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ABSTRACT

Twenty full-scale tests are performed, in which a dummy-cyclist was later-
ally impacted by simulated vehicle fronts, made of poly-urethane foam. The
vehicle geometry, the vehicle impact speed and the vehicle stiffness, as
well as the initial position of the dummy's legs, were varied.

These tests were performed in the framework of a long-term research pro-
gramme, aimed to compare vehicle-cyclist and vehicle-pedestrian accidents,
and to give recommendations for test methods in future regulations.

The trajectories of the cyclist observed in these tests are quite similar to
those of pedestrians published in literature. Head/windshield contact seems
to be more 1likely for cyclists than for pedestrians.

INTRODUCTION

Pedestrians and cyclists form a significant proportion of road accident
casualties. In the Netherlands the bicycle is very popular and more cyclists
than pedestrians are killed or severely injured [1]%.

In the past years international research has focussed mainly on pedestrian
safety. Studies show that passenger cars are in most cases the opponent for
the pedestrian casualties (65-90%); the pedestrian is struck by the front
of the car in about 75% of the car-pedestrian accidents [2]. An increase of
pedestrian safety can be expected by improvement of the vehicle design, for
instance with respect to geometry and local dynamic stiffness of the vehicle
front [2]. Based on such studies, various recommendations for the front
structure design of passenger cars are being developed now by research in-
stitutes and international organizations, 1like EEVC. Cyclist safety,
however, should be included in the discussions about future international
regulations in this field. Research on vehicle-cyclist accidents is neces-
sary to show the influence of vehicle front design parameters on cyclist
injuries and to analyse differences between cyclists and pedestrians in this
respect..

The Research Institute for Road Vehicles TNO has started a long-term re-
search programme on this topic. The final aim of this research programme is
to recommendate methods to assess the aggressiveness of passenger cars
striking pedestrians or cyclists. A research programme is planned, partly
based on international co-operation, in which mathematical models, component
and full-scale tests are incorporated.

This paper shows the results of twenty full-scale tests, performed in the
first phase of tne research programme, in which a dummy-cyclist was lateral-
ly impacted by a simulated vehicle front. The specific aims of these tests
are:
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= Development and evaluation of a test set-up based on accident analysis.

= Analysis of the influence of several test parameters on the test re-
sults.

= Generating a database for mathematical model validation and comparison
with pedestrian tests.

TEST METHOD
GENERAL

The vehicle speed, as well as the vehicle front geometry and vehicle front
stiffness were varied in these tests. A specific combination of these para-
meters was chosen as reference. After the initial tests a standard bicycle
pedal position, which resulted in an almost pure lateral motion of the
dummy, was defined. Considering the specific aims of the first phase of
the research programme, this 2-D motion of the dummy is preferable to the
3-D motion observed in tests with another pedal position.

On the basis of a defined standard test (8303/8306 in Table 1), each varia-
tion was tested twice.

Table 1 Variations of testparameters (see also Fig. 1).
Test Pedal Vehicle front geometry Padding density Vehicle impact
number position® (cm) (kg/m3) speed (km/h)
A B C ] 2 3
8301 H 55 80 10 50 50 50 20
8302 H 55 80 10 50 50 50 30
8303 \ 55 80 10 50 50 50 30
8304 \ 55 80 10 50 50 50 30
8305 \ 55 80 10 50 50 50 30
8306 \ 55 80 10 50 50 50 30
8307 \ 55 80 10 35 35 50 30
8308 \ 55 80 10 35 35 50 30
8309 vV 55 80 10 50 50 50 20
8310 % 55 80 10 50 50 50 20
8311 \% 55 80 10 50 50 50 40
8312 Y 55 80 10 50 50 50 40
8313 vV 55 80 20 50 50 50 30
8314 vV 55 80 20 50 50 50 30
8315 \ 35 80 10 50 50 50 30
8316 vV 35 80 10 50 50 50 30
8317 vV 35 60 10 50 50 50 30
8318 Y 35 60 10 50 50 50 30
8319 Y 35 60 20 50 50 50 30
8320 v 35 60 20 50 50 50 30
Horizontal pedal position; foot on impact side backwards.

.

4

=
o

Vertical pedal position; foot on impact side downwards
(see Fig. 3).
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VEHICLE FRONT

The test set-up is based on analysis of vehicle-cyclist accidents [1] and is
selected to enable a direct comparison with vehicle-pedestrian tests |2].
With regard to the vehicle, important parameters are the geometry and dynam-
ical stiffness of the vehicle front. To determine the influence of variation
of one parameter, e.g. bumper height, the other parameters should not
change. Therefore it was decided to use a moving barrier on which different
simulated vehicle fronts can be built, instead of real passenger cars. The
vehicle front consists of 3 sections simulating the bumper, the grill and
the hood (see Fig. 1). The sections are made of homogeneous poly-urethane
foams (PUR) with densities of 35 kg/m3 and 50 kg/m3. The dynamical force-de-
flection characteristics of these PUR-foams were determined using a rigid
spherical-impactor (D=168 mm, m = 6.8 kg).

150
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Fig. 1. Vehicle front consists of bumper (1), grill (2) and hood (3)
section. Vehicle geometry (dimensions in cm) is changed by varia-
tion of the bumper height (A), hood-edge height (B) and bumper
protrusion (C), see Table 1.

The results of a 30 km/h impact perpendicular to the foam surface, are shown
in Fig. 2. The foam sections are thick enough (20 cm) to fully absorb the
impact energy. The bumper foam is covered with a perforated aluminium sheet
of 1 mm thickness, to avoid unrealistic penetration of sharp bicycle parts.
This did not influence the force-deflection characteristics of the foam very
much. The characteristics of a hood-section and bumper-section of a real car
are also shown in Fig. 2. The real car is initially stiffer, caused by
inertia effects and a greater deforming contact-area.

The width of the vehicle front and the length of the hood are 150 cm. The
bumper width is 10 cm. The other dimensions, i.e. bumper height, hood-edge
height and bumper protrusion, are varied in these tests. These variations
are based on published vehicle-pedestrian accident studies. A low vehicle
front, i.e. a hood-edge height of 70 cm and a bumper height of 35 cm, is
reported to have a positive effect on legs and pelvis injuries of pedestri-
ans in comparison with a higher vehicle front, e.g. a hood-edge height of 80
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Fig. 2. Dynamical force-deflection curves of PUR-foams (50 kg/m3 and 35
kg/m3) obtained from ECE-R21 impactor tests (v = 30 km/h), com-
pared to curves of a Citroén GSA [3) (hood impactor: m = 5.25 kg,
D = 200 mm, v = 30 km/h; bumper-impactor: m = 10 kg, width =101.5,
v 23.5 km/h).

cm and a bumper height of 55 cm |[4]. On the other hand, a lower vehicle
front appears to have a negative effect on head and thorax injuries due to a
larger rotational velocity of the pedestrian [5]). To determine the influence
of the height of the vehicle front on the kinematics and accelerations of a
cyclist, two bumper heights (35 and 55 cm) and two hood-edge heights (60 and
80 cm) were chosen. To vary the front slope of the vehicle, also two bumper
protrusions (10 and 20 cm) were chosen, so that dependent on the combination
of dimensions a front slope of 78, 68 or 51 degrees results (see also Table
1 and Fig. 1).

DUMMY AND BICYCLE

In this first phase of the research programme the cyclist was represented by
a 50th percentile anthropomorphic male dummy. The Standard Part 572 dummy
was chosen because it is a well defined dummy and is often used as a pedes-
trian dummy, in spite of its disadventages (e.g. not sufficient lateral
flexibility and not representative as 50th percentile injured pedestrian).
In order to use this dummy as pedestrian dummy, some modifications were
necessary. The range of motion in the hip joint was increased by cutting
away some buttocksflesh. The knees, lower legs and feet of the Standard Part
572 dummy were replaced by special pedestrian body parts, supplied by
Humanoid Systems. These body parts are reinforced and easily replaceable.
Furthermore the ankels have a lateral flexion possibility and accelerometers
can be mounted into the knees and feet.

The bicycles are standard Dutch men's bicycles (frame height 58 cm, wheel-
diameter 28") but without chain, mudguards, lighting, etc. The remaining
bicycle mass was 12.5 kg.

The dummy was sitting in a defined standard position on the stationary bi-
cycle and was supported by a, vertically adjustable, cable fixed to the
neck-bracket. An electro-magnetic release-system, activated by the moving
barrier, interrupted this support approximately 10-15 ms before cyclist/
vehicle contact.
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Fig. 3. Defined standard height of head, knees and ankles of the dummy
(with a vertical pedal crank position), compared to the variations
in bumper height and hood-edge height.

The position of the legs was varied by fixation of the pedal cranks in
either a horizontal position (impacted foot backwards) or in a vertical po-
sition (impacted foot downwards). Figure 3 shows the height of knees and
ankles in the vertical crank position, compared to bumper and hood-edge
height.
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[MPACT DIRECTION AND SPEED

In the Netherlands the passenger car is the most frequent collision partner
for the killed (62%) and severely injured (69%) cyclist [1}. In 60-65% of
these cases the cyclist was laterally (left more than right) impacted by the
front of the car |[1]; the impact direction selected here is therefore 90
degrees (from the left side). The centre of the bicycle is located in the
symmetrical plane of the simulated vehicle.

From accident analysis it is known that many vehicles brake before striking
a pedestrian [2]. Furthermore, the safety benefits to be expected from im-
provements in vehicle design seem to be most important for the speed range
up to 40 km/h [2]. In the Netherlands most vehicle-cyclist accidents occur
inside built-up areas where a speed limit of 50 km/h or less exists. There-
fore the vehicle impact speeds in these cyclist tests are selected at 20,
30 and 40 km/h

The moving barrier with the simulated vehicle front (total mass 930 kg) was
braked when bumper/ieg contact occurred (vehicle deceleration during braking
approximately 0.7 g). The moving barrier doesn't '"dive" during braking,
because it is constructed without any suspension. So the vehicle front
height is maintained during the complete test.

INSTRUMENTAT [ON

The dummy was instrumented with triaxial accelerometers in the c.g. of the
head, thorax and pelvis. Additionally, triaxial accelerometers were mounted
into the knees and uniaxial accelerometers into the feet (lateral direc-
tion).

Two unaxial accelerometers were mounted on the moving barrier to measure the
braking and impact deceleration.

Eight high-speed film cameras were used to measure and analyse the motions
of the dummy and bicycle during the impact.

TEST RESULTS
GENERAL

In identical tests, the acceleration-time histories of the head, thorax and
pelvis, as well as the overall kinematics of the dummy, reproduced very
well.

The acceleration-time histories of the knees and feet, however, were some-
times disturbed by high-frequency vibrations, caused by metal-to-metal con-
tacts in the joints and between joint bolts and bicycle frame.

The initial position of the left arm (= impacted side) has a great influence
on the kinematics of the dummy. In three tests (8304, 8305 and 8316) this
arm was not stretched enough in the initial position and therefore the elbow
penetrated into the foam of the hood, instead of sliding over the hood. Due
to this, head/hood contact was disturbed or didn't occur at all in these
tests.

Especially the permanent deformations of the vehicle front and the bicycle,
and the locations of these deformations, but also the throwing distance of
the dummy and bicycle, reproduced very well.

The dummy accelerations, vehicle decelerations and throwing distances of
dummy and bicycle are summarized in the Appendix.
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To extend the analysis of the tests, an imaginary windshield, consisting of
a target-plane for high-speed film analysis, was added to the vehicle front
(see Fig. 4). The chosen length of the hood (dimension D) leads to a head
impact approximately on the centre of the imaginary windshield.

Table 2 shows the impact velocity of the head on the imaginary windshield

A

Fig. 4. For film analysis an imaginary windshield (4) is added to the ve-
hicle front. See Table 2 for the dimension of the hood length D.
Distance E gives the impact location of the head on the hood.

and the distance between hood-edge and head impact location on the hood (di-
mension E in Fig. 4).

Considering the realistic hood lengths (1.00-1.28 m), head/windshield con-
tact is most likely in real accidents.

PEDAL POSITION

The impact locations of the bumper and grill on the dummy's leg are located
in or close to a vertical plane through the dummy's c.g. and parallel to the
vehicle direction of motion, in the tests where the pedal cranks are fixed
in the vertical position and the impacted leg is stretched downwards (see
also Fig. 3). Therefore the motion of the dummy is an almost pure lateral
one in this vertical plane, without rotation around the dummy's longitudinal
axis. The vehicle front impacts the left leg, which is compressed between
bicycle and vehicle front. Then the bicycle starts rotating and strikes the
right leg. The cyclist rotates around the hood-edge and successively the
left side of the hip, the left arm, the left shoulder and finally the left
upper side of the head strike the hood. When the legs are horizontal, the
bicycle starts moving away from the dummy and vehicle. Due to the braking of
the vehicle the dummy slides over the hood and falls on the ground. This
second impact was not analysed in detail, however, acceleration-time histo-
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Table 2 Results of full-scale cyclist-vehicle tests; head impact on
imaginary windshield and hood.

Test Hood length D]) Head/windshield Distance E b
number impact velocity

(m) (km/h) (in)
8303 1.00 42 1.14
8306 1.00 40 1.12
8307 1.00 37 1.10
8308 1.00 44 1.11
8309 1.00 2) 0.90
8310 1.00 2) 2)
8309 0.80 24 0.90
8310 0.80 21 2)
8311 1.00 61 1.24
8312 1.00 62 1.24
8313 1.00 43 1.10
8314 1.00 45 1.12
8315 1.00 43 1.13
8316 3) 1.00 - -
8317 1.28 ' 48 1.45
8318 1.28 49 1.45
8319 1.28 58 1.43
8320 1

.28 58 1.48

1) See Fig. 4.
2) No head contact occurred.
3) Head kinematics disturbed by elbow/shoulder impact.

ries sometimes showed high peak values for this impact.

Ilf the pedal cranks are fixed in a horizontal position, both knees are in a
forward position. So in that test set-up the impact locations of the (high)
vehicle front on the dummy's leg are located in front of the vertical plane
through the dummy's c.g. and parallel to the vehicle direction of motion.
Therefore also a rotation around the dummy's longitudinal axis could be ob-
served in these tests; the posterior part of the dummy's head and thorax
impacted the hood.

Results from accident analysis studies concerning the influence of the pedal
position on the kinematics of the cyclist weren't available.

VEHICLE SPEED

The influence of the vehicle speed can be determined by comparing the re-
sults of the tests 8309/8310 (20 km/h), 8303/8306 (30 km/h) and 8311/8312
(40 km/h). Other parameters weren't changed in these tests (see Table 1).
Figure 5 shows the influence of the vehicle impact speed on the throwing
distance of the dummy and bicycle, compared to the braking distance of the
moving barrier. These curves are quite similar to what 1is known about
throwing distances of pedestrians.
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Fig. 5. Influence of the vehicle impact velocity on the throwing distance
of dummy and bicycle, compared to the braking distance of the

vehicle.

The trajectories of the head, thorax and ankles of the cyclist, relative to
the vehicle, are shown in Fig. 6. In the 20 km/h tests the dummy just falls

jp@—————0——e@=——0
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e—e 30 km/h
a——o 40 km/h

Fig. 6. Influence of the vehicle impact velocity on the trajectories of head,
thorax and ankles of the dummy-cyclist (vehicle front geometry
A/B/C = 55/80/10 cm). Time intervals of 50 ms are shown.
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on the hood. In one 20 km/h test there was no head/hood contact and in the
other one there was only a slight contact. The head impact location on the
hood in this 20 km/h test almost coincided with this location obtained from
wrapping the cyclist's height around the vehicle front (see Fig. 7). So in
this test set-up and using this dummy, there will probably be no head/hood
contact if the vehicle speed is decreased bhelow 20 km/h. In the 30 and 40
km/h tests the impact locations of the head and thorax are located much more
towards the windshield (see Fig. 6).

In the 20 kimm/h tests the imaginary windshield was shifted forward to realize
a head/windshield contact comparable to the other test (see Table 2). The
impact velocity of the head on the imaginary windshield increases strongly
if the vehicle speed increases; approximately 22 km/h in the 20 km/h tests
to approximately 62 km/h in the 40 km/h tests.

The accelerations of the c.g.'s of head, thorax and pelvis are strongly in-
fluenced by the vehicle speed. The HIC, e.g., is increased by a factor 3 to
6, while the SI of thorax and pelvis are doubled, if the vehicle speed in-
creases from 30 to 40 km/h. The average acceleration of the left knee,
caused by the bumper impact in the 20, 30 and 40 km/h tests, is approxi-
mately 475, 700 and 950 m/s? respectively. The maximum accelerations caused
by knee-bicycle contacts, however, showed peak values up to 3100 m/s? and
ankle joint-stops even up to 5400 m/s?

160 —

distance head \
impact point/hood-
[ edge, m
120 b T '"
osol- o '__"}&Ebﬁf___
‘ bicyclists height
0.40 - no head {
contact =™ ’
\-— vehicle velocity, km/h
| !
0 10 30 40
Fig. 7. Influence of the vehicle impact velocity on the head impact loca-

tion on the hood, compared to this location obtained from wrapping
the cyclist height around the vehicle front (A/B/C = 55/80/10 cm).

VEHICLE GEOMETRY

The hood-edge height appears to have a predominant influence on the kine-
matics of the cyclist. The variations in bumper height and bumper protrusion
didn't influence the head impact location on the hood (compare testno. 8303/
8306, 8313/8314, 8315/(8316) in Table 2). The distance between head impact
location and hood-edge, however, is strongly increased when the hood-edge
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height 1is decreased (compare testno. 8315/8316 and testno. 8317/8318 in
Table 2). The same holds for the impact velocity of the head on the imagi-
nary windshield (see Table 2).

Fig. 8 shows the trajectories of the dummy, struck by a high and a low ve-
hicle front. The lower body is less translated in horizontal direction, when
struck by a low vehicle. The right leg slides over the hood-edge, in stead
of being horizontally accelerated by the vehicle front. Therefore the rota-
tional motion of the upper body is less restricted.

First analysis of pedestrian tests, in which the dummy is laterally (90°)
impacted by identical simulated vehicle fronts (second phase of the research
programme), indicates that the trajectories of pedestrians and cyclists are
quite similar (see also Fig. 9). The distance between head impact location
on the hood and hood-edge ("E" in Fig. 4), however, is approximately 30 cm
greater for the cyclist, due to its higher c.g. position.

Maximum head accelerations and HIC increase when bumper protrusion is in-
creased, or when bumper height and/or hood-edge height are decreased. Maxi-
mum chest accelerations and SI increase when bumper height and/or hood-edge
height are decreased. Increasing bumper protrusion of a high vehicle has no
influence on the chest accelerations. Increasing bumper protrusion of a low

high vehicle
——— {ow vehicle

Fig. 8. Influence of the vehicle front height on the trajectories of the
head, thorax and ankles of the dummy-cyclist (vehicle speed =
30 km/h). Time intervals of 50 ms are shown.
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vehicle decreases the chest accelerations (probably caused by lateral/ver-
tical shoulder impact). Maximum pelvis accelerations decrease when bumper
height and/or hood-edge height are decreased. Increasing bumper protrusion
of a high vehicle or a low vehicle leads to a decrease or increase of the
maximum pelvis accelerations respectively.

The impact location of the bumper on the lower leg of the cyclist depends on
the position of the leg. In this test set-up the impacted leg is in the most
downward position and the bumper impacts the leg just above the ankle or
just below the knee (see also Figure 3). Initial accelerations are therefore
higher at the impacted joint, but high-fregquency vibrations disturbed the
measurements. Lateral flexion of the left ankle was higher in the variations
with a high bumper.

20 - v=40 km/h
z(m! ——= 7-segment 2D
t —15-segment 3D
15 1 / RS
10 1 5 : N,
! i e ‘f_f_/f"—‘(}
05- 4 ll‘\ g_lrm-—(‘_"—"/’
00 +————— - . . .
00 05 10 15 20 25
—e y{m}
Fig. 9. Mathematical simulation of a vehicle-pedestrian accident |6].

VEHICLE STIFFNESS

In the tests 8307/8308 the density of the PUR-foam simulating the bumper and
grill was 35 kg/m3, instead of 50 kg/m3?® in the standard tests (8303/8306).
The influence of this variation on the knee and foot acceleration-time his-
tories is not clear, because these histories were disturbed by metal-to-
metal contacts. The influence on the acceleration-time histories of the
head, thorax and pelvis, however, was only minor. The trajectories of the
head and thorax also were not influenced by this variation.

The vehicle stiffness also will be varied in the mathematical models, which
will be developed in the next phase of the research programme. These models
can contribute to a better understanding of the effects of vehicle stiffness
variations.
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DISCUSSION AND CONCLUSIONS

Pedestrians as well as cyclists, are among the most vulnerable traffic par-
ticipants. The aggressiveness of passenger cars striking pedestrians or
cyclists can be reduced by improvement of the vehicle design.

Twenty full-scale tests are performed, in which a dummy-cyclist is laterally
impacted by a simulated vehicle front. Dependent on the position of the
dummy's legs an almost pure lateral motion of the dummy can occur. The ve-
hicle geometry, especially the hood-edge height, influences the kinematics
and the accelerations of the dummy-cyclist. Maximum head accelerations and
HIC are increased by a factor 1.5 up to 2 if the front height is decreased
by 20 cm. These changes can also result in different head impact locations
on the vehicle; e.g. plus 30 cm on the hood if the front height is decreased
from 80 to 60 cm. This makes head/windshield contact more likely.

The impact speed of the braked vehicle also strongly influences the kine-
matics and accelerations of the dwmmy-cyclist. In future the influence of
the bicycle speed on the test results will be determined also. The differ-
ence in density of the used PUR-foams, however, doesn't influence the test
results very much.

The kinematics of pedestrians and cyclists, laterally struck by identical
vehicle fronts, are very much alike. The position of the legs, however, in-
fluences the kinematics in hoth cases. The head impact location on the hood
seems to lie further away from the hood-edge for the cyclist, due to the
higher position of its c.g.

The performance of the modified Standard Part 572 dummy was satisfactory for
the first phase of the research programme. More representative human substi-
tutes will be used later on in the research programme. Concerning dummies,
it is probably better to assess the severity of leg impact by consideration
of the bending moments in the bones and knee joint, in stead of accelera-
tions.

The research programme will be continued by performing identical full-scale
tests with dummy-pedestrians. This makes comparison of kinematics and "in-
juries'" of pedestrians and cyclists, struck by identical vehicles, possible.
The programme will he extended in future by using other human substitutes
(e.g. cadavers, child dummies) and real passenger cars, while in conjunction
with this experimental research, mathematical models of both pedestrian and
cyclist impacts will he formulated with the MADYMO CVS program package.
These models can contribute to the insight in this complex impact situation
and they can be extended to conditions for which no tests are available.
International co-operation is strongly recommended for successfully attack-
ing the problems in this research field.
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(Appendix continued)

B e I T L s S e
' ' ' ' ' ' ' ' )

B e o e o B e o e o B S S

i ' g ' i i H H H H H i H H H H H i i i
C6 1iL6 160110 6 IEETI6GCIIY CTICCIIT PII9 T 6 L 196 10 P1iT CTIB C1I0 PIi-"- 19 €T H i 4g295/Ww) ‘ap1s 3ybry
L ITIT 21T CTiZ 0111 119 91ib '9TiIL ST10 B1i€ 913 6 1114 1110 B1i€ 9112 9110 '8B11L 81T L110 L 10 v1I: (229s/w) ‘apts 338y
i H i : H ' X : “ 1 ! H 3 i p ¥ i H ! 1 cuo0tjPuaralag (g3Is xey
0c i0c ilc i6E 16E 11E I10E ee ieec ¢ v i66 J1E {OE 1i16Cc icsc - YA H : (J9sw) awiy
669 1909 IEIB (E0B (ESCIISISTILISTEVBEIGEBE EBLE! OGSV ICEY iGPLEIETTIFIEYBEIGSRE L 11i1ce: H P {gasssw) ()
vc i19¢ i6c g i H ! H i i H | H H H H H ! (J29sw) swr]
6L0TiYC9 lEGCTiILCTT! 1 y ! H H H H ! H ! I (Crvs/Ww)  (+)
H i i i i | i H H H H H I (TH 081):(1Ed481€1) 5OV 1004 iHOIY xew
i i 1 ' 3 H ' H H H i H H H H
OC 161 IC 1IGE i6E 1€ 10€ g i vy iec 11€ {0E i8C icLcC 6 181 1y | (38sw) awr |
104 :BI9 i6/4B i6BL 1EBCT!1LSTI6061:1668 1EBE: CEV ICEV iGILEIETIVILIBEISSEE 190CciB8LICIOBIT} (gl2s/w) (-)
vc 19c i6c iEC i9c H H i L 8 2N i H H H i i i {23sw) swrt)
19011vS9 :EBCTLI6O0TTIGLYT i H H 1916 i ' H i i H ' o(gras/swy (+)
i H i i i H H i i H H H 1 ! (IHOOOT) i (1ed@3e71) '30V 1003 1HOIY "xe
| i i i ! | i i H i H H i H i i
L 19 i8 i8 i6 et g1 iler it1 4 vy 91t iei1 el ioe i1t e H i {I33sw) swry
EFLIITOETIEEYTILIGTIOGEES £68S 118851916V 109ES CE6GCIOV6Y iBCOHYIiBLISIOETT 66 18L6C ! i (gdssw)y ()
H is1 i i i i | H A SEE < SR H H H H H i (JIesw) swt g
H 1L9€ET i | H i H iPSIVI9IES! i H H H H 1o (Z9sswy  (+)
H i i i H H | H H i H i H H i (ZH 0BI):! (T1®u4d3€7) 55y 1004 14377 "xew
' 19 18 16 16 cl el et 11 v b1 191 i2t :ET 10 1T €1 ietr ler | {I8s5wW) dwl)
IBLT I TLCTILO6ET ILCYTILGET EE19166661C6BYIFSYS | CF6C I C6BYIBCOHY IBLIS 16TFT11696E IGE6CEBBCI6SET ! (grds/wy (~)
i ) S i H H H HVZS S VA St | H i H H H (33sw) swr|
i 1EVET ] i i H H | C©L91icC9sti9ES! H H i H H P (CFas W) (+)
i i i i i H H i ! H H ! i H t LIHNOOT) ¢ (T®a3d3P[) 32V 1004 1437 xew
81 /2 0E L1 i1lc ibS IEE 1€ i9¢ 9 {9v isb IEE IcE I0E icE IIE EE 11E | : {d95W) awyy
089 !L9E 108G iC19 10SCTiF16 16C01:I6VCIECOEIVOLT: GEY 1EGL 1946 IBEL v61CiviITivBYII168B1I961C) o(gles/w)
H H H i H i i i i i (ZH 081) 20y '3y JI3NW LHOIY *eW
i i } i H i | H i i i i ; i i H i i ; i
81 iZ2 0E L1 il ivS iCE IIE 92 92 9y ivb iCE icE 10E icE 1€ IEE lE  iLv (Jasw) |swl)
199 iGFE IBCS 1v6G 16IETIGCH WEOTIESYCIOITEILSHT! CEY 169L 1446 ICEL (YYECivPIT:016T116CH6T1ILLICIE6E | (225 /W)
H i i i H i i H i H i H H i ! H H i (ZHOOOT)! 22y 'S8y 33NV LHOIY XeW
L ) 8L L 0D SR 161 J1E €T b1 191 41 191 161 16 191 0E vl (8 i i (J33s5w) awT)
BBICIGFET ! vLCCILEVTIGHICIVYOOC I LSOCISICCISFECITTIIC! 6C0CILSTTIVIOLTIITFLTICLOTILOSTICHYTI9BGT I9GYE! i (2l9s/w)
H i H i H i i i ! i i i H i i 1 H i(ZH 081): 22y S8y 33NA 1437 XeW
H i i ! H ! i H ! ! i i H i i : H i i !
Z : 184 L) S 161 10E €T 2 191 16T 19T 191 16 191 0E €l L i€e (23sw) awt)
LYICICLET I 16CCICYYT I LBCCILO6BT I LEOCIIECC I YTIVE I L0TIC ! LOOCIOOLT IBYOCICSLTI I TIGHTIEBSTIF0LT I&GETIIEYCI60B | (829s/Ww)
' i H H i i H i ! i H i H i i 1 ] i¢(ZH 0001) ! 429 S8y 33NW L1437 Xl

QZ£8161E8I8TERILIEBIFIEBISIEBIYIERIETIEBICIER I 11EB!

01E8:160EB:B0OEBILOEBIF0EBISOEB ! YOEBIEOEBI COEB! 10EB!

{PSNUIIUOD) 53533 3IITYSA-3SI[ORD S]E€IS_T173 30 s3INsay XIAN3JdY

228



