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[bookmark: _Toc101744103]Introduction
For electric control systems to be designed, improved, and diagnosed, a deep understanding of the electrical system is required. It was the aim for this testing session specifically to evaluate two Bosch Motronic generations of Vauxhall engines, namely a 1.6L LE-3 system and a 2.0L Motronic 1.5 as they are commonly referred to in this document.
The purpose of the testing session was to perform live assessments of both engines to understand how they function, their features, and compare the technology at that time with what was previously presented in class and researched. During the cranking, warming-up, acceleration, deceleration, accelerating and idle speeds, a scope unit was used to track their injection on time. 
The focus in this report is to present and analyse the results for the test session and to come up with some suggestions for how these engines can be improved to be more efficient.

[bookmark: _Toc101744104]Literature Review 
Modern European standards require automotive manufacturers to develop new and/or improve control systems to manage fuelling and ignition systems more efficiently. Testing like the World Harmonised Light Vehicle Test Procedure (WLTP) has also pushed firms to not also comply with emissions standards but also reduce their vehicle’s fuel consumption in order to remain competitive in today’s market.
The latest control systems come to provide support and surveillance or the most recent inclusions in modern road-going vehicles, systems like direct injection or particulate filters which need much more restricted inputs from fuelling and ignition systems to operate effectively. 
For these systems to be efficient in real-world conditions it is important to test them while running under real-world circumstances, even if simulated. This is where live testing comes in and is vital in various stages of the vehicle’s lifespan. From product development, all the way through systems diagnosis later in its product cycle.  
For a successful live test to be conducted it is crucial that all aspects of the testing are controlled. Professional test cells used in industry have the ability to control factors such as ambient temperature, pressure, standardized throttle inputs, fuelling and many others (Martyr and Plint, 2012). These factors make testing comparable in between engines, by removing as much operator errors and external ambient influences as possible. These can influence air/fuel ratios, which in turn will have an effect on injection on time. 


[bookmark: _Toc101744105]Methodology
This testing session was run using two engine testing stands one for the 1.6L engine fitted with the LE3 engine and the second for the 2.0L Motronic 1.5 system was ran. 
The workshop used is fitted with extraction system so that the pollutants from the running engines could be removed effectively. All test operators wore dust coats and safety footwear. Everyone was previously briefed in all the safety precautions to have when working in a workshop (working with petrol, oil, gases, moving parts).
For the test itself, firstly ambient temperature of the workshop’s room was noted. After that a digital multimeter was used to measure the battery voltage with and without ignition on, alongside that the resistance of NTC-2 and auxiliary air valve were measured. 
Subsequently, that same digital multimeter was used to measure voltages at every pin of both fuel and ignition control units. With this, the static testing on the LE3 system was complete. 
The warm-up testing phase was accomplished using a Bosch BEA 850 unit used not only to monitor the oil temperature values throughout the full systems testing but also to produce the scope patterns required. Values monitored were primary voltage, secondary voltage, amplifier supply voltage, crankshaft sensor voltage (engine speed reference), spark advance signal and crank signal.
The testing on the Motronic unit was done in a similar way by taking static reading at room temperature and then using the oscilloscope functions of the previously mentioned Bosch unit in order to get those very same readings but also monitor the additional systems this system has compared to the more unsophisticated LE-3 system. Systems monitored were auxiliary idle valve, fuel tank ventilation system and lambda sensor.  
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[bookmark: _Toc101744108]Static Multimeter Testing
Recorded battery voltage: 12.23 V
NTC-2 initial resistance reading: 2690 Ω
Auxiliary air valve resistance: 45.9 Ω
[bookmark: _Toc101744142]Table 2 - Motronic LE-3 Multimeter Test on Fuel and Ignition Results
	
	Ignition Off
	Ignition On

	
	Ignition ECU
	Fuel ECU
	Ignition ECU
	Fuel ECU

	Pin 1 (Earth)
	0 V
	0 V
	0.03 V
	0.6 V

	Pin 2
	0 V
	0 V
	0.03 V
	11.67 V

	Pin 3
	0 V
	0 V
	11.57 V
	0 V

	Pin 4
	-
	0 V
	-
	0.02 V

	Pin 5
	0 V
	0 V
	0.06 V
	0.03 V

	Pin 6
	0 V
	-
	0.02 V
	-

	Pin 7
	0 V
	-
	2.42 V
	-

	Pin 8
	0 V
	0 V
	0.95 V
	1.94 V

	Pin 9
	-
	-
	-
	-

	Pin 10
	0 V
	0 V
	0.03 V
	0.16 V

	Pin 11
	0 V
	0 V
	0.03 V
	1 V

	Pin 12
	0 V
	0 V
	0.06 V
	11.75 V

	Pin 13
	0 V
	-
	0.13 V
	-

	Pin 14
	0 V
	0 V
	4.98 V
	4.98 V

	Pin 15
	0 V
	0 V
	0.06 V
	0.02 V



[bookmark: _Toc101744143]Table 3 - Motronic LE-3 Multimeter Test on Fuel Injectors
	Initial Reading
	Multimeter Lead Resistance
	Reading Corrected for Lead Resistance

	15.8 Ω
	0.2 Ω
	15.6 Ω

	15.8 Ω
	0.2 Ω
	15.6 Ω

	15.8 Ω
	0.2 Ω
	15.6 Ω

	15.8 Ω
	0.2 Ω
	15.6 Ω





[bookmark: _Toc101744144]Table 4 - Motronic LE-3 Multimeter Test on Throttle Resistance
	
	Initial Reading
	Reading Corrected for Lead Resistance

	Pin 2 + 18
	0.2 Ω
	0 Ω

	Pin 3 + 18
	1 Ω
	∞ Ω



[bookmark: _Toc101744109]Warm Up Phase Multimeter Test Results
[bookmark: _Toc101744145]Table 5 - Voltage at PIN 8 and NTC-2 Resistance at Different Oil Temp. Stages
	Oil Temperature
	Voltage
	Resistance

	20 ºC
	1.7 V
	1940 Ω

	30 ºC
	1.1 V
	1070 Ω

	40 ºC
	0.9 V
	770 Ω

	50 ºC
	0.7 V
	538 Ω

	60 ºC
	0.5 V
	392 Ω



[bookmark: _Toc101744146]Table 6 - Injection On Time While Cranking
	Pin no.
	Duration

	3
	106 ms


Note: Longer injection pulse to assist with starting.
[bookmark: _Toc101744147]Table 7 - Injection On Time While Running Throughout Different Stages of Oil Temp.
	Oil Temperature
	Pin no.
	Duration

	20 ºC
	3
	3.8 ms

	30 ºC
	3
	2.9 ms

	40 ºC
	3
	2.9 ms

	50 ºC
	3
	2.9 ms

	60 ºC
	3
	2.7 ms



[bookmark: _Toc101744148]Table 8 - Injector On Time (Pin 3)  - Accel./Decel. at Temp With Fan on (60ºC+)
	Condition
	Duration

	Acceleration
	8.4 ms

	Deceleration
	Injector trace tapers throughout deceleration (on time decreases), when engine realizes it’s in over run condition during deceleration, the injectors shut off until idle speed.


[bookmark: _Toc101744110]Static Data at Operating Temperature
[bookmark: _Toc101744149]Table 9 - Throttle Switch Resistance Values (Autodata, no date)
	
	Autodata Reference Data
	Recorded Value

	Pin 2/18
	0 Ω
	0 Ω

	Pin 3/18
	∞ Ω
	∞ Ω



[bookmark: _Toc101744150]Table 10 - Coolant Temperature Sensor (Autodata, no date)
	Temperature
	Autodata Reference Data
	Recorded Value

	-10 ºC
	7000-11600 Ω
	960 Ω

	20 ºC
	2100-2900 Ω
	

	80 ºC
	270-390 Ω
	



[bookmark: _Toc101744151]Table 11 - Auxilary Air Valve Resistance (Autodata, no date)
	Autodata Reference Data
	Recorded Value

	40 Ω
	46.5 Ω



[bookmark: _Toc101744152]Table 12 - Injector Resistance Value (Autodata, no date)
	Autodata Reference Data
	Recorded Value

	15 – 17 Ω
	16 Ω
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[bookmark: _Toc101744112]Static Multimeter Test Results
Recorded battery voltage ignition off: 12.40 V
Recorded battery voltage ignition on: 12.26 V
NTC-2 initial resistance reading: 2690 Ω
Auxiliary air valve resistance: 45.9 Ω
[bookmark: _Toc101744153]Table 13 - Motronic Multimeter Testing
	Pin no.
	Ignition Off
	Ignition On
	Purpose

	1
	0 V
	12.15 V
	Negative side of coil

	2
	0 V
	0.04 V
	Earth

	3
	0 V
	12.04 V
	Control circuit for fuel pump (from relay pin 85B)

	4
	0 V
	9.74 V
	Pulsed side of Rotary Idle Valve

	5
	0 V
	12.01 V
	Pulsed side of Tank Vent Valve

	6
	0 V
	11.31 V
	4WD ECU – A/T ECU – Fuel Tell-Tale lamp

	7
	0 V
	0.33 V
	Load signal output from air-low meter

	8
	-
	-
	Reserve, no use

	9
	-
	-
	Speedo, mileage frequency sensor

	10
	0 V
	0 V
	Earth

	11
	-
	-
	Reserve, no use

	12
	0 V
	5.08 V
	5v supply to air-flow meter & throttle potentiometer

	13
	0 V
	10.1 V
	Diagnostic socket supply

	14
	0 V
	0 V
	Earth

	15
	-
	-
	Reserve, no use

	16
	0 V
	12.1 V
	Pulsed side of injectors (bank of two)

	17
	0 V
	12.1 V
	Pulsed side of injectors (bank of other two)

	18
	12.4 V
	12.1 V
	Permanent live

	19
	0 V
	0 V
	Earth

	20
	0 V
	0 V
	Earth (for catalyser)

	21
	0 V
	0 V
	Earth (for A/T)

	22
	0 V
	0.93 V
	Engine tell-tale warning light

	23
	-
	-
	Reserve, no use

	24
	0 V
	0 V
	Earth

	25
	-
	-
	Reserve, no use

	26
	0 V
	0 V
	Earth via ECU

	27
	0 V
	12.09 V
	Ignition feed

	28
	0 V
	0.45 V
	Output from Lambda sensor

	29
	-
	-
	Reserve, no use

	30
	-
	-
	Reserve, no use

	31
	-
	-
	Reserve, no use

	32
	0 V
	11.3 V
	Output to on-board computer

	33
	-
	-
	Reserve, no use

	34
	-
	-
	A/T ECU

	35
	-
	-
	Reserve, no use

	36
	12.07 V
	0.31 V
	Control circuit for auxiliaries & ECU (from relay pin 85)

	37
	0 V
	12.03 V
	Supply to ECU & to on-board computer

	38
	-
	-
	Reserve, no use

	39
	-
	-
	Reserve, no use

	40
	0 V
	0 V
	A/C

	41
	0 V
	0 V
	A/C

	42
	0 V
	0 V
	Earth (manual transmission only)

	43
	-
	-
	CO potentiometer output (not fitted w/ catalyser)

	44
	0 V
	3.69 V
	Output from NTC 1

	45
	0 V
	3.69 V
	Output from NTC 2

	46
	0 V
	0.25 V
	Octane plug input

	47
	-
	-
	Earth (for 4WD vehicles)

	48
	0 V
	0.07 V
	Output from crankshaft sensor

	49
	0 V
	0.11 V
	Output from crankshaft sensor

	50
	-
	-
	Reserve, no use

	51
	-
	-
	A/T ECU

	52
	-
	-
	Reserve, no use

	53
	0 V
	0.66 V
	Output from throttle potentiometer

	54
	-
	-
	Reserve, no use

	55
	0 V
	10.99 V
	Earth for diagnostic socket



[bookmark: _Toc101744113]Warm Up Phase Multimeter Test Results
	Engine Oil Temp (°C)
	Pin 45 (ohms, Ω)
	Pin 45 (volts, V)
	Pin 16/17 (time, ms)
	Pin 4 (on time, %)
	Pin 5 (actuation)
	Pin 28 (actuation)

	20
	1900
	3.3
	3.1
	44
	OFF
	OFF

	30
	1020
	2.5
	2.8
	42
	OFF
	PARTIAL

	40
	660
	2.2
	3.2
	41
	OFF
	30° > 39°C

	50
	450
	1.6
	2.9
	42
	PARTIAL
	ON

	60
	340
	1.4
	2.9
	41
	40° > 52°C
	ON

	70
	240
	0.9
	2.6
	40
	ON
	ON

	80
	250
	1.0
	2.8
	43
	ON
	ON



[bookmark: _Toc101744154]Table 14 - NTC-1 Voltage Reading
	Oil Temperature
	Pin 44

	20 °C
	3.6 V

	80 °C
	3.3 V



[bookmark: _Toc101744155]Table 15 - Injector Resistance Values
	Injector Resistances

	1
	2
	3
	4

	16.6 Ω
	16.5 Ω
	16.5 Ω
	16.6 Ω



[bookmark: _Toc101744156]Table 16 - Throttle Position Sensor Readings (Autodata, no date)
	
	Autodata Reference Data
	Recorded Value

	Open
	1000-2000 Ω
	2107 Ω

	Closed
	1900-2000 Ω
	2702 Ω


Note: Faulty TPS at the time of testing

[bookmark: _Toc101744114]NTC-2 Resistance Comparison

[bookmark: _Toc101744121]Figure 1 -NTC-2 Resistance (Both Engines) Vs. Oil Temperature
The coolant temperature sensor (NTC-2) measures temperature via resisting a current going through the circuit, the higher the temperature the lower the resistance values.  
[bookmark: _Toc101744115]Further Improvements
It is a fairly easy task to improve the Motronic system more than 30 years after its debut by replacing the old control systems with modern ones. Maintaining the intake manifold injection in order to keep costs low. A camshaft sensor in conjunction with the currently installed crankshaft sensor in order to determine which cylinder is in the power stroke making the control unit able to establish the timing of spark and fuel (NGK Spark Plugs (UK) LTD, no date). This also works as a back up measure for the eventuality of a failure of one of the systems.
With this data the old distributor system and its inherited faults can be replaced with a distributor-less setup with individual ignition coils giving the engine control unit the ability to have individual control over each cylinder. Another advantage to this system as opposed to the original manufacturer’s is that it significantly reduces moving parts and improves reliability significantly and reduces the amount to serviceable items in this engine by removing the distributor cap and rotor. Individual coils also provide better spark by using each coil only once per two revolutions of the crankshaft giving them a longer time to recharge and increase the service life of the components (Robert Bosch GmbH, 2006).
Since the engine control unit now has the capacity to control timing a knock sensor can be used to prevent the engine from the effects of premature combustion by detecting the frequency of unwanted combustions so that the control unit can adjust timing accordingly. 
The intake air flow meter currently in this system can have flaws, especially under severe conditions like extreme intake-air temperature/pressures. To fix this a hot wire air mass meter would be much more appropriate for the engine control unit to determine the correct quantity of fuel to provide the most efficient combustion, as a hot wire air mass meter has the capacity to measure volume making it impervious to changes in intake air density. To corroborate the information supplied by the previously referred system an intake air temperature sensor can be installed so that the control unit has a second way of checking air density and possibly detect any faults with the primary system (Robert Bosch GmbH, 2006).
As to better control emissions, it is vital to have the best reading of air to fuel ratio possible which the current first-generation lambda sensor in the engine does not provide. Replacing it with a wideband lambda will provide the engine management with a clearer read of the engine’s current stochiometric mix and allow it to adjust accordingly to ensure the best air to fuel ratio (Haltech, no date). Additionally, a second oxygen sensor after the catalytic converter would ensure its efficiency throughout the lifespan of the vehicle.



[bookmark: _Toc101744116]Conclusions
Overall, this testing was quite successful in evaluating both engines' systems, even with the limitations inherent in the testing procedure such as the fact that it was run only once, it was not possible to control ambient temperatures and pressures, and with Motronic, the throttle position sensor malfunctioned.
In this report, the objectives listed at the beginning were achieved, as well as the results were clearly presented and validated against manufacturer’s data. The early adaptive control systems were effective up to a point, but technology and innovation improved to the point that modern systems are much more complicated, but that complexity also brings improved control over the combustion mixture and adjacent emissions control systems. Reliability is also improved in modern systems by removing moving parts and service items that once were a common failure point in these systems. 
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[bookmark: _Toc101744122]Figure 2 - Secondary Voltage LE-3 Scope Pattern
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[bookmark: _Toc101744123]Figure 3 - PIN 12 Crank Signal LE-3 Scope Pattern
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[bookmark: _Toc101744124]Figure 4 - Amp PIN 4 Spark Advance Signal PIN 1 Primary LE-3 Scope Pattern
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[bookmark: _Toc101744125]Figure 5 - Amp PIN 1 Primary LE-3 Scope Pattern
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[bookmark: _Toc101744126]Figure 6 - PIN 3 Acceleration LE-3 Scope Pattern
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[bookmark: _Toc101744127]Figure 7 - PIN 3 Deacceleration LE-3 Scope Pattern
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[bookmark: _Toc101744128]Figure 8 - PIN 3 Injector Idle LE-3 Scope Pattern
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[bookmark: _Toc101744129]Figure 9 - PIN 5 Speed Reference for Fuel ECU LE-3 Scope Pattern
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[bookmark: _Toc101744130]Figure 10 - Amp PIN 3 Supply PIN 2 Earth LE-3 Scope Pattern
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[bookmark: _Toc101744131]Figure 11 - Motronic Primary Wave Scope Pattern
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[bookmark: _Toc101744132]Figure 12 - Motronic Secondary Wave Scope Pattern
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[bookmark: _Toc101744133]Figure 13 - Motronic Rotary Idle Valve Scope Pattern
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[bookmark: _Toc101744134]Figure 14 - Motronic 12V Supply and Earth
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[bookmark: _Toc101744135]Figure 15 - Motronic Throttle Potentiometer
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[bookmark: _Toc101744136]Figure 16 - Motronic Injector Banks
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[bookmark: _Toc101744137]Figure 17 - Motronic Injection on Time (Idle)
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[bookmark: _Toc101744138]Figure 18 - Motronic Injection on Time (Accelerating)
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[bookmark: _Toc101744139]Figure 19 - Motronic Injection on Time Scope Pattern (Decelerating)
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[bookmark: _Toc101744140]Figure 20 - Motronic Lambda Sensor Scope Pattern
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[bookmark: _Toc101744141]Figure 21 - Motronic Crankshaft Sensor

NTC-2 Resistance Vs. Oil Temperature

Motronic System	20	30	40	50	60	70	80	1900	1020	660	450	340	240	250	LE-3 System	20	30	40	50	60	70	80	1940	1070	770	538	392	Oil Temperature (ºC)


NTC-2 Resistance (Ω)




2

image1.png
Prifysgol Cymru
% Y Drindod Dewi Sant

. University of Wales
Trinity Saint David

»




image2.PNG
Measurement stopped

Gasoline, 4-stroke / 4-cylinder / S-s ign.coil with crankshaft angle sensor 1
1-3-24
Secondary Voltage: Cylinder 1 <07ms>

|

[\

16

12





image3.PNG
Universal oscilloscope

Gasoline, 4-stroke / 4-cylinder / S-s ign.coil wi nkshaft angle sensor
250
150
125
1100
143 J
50
-12.5 v

4’0

Diagnostic Sof  Previous  Next

N RS T ARV i




image4.PNG
Universal oscilloscope

nkshaft angle sensor

I

150
25

100

057

0.0f N

150
2.5 L—_—__ o

Measuing  Smaler X Y Diagnoste Sof  Previous  Next.

Escape Hep Auto Setup Step.
PO S N " g
X





image5.PNG
cylinder / rankshaft angle sensor





image6.PNG
150
50
100
27.20
50
od
% = : T o
s =] ‘ |
Escape Hep. a1 -> a2 X Diagnostic Previous
5 ;




image7.PNG
cylinder /

150
50
100
27.20
150

1
Heb MnMax 1> a2

G "





image8.PNG
Universal oscilloscope

rankshaft angle sensor

150
50
100
30.74
25
150
o

X o

Diagroste Sof - Previs  Next





image9.PNG
250

12.5]

15.0

10.0

=11

5.0

0.0





image10.PNG




image11.jpeg
€°6°L :NOIS¥HA setboToUYdaL uo-deus ‘86-v66T u:ma\.\aou (®)
6%:%  L00Z ©2a ST W Ie°T L8XW NOLTIWD / ¥-¥OEWO ¥ AS 886T

hﬂH‘ AES P

Ad00S VT

“peNT
A05aN)

Bl o
P 5z 0z 3 13 : g

Q uﬁk_j Q.
J»LEQQAW

Mav

[ZH 65T _[S" 629 [n 4Tt
[ baay EXETN A BT _ Z1

zn





image12.jpeg
L5k . i

setBotouyosy, uo-deus ‘ge-v66T IUBTIAGOD (0)

£76°L :NOISNIA
W T8°T LBAW NOLTAYO / Y-¥DHWO ¥ ASST 886T

GPILT LOOZ d2a 9T
B=N"1l Ad00S NOILINSIL

J30[ VT [0 | nt6rf LiF]

XOSuN) | etAoN | Thp|owexi| ayess | deomg udsiied
7 709
T

“0 702 “0%
T

o

[zH_29% % T2
[ Badg | g3 1

I e9 T Vi E
= 20 :





image13.jpeg
€°6°L ‘NOIS¥IA sstboTouyoay, to-deus ‘g6-v661 ubTIAdoD (9)
$iy  LOOZ D24 ST

W 18°T L8AW NOLTNUD / V-YDEWO ¥ ASBT 8861
(= m Ta005 W1 =, A P
3307 000 | n 6Z[ su 0§

q0SINY | STAON | Bwexj| eyeos | daamg udojyed
4 cww su (13 3 0z

[ZH ¥2z _[su 9p°% |
IS T W 3 T A

T _[SW 20" 61|54 §p €2
v |

WAl a
an





image14.jpeg
getBoTouydaL uo-deus ‘86-v66T qubtaidop

€°6°L NOIS¥IA
W 18°T LSAW NOLTNYD / U-VDIHO ¥ ASST 886T

gz:s  LOOZ °°a ST

=01 Fd00S 8YT gwﬂm_ el

330] z 0 zZ[ I Z 2duid| [ uo|
d PELS
20San) aufig

001_Sv .
Sawia v om
.# j\\lyf{ij\\\l%j\m 0 n

{%0
480

[Z0 L €L [SW 9°ef [n 2z'0_SW 2 9 [sH ._.,Nm... n ¥2'0
ogt =™ a_m 09 0Z

[zH 2°€L Tsw 9°€T
[ baaj | g3ma 1





image15.jpeg
€S Nig

1 Vg

€°6°L *NOISYEA

95V L00Z ©2a ST

setborouyoay, Ho-deus ‘86-v66T ubTIAdoD (2)
W 8" T LBAW NOLTAYD / Y-VDHWO ¥ ASBT 886T

=04 3400 AY1
. 330 DOi0= =ms .. Z yduid] [ _uo]
T 330 0000 _|__not 5358 0T 1 3duLd | [FO0T
XOSINY Bl ouedj| ajedg | daamg/udailjed Teubt1s | |ouhg
0T__= 8 9 : 2 ¥ 0.
T

40
it

[zH_SSZ°0:]S 16°€

L baxy |

J3ra i |

Smo.n_m
33 n |

@o>w





image16.jpeg
€°6° L *NOISY¥EA soThOTOUUDSL uo-deus ‘86-¥66T qubtakdod (@)
W T8 T L8AW NOLTMWD / Y-VUDHHO ¥ ASST 886T

€0:5  L00Z P=Q &T

qd00S avT

[ZH 6zt [swo'c [n 811
00T__s¥ 03 0
T

™~

Tn 60
2

ZH 6ZE_ [SM Ot |n 8 IT [SW T°AT |3H
Badg | Jyio I | 3an | 2zl

e aanle ﬁe)‘)\uz/x;\i);:m





image17.jpeg
€°6°L INOIS¥EA setbotouyoer uo-deus ‘g6-+66T IubTILdOD (D)

15484 L00T ©23Q ST W T8°T L8AW NOLTNYD / ¥-YDEWO ¥ ASS8T 886T
5CTs
4d00S 4YT Eﬂﬁ &4l
330] [ O/N
J30] 00°0 | n 00F] SW GZ T _3uLd| (5207
atAoy | sweaj| ajedg | daamg udajjeq Teub1g ouhg
0z 5T (i3 I3 0 o
40
framrmsrmns e
joz
/)
4 op
409
W .

[ZH ¥€€ _[SW66'2c |n 121 [SW G eT|sw
rv?&_EEH_:E:.NH





image18.jpeg
€°6°L *NOIS¥EA satBoTouyosy uo-deus ‘856-¥66T aubTIAdoD (9)
N T8°T LBAW NOLTNWD / Y-VOEWO v ASST 8867

6035  L00Z 93 ST

23008 49T 2P0 ..
,:o Iz
330 697 TL-_| 001 Swgs[ ¥ a0urd| (1901
.Swn:u u;o: I Sueai| a[vog | d99RS/Ua031ed Teub 1S u:mm
i3 0z
’ ;
Sl IERDLY
)l
[ZH 921 5% S6°% T8 [SW 19°9T|SW 39.8. [0 L€

[ Boxy | g3w@ i | 3ol 2L |





image19.jpeg
€'6°L :NOISHEA satBotoios uo-deus ‘86-y66T FUBTIAAOD (2)
TTi§  LO0Z 93a ST W T8°T LBAW NOLTNUD / Y-YDEWO v ASST 886T

=20 3400 AU ZAES PN

[— ]

cmz
e 3
—— [hara)
06 sw (12 OF 0z [
0
0z
R EFEREG ov
gl
09
d ! N
08

[ZN 92T___[SW G6'L [n 9 bt [SW 19°97 5w 998 [0 62T
[ boag [ 33wa 1 | yywan [ z1 zn





image20.jpeg
HOSAES YABWY T
Lt

se7bOTOUYDS], UO-dRUS ‘B6-766T qubtxidod (o)
W 78T L8AW NOLTNYD / U-VDEWO ¥ ASST 8861

€°6°L :NOISHEA
0z:s  L0OOZ 92a ST

=N 4008 891

330] 00°'0 | n 1] 29s 0T
X0SINY STAON | sweaj| oiedss | deamg uiaried
D g 2

GRS T

% 629 [S 489 S

3310 0 ZL

ZH 8.T°0 [S 19°S
33ta 1





image21.jpeg
vosnas  (023dS
bt Nid

| 330] [ N
000 | no§| SW 0G| T 3durd E
q0San) | a1A0l | Swexy| o1eds | daamg ude}jed | Teub 1S 2uhg
[ oy (3 0z [ 0 anm
N T
a
01—
0
{ i
0t
0z
| |





