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ABSTRACT

A gseries of fire tests was conducted on aircraft aluminum alloy 5052-~0
(formerly 52S8) tubing and standard AN aluminum fittings. Tests consisted of
subjecting specimens to a 2000°F flame from a standard 2-gph kerosene torch.
The degree of fire resistance of tubing and coupling test specimens was
determined for conditions of zero-flow and intermediate-flow rates up to a
maximum rate in gallons per minute of five times the square of the inside
diameter in inches, Oil and aviation gasoline at ambient temperatures and
oil preheated to 200°F were used as the circulating fluids during testing.
The investigation covered tube sizes from 1/4 to 2 in, in diameter, Aluminum
tubing containing no fluid exhibited very little fire resistance; whereas,
tubing containing fluid but without flow showed an increase in fire
resistance with eventual failure, Under this latter test condition, the use
of fire-retardant coatings on tube samples did not result in any significant
increase in fire resistance. Test results revealed that aircraft aluminum
tubing retained a high degree of fire resistance as long as fluid continued
to circulate through the tubing to conduct heat away from the wall surface.

Couplings of 3/4-in. size and larger leaked at all flow rates tested.
Couplings under 3/4-in. size exhibited no signs of leakage. Subsequent
inspection of all couplings after testing revealed no signs of damage
or deformation, o
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INTRODUCTION

Purpose: -An investigation of the fire resistance of aircraft aluminum
tubing and fittings was conducted for the purpose of obtaining information
on the factors affecting failure of this material under powerplant
fire conditions.

Background: Flammable fluid lines and fittings in designated fire
zones or in any area subject to engine fire conditions must be at least
fire-resistant as specified in Federal Aviation Regulations (FAR), Parts 23,
25, 27, 29, and 33. FAR Part 1 states that '"fire resistant, with respect to
fluid-carrying lines . . . means the capacity to withstand heat as well as
aluminum alloy in dimensions appropriate for the purpose for which they are
used, under the heat and other conditions likely to occur at the
place concerned."

For flexible hose assemblies, the fire-resistant requirements
are met by compliance with Technical Standard Order (TSO) C53a. In the
absence of a standard for aluminum lines and fittings, TSO C53a was chosen
to establish an initial set of test conditions since this standard is used
to certify similar equipment for fire resistance. Although TSO requirements
specify a flow rate as a function of inside diameter during testing, it is
of importance also to consider the effect of zero- and intermediate-flow rates.

Information obtained in the fire~testing of aluminum tubing and
fittings could serve as a guide in establishing fire-resistance
test requirements.

TEST PROCEDURES AND MEASUREMENTS

A schematic diagram of the system used is shown in Figure 1. A
photograph showing some of the equipment used appears in Figure 2, Tubing
test samples, 1/4 to 2 in. in diameter, were cut into 36-in. lengths, flared,
fitted with the proper size end-fittings, and placed in the test fixture.
When testing aluminum couplings, the tubing samples were cut in half and the
two pieces joined together by a coupling. Prior to a test run, the
circulation system was pressurized to 50 psi and all connections were
checked for leaks.

Chromel~alumel thermocouples were secured to the tubing samples to
measure wall temperature. The ends of the thermocouple wires were bound to
the tubes with high-temperature fiberglas tape and held firmly in place by
a steel hose clamp. Fluid inlet and outlet temperatures were measured with
chromel-alumel immersion-type probes placed inside a pipe coupling on
either side of the test sample., Flame temperature was also measured by
chromel-alumel thermocouples insulated by a ceramic core and shielded by an
inconel sheath.
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NTUBING SAMPLE

FIG. 3 - UPSTREAM VIEW OF TEST CHAMBER



The test burner used in all tests is described under Ttem 2,
Equipment Description., This burner was adjusted to produce a flame
temperature of 2000°F, measured 1/4 in. in front of the tube to be tested.
Figure 3 shows an upstream view of the burner in operation with a tube
sample in position,

The basic set of test conditions was derived from TS0-C53a, a
standard used to establish the fire resistance of flexible hose assemblies.
The maximum internal flow rate used in gallons per minute was equal to five
times the square of the inside diameter (in inches). A test pressure of
30 psi and a preheat temperature of 200°F was used for the first series of
tests with circulating oil, The flow rates during testing varied from zero
to maximum as stated above, Zero~flow condition was obtained by closing the
valve at the outlet side of the test specimen. Pressure relief in the
bypass system prevented buildup in pressure above the preset 30 psi, The
test fluids used were Mil-L-7808D turbine oil at room temperature and
preheated to 200°F and grade 100/130 aviation gasoline.

A series of tests was conducted to determine the fire resistance of
empty aluminum alloy tubing, Failure time was recorded when tube rupture
occurred and was that time interval between application of the burner and
tube rupture.

EQUIPMENT DESCRIPTION
The equipment used for the testing of the aluminum lines and

fittings is described below:

1., Temperature Measurement and Recording: -Minneapolis-Honeywell
strip-chart recorders, chromel-alumel calibration, 0-2400°F range.

2. Test Burner: A Lennox kerosene burner equipped with-a 2 gph,
80° hollow~cone nozzle, The end of the burner tube was fitted with an
inconel extension horn to diffuse the flame over a 6 x ll-in. oval area,

3. Fluid Flow Measurement: Potter turbine-type flowmeters with
a Potter digital readout frequency counter. '

4, Pressure Measurement: 0-200 psi pressure gaug2s mounted on the
test burner to monitor kerosene pressure and in the test fluid supply line
at the inlet of the test specimen,

5. Aviation Gasoline Pump: Doerr, 3/4-hp electric motor driving
a Blackmer pump model MX1-75.

6. Hot Oil Pump: U, S. Electric, 2~hp electric motor driving a
Blackmer pump model GLA2Z through a 4.9 to 1 gear box.

7. Hot 0il Reservoir: 115-gal supply heated by 2 thermostatically-
contrxolled 40-kw electric immersion heaters,




TEST RESULTS AND ANALYSIS

For purposes of analysis, the test data are presented under the
following four subheadings covering test results of empty tubing, tubing with
circulating oil, tubing with circulating gasoline and tubing with fire-
retardant coatings.

Fire Resistance of Empty Tubing: Fire-resistance tests were conducted
on aluminum tubing constructed of alloy 5052-0°, The chemical composition
of this alloy is given in Table I. The test results, showing the time of
failure for bare tubing in the absence of any fluid cooling or coating
insulation, are shown in Table II. The aluminum tubing possessed very
little fire resistance and consequently failed very rapidly. Fire resistance
increased with increasing wall thickness and diameter.

Fire Resistance of Tubing Containing Circulating 0il: The test results
obtained, using oil preheated to 200°F, pressurized to 30 psi, and
circulating at various flow rates through the tubing, are shown in
Table I1I. No failure of tubing under maximum flow occurred or appeared
imminent up to the 60-min maximum exposure., At zero oil flow, all the tube
samples failed except for one thick-walled sample which withstood a 10-min
test duration without failure. Typical modes of failure for several tubes
under zero oil flow conditions are shown in Figures 4a and 4b,

The effect of oil temperature on the fire resistance of the tube
samples is indicated by comparing the test results in Table III with those
of Table IV, With an initial oil temperature of 80°F instead of 200°F at
a zero flow condition, failure time of the tube samples was
approximately doubled.

The temperature rise of circulating preheated oil at a flow rate
of 1 gpm through various tube sizes is shown in Table V. The test results
show that the increase in cil temperature was relatively low and maintained
the tubing at a temperature considerably lower than the melting point of
the aluminum alloy., Oil temperature rise versus the parameter area/volume
at maximum oil flow rates is shown in Figure 5, This flow rate, based on
the inside diameter squared, results in a constant oil flow velocity of
2,04 fps for all tubing sizes. As indicated, the oil temperature rise
increases with increasing area/volume ratio or decreasing tube size. In
comparing the results shown in Table V with the curve in Figure 5, it can
be seen that at constant volume flow (Table V), oil temperature rise
increases with increasing tube diameter; whereas, at constant oil velocity
(Figure 5), oil temperature rise decreases with increasing tube diameter.

The fire resistance of the tubing-coupling combinations at both
maximum and zero flow under conditions similar to tests with tubing alone
is shown in Table VI. The test results show that coupling sizes 3/4 in.
and larger failed due to leakage within the first 5 min of testing. It
should be noted that for flexible hose assemblies, fire-resistance



TABLE 1

CHEMICAL COMPOSITION OF ALUMINUM ALLOY 5052-0 (FORMERLY 52S)

Alloving Elements Weight Percent
Copper 0,10
Manganese 2,20/ 2.80
Iron and Silicon 0.45 max
Chrromium 0.15/ .35
Zinc 0,01 max
Other 0,15 max
Aluminum Remainder

Melting Range: 1100°F Solidus
12009F Liquidus

TABLE II

FAILURE OF EMPTY TUBING UNDER FIRE TEST

Tube Size Time-to~Failure
OD x Wall X Length (in.) (min:sec)

1/4 x 0,035 x 36 L 0:10
1/2 x 0.028 x 36 0:12
1/2 x 0,042 x 36 0:17
1/2 x 0,065 x 36 0:35
3/4 x 0,028 x 36 « ' 0:15
3/4 x 0,049 x 36 0:25
1 x 0,028 x 36 0:17
1 x 0,049 x 36 0:28
1 x 0,065 x 36 0:38
1 1/2 x 0,028 x 36 0:28
1 1/2 x 0.049 % 36 0:40
2 x 0,035 x 36 0:37

2 x 0,065 x 36 1:03



TABLE III

FIRE RESISTANCE OF TUBING AT MAXIMUM AND ZERO OIL FLOW

, . 1
Tube Size Oil Flow( ) Test Duraticn Failure
ODb x Wall x Length (in,) (gpm) (min:sec) Yes No
1/4 x 0,035 x 36 0.15 60:00 X
0.0 0:20 X
1/2 x 0.028 x 36 1.0 60:00 X
0.0 0:55 B
1/2 x 0,042 x 36 0.9 60:00 X
0.0 0:36 X
1/2 x 0.065 x 36 0.7 60:00 X
‘ 0.0 0:30 X
3/4 x 0.028 x 36 2.4 60:00 : X
Q.0 3:38 X
3/4 x 0,049 x 36 2.1 60:00 . X
0.0 6:33 X
I x 0,028 x 36 4.8 . 60:00 : X
Q.0 4:22 X
l x 0,049 x 36 4,1 60:00 X
0.0 6:40 X
1 x 0,065 x 36 3.8 60:00 X
0.0 6:22 X
11/2 x 0,028 x 36 10.4 60:00 X
0.0 4:30' X
11/2 x 0,049 x 36 9.8 60:00 X
0.0 4159 X
2 x 0.035 x 36 . 18.6 . 60:00 X
0.0 3:10 X :
2 x 0,065 x 36 17.5 60:00 X
0.0 10:00 X

NOTE: (1) The maximum oil flow rate (gpm) = 5D2, where D is inside diameter

in inches. 1Inlet o0il temperature and pressure were 200°E and 30 psi,
respectively. Inlet oil temperature measured at inlet of tubing sample.

8
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! TUBE SIZE: 1 X 0.028 IN.

TUBE SIZE: 2 X 0.035 IN.

FIG. 4b - LARGE DIAMETER ALUMINUM TUBING FAILURES
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TABLE 1V

FIRE RESISTANCE OF TUBING AT ZERO FLOW WITH OIL AT ROOM TEMPERATURE

Inlet 0Oil (1) _
Tube Size 0il Pressure Temperature Time~to-Failure
OD x Wall x Length (in.) (psi) (°F) (min:sec)
1 x 0,028 x 36 30 80 9:23
1 x 0,049 x 36 30 80 12:25
1 x 0,065 x 36 30 80 11:14

NOTE:
(1) Inlet o0il temperature measured at inlet of tubing sample.

TABLE V

OIL TEMPERATURE RISE FOR VARIOUS TUBING SIZES AT 1 GPM FLOW

Tube Size '~ 0il Pressure 0il Temperature Rise(l)Failure (2)
0D x Wall x Length (in,) : (psi) (°F) Yes No
1/2 x 0.028 x 36 30 18 x
3/4 x 0,028 x 36 30 28 X
1 x 0,028 x 36 30 - 59 X
11/2 x 0,028 x 36 - 30 108 X
2 x 0,035 x 36 30 118 X

NOTES:
(1) oOutlet and inlet oil temperatures were taken at outlet and inlet
of tubing sample, respectively, and are stabilized temperatures.
Inlet oil temperature was 200°F,

’ (2) All tubing listed was fire-tested for 60 min.

11
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requirements are met by operating without leakage for 5 min. Based on this
criteria, only sizes smaller than 3/4 in., passed the fire test. 1In
comparing the results in Tables 1II and VI, it can be seen that failure
times were greater at the ne-flow condition for line sizes 3/4 in. and
larger when a coupling was included., This was probably due to the fact that
the leakage around the coupling resulted in a small internal fluid flow,
thereby carrying away some of the heat with the consequence of greater
time-to~failure.

The temperatures of both the tubing and the coupling at different
flow rates including no-flow are shown in Table VII, A tensile strength
versus temperature curve for aluminum alloy 5052-0, plotted with information
obtained from the "Engineering Materials Handbook'" (References), is shown in
Figure 6. The test results show a considerable temperature difference
between the coupling and tubing. This indicates that differential expansion
may be responsible for leakage of oil observed around the coupling. This
is further substantiated by the fact that when the burner was shut off,
leakage gradually diminished until it stopped completely, There was no
apparent physical damage to the coupling itself. The temperatures at the
instant of failure give some indication of maximum operating temperature
of the alloy at the test pressure.

An analytical method for predicting tubing wall temperature is
presented in Appendix 1, A calculated time~temperature rise is based on a
predetermined hot-oil flow rate, and a comparison is made between calculated
and experimental results, as shown in Figures 2a, 2b, and 2c¢ of the Appendix.
The curves show a close agreement.

Fire Resistance of Tubing Containing Circulating Gasoline: The test
results with circulating gasoline at 30-psi pressure through small diameter
tubing at both maximum and zero flow conditions are shown in Table VIII.
The results are similar to those obtained with preheated oil. Failure
again occurred only at zero flow.

The results shown in Table IX are for a series cof tests conducted on
1/2-in. tubing in which the pressure as well as the flow was varied. Test-
monitoring equipment indicated that at low flows, the gascline began to
vaporize in the tube, Reducing the pressure from 30 psi apparently increased
the vaporization rate, forming gaseous pockets and so reducing the capacity
to carry away the heat. At sufficiently low pressures and flow rate, the
tube eventually ruptured. At pressures of 15 and 10 psi at a 0.25-gpm
flow rate, rupture occurred within the 5-min test duration.

Fire Resistance of Tubing with Fire-Retardant Coatings: The test results
on tubing sawples protected by fire-retardant coatings are contained in
Tables X and XI, Five resistance as shown was increased only slightly. The
intumescent epoxy coatings {1 and 2 of Tables X and XI), upon swelling, became
very fragile. The asction of the {lawme tended to erode this coating, exposing
the underlying aluminum tubing. The silicone rubber coating gave slightly
better protection, hut neither coating offered a significant increase in fire
resistance,




TABLE VI

FIRE RESISTANCE OF TUBING-COUPLING COMBINATION AT MAXIMUM AND ZERO FLOW

Test - Coupling
Tube Size 0il Flow(l) Dpuration Failure(2) Leakage (3)
0D x Wall x Length (in.) (gpm) (min:sec) Yes No Yes No
1/4 x 0.035 x 36 0.15 15:00 x x
' 0.0 0:26 X X
1/2 x 0,028 x 36 1.0 15:00 X - X
0.0 0:45 X x
3/4 x 0,028 x 36 2.4 15:00 X X
0.0 8:43 X X
1 x 0,028 x 36 4.5 15:00 x X
: 0.0 6:49 X X
11/2 x 0,028 x 36 - 10.4 15:00 X X
: 0.0 5:24 ' X ‘ X
2 x 0,035 x 36 18.6 15:00 _ X X
0.0

4:54 X X

NOTES:
(1) The maximum flow rate (gpm) = SDZ, where D is inside diameter in
inches. Inlet oil temperature and pressure were 200°F and 30 psi,
respectively,

(2) Failure consists of tubing rupture,
(3) Coupling sizes 3/4 in. and larger leaked uhder maximum oil flow

and zero flow, constituting a failure. The couplings themselves
did not rupture,

14
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FIG. 6 - TENSILE STRENGTH VARIATION WITH TEMPERATURE
FOR ALUMINUM ALLOY 5052-0
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TABLE VII1

FIRE RESISTANCE OF TUBING AT MAXIMUM AND ZERO GASOLINE FLOW

Tube Size Gasoline Flow ) Test Duration Failure
) 0D x Wall x Length (in.) - (gpm) (min:sec) Yes No
1/6 % 0,035 x 36 0.05 (2) 15:00 X
1/4 x 0,035 x 36 0.0 0:16 X
1/2 x 0,028 x 36 ‘ 1.00 (2) 15:00 | b3
1/2 x 0,028 x 36 0.0 0:41 X

NOTES:

‘ (1) Inlet gasoline temperature and pressure were
[ ' 40°F and 30 psi, respectively.

. . v - 2
(2) Maximum gasoline flow rate (gpm) = 5D°, where
D is inside diameter in inches.

17
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TABLE X

DESCRIPTION OF FIRE-RETARDANT COATING SPECIMENS

Tube Tube Size Nominal Coating Nominal Coating
Number 0D x Wall (in.) Coating Type Thickness (in,) Weight (oz/in,)

1 1/2 x 0,028 Intumescent Epoxy 0.012 0.004

2 1/2 x 0,028 Intumescent Epoxy 0.013 : 0,004

3 1/2 x 0,028 Silicone Rubber 0.091 0.017

4 1/2 x 0.028  Silicone Rubber 0.100 | 0.21
NOTE: Coatings were cured according to manufacturers' recommendations.

TABLE X1
FIRE RESISTANCE OF COATED TUBING AT ZERO GASOLINE FLOW

Tube Tube Size’ Test Duration Failure
Number 0D x Wall (in.) o (min:sec) Yes No

1 1/2 x 0.028 0:55 . X

2 1/2 x 0.028 0:55 X

3 1/2 x 0.028 : 0:55 X

4 1/2 x 0,028 1:06 X
NOTE: Gasoline pressure was maintained at 30 psi. Failure times for

uncoated tubes were 30 sec and 41 sec (See Table IX).

19



Within the limits of the fire tests and the requivements for a S-min
exposure to a standard burner, it is concluded that:

1. Empty aluminum tubing possesses very little fire resistance and
generally fails in less than 1 min,

2. 0il and gasoline pressurized aluminum tubing generally fails in less
that 5 min, when the flow is reduced to zero.

3. Small diameter aluminum tubing will fail in less than 5 min at low
gasoline {low rates and pressures,
U fluid flow is essential in preoviding aluminum tubing with
resistance to endure 5 min test duvation.

4. lInterna
sufficient fire

5. Fire resistance of fluid lines is limited by leakage around the
coupling with only the smaller sizes capable of operating without leakage.

6. Aluminum tubing shows no significant increase in fire resistance
when protected with the types of fire-retardant coatings tested.

RECOMMENDATIONS

fased on test results, observations, conclusions and the test requirement
Cor s Se-mip exposure to a standard burner, it is recommended that:

1, Criteria for fire resistance be that the installation under
consideration operate under fire test without leakage or failure for 5 min
under any normal condition of fluid flow rate, pressure and temperature,.
including no flow, if applicable.

2, The type of fluid employed during five testing be that as specified
tha particular installation involved,

3. Where applicable, tubing be tested with a coupling or any device that
may be used, in the installation involved, for joining twe or more sections
of tubling in a fire zone.
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APPENDIX 1

A THEORETICAL METHOD FOR CALCULATING WALL
TEMPERATURE RISE OF ALUMINUM TUBING WITH CIRCULATING OIL

Definition of Symbols:

- Qa

dTw

- heat absorption rate of aluminum tube = Btu/ft2'°sec
dt

radiant heat incident upon tube = 6.8 Btu/ft2 -sec (measured)
absorption coefficient of tube = 0,2
heat radiated from tube = seT,

heat transferred to tube from burner gases by convegtion

heat transferred to oil from tube by convection = ho(Ty = To)
mass of tube per unit area (1bs/ft2)

specific heat of aluminum

Stefan-Boltzman constant - 0,48 x 10"12 Btu/fcz-sec-OR“.

]

emissivity of aluminum tube = a

temperature of burner gases 2000°F,
temperature of oil = 200°F,
temperature of tube wall

time, seconds

oil flow (gpm) = 5 D2

Where: D - tubing inside diameter (in.)

: od L >
Qa@ Flow
A
’ N\
ch Qr . (ii

Flemental Tube Section
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Derivation of Tube Wall Temperature Equation:

Basic heat transfer equation:
Qﬁ = Qi& " ch - QCD - Qr (1)

Fquation 1 in differential Yform,

dlyw_ . SN :
Me —"= Qja + hy(Ty - T - ho(T, ~Tp) - seT, (2)

Substitute the following:

K = Mc

Ky= Qja + hng + h T,

Kz = hg + hy

Ka = = . -12

3 = se = 0,48 x 0,2 5 10
Therefore,

QTw 1 ) A a ,
dt. K (Ry = oagply - Baly ) 3)

Z
Within the scope at this analysis, assume "K;;Tw4 as negligible, therefore,

dTw = K]_"' KZTW
dt K (4}
o N ATy _
At stabilized or equilibrium temperature (steady state) T = i,
using equation (4), :
K
Ty = X
K, (5)
Rewriting eguation (&),
T
=g | Stw
Ky - KyT, (6)
By integration,
r:~§1n(K-K-‘r)+C (7
Ko 1 2w

ks
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Boundary condition, at t = 0, Ty = Ty = 200, substituting into equation (7),
¢ =X 1n (x, - 2008,
K2
Substituting C into equation (7),

:‘—,,5 - ¥ _l_(_ -
t K, ln (K, - K, T ) + X In (K1 200K2) (8)

Rewriting equation (8},

K |
Ty = ’K’l‘ - L (K, - 200K,)e K2t/K | (9)

> Ky 1

Procedure for determining time-temperature formulas:

General equations:

Ty = XL
KZ . (5)
Kl H Wi, Fon .
= b e B i1 . 20O0KaYeRALAR -
Ty K5 KE*\M 2O0K2 3 9)
Where:
K = Mc

Ky = Qqa +h Tb + h,T,
K2=hg+h0
K is calculated {rom the formula,

K= L0157 - 0% Bresec.oF
1

Where:

Dl - outside diameter (in.)

D2 ~ inside diameter (in.)

Ky and Ky are calculated with the use of Figure 1 of the Appendix.

1-3



€90"0 X T/t
W00 X T/1
8CT0°0 X 7/1
SE0°0 X %/1

{°ur) 11BN % QO

- 7Er = M4 % 9¥EI0T0 78°¢ $5ZE70 S¥TI0CO 85000°0 €41

S go =™ goy  EWETO'0  18°C  96CT°0 SHIIOTC 860000 9°g1

- z59 =ML zww  ZeLIct0  S1T9 - %TE1T0 08T10°0  ZI100°0 86

- gy = ML gwy  89€10°0  ST°9  SITi‘0 9/CT0°0  ZII00°0  #°01

- 65y = ML 65y WINIOTO  £1°9 L9970 LEE10°C  LE100O 8¢

- 09%  0L%10°0 94°9  T1681°0 €€LIN°C  LET00°0 1°%

- 19%  %0%10°0  </°9  SOIT°0 {ZEI0°0  LE100°0 Gy

- ¢ = "L gt 1€510°0  STTL 65810 HLEI0C  LST00°C 17

- gew = L §um 7ZS10°0  €2°L  $601°0C  $9€10°0  LST00°0 v'Z

- w6y = L 6% 0€910°0  91°8  96TZ°0 6E£710°0  16100°0 L0

- 9¢t = L 96y 6191070 €078  €9S1°0 €IYIOC0 16100°0 8°0

- gy = ML gey  11910°C  20°8  WLOT°0 0IYI0°0  16100°0 0°1

Sutl e ML 6EC Z1810°0 876 ZZTITO 00SSTTO  £9Z00°0 . 91°0
(1g) | (udg)

137 - ML 23e18 A X M oy 3y mo1d 110

&peois
By
RHEIC VOILdH0HEEL 10 AEViNnS

2215 agny




AL INVIA
ggnl HIIM SINAIDIIIHTOD WILI 40 NOILVI¥VA - T 'Old

SEHONI - YILIANVIA IAISNI TINL SHHONI - WALINVIA IAISLNO HANL
0°7 9L°T 09°T §2°T O0°T &L°* 0§° 92° O '0°Z SL°T 0S°T S§2°T O0°T SL° 0§° gz° O
0110 " 2000 *
ST10° Elm 0100 °
0210 - 2100°|
iy N
4 A | R
= sz10° w p100 ") o
Bl &
0€T0 " 13 9100° 3
= —
Q: \ a.
S se10 | 8100°| I
=5 : =
. A -
N 0¥10°* = | 0200 *|™
._ ” ,
. SH10° W | \ 2200°|
£ . g
™~ ~
=3 \ Lo
0ST0 " * ) $200°| 7
L \ 2
S§10° QO | _oNoo. Q
OM (@]
0910 7| gzoo* "
(4 , . I .
d S910 " a .
i BN u/oﬁ ot . N UON = ma. 0¢00
B S , TTTILIITTI LY
R 0L10 " e P 7€00 "
T 0D WTId

TI0 1OH - ,H\ZHHOH,W.MMOO WIIA - =0 .SESVYD WIANYNG - INFIDIIAM

1-5




A9dNL HONI-Z/1 404 FSI¥Y TIdNILVIAdNIAL TIVM
HLVINDTVD ANV A¥OLVEOLVT 40 NOSTHVANOD - ®¢ "DIA

(saNODES) AWIL

S9 09 <SS 0S5 Sy OF S€. 0¢ G2 02 ST OI g 5
001
—A 002
00€
» 00%
AHOTHLY _
NG =
AN e Oom
7
YYD A30L¥H08Y1 £ 1009
1
NI 82070 X z/1 :3Z1S 38Nl
O 0 2t B B
~THdd 0°L - MOT4 110 004
N 30N
EEEEEEE NN NN 008

(o) TUNIVIAINEL 9N L

1-6




ggnl HONI-%/€ 904 FSTY TUNLVIAANHEL TIVM
AELVINDTVD ANV AJ0LVY0dVT 40 NOSIIVJAWOD - 94¢ ‘OIA

(SANODES) TINIL
09 S5 0S5 S Oy S¢ 0 G2 0z ST O S 0

001

m&oom

7 00¢

00%

ZS;_“,__/»

Fz 1Y
\

T __\ 005
Yilvo A401v409Y17 .

009

=
o

NI 820°0 X ¥/¢ 371§ 34

K43 77 - AOT4 100 00L

P e Py 008

1-7

(Io) TUNIVIEANEL AdNL




99

AgNI HONIF T 904 FSTY TINIVIHEIWNHEL TTVM

AFLVIADTVD ANV AMOLVIOIVT A0 NOSIIVANOD - 22 "DId

09 a4 09

(saNODES) ANWIL

5¥ 54 g¢. 0¢ ¢

0¢

g7

0]

001

00¢

00¢

/1

-x
—
-x
[
S—
[~
(e )
—
-t
o |
o
on
L+
———t
N\

[

NI 82070 X I :3Z

IS 380l

el

T

______________

Frrriyfrarrirtrrt

Gy - M01d 110

00¢

009

00L

008

00%:

(1o) TINILVIAIWAL FALN L

1-8




