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1.0 INTRODUCTION

MIL-H-83282 is a synthetic, less flammable hydraulic fluid that replaced the flammable MIL-H-5606
hydraulic fluid in most Air Force aircraft. MIL-H-83282 does not meet the viscosity requirements for -65 *F
operation. However, MIL-H-87257, the low temperature version of MIL-H-83282 fluid, does meet these
requirements.

In an effort to convert the B-1 aircraft from MIL-H-5606 to MIL-H-87257, the Air Force sponsored a
study conducted by Rockwell International from April 1991 through June 1992, under contract F34601-
89-C-0401. The results of this study are published in Rockwell Report NA-91-1598, dated 17 June 1992.
As part of this study, two pump tests were conducted by Vickers using B-1 aircraft hydraulic pumps
(Vickers PV3-300-7B) and MIL-H-87257 (ROYCO 777) hydraulic fluid. During the first test, the pump
failed prematurely. The second test was stopped before the scheduled test duration because some metal
was observed in the filter patch-test. Due to lack of funding no additional pump tests were carried out to
check the compatibility of MIL-H-87257 and B-1 hydraulic pumps. This being the only unresolved issue
standing in the way of transitioning this fluid to the B-1 aircraft, the Nonstructural Materials Branch of
the Materials Directorate of Wright Laboratory (WL/MLBT) decided to conduct in-house pump tests with
MIL-H-87257 and B-1 hydraulic pumps to provide the necessary data. The results of the two pump tests
carried out at WL/MLBT are the subject of this report.

2.0 TEST OBJECTIVE

“The objective of this program was to complete the initial studies begun by Rockwell to determine the
compatibility of MIL-H-87257 with the B-1 hydraulic pumps.

3.0 PUMP TESTS

The Vickers PV3-300-7B hydraulic pump is a constant pressure, variable displacement pump capable of
very high flow rates of up to 64 gpm and requiring high horsepower input. Due to the horsepower
limitations of the WL/MLBT hydraulic pump test stand, it was not practical to duplicate either the
qualifying tests or the tests conducted at Vickers. Afier reviewing the test conditions and the pump failure
modes generated at Vickers during the hydraulic pump testing of MIL-H-87257 hydraulic fluid, the
following plan was agreed upon by all the interested organizations.

3.1 PUMP TEST PLAN

Hydraulic Pump: Vickers Model PV3-300-7B Pump (new pump for each test).
Test Fluids: MIL-H-5606F, Baseline, WL/MLBT Pump Test 33
MIL-H-87257 (ROYCO 777), WL/MLBT Pump Test 34
Test Duration: Total 90 hours.
STAGEI: 30 hours
STAGE II: 30 hours
STAGE III: 30 hours
Pump Inlet Pressure: 95-100 psig.
Pump Outlet Pressure: 4150 psig.
Pump Outlet Flow: 50 gpm.
Pump Shaft Speed: 5250 rpm.




Pump Inlet Temperature: STAGE I 180 °F
STAGE II: 210 °F
STAGE III: 250 °F

Filter Elements: Main Filter - Pall Corporation, P/N AC-9516F-1,
3 micron, replaced after each test

Heat Exchanger Bypass Filter - Pall Corporation
P/N AC-7031F-1297Y6, 5 micron, replaced after each test

Case Drain Filter - Pall Corporation P/N AC-7031F-1297,
S micron, replaced after each test

Patch Filter - Millipore (housing P/N XX047-00, element
P/N LSWP-047-00), 5 micron, inspected and replaced after

each stage
Fluid Samples: Taken at approximately 0, 6, 15, and 30 hours of each stage
Pump Disassembly
and Inspection: Pretest and after each stage

3.2 HYDRAULIC PUMP TEST STAND MODIFICATIONS

The existing pump test stand at WL/MLBT was designed primarily for testing new and experimental
hydraulic fluids using small to medium displacement aircraft hydraulic pumps operating at low flow rates.
The PV3-300-7B is a large displacement pump, which would be operated at high flow rates during these
tests. To accommodate these flow rates, an increase in power, tubing size, filter capacity and heat
exchanger capacity was necessary. The modified test circuit is shown in figure 1. The variable speed
drive motor on the existing test stand would supply the additional power needed as it would produce 150
hp versus the approximate 145 hp the pump required at the test plan flow rate of 50 gpm. In order to
satisfy the other requirements, major changes to the pump test stand were necessary. The hydraulic
circuits of the existing test stand were altered in the following manner:

a. High pressure flow (pump outlet) - To accommodate the higher pressure and flow rate from the
pump this circuit was rebuilt using larger tubing size. The throttling valve was modified using an
upgrade kit. A circuit was also added to bypass this valve. The relief valve was upgraded and re-
calibrated. The sensors remained unchanged.

b. Case drain flow - What had been the main return hydraulic circuit was modified to serve as the
new case drain circuit. The same heat exchanger, filter assembly, flow meter and other sensors were
utilized. Several valves and additional sensors were also incorporated into this circuit for temperature-
pressure indication and control.

¢. Main return flow (pump inlet) - An entirely new circuit was designed and fabricated.
Downstream of the throttle valve the new main return flow was split into two similar circuits. The flow
through these circuits passed through individual heat exchangers and filters before being rejoined. Also,
at this junction the flow from the heat exchanger bypass circuit was added with the combined flow
subsequently passing through a new high capacity flow meter. Case drain flow and any needed make-up
fluid from the reservoir were then added to the return flow. Further downstream were several sensors and
a sampling valve before connection to the pump inlet.




To accomplish these changes and other necessary modifications to the test stand, the following major
items were designed, fabricated, purchased or otherwise obtained:

a. A new pump mounting flange and drive spline were designed and fabricated with the help of
necessary installation drawings furnished by Vickers Corporation.

b. New hydraulic fittings which mate with the pump inlet-outlet and which also use the same
spring energized seals as on the aircraft were designed and fabricated. An adapter was purchased for the
Rosan fitting on the pump case drain.

¢. New throttle valve parts were purchased to upgrade this valve.

d. Two large (3' long x 8" diameter) heat exchangers were purchased. The large size heat
exchangers were needed for the 180 °F inlet temperature requirement for Stage I.

¢. Two large capacity filter assemblies including elements were graciously provided by Pall
Corporation.

f. A new high capacity cooling system recirculating pump, associated fittings and hoses were
purchased. Modification to the cooling systems reservoir was also made to accommodate this new pump.

After all these changes were accomplished, the test stand required approximately 8 gallons of test fluid to
fill, the majority of it being in the heat exchangers and filters. During operation, approximately 7 gallons
of fluid circulated. A schematic of the entire B-1 hydraulic pump test circuit is shown in Figure 2.

33 PUMP TESTS

The WL/MLBT hydraulic pump test stand is computer controlled with automatic shutdown interlocks.
Data obtained during testing is presented digitally and simuitaneously recorded on strip charts.

During these tests, pump stand start up was accomplished in the following manner. After proper pump
test stand preparation, the pump depressurizing circuit was energized which allowed the drive motor and
the pump speed to be increased at lower pump outlet pressures. After a few seconds and at around 5000
rpm, this circuit was de-energized allowing the outlet pressure to increase to normal levels. The speed
was then increased to 5250 rpm, followed by a gradual increase of the output flow from the startup value
of 3 gpm to 50 gpm. The pump inlet temperature was maintained at the desired value and the test
continued for the entire 30 hour stage duration.

3.3.1 PUMP TESTS 33 AND 34

The MIL-H-5606F testing was conducted as outlined in Section II except that the pretest pump
disassembly and inspection before the start of Stage I was not conducted. This pump was installed on the
test stand in order to verify proper operation of the modified test stand. During this verification process,
and filling the stand with fresh MIL-H-5606F, approximately 12 operating hours were accumulated on the
pump, of which very few were at high flow rates or at high fluid temperature. It was then decided to
continue using this pump for Test 33 without removing it from the stand for pretest inspection. During
inspection after Stage I completion, a slight anomaly was observed on the rubbing surfaces of the piston
shoes - radial erosion lines across the shoe faces. Unfortunately, since there was no pump inspection
before the beginning of Stage I there is no way to determine if these lines were generated during pump
stand operation verification, Stage I testing or were there to begin with. This condition did not seem to
affect the performance of the pump. The subsequent pump inspections after Stage II and III revealed little
or no change in the appearance of these lines. With the exception of these radial lines, the disassembly
and inspection of the pump after each stage completion showed only slight polishing wear with no signs




of loose material or debris. No evidence of cavitation on any pump parts was observed. Overall, the
pump and the test fluid performed well during this test. No adjustments were made to the pump
compensator before or during this test. Inspection of the patch filter after each stage completion revealed
nothing unusual. No significant leaks were observed from the test stand. A total of about 500 ml of fluid
leaked from the pump shaft seal. After completion of this test the great majority of the fluid was drained
from the tubing, filter assemblies, reservoir and heat exchangers. Some of the tubing, the filter bowls and
both large heat exchangers were removed from the stand and drained. The heat exchangers were partially
disassembled to facilitate the draining process.

Pump Test 34 with MIL-H-87257 fluid was also conducted as outlined in Section II. Again, the pump and
test fluid performed well. There were no discrepancies observed during pump inspections which were
conducted after the completion of each stage. There were no signs of any loose material or debris, and
only some slight polishing wear was observed on most rubbing surfaces. No evidence of cavitation on any
pump part was observed. No adjustments were made to the pump compensator before or during this test.
Inspection of the patch filter revealed nothing unusual. No significant leaks were observed from the test
stand. A total of 115 ml of fluid leaked from the pump shaft seal.

Photographs of all critical pump parts and surfaces were taken during the pump inspections. These
photos are presented in Appendix A and B. Detailed video movies were made during each disassembly
and inspection, and are available for loan from WL/MLBT (point of contact: Shashi K. Sharma, at
(937) 255-9029). ~

The pump case drain flow rates were observed and recorded during both pump tests. A comparison plot
of the data is shown in Figure 3. It is interesting to note the case drain flow rates for the MIL-H-5606F
fluid start out lower, but end up at a higher rate when compared to the flow rates for MIL-H-87257 fluid.
This is attributed to the loss of viscosity of MIL-H-5606 with time due to its shear instability, discussed
later.

The bleeding of air from the test stand was more difficult in the case of MIL-H-5606 as it seemed to retain
more air than MIL-H-87257.

34 ANALYSIS OF FLUID SAMPLES

During the pump tests, fluid samples were extracted from the operating test stand as the testing
progressed. These samples were taken at the approximate intervals listed in Section II. A number of
different analyses were conducted on these samples.

The viscosities of the fluid samples taken were determined at 40 °C and 100 °C. These viscosities are
compared in Figure 4. It is easily seen that MIL-H-5606F suffered significant viscosity losses during the
first 30 hours of pump testing, whereas the viscosity of MIL-H-87257 was very stable throughout the test.
The viscosity index (VI) improvers used to boost the viscosity of MIL-H-5606, break-up under the high
shear environment inside the pump, causing a permanent loss of the fluid viscosity. Under the high
pressure and high shear rate environment, the VI improved fluids behave more like the base oil
(Reference 1).

Water content and acid numbers of the fluid samples were determined and are shown in Table 1.
Trace metal analysis was also performed on these fluid samples. The samples were analyzed for 19
elements including Fe, Ag, Cr, Cu, Mg, Na, Ni, Pb, Si, Sn, Ti, B, Ba, Cd, Mn, Mo, V, and Z. Only those

elements which show concentrations above 0.1 ppm. are reported in Table 2.

Samples taken at the end of each stage of testing and the fresh samples of each of the test fluids were
evaluated for lubricity. These evaluations were accomplished by 4-ball wear testing method (ASTM D-




4172). The results of the lubricity tests are shown in Figure 5. Clearly, these data indicate better lubricity
for MIL-H-87257 when compared to MIL-H-5606F.

4.0 CONCLUSIONS

4.1 MIL-H-5606 and MIL-H-87257 hydraulic fluids were successfully pump tested in B-1 aircraft
hydraulic pumps under identical conditions. Both pumps showed only slight polishing wear with the
exception of the appearance of radial lines on the piston shoe faces of the pump tested with MIL-H-5606.
It could not be concluded whether these lines appeared during the testing, or existed prior to the test.
However, these lines did not seem to affect the functioning of the pump, and also did not grow in size
during the test. No cavitation on any pump parts was observed for both tests.

4.2 MIL-H-87257 exhibited better lubricity than MIL-H-5606, as determined by the ASTM D-4172 four-
ball wear tests.

4.3 Viscosity of MIL-H-5606 reduced by 50% during the first 30 hours of testing.
4.4 MIL-H-5606 seems to retain more air than MIL-H-87257.

4.5 MIL-H-87257 has exhibited equivalent or better performance than MIL-H-5606 in the B-1 hydraulic
pump tests. .

5.0 REFERENCES
1. Sharma, S.K. and Forster, N.H., and Gschwender, L.J., "Effect of Viscosity Index Improvers on the

Elastohydrodynamic Lubrication Characteristics of a Chlorotrifluoroethylene and a Polyalphaolefin
Fluid," Tribology Transactions, vol. 36, no. 3, pp 555-564, Oct 1993




6.0

FIGURES
400 £ 1 1 l T a
350 T OLD 1
300 T NEW i
0 :
200 T
50 :
" z;
0 F :
0 T n

PFLOW PRESSURE ~ HP  kBTU/Hr VELOCITY
(gpm) X100 (psig) (f/s)

Figure 1. Hydraulic Pump Test Stand Configurations




unony) 159, dwng oynespAH [-g g o3y

2 HOLIMS NOLLVZIINSS3udad
® N(Y awnd ysa,_— IVOILOATE
- -t /%'
- - m>,_<>v 4
ONI'IdNVS
FATVA
43113y !
¥ i | L
= SYEONVHOXH | ,
2 LVAH M
i SYALTH
100410
' ANHTAHLE { ‘ | — !
YILVM - LvaH
DNIT00D umv
=
10D2A1D
mvw HOLIMS ONI00D | ¥
gunssdud
A
SyaL1d 7, T4
dI0A¥ESTY
, YALIN MO : a4 Osia
Y = .

\ o4 -




5.5

FLOW (GPM)
»
o0

F-N

3.5

T ¥ I 1

4 -
’
o -
R
@ -
20 40 60 80 100 120
TEST HOURS

Figure 3. Case drain flow in B-1 pump tests




VISCOSITY (cSt)

16 T T T | 1 T T T T ]
14 ¢ --@-= MIL-H-5606, 40°C .
- Y —&— MIL-H-87257, 40°C -

12 0 ]
L ‘e - MIL-H-5606, 100°C .
. - O— MIL-H-87257, 100°C i

10 [ . i
B ' ]

8 | S ]
- . n - Q -t
?—0—4--—0—0- .

> "el » ﬂ-rs =8

2 | o= o= -l ]
0 ! A 1 1 L L 1 1 1 1 1 1 L 1 L
0 20 40 60 80 100
TEST HOURS

Figure 4. Viscosity change in B-1 pump tests




___________

___________________




7.0  TABLES

TABLE 1. WATER CONTENT AND ACID NUMBERS OF MIL-H-5606F

SAMPLE NUMBER TOTAL HOURS STAGE HOURS WATER ACID NO.
(ppm) (mgKOH/gm)

STAGE-I

FRESH FLUID 0.0 0.0 56 0.00
MLO 93-1 12.2 0.2 55 0.00
MLO 93-2 18.0 6.0 57 *
MLO 93-3 27.5 15.5 * *
MLO 93-4 42.5 30.0 94 0.00
STAGE-Il

MLO 93-5 44.2 1.0 89 0.00
MLO 93-6 49.5 6.3 * *
MLO 93-7 58.3 15.1 * *
MLO 93-8 73.2 30.0 116 0.08
STAGE-lI

MLO 93-9 76.6 0.2 92 0.00
MLO 93-10 82.7 6.0 * *
MLO 93-11 91.4 15.0 * *
MLO 93-12 106.0 29.6 90 0.00
MLO 93-13 {case line) 106.0 29.6 116 0.00
MLO 93-14 (pump case) 106.0 29.6 97 *

* data not determined

WATER CONTENT AND ACID NUMBERS OF MIL-H-87257

SAMPLE NUMBER TOTAL HOURS STAGE HOURS WATER ACID NO.
(ppm) {mgKOH/gm)

STAGE-|

FRESH FLUID 0.0 0.0 85 0.04
MLO 93-66 0.1 0.1 o 127 0.00
MLO 93-15 6.1 6.1 172 ¢
MLO 93-16 15.3 15.3 169 .
MLO 93-67 30.3 30.3 168 .
STAGE-II

MLO 93-68 30.8 0.5 166 0.00
MLO 93-69 36.3 6.0 . .
MLO 93-70 45.4 15.1 . .
MLO 93-71 60.3 30.0 173 0.00
STAGE-

MLO 93-72 60.9 0.6 165 0.00
MLO 93-73 66.7 6.0 * .
MLO 93-74 78.8 15.0 * .
MLO 93-75 93.8 30.0 154 0.00

* data not determined
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Table 2. Trace Metal Analysis of Pump Test Fluid Samples

Test 33 with MIL-H-5606F

Sample Number Total Hours | Stage Hours [ Fe (ppm) Ba (ppm)
Stage 1
MLO 93-1 12.2 0.2 0.00 1.7
MLO 93-2 18.0 6.0 0.12 1.9
MLO 93-3 27.5 15.5 0.16 1.9
MLO 93-4 42.5 30.0 0.26 2.0
Stage I1
MLO 93-5 442 1.0 0.22 1.5
MLO 93-6 49.5 6.3 0.26 1.7
MLO 93-7 58.3 15.1 0.31 1.8
MLO 93-8 73.2 30.0 0.39 1.8
Stage III
MLO 93-9 76.6 0.2 0.27 1.5
MLO 93-10 82.7 6.0 0.32 1.5
MLO 93-11 91.4 15.0 0.33 1.6
MLO 93-12 106.0 29.6 0.35 1.5
MLO 93-13 (case line) 106.0 29.6 0.41 1.5
MLO 93-14 (pump case) 106.0 29.6 0.49 1.6
Test 34 with MIL-H-87257
Sample Number Total Hours | Stage Hours | Fe (ppm) Ba (ppm)
Stage 1
MLO 93-66 0.1 0.1 0.13 3.1
MLO 93-15 6.1 6.1 0.02 24
MLO 93-16 15.3 15.3 0.04 2.3
MLO 93-67 30.3 30.3 0.05 2.3
Stage 11
MLO 93-68 30.8 0.5 0.04 23
MLO 93-69 36.3 6.0 0.05 22
MLO 93-70 45.4 15.1 0.05 2.2
MLO 93-71 60.3 30.0 0.06 2.1
Stage III
MLO 93-72 60.9 0.6 0.07 2.1
MLO 93-73 66.7 6.0 0.07 1.9
MLO 93-74 78.8 15.0 0.06 1.9
MLO 93-75 93.8 30.0 0.08 1.6




Appendix A
Inspection Photographs from

Pump Test 33, MIL-H-5606F




Stage 111

Piston 1 Shoe Face After Stages I, II, and III
Pump Test 33 with MIL-H-5606F




Stage III

Piston 2 Shoe Face After Stages I, II, and III
Pump Test 33 with MIL-H-5606F




Stage 111

Piston 3 Shoe Face After Stages I, II, and III
Pump Test 33 with MIL-H-5606F




Stage 11

Stage III

Piston 4 Shoe Face After Stages I, I, and III
Pump Test 33 with MIL-H-5606F




Stage III

Piston 5 Shoe Face After Stages I, II, and III
Pump Test 33 with MIL-H-5606F




Stage 1 Stage I1

Stage III

Piston 6 Shoe Face After Stages I, II, and III
Pump Test 33 with MIL-H-5606F




Stage II

Stage 111

Piston 7 Shoe Face After Stages I, II, and III
Pump Test 33 with MIL-H-5606F




Stage I1

Stage III

Piston 8 Shoe Face After Stages I, II, and III
Pump Test 33 with MIL-H-5606F




Stage 111

Piston 9 Shoe Face After Stages I, I, and III
Pump Test 33 with MIL-H-5606F




Stage 11

Stage III

Hold Down Plate - Non Rubbing Side after Stage I, II and IIT
Pump Test 33 with MIL-H-5606F

A-10




Stage I11

Hold Down Plate - Rubbing Side after Stage I, II and III
Pump Test 33 with MIL-H-5606F

A-11




Stage II1

Cylinder Block Face after Stage I, II and III
Pump Test 33 with MIL-H-5606F

A-12




Stage 11

Stage III

Waffle Plate - Rubbing Side after Stage II and III
Pump Test 33 with MIL-H-5606F

A-13




Stage III

Waffle Plate - Non Rubbing Side after Stage II and III
Pump Test 33 with MIL-H-5606F

A-14




——

Cylinder Block Plate after Stage I, IT and I1I
Pump Test 33 with MIL-H-5606F

A-15




Stage IT

Actuator Piston - Front View after Stage I, II and III
Pump Test 33 with MIL-H-5606F

A-16




Stage II

Stage III

Actuator Piston -Side view after Stage II and 111
Pump Test 33 with MIL-H-5606F

A-17




Housing after Stage I
Pump Test 33 with MIL-H-5606F

A-18




Housing after Stage IT and III
Pump Test 33 with MIL-H-5606F

A-19




Partial Assembly of Test Pump after Stage II
Pump Test 33 with MIL-H-5606F

A-20




Appendix B
Inspection Photographs from

Pump Test 34, MIL-H-87257




Pretest

Stage 11 Stage 111

Piston 1 Shoe Face at Pretest, and After Stages I, II, and III
Pump Test 34 with MIL-H-87257




Stage III

Piston 2 Shoe Face at Pretest, and After Stages I, II, and III
Pump Test 34 with MIL-H-87257




Pretest Stage I

Stage II

Piston 3 Shoe Face at Pretest, and After Stages I, II, and III
Pump Test 34 with MIL-H-87257




Pretest

Stage 11

Piston 4 Shoe Face at Pretest, and After Stages I, II, and III
Pump Test 34 with MIL-H-87257
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Stage I1 Stage III

Piston 5 Shoe Face at Pretest, and After Stages I, I, and III
Pump Test 34 with MIL-H-87257
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Stage III

Piston 6 Shoe Face at Pretest, and After Stages I, II, and III
Pump Test 34 with MIL-H-87257




Pretest Stage 1

Stage 111

Piston 7 Shoe Face at Pretest, and After Stages I, II, and III
Pump Test 34 with MIL-H-87257
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Pretest

Stage II Stage III

Piston 8 Shoe Face at Pretest, and After Stages I, II, and IIT
Pump Test 34 with MIL-H-87257
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Pretest Stage I

Stage II

Piston 9 Shoe Face at Pretest, and After Stages I, II, and III
Pump Test 34 with MIL-H-87257




Stage III

Hold Down Plate - Non Rubbing Side after Stage I, II, and III
Pump Test 34 with MIL-H-87257
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Stage III

Hold Down Plate - Rubbing Side after Stage I, II, and III
Pump Test 34 with MIL-H-87257
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Pretest Stage I

Cylinder Block Face at Pretest and after Stage I, II, and III
Pump Test 34 with MIL-H-87257
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Stage 11

Waflle Plate - Rubbing Side after Stage I and II
Pump Test 34 with MIL-H-87257
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Stage IT

Walffle Plate - Non Rubbing Side after Stage I and II
Pump Test 34 with MIL-H-87257
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Stage II1

Cylinder Block Plate after Stage I, II, and III
Pump Test 34 with MIL-H-87257
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Pretest Stage 1

Stage 11 Stage II1

Actuator Piston - Front View at Pretest and after Stage I, II, and 1II
Pump Test 34 with MIL-H-87257
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Pretest

Stage 1

Stage 11

Stage 111

Actuator Piston - Side View at Pretest and after Stage L, II, and III
Pump Test 34 with MIL-H-87257
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Stage 1

Housing at Pretest and after Stage I
Pump Test 34 with MIL-H-87257



Stage 111

Housing after Stage II and I1I
Pump Test 34 with MIL-H-87257




Partial Assembly of Test Pump at Pretest
Pump Test 34 with MIL-H-87257
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Appendix C
Raw Data for Pump Test 33

with MIL-H-5606F
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Appendix D
Raw Data for Pump Test 34

with MIL-H-87257




4sd 0'9- = 150 ejoum el Buung (ies)iQ) Buipsey onemls WV .
15d 0'6- = 1501 8joym eut Buying (1esjj0) Buipeey snelg v

8°0¢€ 9z60]c6-1dv-vi
Lot 0260|€6-10V-¥1
L0t 2160|€6-10V-¥)
£°0¢ 8¥80{c6-2dV-¥1
£°0€ G561 |€6-1dv-2
£'0€ G661 [€6-4dv-2
BLLY 06 3 S6 16 X4 091 S1it 0€ees |(0€ G2'¢tl {8609 19288 |2°0¢C Le 1vG1[ce-1dy-¢
(4084 c6 3 96 c8 X4 091 2443 0€2S vLLS 985c8 |9'8¢ 8L vivi|ce-1dv-2
(2154 16 I |96 €6 (X 091 1221 0€es 28vs yG€6L (2°LC LL gvet [€6-1dv-2
2154 - |26 i |96 26 12 091 gell 0€CS 0€2S L¥LSL |0°9C LL 9ct} |e6-1dy-2
12:19 4 26 I |96 26 (X 191 1eLl 0€es |[s¢ SL°'¢E) [910S S0L2L [0°Se 9L €01 |e6-1dv-2
! £'ee 5680|€6-4dy-2
e€'ee v¥80|c6-1dy-2
L'ee 89 v£80|c6-1dv-2
1€ 2160(|c6-2dv-1
12:134 26 3 L6 €6 1 X4 091 6121} 0¢es j0e 9G°1EL [BI9Y 12699 |6°¢2 9L 0060|€6-2dY-1
9giv €6 VO |L6 v6 (%4 09t 2Ll 0e2s 9cey gLris ji'ic 9L 0120]€6-1dV-L
1104 €6 b |L6 ¥6 %4 091 92Ly 02es |joe¢ 9G°1El |86L€C £€905S (6'8l 9L 0050]¢c6-1dy-1
14:3% 4 16 L |98 4 ‘e 194 6EL1 0ees 281t SL19y |6'St LL 0020|€6-1dv-1
Jess G210{E6-Jdy-1
14134 6 0 |98 c6 0e 0914 92L} 022s GL'1EL j09GC SLLLE |82l ootz [ce-1dv-1
2l oLiZ|E6-18N-1E
CNYS 0012 |c6-J8N-It
061¥ S6 § 96 ce 191 C123) 802S SLTIEL (pBOC 9Gv0€ [P OL 8L 0€02Z|€6-JeN-LE
14:1%4 S8 1 |66 S6 0e 091 o€} 9025 GL'1€El |86L) 11192 jo's 8L 2081 |€6-1BN-1E
1’9 13 GO9I |E6-1BY-LE
147184 €6 0 L6 €6 (X4 (£: 13 veLl 012S $6°LEL |8GL 686801 |6°C 9L oovt {€6-1BN-IE
9't 8EEL |EB-JEN-IE
9t SOEL[E6-1BN-IE
{134 c6 0 |96 cé 0e 891 1733 0€2s 961 L8EC o'l SL 0EO! |E6-JBN-LE
€0 5v60}E6-JBN-LE
€0 GS80|€6-18N-G2
10 tv60]c6-18N-52 |
00 1€60|c6-18N-S2 |
8 v ||V Bisdf | 8| v |ewo | teur @ | vV |8 |V 8 v 7] v {Gw) Tieiunod ,
8NS5l v vV {jw) jore] | esen upy oy vo se)| (D)
{Bed) {Bisd] 101N JEIE] {isd} eunsseig 1 18114 {sdwe) (1 Ty ] PINi4 ‘s |dwey jewyy 1]
0insso.q einsseld 838) ose) J8)|14 €38 ujen weuny (q1-un {(NdY) 1805 ‘Arsey {suo)eo) 1w} ned
lepnQ dwng 18|y dwng | dwng isg) douQg esnsseid Jolon enbioj poeds 1801 MOj4 8301 150}
pesoj) enBA Duljiloiy) =8
ued() eapep Bupioiyl ~v
02rL-26-0TN ‘11-26 OIN 1 "ON ONVIS 1531 dNNd 84vdm LETW I
(oohoy) £5228-H-IN QI ONNVHAAH 13VHOHY WO ViV 1S3 15908y XW NS
‘a4 1S3y 9L-00E-EAd SIO4IAA TIAON - dWiNd 1S3

€ "'ON 1S3l diNNd




‘(1011 8882 0] l0jU} 010j0Q ‘J8BuUBYIXG 1BBY MOy 638D JByjB) leju) Jelly esed dwnd 1y , .
1enno eses dwnd Jy .

T'siy g'0¢-1i 606iS] uexe] edwes 8°0€
‘leisey sy 1'0¢
‘(umowqun uoseey) umopinys oiny L0t
“uels 1se] - | ebeis £0€
‘pejdedsu} dung - peleidwo?) § ebeig - umopinyg jenueyy £0¢
"('siy g'oe-1 ebeig) veyey edwss €0t
2el c8 802 |9te 601 6L} v'e 96V 2’0t
vet z8 60c|Bie 06l 08l St 8'6¥ 9'8e
vet c8 60c(81¢ 061 igt Gt L8y ¢'le
€ct €8 602 {91¢ 06t 181 S'€ 86 0°'9¢
vel €8 602|812 (¢]:2} 181 S'C L8y 0'se
. lieisey ise) {'dwey tejur Jelly esep) vBew( Wwoy buipeey $J4 ¢ £2 © Peq O/ ssedAg tee
‘{umouyun uoseay) umopinys oiny [ 4
Jeisey i1seq 1°'€2
* UMOPINYS [BNUBKY 1'ee
vei ve 602 1% 061l 18l S € L 6¥ 8¢
XA} 4] 602 cie 061 181 S'€ L'BY (X4
vet ve 60¢ gte 061 i8] St 8'6v 68l
vel v8 olLe 1134 061 181 S'€ ¢'0S 8'Gl
sy £G1-] e0eig) ueye)l eldwes €61
vel (4 602 4% 061l 184 S'€ X:14 g'ecl
uBisey 150 AN
‘(sbuiites Bujusem Buibueys ejiym 10iie JojgiedQ) umopinys oiny ott
€et ve 602 13%4 061 181 [ £'0S ol
vel €8 60¢ 9t 061l 181 (4] 0°0§ 06
‘s 19| ebeiS) uexs} edweg 1’9
9ei €8 oic £1%4 161 3:13 St 9°'6¥F 6°¢
1eIsey jse | 9'¢
‘(umounun uosesy) umopinys ojny 9°€
Pt €8 602 6i¢ 061t iet 9'C 1414 0’4
‘ueisey 1sey €0
‘(yee| Je1em Buijoo)) umopinyg |Bnuep €0
['s1y 101 ebeig) uexey exdweg 10
uBS 1se] - | elaig 00
a v a v gyvjiajvialvig|yv ;] v a v a v q v
SHHVNIH 18@nO 101y} 18pnO uieig | teano 18ju) %s!g 0580 il [(7EB) ‘SiH
180uByox3] 18O | J188uBydx] 186K Al ese) dwnyg dwng ndo) mo)4 1se]
{3} eumjmiedwe] jusjo0) 3) exgesedwe] pinjd4 8ley moi4 jue|00)
peso|) ensA Builioiyy =g
uedQ eAmA Ouiploiy) =y
0Zr1-26-0N ‘11-26 ON } ‘ON ONVIS 1531 dNd 84VdM 18T N
(0240y) 25228-H I QN3 DMNWYHOAH LIVHOU Y HOA VAVA 1S3L diNd 916906 XN N/S
S ainNid 1S3L 62-00E-EAd $10AHA TIQON : dWNd 1S3

€ 'ON 1531 dhnd



‘1sd 0'g- = 130 ejoym eyl Buung (iesyO) Buipeey el Vv
‘15d 0°'6- = 1se1 ejoym eyl Buung (1esyQ) Buipeey oeis v

9Ly 26 0 |v6 26 vl €91 2Lt 0€2S 2681 |S0LLEe JL'SL L8 5501 ]e6-1dy-0€
0'GL Z101]e6-1dv-0¢
0°6¢ 9001 |€6-19v-0€
CH 5560[€6-1dv-0¢
“[eul] owes ebed ixeu e8g) eshad oyl eq ABw suonviqiA enssedxe Jybnoy] (buisojd g Bujuedo] Bugenany 9y) 1eano g ieju] “selwy [BieAes peusisel § peddois 1sej | €6-1dy-82
e e £101|c6-1dv-8¢
le'eL [e280je6-1dv-82
0'¢L ¥0£0]€6-1dy-82
0°2L 2020]e6-4dv-82
9'1L |sc90]e6-idv-8e
“{euy esnssexd ybiy U1 eAjeA jeljer ybnoiyl moyieao pinjj) UMOPINYS [enuep Sl 0€10]c6-18V-L2
870z 0v00|e6-2dv-2e
KA 8100[€6-1dv-22
14134 L6 3 86 86 St 091 oLl 0€es |04 Li°2eL(8ziLl |sE6POC |69 Y] o1ez]c6-1dv-92
L1334 c6 3 €6 c6 A3 651 voLl 0€es {04 BlL°2El 80291 [059661 |L°L9 Gzlc|e6-1dv-92
£°99 5202 ]66-1dY-32
9ELG1 |8°G69 0€61 [£6-1dV-92
13234 X3 0 €6 ¢6 |4 661 80L 14 0€es {09 144 069061 [L°¢9 98 5281 |€6-19v-92
vebbl 9°E9 021 }€6-1dv-92
X434 €6 3 €6 26 vl 291 1eL) 0€2S ¢2SEL |v06i8L [B'L9 S8 0€51]€6-19v-92
609 GE¥l|€6-10V-92
£°09 0Zvife6-1dy-92
L'09 civi|es-1dy-92
¥ 09 56€1{£6-1dy-92
. lc09 85¥1[e6-20V-Gi
le'o9 [sGvi]ee-1dv-si
651y ve |[ovi 96 v6 Ly 091 9zLl L1225 |0s Ly i€l f29lel  [¥95LL1 2709 18 gvplfee-sdy-Si
LSV 56 |evi 0 |96 56 L1 29t eSLi 5125 [0S v’ LEL [9892L [LESIL) [2'8G 18 Sp2i|c6-i10y-Si
09iv 14} (343 V] (4] v6 L 09t gLL SL2S [0S vy LEL [92L11L |15665G1 [EPS 08 5580|c6-4dy-Gi
191d 96 1443 0 96 98 L1 091 921t S1eS ]oS Pr1el [99041 L6606 [E°LS t4:] GGG0[€6-2dy-S1
(k134 56 440 96 96 Li 091 X143 S1es |os ¥y LEL |9YS0OL [BEEPYL {L°6GY 28 Zve0|e6-10y-Gi
v'Sh 0000 [€6-1dv-51
09t 6 443 96 | 4] 194 144 G125 95°'IE1 [YOVYE 98.621 (€YY 28 G50¢c|e6-10v-¥i
15134 96 1448 96 96 0914 GeLt L12S 89°LEL [¥ELB 92.€L1 |6'8BEC €8 oczi|ce-1dv-ri
£'9¢ GS¥ilc6-10V-bi
(X134 ¢6 13 0 | 4] c6 91 651 sl X4 0LEL 69€€0L |¥'GE 08 vorl |€6-1dy-pi
191 <6 |9cti 0 |S6 €8 91 91 0EL\ 8125 SL'IEL [92S9 109€6 [L°2C 8L G5v01[e6-4dv-v1
] v 8 v {Gisd) g v [1enno 16{u] 3] 7 a]yv ] v a v Tww) lisjunoo
einsseld v \A4 (lw) foae) | esm uep o uo self ()
{Grsd]) {Bisd) 19)n0 19114 {isd) esnsserg [QGIE] {sdwa) oSwjve] P4 ‘wy |dwey |ewit L]
einsseld einsseld | ese) s8] J0)j14 858D urep weun) (Jas-u) {(ndy) |eeg "ArsoY (T TE)) 100} neon
1800 dwng | 1eju) dung | dwng isd) doig einsseid solop enbio) peeds |ei04, MO} [@0) 156
peso[D eABA buliosy) =g
usdp eAEA Buipioiyl =v
0Z¥i-26-0TN ‘1126 OIN L "ON GNV1S 1S31 dNNd 84AVAM 18TV IM
(0o4oy) 1S2LBHIN QITH ONMNVHAAH LAVHOHY HOH VAVQ 1S31 avWnd a15908% XN N/S
N4 1S3L ©2-006-EAd SIOAA TIOONW : dNNd 1S3

¥t 'ON 1531 dNNd




“(s01]) @885 0} 18ju| @Jojeq ‘16BuryIXe JBeY MOy ©38D Jeys) le|u} Jeljy o638l dwnd Iy ,
qepno esey dwnd Jy

[X44 961 922]992)282 56 62 9’ L6V L'6L
Jejsey 158 0°SL
‘{umownjun) uvoseey) umopinys oiny 0'ss
‘Jejsey 156} 9'vL
‘§pesj D/1 yioq pexi§ 'poob 3007 ‘uogdoedsut Joj dwnd peuedQ
‘Jiejsey 156 €€l
(D11 esmesedwe) jejul dwnd peg) umopinys |Bauepy €L
‘Hejsey 159 0'eL
‘{umowyun uoseey) umopinys oiny 0eL
Jeisey 156l 912
‘{eul} einsseid Ybiy ui eABA jeije) YGnoiyl moyeAd pinjj] umopinys jenuen N Y]
‘Hejsey 156 8'0L
‘(umounun) uoseey) umopinyg oINy 8'0L
- 9ee 2028 08¢&J122]98¢2 ¥9¢e (41 S’y K14 569
X1 £0¢ i18ejiLe|ine ¥9e £6¢ Sy L'6Y L'L9
‘'s1y £°99-1il ebeig] uexe] epdwes L'99
ealeiedo uojBIIpUl Moy ssedig 8°'69
LZe £0¢ 1gZ|lieyee 92 £SC “dou) a6y L'¥9
‘aapriedoui uoiiBOIpUl Moy sSedig 9'€9
02¢ 561 £2%4 282 68G¢ 8ve 9’y 66y 9’19
‘{514 6°09-1i] ebeig) uene] edwes 6'09
‘lejsey sy L'09
‘fumowjun) uoseay)} umopinys oIny L'09
‘Veig Ise] - ||| ebeig ¥'09
‘peidedsu] duind - pejedwec) |} ebeg - umomnyg (enuepy| - €09
T'siy £09-1) ebeig) ueysy exdwes €09
0Lt LE} ive 8be €ce [¥%4 [ 6’6y 209
(V33 6E1L eve 0S¢ £x44 (134 o'V 8'0S 2’89
0Ll 6€1 1444 6ve 1414 cie (N4 9'6b N4
0Ll BE} Zre 6¥C vee 4% o' 66 e'1s
0Ll 661 444 062 vee 434 0y 8'6Y 1'6%
Tsiq ¥ G-Il ebeig) uexe] edwes v'sb
191 vEL 0ve jsve X414 ote 0’y G°'0S ey
691 6€4 [444 052 |£14 Zie 0’y 66 6'8¢
{'siy g'ag-1) ebwg) vexe] edueg £9¢
G91 el 68 Lve (X124 602 b S'6v b'Se
991 S€ti (311 8¥e 222 60¢ 12 8'6¥ (X413
a v a v glvjajvijalvija |V [:] v 9 \J a v [:] v
SHHYNIY 18pn0 e 18anQ uiexq | 1epno lejy %s!g s8] vEen ndgol 3H
se0ueyox3 Jeel | seBusydxg jeel AL 8589 dung duwng ndo) #oj4 1se)
{4) eayeiodwe] Juejo0) 4} eieiedwe} pinj4 8)8Y MOj4 JuBl00)
peso|] eneA Bunnoly) =g
uedQ saeA Suioiy) =v
02r1-26-0N "11-26 OTW L "ON GNV1S 1S31 dNNd 84vdM 181
(odhoy) £5228-H -IIN QI DIWIVHOAH 15vHOHIY HOH VAVQ 1SAL aNd g16906¥ X NS
< Qin14 1S3 82-00€-EAd SIIA TIAON * dNNd 1S3L

¥€ ON 1531 dNNd




‘tsd 0'g- = 1581 ejoym eyt Bupng (1esyo) Buipeey dnels Vv

‘1sd 0'8- = 1301 8joym oy Buung (iesyQ) Bupeey dels v
99cte [L485.C |6°E8 9050 [€6-ABIN-t
8°¢6 0050 J€6-AB-L
X434 96 ari 0 L6 96 vi 0914 00L1 062S St |sg-2ct [oLLEee |resviZ |v'E6 62 I R
1434 L8 0 |86 L6 St [4:1 LELL 0E2S [otl y8'2¢cl [96E€ce [50959¢2 |¥r' 06 18 LE10JE6-ABN-1
ZZiy L6 0 |26 16 | 4] 191 0cLi 0€2s ]SOl 00°ctEl J009LZ [BE09GC JE°LB Z8 geeejes-1dv-o¢e
X434 L8 0 L6 96 Sl 091 Sl 0€2S |00l 00°'cel Je02Le [L2€15¢ |8'S8 £8 00l2c6-4dv-0¢
¥Ly 96 0 L6 96 i 091 SLLl 0€es o8 00°tcl [8E20Z [96LO¥E jL°2C8 98 18121 ]c6-1dy-0€
|8°84 oo¥i |c6-10v-0E
(1434 06 0 |06 68 St 091 [ 0cecs o8 01 cct |eGe6) JeeBeee je'8L L8 ocecl[es-idv-0€
8 v G|V | sdl [ @] v |iewo | teu |& | Vv |8 |V v v (T {ietunos
einsseid v v (jw) jene) | esw) ump jeg Lo )| (3
{Gisd} (Bizd] g | ey {isd} einsseid | 1 Jeild {sduwej eBweey | pinid ‘wH  |dwey |ewy | eeg
einsseld einsseld [21:%] 0389 J0)|14 8589 upBpy weun) (aj-u) {ridy) |eeg ‘Nsey {suojeD) L TR ned
1epnpO dwng | 1ejuj dung | duwng {isd) dosq esnsseid soon enbio) peeds %04 MO{4 (8101 1950)
peso|) eAjeA Bulioiyy =g
uedp eamA Suipiosyl =v
22r1-26-0TN ‘11-26 OTN I "ON ONYIS 1S31 dNd 84VdM 18T M
(00hoy) LSZL8-H-IN QI DNVWHOAH L4VHOHY HOA ViVA 1S3L aNd 415908y XW NS
‘N4 1S3l 94-00E-EAd SIOAHA TIQON : diNd 1531

7€ 'ON 1S3L dNNd




‘(111 @3B O] Joju) Bi0j0q ‘ie0uByoXe 1BOY MOy esBI J6yB) jeju) o)y esed dwnd 1y |,
Jegno esvd dwnd 1y .

‘peioedsu) duing - pejeidwo) |jj 66EiS - umopinygg [Bnuely 6'€6
18y g°e6-iil oUeis) uene] edwes 8'€8
vee 002 6£2]0L2]582 LS5 (X1 r'ry L6y v'c6
9¢¢e 20e 082|LL2|98¢2 8G¢ €52 vy 8'0G 068
vee 002 6.¢|0L2}582 151 162 vy £°0S €18
9¢¢ 20¢ 182{142]982 652 £6¢ e 20§ 8°G8
vee 002 612 10L2|582 1Ge 314 vy 208 128
{'s1y g'gZ-1if eBeig) uexs] edwes 8’82
X144 ¢0¢ 8/20/2]v8C LS iS¢ vy 0°09 £'8L
] v ] v a|lv]jajv|alvig |V a v ] A ;] v ] v
SHHYWIY 19000 1eju) L) ueiq | leano 1eju) L] 6580 U naol '$IH
seBueyoxy jeey | seBueyox] jeey AL es8) duwng dwng {ndo) mo|4 1s6)
(3) esnjesedwa} jusj00) {4) eugeredwe ) pinjy 010 MOi§ jusi00)
peso|D eaBA Bujnony =8

uedQ eaep Lumioyy ~y

0Z¥1-26-OTN ‘11-26 OTN 1 "ONONVIS 1S31 dNNd B4VdM 1HTWIM

{oohoy) £6228-H -IIN OIS ONNYHAAH 14VHOHY HO4 YAVO 1S31 dvind
tainl4 4saL

gi5906¥ XW  N/S
62-00€-CAd SI00HA T13AON - dNNd 1S3

¥ 'ON 1S3 dNNd




