be considered
that the relevant increase in area on the peak in question is 10%. Only increases in the relative areas
of individual peaks will be examined.

No action will normally be considered necessary unless the relevant increase in peak area is greater
than 12%. This value is considerably greater than the established repeatability for peak area
measurements on the FIA instrument in the mobile laboratory (3 x relative standard deviation is
usually less than 5%). Increases greater than 12% will be highlighted in the report | from the fuel
analyst to the technical delegate. For compounds present at concentrations below 0.80%, the peak
area criteria is replaced by an absolute maximum change of 0.10% peak area.

Action may also be considered necessary if a peak is detected in a fuel sample that was absent in the

corresponding reference fuel and its peak area represents more than 0.10% of the summed peak
areas of the fuel.

50/74



Article 20.2

The weight of the cameras in the relevant positions is as follows :

Position 1 0.140kg
Position 2 — Forward facing 0.605kg
Position 2 — Rear facing 0.476kg
Position 3 — Forward facing 0.605kg
Position 3 — Rear facing 0.476kg

Position 4 — Forward and rear facing 1.860kg
Position 5 — Face shot 0.120kg
Power conditioner 0.900kg
Formula One Interface Unit (FIU) 0.500kg
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Article 20.4

The timing transponders must be fitted in accordance with the instructions given in the following

drawings :

2000010 ¥3avay'g P e R SIXY ANO wuwog ¥
on g SHEVINIY w Aue S.G:v?oﬂm._w—._ Mo.ﬁzoc,sv{ awm W7X< X ZO EEDD_. T
8014 ,wzofh_woa HIANOLSNYHL | nE,B_ruaMJnﬁm:ﬂt_, wzgni,mﬂspuh_“h / E‘\ n P 39 TM FONYHITIOL
" . T e | e somussio 0 S || —topen TYNOILISOd SIHL ATNO 0L0Z ¥Od ATIYNOILFOX3 ¥
o - " o 53 e bt i IVIH3LYIN AILONANOD ANV A9 d310NY1S80
paseaiy HLN YiIN 7 ciol 7 ~Q3LVLS ISIMHIHLO -a0)-

s s e ous| __sSIn- Ionwiol | P0IBT : 2SS AN ! 38 LON GINOHS N3LLVd NOLLYIQY 3HL NIHLIM
YaY 1800 N1 a1 PP —— AT. 5002606203 SL33HS OML OLNI 117dS ONmwea | 2 H3IANOJSNYHL MO39 ANNOYD 40 MIIA '
31¥0S LON 0d NOLLOSMOHd STONY GHIHL — 60026012 [03 "‘G39NYHO ONLLNNOW Hv3 002 SYM 008 LHOITH NIN | €

WLIVHa. : : , P
A3dWYLS §1 1 50,038 Y341y 600260+l 8 NOILYOIJIIVIO ¥ ILON | ¥ NYD ANY 43MOd 'NOILOINNOD HIANOJSNYH1=M Z
$173A31 35va30 SHL 6002-01-60 8 HIANOAS NVL Al VINRId ‘G3SIAZY LHOIIH XYWININ|
SSTINN FNLOVANNYA ¥4 a3SN _ : = :
o Lo o S i 6002-01-€Z)48| QILLINO NOLLJO INNOW 30IS HIONOJSNYAL HvId 2 HS | 9 NY3LLVd NOILVIOYH H3ANOdSNYHL @ }
GO0Z-L €T e 03S1ATY JLON NOLLYIOYH HIONOdSNYHL L LHS Z1HS | 4

o2e%
R

St
|

11V13d a39dvING
HIAANOASNYHL AHVINIHd

'NOILYWHOLNI ONILNNOW J43ANOJSNYHL dv3y 404 € L33HS 33S

‘NOILVIQVH-YIANOdSNYH L-AYdVINI-Ed-B0007-01+0
13A0W Q€ OL ¥3d43Y "HIANOJSNYYL 3HL
WOY4 SAYVMNMOQJ d3103rodd W38 .Sv

¥ SINY3LLVd NOILYIOYY ¥3ANOdSNYH.L

‘¥ 310N 338
SIXY A NO WG
SIXY X NO wuwgF

13AVHL
40 NOILD3dId

FIXY LNOd4

V134 NOILYLINIIHO
d3070H Y3ANOdSNYHL

‘S310N

a3IACIW3Y T133HM
11V.13d d3IOFVING
HIANOdSNYHL AdVINIEd

HYO 40 30V44NS WOL1L08
HLIM HSN74-GNS 39 LON LSNIN
HIANOdSNYHL 40 30v44NS WO1109
ANNOYO WOYL LHOIFH NIN wWwooe
AONNOYO W XV wwooy

OVHLNO ¢ LF .00 X

49 WOYH LHOIFH
0099
Soledede
aANNOYO OL
IVLINOZINOH ¢9

D
37XV LNOYA

NOILISOd 03883034
TYNOILJO NI §3ONOdSNYYL

dV¥D NO SIXVY X 0L 1371vdvd
A3LINNOW H3ANOdSNYHL

56/74



03103rodd Wv38 .St ¥ SINY3LLVd NOILYIAYH H3ANOdSNVHL-

§8c

20000170 lepeay'g 1o i sund L Uy 2N

on 'Big SN wg AUB U1 LONoNpoiday Pl UCHEASILILIPY .“_.

‘ Apedord H
8014 ‘SNOILISOd YIANOJSNYH L | AR oo s B i /‘E‘\ ,.s —
o E—=t o1 uosesmuy S0 eusod ke (3 >
™ N st = o G K5y PN ug pesn
s, e
- ity 1590530 dlva |Ad NOISIAGY |SSI

pasemay SLN 0 ~031VLS ISIMHIHLO -

p— -t (.m_.,._%__.m_.; 4 ENEL SSTINN - IoNveTioL | O0B0LL M8 ANSSIIVILING ¢
SY 18N0d NI 41 P — — 600Z-01-€Z[48| QILLINO NOILJO LNNOW 30IS ¥IANOJSNYHL YY3Y Z LHS| 9
I7vOS LON 04 NOILOAMOHd I1ONY QdIHL — 600Z-LL-E2|48 Q3S1A3Y ILON NOILYIAYY ¥IANOJSNYHL b LIHS TLHS | £

wLdYHa.

Q3dWYLS SI L HO .A3SYI13d.LY

S1713A371 3SY3T3H IHL .
SSTINN FUNLOVANNYIN HOH a3 NOILYIAVH-43ANOdSNYYHL-AYYANODIS-e000#-01¥0
8 OL LON S1 ONIMYHA SIHL 310N T3A0OW A€ OL ¥3439 43ANOdSNYYHL FHL WOHd SAHdYMNMOQd

X

IVIHILYIN SAILONANOD ANY A9 310NYLS80
39 1ON dT1NOHS Nd311V¥d NOILVIAYY 3HL NIHLIM
HIANOdSNYYL MOT38 ANNOYO 40 MAIA 'S

"IHOIN Yv3Y
40 wwgol NIHLIMLO3LNNOW 38 OL 43ANOdSNYYL v

"HIMOd ‘NOILOINNOD HIANOdSNYHL dNMOVE = A '€

‘NY3L1IVd NOILVIAYY Y3ONOdSNVYHL n@ K4

NMOHS S
JFHNLONYLS HSVHO 3HL HLVANYIANN
Q3LNNOW 38 OL H3ANOJSNYHL dNXOVE 'L

‘310N

0'2s

10
JIXV dv3d

VY130 1dvd J39dvINT
FRINLONYLS HSVHO "vad ¥3ANN
A3.1INNOW H3IANOdSNYHL dNHOVE

ANNOYO OL1
IVINOZIMOH
AOVHLNO .LF .00

ANNOYO WOHL LHOIFH NIW wwooe
ONNOYD NOYH LHOIFH XYW W0t

A

57/74



'saljiwalnxa ||e 0) paldde snipes Wwg e yum (LUopoalip AUe Ul 80BLINS 8L} 0} |EWLIOU PaINSEaLW USYM S0UBISIP WnWIUIW ay} Buiaqg) 301y} wwQ | jSes| 8 ad JSNW ‘aul| 81jusd [83yMm Juol
3y} Jo peaye WWQGH UBY} 210w SI Ydiym pue ‘g’ ¢ ajoily Ag paiinbal eale ayj auysp o} pasn ylomApoq auj jo ped pieoqul jsow auyj Jo pieogino yiomApog Aue ‘sieo Jaujo o} sBewep a1k} Jusaaid o} Jspio U] Z'¥'E

‘WO | P80Xa JOU JSNW Saul| 21jUad [28UM JBal aU) pue Juolj au} usamiaq Yipim diomApog L #'¢

- 9ul] aJJuad [Iaym Jeald ayj} jo peaye YIpIp - ¥°¢

‘uoiyisod peaye Jybielis ay) Ul S|8ayM paias)s ay} UM WLIQOS | Pesoxa jou jsnul ‘saif} Buipnjoxa ‘180 ay) JO UIpIM ||BI8A0 8U |

TUIPIM [[EIBA0 - £°¢

oosik

£¢

auIT 81U [98UNA Jeay JO PESYY UIPIM b€ - UIPIM [[BI9AQ €°¢ . el Buimeaq




‘WIWQS/ PEoXa Jou SN aueld 20UBIS)a) BY) 9AOGER WILQG| UBY) SI0W PUB 8uUl| 2JjUa0 [2aym Jeal ay) puiyad YIomApoq Jo yipim ayl Z'g'¢
‘WWQOO| Paoxa Jou jsnw aueld 20UaIa)al BY) SAOGE WWQG] UBY) SS3| PUB BU|| 21JUB0 [93YM JB3I 3U} PUIY] HIOMAPO] JO UIPIM 3YL LG ¢

T3UI] 213U9 [99UM 18] 94} PUIYSq UIPIM - § €

000k

| |

auB|4 aoualajey

05t

auI 2jua) [99UM Jeay S} puIyag UIPI ¢ ) ez Bumeag



‘ZWWOO0'0Z Uy} ol ou &g jsni 1eo ayj Jo aueld anuad [euipnyBuol ay) ojuo ylomApoq ||e Jo eale pajoaloid
3y} ‘aue|d 20uUalajal BY) SAOCER WWG/Z PUB WLLG/ USaMISQ PUB 3U|| 2JjUa0 JBD U} Wol) WWQ0y PUB WWQSE 'aul| 2JUaD [23YM JUOI) 34} JO pEaYE WWQO0 ) PUB WWQOSH Usamiaqg saul Ag papunog eale auju| ¢°2'¢

') Buimelq o} wuojuo9 Jsnwl uolOas siyj Jo uolisod pue souspioul

‘ajsoid 3y ‘uonoas sIyYl 0) SaYORNE Z'/°E S0IUY Ul paulap yiomApoq ayl aiaym uoioas jo sabueyo [eoo] Jo uoidaoxa ay} YlIim ‘alowlayuny "aulj a1juad Jeo ay) o} |9||esed uoioas ssoI0 [ediUaA [euipnyibuo] Aue uiyum
paulejuo? aq Aew uopjoas ajbuls auo Ajuo ‘sue|d soualajal sy} SA0GE WWGZ| UBY) SS3| PUB SUl| 21Jusd JBD 8y} WOl WWOGZ UBY) SS3| pUB aul| a1juad |9aym juol) ay} jo peaye wwosy BulA| uiod e jo piemiod ¢°2°¢
‘ulol suonjoas asaly) aiaym pasn ag Aew wwQ| uey) Jajealb ou snipel ¥ "€/ ¢ 90Uy Aq padinbai ajyoid ayy uiol o} Ajjesiuan pajoaloid aq jsnw aueld soualalal ay) aAOQE WLIGE | 1B SUOI0as ay) ‘paulap Ajiny aouQ
aul

2Jjua0 Jed 8y} 0} Jenolpuadiad painseall USYM WILUGZ Pasoxe jou Ael UOIJ0as Yoea Jo SSaUM2IY) 8y ZWWQOOS JO Bale |BJo} WNLWIXEW B YIM SU0I0as |eaujawwAs pesolo om) uiejuod Aluo Aew ‘sue|d aoualsjal ay)
2A0CE WWQQZ PUB WWGZ | USaMIa( pue ‘aul| a1juad Jed 3y} Wolj WLLQGE UBY) SS3| ‘aul| a1juad [9aym JUol) ay} Jo piemio) wiuQsy Buif] juiod e jo pijemio) pajeso] yJomApod ybnoiy) uaye) uonoas |ejuozioy Auy z°2°¢
‘aug|d

20UaJajal 3Y) A0E WG/ Z UBY) S10W OU PUEB LWILLG/ UBY) SS8| OU a( ISNLU ‘aul| 21jua9 Je0 3y} WOl WWQSZ UBY) 210W PUB ‘aull a1juad [2aym Juol) ay) pulyaq wwpee BulA) juiod e jo piemuo) pajenyis yiomipoq IV 1L°2°¢

T yJomApoqjuoid 2°¢

‘aue|d soUala)al B} 2A0QR WWQSE Uey) alow ag Aew ylomApog ay) jo Led oN

S Jybiay jjesdnQ 9°¢

oov oor

0s2 0sz

EVCINELITEVETEN

SZl

! — 5 Sl

056
9°€

eg Buimeuqg

JOMApOg OIS 2°€ - WBISH B30 19°C (D)



‘aue|d aoualajal ayj 0} |3||eled uaye) aq |Im sjuawainseaw Bueyiano ||y ¢¥L°E
"3Ul| 2JJUSD [93YM JUOJ) BYJ JO JUOJ) Ul WWQQO | UBY} 2Jow ag AL aul| 21jua9 18D 3y} Woly WWQQZ UBY) aiow ylomApog auj jo Hed oN Z'pL°¢

"3l 24US0 |23YM JUOJ} B} JO JUOL Ul LULIQDZ | UBU) 210 1O 3UI| 21JU30 |33y Jeal 3y} pulyaqg WWQOg Uey} aiow ag Aew 1eo ay} jo Yed oN L'pL'S

T SBUBYIanQ - pL ¢

"aue|d @oUaIajal BU} SA0GE WWIQQ | UBY) 210W aq Jou ABW YoIYM S0BLNS SNONUIJUOO SUO WI0J JSNW eale SIy} Ul Y1omApoq 8y} ‘yjeasulapun wol
pamaIA Usym ‘alowiaypnd ‘mala ued Ul ZWWOOO'8Z UeY) SS9 ou Jo eale papaloid e Yym ylomApog aq JSnw a1y} aul| a1juso Jeo au} Wolj WWQ0E PUB WG Usamiag pue aul| a1jusd [9aUm Juol) ay} Jo peayy 9°2°¢

"MBIA 3pIS Ul ZWWQOO'SE UBY} SS3] oU Jo eale papaloid B Ujim YIOMAPOg aq JSNW alay} aul| 21juso Jed a8y} Wolj WWoyg PUB WWIQS, UsaM]aq pue aul| aijusd [2aym Juol) sy} jo peayy §°2'¢

‘ZWWOO0'0Z UBY) aJow ou aq jshuw Jeo ay) jo aueld ajjuao jeuipnyiBuol ay) ojuo yiomApoq |e jo eale pajoaloid
ay} ‘aue|d @ouUaIajal AU} SAOGE WWG/Z PUB WG/ UsaMIaq pue aul| aijuso 1eo s} WOl WWQ0p PUe WWQOSZ ‘aul| 213U [9aUM JUol) ay) JO pesye WWOQQ0 | PUB WWQGH Usamiaq saul| Aq pspunod eale ayj u| ¢°2'¢

‘uiol suonoas asay) alaym pasn ag ABLW WWQ | JO SNIpel ¥ "€/ '€ 9|01y Aq painbal ajyoid ay) uiol o) Ajjesiuea pejosloid g jsnw auejd souaialal 8y} SAOQE WIWGE | 1B SUol0as auy) ‘pauyap A|in eouQ

“aul|

2Jjua2 Jed ay} 0} Jenaipuadiad painseaw UsYM WWGZ PasoXxa Jou ABW UOI0as YoBa JO SSaUMOIY) 9y ZWWOQOS JO BaJe |BJO) WNWIXEW B YJIM SUOI}0as |eoljawwAs pasolo om) ulejuod Ajuo Aew ‘aueld aoualiajal ay)
A0 WWQQZ PUB WLWIGZ | USaMad pue ‘aull a1juad Jeo au} WoJj WWQSZ UBY) SS8| ‘aul| 81juad [88yM JUoJ) 8] JO pJemio} wwosy BulA] juiod e jo piemio) pajeoo| yaomApoq ybnoiyy usye) uonoas |ejuozuoy Auy Z°2°¢

‘aue|d 9ouUalajal Y} SA0QE WWG/Z UBY} 210 OU PUB WIS/ UBY) SS3| OU 84 JSNW ‘Sul| 91jua0 Jed
8U] WOJ} WLWOSZ UBY) 810W PUB ‘aul| 81juad [9aym Juol) ay) puiyaq wwoeg Buif juiod e jo piemio) pajenyis yiomApod IV L°2°¢

0001
D jaomApoq Juoadq ¢
006 9LE
ors SLE
0SL
oo N,
08z ries
u |.|-|II||...|1|-|-II
O | =]
EEEREE .
-
0se .
00 rLe
0SL R
0v8 SLE
006 9°LE ]

XBW 0ozt

sbueyianQ :y1L°¢ - JJomApog juoid :2°¢ . ey Buimeuq



‘anoge sy} woly jdwaxa aq ||Im ('S | 3|01HY Ul 0} pallajal Uoloas auy) Jo pIemio)

pajenyis Bulaq pue zwwpQs| Jo eale aoeuns pajaloid wnuwixew e Buiaey ainuade yons) Buijooos Jaaup jo asodind ay) Joj ainpade jaju aj6uis e 0} uolippe Ul |4 ayl Aq paroidde sBuisnoy eiawes Jo seiawed Auy
‘aue|d aouUalajal 3y} aA0QE WWGE | UBU) mhoE%cm au|| a1jua0 Jes ay) woly EEomm uey} ssa|

‘aUl| 2JjUB0 [93UM JUOJ) 3Y} JO pEaYE WWQG] Julod B JO pJeMIO) Ul JJUaD Jed au o} |3]jeled UaXE) UOIDas SS0JO |eoIUaA |eulpniiBuo| Aue ulylim paulejuoo ag Aew ‘uado aq jsnw yoiym ‘uonoss abuis e AUO 8'2'¢

T )ylomApog iuoig- /g

Xew 00z}

yJomApog oi4 :2°¢ . eg buimeuq




“aue|d
20UaJ3)8l 3y} aA0qe WWQOE UBY) slow ad Aew ‘aul| 81juad Jed ay} Wolj WwWS/ ¢ UBY) a10W S| YoIYM ‘aul| 81jusd [23ym Jeal sy} JO pJemio) WWQQ aull B pue aul| a1jusd [93UM Jeal ay} usamiaq yiomApoq oN £°8°¢

‘sue|d
20UaJajal BY) 2A0QE LWLWQQS UBY) 210W ag ABLU ‘BUI| 91)U22 1B 3U) WO WG/ E URY) 3I0W S| YIYM ‘aUl| 21)U0 [9aym Jeal ay) Jo pJemIo) LUWQQE aUl| B PUB aul| 31Juad |9ayMm Jeal ay) uaamiaq ylomipog oN Z'8'¢

"aUl| 2JjU0 Jed
By} WOl WWIQOE UeY) alow aq Aew ‘aueld aoualajal sy} 8A0GE WWINOY UBY) 210W S| YIIYM ‘aUl| 81jUa0 [93UM Jeal 3y} JO pIeMIo) WWOEE UL} 810w pue aUl| 81juad [98ym Juol) sy} pulyaq WWOES UBY) alow pajenys
NlomApoq ou ‘Aj@ajoadsal apis ay) wolj AjjoaJip 10 aA0de Ajjoalp WO Pamala Usym ZWww 000F L puUe WWQO0Z | 40 Bale wnwixew e yum yoes ‘(sBuijunow Jiay) Buipnjour) s1ouiw MalA Jeal ay) uey) Jaylo L'8' ¢

T S|@ayM Jeal ayj} JO Juoly ul yIomApog - g°¢

“aue|d 8oUslajal By} SA0GE WIWOSS LBy} aiow aq Aew ajejdwia) Ajjus 1dxyo00 ay} Jo 20k} Jeal JO pJEMIO) WWQGE | UBY} 210w pajenyis ylomApod oN 6°L°¢

T)lomApogiuoil- 2'¢

Sl¢

S.e

auI aua) [98YN\ 1By By} JO Juoi4 Ul YJomApog :8°¢ - YJomApog Juol :2°¢ . eg buimeuq

63/74



“aue|d
20Ual1ajal By} A0MER WLWQQE UBY) alow aq ABW ‘aul| 213U JBo 3y} WOl WS/ S UBY) 210W S| Y2IYM ‘aul| 21jua2 [2aym Jeal ay} JO pJBMIO) LULLQQE SUI| B PUB aUl| 21juad |2aym Jeal au) uaamjaq yomApog oN €8¢

‘aue|d
20UaJ3Jal Y} SA0QE WLWQQS UBY) 2J0W aq AW ‘aul| 2Jjua0 Jed 3y} WoJj WWG/ e UBY) 2J0W S| YOIUM ‘aUl| 2JJUaD [aaym Jeal ay} JO pJemio) WWQQS 2Ul| B PUB aUI| 21jUa0 [9ayMm Jeal ay) usamiaq yiomApoq oN Z'8°¢

‘aul| ajua0 Jeo
3y} WoJj WWQQE UeY) aiow aqg Aew ‘aue|d aoualajal ay} aA0CE WILWQQY UBY) SI0W S| YDIYM ‘BUI| 2JJUS0 [23UM Jeal U} JO pJEMIO) WULLQEE UBY) 2J0LU PUB U] 21JUa0 [33YM JUOI) 3U} puUlyad WWQEE UBL) 210W pajen)is
ylomApoq ou ‘Ajaanoadsal apis auy woly Ajoalip 1o aA0QE AjJoalip WOl pamalA Usym ZWW 000k | PUB WWQQOZ | JO Bale WNWIXEW B YIMm Yyoea ‘(sBunjunow Jiay) Buipnjour) sIoliw MalA Jeal au} Uey} 1ayio L°8's

T S|@ayMm Jeal ay} JO Juoly Ul ylomApog - g'¢

“aue|d 8oUslajal By} SA0GE WIWOSS LBy} aiow aq Aew ajejdwia) Ajjus 1dxyo00 ay} Jo 20k} Jeal JO pJEMIO) WWQGE | UBY} 210w pajenyis ylomApod oN 6°L°¢

T )}lomApog iuoig- /g

romd

0s6l

0ge

yo0/g P

aue|d aoualajey

009

6L€ L8¢€ 056

ooy

auI a)ua) [98Y\\ 1By By} JO Juoi4 Ul YJomApog :8°¢ - YJomApog Juoi :2°¢ . e/ Buimeuq

64/74



"aul| 243UD0 JBD By} 0} |BLULIOU 3l YDIYM S20BLNS
|eoipaA Aue uleuo9 Jo (G'g'¢ 3|oIly Aq papiuad asoy} uey) 1ayjo) sainpgade AU UBIUOD JOU JSNW 'aUl| 81JUSD [33UM JB3J 3} JO PIBMIO) WUWIGG UBL) 310W Pajen)is ale YdIym ‘Sainjos asay) uiyim Bulk| saoepns ay)

‘aue|d 8oualajal 8y} dAOME WWSLY
UBY) 3I0W PUE 3U|| 31JU30 JBO By} WOY WIWIGE | UBY} a1ow S| yaiym ‘ajejdwa) Ajua 3idyo0o ayj Jo 208 183l aU) JO PIEMIO) LUWQGH pue ajejdwa) Ajua Jdxyo00 3y} Jo 908} 1Bl 3y} Usam}ag awn|oA ayj - p
* sue|d @oualajal 8y} dAOQE WWQQ L
UBL) 2I0W PUB BUI| 21)USD JBD By} WO WWIQSE UBLY) alow s1 yoiym ‘ejejdwa) Ajua 11d)002 au} Jo 208} JBal 8y} JO pIeMIO) WWQSH pue ajejdwa) Aijus ndyo00 au) Jo ade) JBal 8l Usamiaq awn|oA ay) - 2
¢ aue|d aoualajal ay) aA0ge WWQQ L
UBL} 2JOW PUB 8UI| 81JU80 JBD 8Y) WOJ) WLWISZ | UBy) aiow si yoiym ‘ayeidwa) Aua 3dyo00 ay) jo aoey Jeal ay) pue a)ejdwa) A1jua §dy000 ay) Jo 208} JBal 8} JO PJEMIBSI WWIQQE USaMIaq SLWN|OA U} - q
‘ sue|d @oualajel 8y} aAOqe WWQQL
UBy} 3I0W PUB BUI| 213U30 JED BY) WOL WWGZ UeY) a1ow S| yoium ‘ajejdws) Ajua Jidy000 ay) jo 30k) Jeal ay} JO plemieal WWQQE PUB aU|| 8JjUs0 [98UmM Jeal ay) JO pIemio) WWQG Uam}aq aWn|oA au) - e

T WWG/ Uey) ss8| snipel Aue ulgjuod jou
Keuw sAIno snonuijuod juabue) siy] “80BLNS [BUIBIXS S} UO @AIND SNONUNUO2 JusBUE) 3UO WO JSNL MOjaq Paulap SaLWNJOA 8y} Ul PAJENJIS aUl| 213U JBD U} 0} |BLLIOU YIOMAPOG JO UOIIOSS SSOIO [BoINaA AUY #°8'¢

S|eal\\ 1eay 9y} JO Juoi] Ul jiomApog g°¢

Tom4

auIT aqua) [9aYpN Jeay ey} Jo Juol4 ul YJomApog :8'¢ . eg buimeuq




"aul| 21U 18D By} 0} [BLLIOU 3l YDIYM S20BLNS
|eoiyaA Aue UIBjuod 10 (5'g'¢ oIy Aq papiwiad asoyj uey) Jayjo) sainpade AUE UBJUOD Jou JSNL ‘BUl| 213U [33UM JESI 3U) JO PIEAIO) WUWSS UBY) SI0W PAJEN)IS BB YDIUM ‘Sawn|joA asay} uiyym Buld| saoepuns ay)

‘aue|d soualajal 8y} dAOME WWSLY
URBL) BI0W PUE 3U|| 31JU30 JBO By} WOY WIWIGE | UBY} a1ow S| yaiym ‘ajejdway Aljua J1dx000 auy} jo 208} JBal 3y} O pIemIo) WWQSH pue ajejdwa) Aijus J1dy000 au) Jo 808} JB3l aY) USaM}aq SWN|oA By} - p
‘ sue|d @oualajal 8y} dAOqE WWQQ L
UBL) 2I0W PUB BUI| 21)USD JBD By} WO WWIQSE UBLY) alow s1 yoiym ‘ejejdwa) Ajua 11d)002 au} Jo 208} JBal 8y} JO pIeMIO) WWQSH pue ajejdwa) Aijus ndyo00 au) Jo ade) JBal 8l Usamiaq awn|oA ay) - 2
¢ aue|d aoualajal au) aA0ge WWQQ L
UBL} 2J0W PUB 8UI| 81JU80 JBD 8Y) WOJ) WWISZ | UBy) aiow si yoiym ‘aygdwa) Aua 1dxo00 auy jo aoey Jeal ay) pue ajejdwa) Ajua J1d)y000 8y} Jo 208} JBal ay) JO pIemIBal WWQOE U8am}aq awnjoA au) - q
¢ sue|d @oualajal 8y} aA0qe WWQQL
UBy} 3I0W PUB BUI| 213U30 JED BY) WOL WWGZ UeY) a1ow S| yoium ‘ajejdws) Ajua Jidy000 ay) jo 30k) Jeal ay} JO plemieal WWQQE PUB aU|| 8JjUs0 [98UmM Jeal ay) JO pIemio) WWQG Uam}aq aWn|oA au) - e

T WWG/ Uey) ss8| snipel Aue ulgjuod jou
Keuw sAIno snonuijuod juabue) siy] “80BLNS [BUIBIXS S} UO @AIND SNONUNUO2 JusBUE) 3UO WO JSNL MOjaq Paulap SaLWNJOA 8y} Ul PAJENJIS aUl| 213U JBD U} 0} |BLLIOU YIOMAPOG JO UOIIOSS SSOIO [BoINaA AUY #°8'¢

S|eal\ 1eay 9y} JO Juoig Ul jiomApog g°¢

Tome
05 00g ot
aueld souaiajey Ho0Ig PIYS
|
00t
_
4
e ( o
—— _ —
epge | gree |  orsE | Q —
M prge
056 J

auIT aJ4ua) [9aYpN Jeay ey} Jo Juol4 ul jJomApog :8°¢ . eg buimeuq




“WWgnooee

uey) Jajealb aq isnuw ) puiyaq WWNOg juiod B pue aul| 25Uad [2aym Jead ay) usamiaq pue auejd aoualajal ay) SACHE WWQSE PUB WWQOE uaamiaq Bulk) siomApog Aue jo eale pajoaloid ay) 'main apis Ul 8'0L'S

Teul| a1)ua0 [9ayM Jeal sy} puiyaq JIoMApogd - 0} ¢

“gejdway pdyooo ay) jo abpa Jeal ay) Jo pIEMIO) WG/ PUE WWQSH Uaamiaq uoiBal w,mn_:_ SUONOSS PASO|D WD) Jou Jsnw samnjpons oedun asay) Buisojpua yomhpog ay) ‘aueld

|eaian [euipnyiBuc) B Ag Ino UBUAA “MOy JIB [BUI3IXS 3U} YIIM JOBJU0O Ul S| injongs oedu 3y jo ped ou jeu) yons ‘iomApoq

pasojoua Alinj 8q 1SN Z'6'GL 3RINY Aq pauyap sainjonys Buiqiosqe oedw sUl 9°'8°¢

TS|99UMm 1eal 8y} JO JuoJ} Ul JIoMApog - g ¢

SUEd sauaiaiay

ooe

056

auIT ajua) |98yA) Jeay 8y} pulyag YJomApog 0L S - S|98UAN Jeay U} JO Juoly ul YJomApog :8°¢

eg} Buimeaq

67/74



"aue|d @oUaIajal B} SA0QE WIQQE UBY) 210 aq ABLU aUI| 21jUad |83ym Jeal 8y} pulyaq WWQOSE UBY) 210W pue aul| 81juso 8o ay} WoJ) WG/ Uey) ssa| Jed ay} jo Jed oN 9°01L°S
Taul| a13U8d [9aUM Jeal ay} puiyaq JJoMApog - 0} ¢

‘aue|d soualajal 3y} aA0gE WWQE/ PUB WWQ0R Usamiaq
paleoo] aq Aew ‘aul| 21)Ua0 Jed 3U) WO WWSGE PUB WWG/ UaaM]ad S YoIum pue ‘aul| aljuao [aaym Jeal ay} puiyag WWQG| pUe aul| 1juad [8aym Jeal ay} Jo pIemio) LLLQS USamiaq pajen)is YIomApog oN Z°6°¢

"aue|d @oUaIajal B} SA0QE WIIQE, UBY) 2J0W aq ABW '8Ul| 4U80 JBO 3U} WOJ) WG/ UBY) 10W SI YdIYM pUEB ‘aul| 81jUsd [28YM JBal 8y} JO PIBMIO) WIIQEE PUB WWQS Usamiag pajenyis YIomApoq oN L 6°¢
: S|9ayM Jeal ay} uaamyaq yiomApog - 6'¢

20/ PSS

aue|d soualajey

ooy

0eL

L'6E . ;

90LE e

0se “

auI a1ua) [98UNN 1By BY} pulyaq dJomApog :01°S - S|9aUN Jeay By} usamiag yiomApog :6'¢ . el Buimeuq



"aue|d a0Ualajal 3y} SA0CE WILIQQE UBY) 2J0W 3 ABLU aUI| 21JUa0 |28yM JBal 3y} pUIyaq WLQOGE UBY) 210U pUB 3l 21jua0 Jed 3y} WoJj WG/ Uey) SS3| Jed ay) jo yed oN 9°0L°¢

Toul| 213Ua9 [88UyM Jeal ayj puiyeq JJomApog - 01'¢

"aueld @oUal8)al B} DAOQE WIWQE/ PUB WWQOY Usamjaq
pajeoo] aq AeW ‘aul| 81jUa0 JeS aU} WO WWGGE PUB WG/ USamiaq Sl YoIYM pue ‘aul| 21jusd [9aym Jeal au} puiyaq WWQG | puU. sul| 81)Uad |9aUm Jeal ay} J0 pJemio) LWIWQS Usamiag pajenyis YIomApoq oN Z'6°¢

‘aue|d a0Ualajal Ay} aA0CER WILWQE/ UBY) 2I0W ag ABL ‘BUI| 24US0 JBD BUj) WOoJ) WWG/ UBY) 2I0W S| YoIyMm PUB ‘aUl| 21jUs0 [28ym Jeal 3y} JO PJEMIO) LWUWQEE PUB WWQG Usamiaq pajenyis yJomApod ON L'6'¢

T S|2ayM Jeal ay} ueamjaq JJomApog - 6'¢

aue|d souaiajay

SS5€

SL

§S€

S.

ooy

0eL

90LE

ooy

0L

auIm anua) [98U\\ 1BaY oYl pulyag YJomApog 0L - S|99UN) Jeay oyl usamiag JJomApog :6°¢ .

ezl Buimeaq




wwog
pUEB WO U23amjaq 3l JSNLU S0UBISIP SIU} USUM ‘gL '€ 3|0IUy Yum 2oueploade uj ‘jdaoxa ‘uoiisod 15250]0 1Y} Je WILLG | pue WLQ] usamyaq al| snw aueld [eopan jeuipnyibuol Aue Je suoljoas jJusdelpe usamiag 20UBSIp AU} ‘aJouuaypng
"UoNejs [elae| aluies 3 e UoIjoas JSOLLISMO| ay) JO pJoyd sy} Uey) Jajjelus aq SABMIE 1SNl UoNoas pasold jsouiaddn pue jsouleal auj) Jo pioyo ay |

‘WWIQZ pasoxa Aew ge) Wi} yons AUe Jo UOISUSLLIP OU UOI0as SS0J0 [eoiaA [eulpnyibuo) Aue ul painseaw uaypy -abpa Buijies ayy o} paj aq Aew sqey wuy adAy Aswinb, ‘pauyap s uoioas jsouuaddn pue Jsouwlieal ay} 20UQ

WLWIQQ | UBY} J3]|BLUS 2nJeAIND JO SNIPEI SABOUOD [BO0] B SARY ABLU WSS JIE [BUISIXS 3U) UJIM JOBILIOD Ul SUONOSS SSOJ0 [BolaA [eulpnybuo) asayjjo yed ou -
"PasO[o aq JSNW YoIYM JO yoea ‘Bale Sy} Ul SUOHI9S OM] UBY) 210W SABY ABLU LIOOSS SSOI0 [eulpnjibuol ou ‘180 3y JO SpIS a4} WL PAMBIA Usym -
1 8L'E OIHY UM S0UBPIODOE Ul UOHOSS aU) JO Juswishipe yum pajeroosse Ajajos spied [ewiuitl o uoidsoxa auj Yin

‘M PUIYaq WLWIQSE Julod B puB aul| 21jua0 [28UM JBal 8y} Uaamjaq pajenyis siJey) Jeo auj) JO apis 8} Lo PaMaIA USUM Bale UB Ul alf Jsnw ‘aul|
21)Us0 Jed aU) WOl WIWIGGE UBY} SS8| pue ‘asue|d aoualajel 8y} SA0qe LLLQE/ UBL) 2I0W S| UIUM SUI| 21jUSJ [38UMm Jeal sy} Jo piemio) wiwigs Bul] juiod e puiyaq siomipoq Aue ‘6’0 e ajoipy Ul paulap SomApog au) uey} Jsyio Z'oL's

“Wwipz paaoxa Aew ge) wily yons Aue Jo uoisuswip ou Uoijoas sso1o [euipnybuol Aue ul painseaw usupy -abpa Buljies; sy) o payl aq Aew sqey wuy adAy Aewnb, ‘pauyap si UOI3S SIU} SUQ
"WWQQL UBY) JBjEWS aInjeAIND JO SNIPE] 9ABILIOD [B20] B aARY ABLL LW BAIS JIB [BUI)XS SU) YIM JOBIUOD Ul UONOSS S Jo Ued ou ‘aioulsyung "Bale Sil} Ul UoI0as auo Uey) alolu aAey Ael uonoas

$501 [B212A |eUIpn}iBUO| OU Jed 3U)} JO BpIS BU) WY PamalA UsU\ “aue|d soualajal sy} 8A0qe WLLQOR PUB WILIDE Usamlaq pue all| 81U [93UM Jeal aU) puljaq WILIOGE PUB WG| Usamjaq pajenyis s Jeuj} Jed auj Jo apis auj oy
pamalA UaUMm Bale UB Ul 31] JShiU ‘aul| a1jUso Jed sy} Lol WIGSE PUB WG,/ Usamjaq pue ‘suejd aoualajal sy} aA0qe WIWQE/ pUe WIS Usamjad Si YolLuM aul| 2.jusd [93Um Jeal aU} puiyaq WIS | Uey) aiow ylomApoq Auy L 0L'¢

T eUl] 8J3Uad |99UyM 1eal ay) puiyaq J1omApog - 01°¢

aue|d asusisjey Hooig pius

ooy

0eL

056

aul aqua) [98YpA Jeay ay) pulyag ylomApog :0L°¢ . eg) Buimeuq

70/74



“aue|d 20Uala)R1 AU} SAOYE WD PUB LWIWQOZ USaMIaq Pajenyis ag ISNU auUl| 2Jus0 [23yMm Jeal 3y} pulyad WWNOS UBY) 210 pUE aUl| 24)Ua0 JBd aU) Loy WG, UBY) SS3] Jed ay} jo sped Auy g 0L'¢

Wuiog

PUE WILLQ| USaMJQ 3l JSNLU S0URISIP SIL} USUM ‘gL S 3|21y UIM 30UBPIoooE Ul ‘jdaoxa ‘uoiyisod }S9s0|0 JIau) Je WG| pUB WLWQ | Usamjad alf jshu aue|d [eaidaA [euipnjiBuo) AUe Je suonoas jusoelpe Uaamiag SoUejsip au} ‘alouayunyg
"uone]s [eiale] SWEeS alj} Je UoHDas JSOULIaMO| 8U} JO PJoY aU} UBY) Ja|[elus aq SABM]E JSNLU UOIjoas paso|o jsoliaddn pue jsoulieal auj Jo pioyd ay ]

"WWIQZ paaoxa Aew qe) Wil yons Aue Jo UOISUSLUIP OU UOIDSS SS0J0 [eoluaA [euipnybuo] Aue ul painseaw uaypy -abpa Buijies; ay; o} pamy aq Aew sqej wily 2dAy fawinb, ‘psuyap si uoijoas jsouuasddn pue jsoulleal a) 30uUQ

‘WLLQ| UBY} JS||BLUS SINJEAIND JO SNIPEI SABIUOD [BO0| B SABY ABLU LSS JIE [BLLISIXS SU) YIM JOBILIOD Ul SUOIDSS SS0I0 [BoIHaA [eulpnjiBuc) asauyyjo ped ou -

"Pas0}0 3¢ ISNLU YIIUM JO UYoea 'Bale SIL} Ul SUOIOSS OM] LB} 210W aARY ABLU UOI0SS SS010 [euipnyiBuo] ou ‘1o auj Jo apis alj) WOl PamaIA uaym -

: QL'E SJOINY YIM S0UBPIOIIE Ul UOI0aS au) Jo jualujsnipe upm pajeroosse Ajajos sped [ewiui jo uordaoxs au} Yina

) pUIYaq WggE Wiod B pue aul a1jua0 [9aUMm Jeal s} Usamjaq pajen)is siJey) Jeo aU) Jo apis ay) WO, Pamaln Uaum eale Ue Ul 3l Jsnlu ‘aul|
31)US0 JEO U WO} WWSSE UBY) SS3| pUE "aue|d 20uaIaja) Y} SA0GE WLIQE, UBLJ 310U SI YDIYM SUI| 31US2 [93YM Jeal aU} Jo plemio) wwigg BulA uied e puiyag spomipoq Aue ‘601 ¢ 3joIMY Ul pauyap 3iomApod auj UBR JBYIO Z'0L'S

"WILLQZ paaoxa AeL ge) WL} yons AUe Jo UOISUSWIP oU Uoioas sso10 [euipnyBuol Aue ul painseaw uaypy -abpa Buijiesy ay) oy payi aq Aew sqey wuy adAy Aswnb, ‘pauyap s UoO3S SIY} 32UQ

"LILIQO] UBL) J3|[eLUS anJeAIND JO SNIPES SABOUCD [B00] B aARY ABLU LWESIS JIE [BUIS)XS aU) UM JOBIUCD Ul UOIDas SIU) Jo Yed ou ‘alowuayunS "eale siy} Ul UOIJoas auo Uel) aloll aAel ABLU UOI0as

$S040 [eoiyaA [eulpnyBuo] ou Jeo 2y Jo apIS alj} WO pamalA UsUp) “aueld aoualajal 8y SA0ME WILUQQDY PUB WLLQDE USaMiaq puB alli| 4juao [3aUMm Jeal alj) pulyaq WLLOSE PUB WG] Uaamiad pajenyis si Jey) Jed auj Jo apis auj) Wwoy
PAmBaIA Uaym Bale Ue | 3| JSNLL ‘BU)| 3ua9 JBd SU) LLIoY WWIGSE PUB WG/ Usamaq pue ‘auejd aoualajal sy} 9A0qR LUWQE, PUB WWOG| USaMIaq S| YaIUm au|| 31U [33uym Jeal ay) puiyaq Wigg| uey) atow ylomApog Auy L oL'e

T aul] 243Uad [9aUM Jeal oy} pulyaq JJomApog - 01°¢C

GSE §5¢
sL SL
aueld aousiajey
o0st ||
SOt ¥ oSk
oor . 0o¥
vore /_.E.m _
— | - | ——
A g Y
0gL \ ogL
\ i _
ZoLe
0S6

eyl Buimeuq

aUIT 81USD (93U Sy aU} puIlRE YomApog 01t (D)

71/74



"aU| 21jUa0 [98UM JEaJ 3 PUIYaq WLIQGE UBY) aJow aq Ael U)| 3Jjuad Jed au) Wolj WG/ UBL) alow Jed ay} jo ped oN 20L'E

“aue|d soualajal By} aA0GE WLWIQQY UBL) 210W aq ABL BUI| 31JU30 |28YM JEa] 3Y) PUIYaq WWQOGE LB} 210U PUB 3UI| 31Us2 JBI 3y} WOl WG, UBY] SSa| 180 ay) jo ped oy 9°0L'E
“aul| auas [2aym Jeal ayj pulyaq WIWQGE UBY) aioll ag ABLW BUl| 8jua0 1D 8y} Woy WIGSE PUE WWG/ uaamjag 182 au} jo ped oy 70L°C

ToUl| 8J3UaJ [eayUMm Jeal 8y} pulyaq JJomApog - 0} ¢

cos 828
POLE

_E

Th
poLE

S8 que
204

aul anua) [98YA\ Jeay 8y} puiyaq ylomApog 0L'E . eg) Buimeaqg



‘SYIPIM WNWiuiw

asal) usamjaq Jade} Jeaul| e Aq pauyep Alepunog ay} apISINo JO Uo 31| ISNLU YJomApog Sy "aul] 2JjUa0 [3aYM Jeal 3} Je PUE aUl| 2JJUaD [2aym Jeal 3y} Jo pIemio} WWQS pue wwgpo | Bulf] sjuod je Alaaoadsal
WILIQS pUB WWQG] JO SYIPIM WNWIUIW aAeYy jsnuwl ‘aul Alepunod [euoBeip ay) mojaq AjleoilaA WIWQQZ PaINSEaW Usym ‘pue aul a1juad Jed ay} Jnoge Ajjesujawwis pabuelie aq jsnw eale siy} Ulyim jiomApog

‘aUl| 24jUB0 [9UM JBaJ AU} Jo pJemuo) wwgg BulA] juiod e je [elUOZIIOY WILLQSS U} pue aul|

21]U20 |32YM JB3) U} JO PJEMIO) WWQOOD | Julod B e [BjuoZuoy WWSZE aU) S1oasialul yoiym |euobelp auo pue aueld 20Uaia)al ay} 2A0QE WWGZE [BIUOZIIOY auo ‘aue|d aoualajal ay) 2A0CE WLWQGS [BIUOZIIOY aU0 ‘aul|
21jUB0 |BYM JB3) BU} JO PIEMIO) WINEE | |BOIMAA BUQ "Saul| Ino} Ag papunog eale auy} Ul Y1omApod aABY JSNLW B0 3y} ‘apis Uy} WOy PaMaIA USUM ‘€'9|'E ajolly Ul paquosap Buiuado auj jo uondaoxa ayy U L'9L'e

ylomApog 1addn 91°¢

"8UI| 81)U82 [98YM JBBI B} PUIYS] WWIOSE UBY) 210w 8 ABLU 8UI| 81jU8d B2 8y} LWOJ) WWG/E UBY} 210w Jed ay) jo yed oN 2'0L°¢
T aul| a43U89 [99UM Jeal ay} puiyaq JJoMApog 0} ¢

Tome

009

0gEL 0se

¥o0/g PIyS aueld aoualajey

0SS

yore . 526

056

000}

yJomApog Jaddn :91°¢ - auIT asua) |98\ Jeay ay) puiyag YJomApog 0L . eg| Buimeuq



3y} wolj Wwg Ly

pue ajeidwa) Ajua J1dy000 auj Jo 308} Jeal BY) JO PIEMIO) WIGZY O} m_M__ 21jUa0 1eo By} Wol) WWore
wa) Aua ndyo00 3y} jo aoe)

aul| 21juad Jed ay) 0} saalbap g Jo a|Bue Ue Je ‘aul| 2JUa2 JBD 3U) WOl WWQRZ pUe a)e|

pue sjejdwia) Ajus 3d4002 aU} Jo 808} JBal B} JO PJRMIO) WUWS
Jeal ayj Jo pJemio} Wwg/g Juiod B Woly ‘spiemul pue spJemio)
' aUI| ua2 1ed Ay} Woly WWGg| pue o} [9|jesed aul jeuipnyibuo e -

' BUI| 21JUBD [92YM JUOI) U} JO PIBMIO) LUWIQG/ BUI| 8SIASUERL} B -

“e/ | Buimelq ul umoys si eale siy} aoualiajal 104

‘ajejdwiay A1jua Jidx0090 2y} Jo 208} JBal U} JO PIBMIO) WILLGZY Ul 8SIaASUBI) B -

! 3UI| 8)us0 Jed
mm woyy aui| [euobelp e -
uiuun. aul| jeuoBelp e -

! aUI| 21)Ua0 JBD BU) WO} WLIQSZ PUB BUI| 2JjU0 [33YM JUOI) BY) JO PJBMIO) LULWIOG/ O} dUI| 21JUa0 JED aU) WO WOy PUB aUI| 21)Ua0 [23UM JUOL) 3U) JO PIBMIO) WLQSGH W o) aul| jeuoBelp e -

1 saul| Buimoj|o) ay) Jo UooasIajUl AU} AQ palulo) Bale 8y} Ul YIoMApOQg oU aq Jsnw alay} ‘mala ued ur '

“aUl| 81)UBD [93UM JUOL BU} JO PJEMIOC) LULIQSH BUI| 8SI9ASUEBI) B -
‘ BUI| 8)Ua2 1BD B} WY WWOOE PUe 0} [9)jesed auy [euipnyibuo e -
'€ BJOINY Ul PAGLIOSSP SIOLIW BU} PUB ' || SIOIMY Ul PagLOSaP SJoNp Jie 8y} Jo uoljdaoxa ay} UM L'LL'E

T S[eay)\\ JUOI] 9y} punoly JlomApog - |1°¢

0001

0sL

0086

oov

ooy

006

bike

bike

S|@8U\A JUOJ BU} punoJy JJomApog :LL°¢ .

e/} Buimeuq





