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SECTION 1. SUMMARY
K ™ 1.1 BACKGROUND

In 1967, because of the success of silicone fluids in other .
E . hydraulic systems, producers of siliconss became interested in devel-
3 oping silicone based fluids for use in vehicle brake systems. It i
was recognized that silicone fluids possessed physical and.chemical }
properties that were desirable for this application. Some of these o
were low-temperature viscosity, high~boiling point, low-water sensi- !
tivity, and good chemical stability. Preliminary laboratory studies !
showed that the first silicone experimental brake fluids performed 3
well except in the areas of lubricity and rubber compatibility. Each !
l of the three major silicone fluid manufacturers centered their brake 3
fluid research around the development of additives to improve these .
bt _ two properties. Subsequent fluids were developed by each of the three s
manufacturers which performed satisfactorily in laboratory tests. The :
US Army Coating and Chemical Laboratory located at Aberdeen Proving .
: ! Ground, Maryland set up a series of field tests in vehicles operating '
Al in (1) the tropical rain forest (Panama) (2) the desert (Yuma Proving
- Ground, Arizona) and (3) The arctic (Fort Greeley, Alaska). Results
reported in 1975 (reference 2) and 1976 (reference 3) indicated that
the silicone brake fluids were far superior to the conventional
‘ polyglycol brake fluids in the areas of low hygroscopicity and corrosion
. protection. Lubricity and rubber compatibility were equal to or
b e . superior to that found with conventional brake fluids.

As a result of these findings a specification, MIL~B-46176,
Brake Fluid, Silicone, Automotive, All Weather, Operational and
Preservative, was published (reference 4). This specification is
N expected to supercede the three brake fluid specifications which
\ existed until the present time (references 5, 6 and 7) at a date to
be established by US Army Tank-Automotive Research and Development
Command, Warren, MI. It is anticipated that production and develop-
mental vehicles submitted to Aberdeen Proving Ground in the future
will utilize silicone brake fluids,

The Society of Automotive Engineers (SAE), automotive manufac- 3
turers, military vehicle developers, and test engineers have been 3
concerned about the compatibility of the silicone brake fluid with
the elastomers which are found in various vehicle systems. In order
to resolve these concerns and to corroborate the validity of the

" basic laboratory and field test data, more discriminating tests
were deemed advisable. An in-depth study of fluid-elastomer behavior
was needed, which would point out shortcomings such as excessive
and uneven swelling, possible leaching of elastomeric ingredients,
2 ' . and minor degradation of specific types of elastomers under unusual
or unforeseen operational situatioms.
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Findings from this study could be applied to the analysis of
failures occurring in future vehicle tests, and aid brake system
design engineers and brake fluid researchers in their evaluation of
the performance of the new silicone brake fluids.

4 1.2 OBJECTIVES

a. To identify possible problem areas involving compatibility
of silicone fluids with the many elastomers which are found in
military vehicular and weapons systems.

b. To develop more discriminating test procedures pertinent
to the resolution of fluid/elastomer compatibility problems, which
will aid test engineers in their evaluation of the performance of
-t systems containing silicone fluids.

{ : 1.3 SUMMARY OF INVESTIGATION

More than 1200 comparagive imnersion tests were conducted at
temperatures ranging from 0 F to 248 F (-18 to +120° C) with 14
different elastomers and 5 different brake fluids. The silicone brake
¥ fluid performed as well as or better than the conventional fluid in
. all tests involving vehicle brake systems elastomers. No discrepancies
v e were revealed in extended exposure periods.

: 1.4 CONCLUSIONS

. ‘ a. It is concluded that: The replacement of the three conven-
X tional brake fluids in military vehicles with silicone brake fluids
. will not adversely affect the brake performance from the standpoint
e of fluid/elastomer compatibility (para 2.1, 2.2, and 2.3).

b. Mixtures of silicone fluids and conventional fluids could
lead to conditions which would affect brake performance due to
differences in swelling characteristics of the fluids (para 2.2d

and 2.2g), The differences in swelling characteristics which were
found were not extreme and would not cause catastrophic brake failure.

; c¢. Depending upon the contaminant, inadvertent addition of
engine oils, hydraulic fluids, shock absorber fluids, etc., will

o cause undesirable attack on brake gsystems elastomers, which will lead
to brake failures (para 2.2f).




1.5 RECOMMENDATIONS
It is recommended that:

a. Every effort be made to discourage and preclude the mixing
of silicone fluids and conventional fluide in vehicle brake systems.
Users should be cautioned against mixing the fluids, and procedures
should be published which require the complete removal of all
conventional fluids from the brake system before a silicone fluid is
added. It is also recommended that this investigation be continued
in the area of the effect that mixing different percentages of fluids
would have on brake system elastomers.

b. Silicone fluid manufacturers investigate the use of rubber
swelling additives in the silicone fluids which are not miscible with
the conventional fluids, and therefore would not migrate into the
conventional fluid.

(Page 6 Blank)
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SECTION 2, DETAILS OF INVESTIGATION

2.1 MATERIALS TESTED

The combatibility of representative silicone brake fluids with
the elastomeric materials expected to be used in future military
vehicles was determined through a series of immersion tests. The
following fluid/elastomer combinations were used to evaluate the

compatibility:

a. Fluids, The five brake fluids listed the table 2-1 were

evaluated.,

TABLE 2-1. FLUIDS

Fluids Type

Code A Silicone

Code B Silicone

Code C Silicone

SAE RM 70 Silicone
SAE RM 66-03 Conventional
polyglycol

b. Elastomers. Fourteen elastomers were used in the study,
representing all elastomers found in current automotive systems. The

elastomers are listed in table 2-2.

TABLE 2-2. ELASTOMERS
Shore A
Durometer
Type Use Hardness
SBR (styrene Wheel cylinder cups 50
butadiene rubber)
SBR Master cylinder seals 70
SBR (SAE) Disc brake seals 70
EPDM (ethylene Disc brake seals 70
Propylene rubber)
EPDM Brake valve parts and seals 80
EPDM (SAE, RM 69) Referee test slabs 70
VITON O~rings 70
7
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TABLE 2-2, (CONT'D)

Shore A
Durometer

Type Use_ Hardness
Silicone rubber Seals and O-rings 60
N. R. (natural rubber) Referee test slab . 60
based on SAE-1SO-1
BUNA-N (33% ACN) Automotive parts 60
(nitrile rubber)
BUNA-N (21Z ACN) Automotive parts 70
BUNA-N (41X ACN) Automotive parts 70
Neoprene (SAE, RM 68) Brake hose 70-80
Chlorobutyl Master cylinder diaphragms 60

2.2 TIMMERSION TESTS

Nine series of immersion tests have been conducted to date. One-
inch slabs of each of the elastomers were washed with isopropyl
alcohol, weighed in air and water, hardness determined using a Shore
"D" durometer, and immersed in each of the fluids (in duplicate) under
the following conditions:

a. Test No. 1. This test was conducted at ambient conditioms.
Test jars were stored on the laboratory shelf. Rubber specimens were
removed after 1 week, 3 weeks, 2 months, 6 months, and 12 months;
the specimens were wiped with a clean lint-free cloth, weighed in air
and water to determine change in volume, and the hardness was measured.
After each storage period the specimens were examined for evidence of
disintegration and then placed back in the test jar.

b. Test No. 2. This test was conducted at 70° C (158° F).
Rubber specimens were removed after 3 days and 7 days. Test jars
were removed from the oven and allowed to cool for 30 minutes. The
rubber specimens were then removed, wiped with a clean cloth, weighed
in air and water to determine volume, and the hardness was determined;
the specimens were examined for disintegration, and after the three
day inspection placed back in the test jar; jars were placed back in
the oven; after the 7-day inspection the fluids were visually examined
for excessive sediment buildup.

c. Test No. 3. This test was identical to Test No. 2 (para
2.2b) except that the test temperature was 120° C (248° F). Rubber
specimens were examined after 3 days and 7 days.
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d. Test No. 4. In this test each of the silicone fluids was
mixed with an equal quantity of the conventional fluid and placed in
the test jars. The two fluids were not miscible so they separated.
The volume and hardness of two rubber test specimens was determined.
One specimen was placed in the lower fluid layer (conventional £fluid),
and one specimen was suspended horizontally in the top fluid layer
(silicone). The jar was stored on the laboratory shelf at ambient
temperature. The volume and hardness of each of the two rubber test
specimens was measured and examined after 2 weeks, 8 weeks, and 6
months and placed back in the test jars.

e. Test No. 5. This test was conducted at -18° ¢ (0o F). Test
jars were removed from the cold chamber after 2 weeks, 8 weeks and
6 months. The volume and hardness of rubber specimens was measured
within 10 minutes after the jars were taken from the chamber, after
which the specimens were examined for evidence of disintegration and
then placed back in the test jars. Exposure to cold temperature
continued.

f. Tests No. 6, 6A, 7, 7A and 8. These tests were run on the
silicone compatibility fluid and the conventional fluid in order to
determine the effect of some common automotive contaminants on the
performance of the rubber. In tests No. 6 and 6A, 1% and 5%
respectively, by volume of petroleum oil conforming to grade 10,
MIL~-L-2104 (reference 8) was added to each of the jars. In tests 7 and
7A, 1% and 5% respectively, of synthetic lubricant mceting MIL-L-46167
(reference 9) was added to each of the jars. Each of these tests was
stored at ambient temperature and examined after 1 week, 3 weeks and
7 weeks of storage.

g. Test No. 9. In this test, conventional fluid was mixed with
the silicone compatibllity fluid to produce conventional fluid
concentrations of 5%, 10%, 20% and 30% by volume. Rubber specimens
were immersed as described in test No. 4 (para 2.2d). Four and
eight weeks examinations were made and the test is continuing. Another
examination will be made after 26 weeks.

h. Comparison criteria. The criteria listed in table 2-3 were
established in referance (4) to check performance of silicone brake
fluids on some elastomers found in vehicle brake sgystems. These
criteria were used as a basis for comparing the performance of the
[ ] fluid/elastomer combinations in these tests with known satisfactory

i performance levels.
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TABLE 2-3. CRITERIA FOR RUBBER PERFORMANCE (REFERENCE 4)

Immersion Tests
Volume Swell Changes In Hardness Test ~Temp
Type of Rubber _ (percent) (Durometer points) S¢c p

SBR +5 to +20 0 to -10 : 70 £ 2 158 £ 3
- +5 to +20 0 to -15 120 £ 2 248 £ 3

Neoprene -3 to+ 6 +3 to -10 , 70+ 2 158 + 3
-3 to +10 +3 to -10 100 £ 2 212 + 3

EP 0 to +16 0 to -10 70 £ 2 158 = 3
Natural +5 to +20 0 to -10 70+ 2 158 £ 3

2.3 RESULTS AND ANALYSIS

a. Results. Results of all tests are tabulated in appendix A.
The data are also available in graphical form at Aberdeen Proving
Ground, MD (STEAP-MT-G).

b. Effect on SBR.

(1) Results. Swelling and softening exhibited by all proprietary
silicone fluids on SBR fell in the middle range of reference criteria
in all tests. Swelling values for the silicone compatibility fluid
were borderline high at 0° F and 248° F (-18 and +120° C). Swelling
values received with the conventional fluid were low and in some
instances at ambient temperature, slight shrinkage occurred.

(2) Analysis. SBR is the most widely used elastomer in drum and
shoe brake systems, so the silicone fluid manufacturers adjust the
effect-on-rubber properties of the fluids so that the effect on SBR
falls in the middle range of reference criteria. The borderline high
values received with the silicone compatibility fluid would not cause
brake failure. The low swelling values received with the conventional
fluid could indicate poor performance because of potential leakage of
brake fluid past the cups. In actual vehicle operation no widespread
problem has been reported.

c. Effect on neoprene rubber.

(1) Results. Results of tests on neoprene rubber showed that the
proprietary silicone fluids gave no excessive shrinkage or swelling
regardless of the test temperature., The silicone compatibility fluid
gave high swelling values at ambient temperature and 248° F (120° C)
after gxtended exposure. The conventional fluid also gave high values
at 248" F,

10
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2.3 (Cont'd)

(2) Analysis. Neoprene rubber is used in brake hoses so the
swelling/softening values are not as critical as those for rubber found
in components which move during braking applications. Specifications
and reference criteria allow slight shrinkage and moderate swelling.

The high values recorded in this series of tests for the silicone
compatibility fluid and the conventional fluid at 248° F is beyond the
normal test temperatures and exposure temperatures for neoprene rubber.

d. Effect on EP rubber.

(1) Results. All silicone fluids performed satisfactorily
on EP rubber at all test temperatures. Swelling of the EP rubber with
conventional fluid was low; slight shrinkage occurred at 0° F (-18° C).

(2) Analysis. EP rubber polymers are used in disc brake seals,
brake valve parts and in some master cylinder applications. The
results received in this test with the silicone fluids were excellent
and would indicate that no problems would be expected in the use of
silicone brake fluids with EP rubber. The amount of shrinkage found
with the conventional fluid at low temperatures would not be expected
to cause poor performance. Recent research has been directed toward
improving the cold-temperature properties of EP rubber.

e. Effect on natural rubber.

(1) Results. Results of all tests on natural rubber/silicone
fluid combinations paralleled results found in the SBR tests
(para 2.3b). Swelling and softening values for natural rubber fell
within the middle range of reference criteria with all proprietary
silicones. The values for the silicone compatibility fluid were
borderline high at 248° F. The results of the conventional fluid/
natural rubber tests were satisfactorv at all temperatures.

(2) Analysis. Natural rubber is used in the brake system of some
foreign vehicles, but domestic use has diminished over the last decade.
The gwitch to SBR was made because of better avallability and increascd
high-temperature properties. No problem would be expected in systems
using natural rubber and silicone fluids.

f. Effect on butyl rubber.

(1) Results. Swelling and shrinkage of butyl rubber was very
low in all tests conducted in this program. There was little effect
on the elastomer by either the silicone fluids or the conventional
fluid.

(2) Analysis. Butyl rubber is used in master cylinder diaphragms
and is subjected to static situations only. The results received in
this program indicate that there would be no operational difficulties
in the use of butyl rubber in the desired application.

11
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2.3 (Cont'd)
g. Effect on nitrile rubber.

(1) Results. In this investigation, except in isolated instances,
the silicone fluids were compatible with the three nitrile rubber
formulae, The conventional brake fluid is not compatible with nitrile
rubber and caused excessive swelling, softening and some rubber dis-

integration in most tests, especially those tests conducted at high
temperatures. '

(2) Analysis. Nitrile rubber (Buna N) 1s compatible with petroleum

base fluids and is used extensively in O rings in all systems, such

as weapons recoll systems, which use petroleum base hydraulic fluids. .

It is also used in various automotive applications such as shock !

absorbers and fuel systems, but is not used in conventional braking 4

systems; it 1s incompatible with conventional brake fluids. For the

purpose of this study the observed compatibility of silicone brake

fluids with nitrile rubber is coincidental, but the data derived in the

study would be of interest to engineers in the weapons recoil systems

. field or other fields which at the present time use petroleum base,
synthetic base, or other inflammable hydraulic fluids in the syatems.
Possible advances could b2 made in the use of silicone fluids in these
applications.

s h. Mixed fluids.

(1) Results. In tests involving 50/50 mixtures of silicone
brake fluid and conventiorial brake fluid many instances were noted
wvhere different amounts of swelling of the rubber test slabs occurred

v . in the two fluids in the same test jar. The swelling which was found

X was of different magnitude in each layer of fluid and did rot match
the swelling which occurred when that fluid was tested alone. The
differences in swelling were relatively small and showed up gradually
over a long period of time. In some cases slight shrinkage occurred in
one layer and not in the other layer.

(2) Analysis. The silicone and conventional brake fluids are
not miscible. Each fluid contains additives which are placed in the
fluid to adjust the rubber swelling and softening to the desired range.
When the fluids are mixed, this series of tests showed that one of the i g
fluids extracted the rubber swelling additives from the other Iluid and ;“
in many instances gave results which showed that the additive had -
* migrated. If the fluids were mixed in a brake system and uneven swelling
of the elastomer occured, the distortion of the brake cup could lead

o to brake malfunction. In cases where shrinkage of the elastomer h

- occurred, fluid leakage would show up in actual operation. The amount .

’ of distortion indicated by this study was not extreme, and thc resultant §

. effect of the distortion would be gradual and not catastrophic. Tests :

] ]. . involving several different silicone/conventional fluid ratios are '
' continuing. '
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i. Effect of contaminants.

(1) Results. The tests in which engine oil and hydraulic fluids
were added to the silicone brake fluids as contaminants showed
increased swelling of EP, SBR, NR and ailicone rubber; neoprene and
Viton shrunk; the nitriles and butyl rubber remained approximately
the same, In the contaminated conventional fluid EP, SBR, NR and
butyl rubber showed increased swelling; neoprene, nitrile, silicone
and Viton remained unchanged. In tests in which the shock absorber
fluid was used as the contaminant most of the results were similar
to the tests where engine oil or hydraulic fluid were added. Some
variations occurred; the neoprene rubber swelled more in both
the conventional and silicone brake fluids; the silicone rubber
swelled slightly more in the conventional fluid; the butyl rubber
shrunk slightly in the silicone fluid.

(2) Analysis. Contaminants were chosen which are most apt
to be inadvertently added to the brake system of vehicles. The engine
oil and hydraulic fluid are petroleum base fluids and are known to
be incompatible with EP, SBR and natural rubber. The shock absorber
fluid used in this test is a synthetic diester fluid. 1Its effect
on elastomers is very similar to the petroleum base fluids. Experience
has shown that nearly every conceivable type of contaminant can find
its way into an automotive brake system, Some of these contaminants
can cause catastrophic failures which are entirely independent of
the type brake fluid used. A general analysis of the results of
brake fluid contamination is not possible. Past efforts in the
training of personnel on the proper handling of brake fluids should
continue.

j. Effect on Viton rubber.

(1) Results. In this study Viton was compatible with proprietary
silicone fluids, codes A and B, but was not compatible with silicone
fluid, code C, and the silicone compatibility fiuid. The conventional
fluid caused the Viton to swell and soften excessively and was
not compatible.

(2) Analysis. Viton rubber is used in O rings, valves, and
diaphragms in fuel systems and does not come into contact with
brake fluids. The fact that the Viton is compatible with some of
the silicone fluids is worthy of note, and this information may
be useful to design engineers in future developmental work in the
automotive field.

13




.
AN %1

4

¥

T AT N S gt T R 1o okl
e ,‘w 2R o @ e
. .. R W3 . s, . R S S
. . il "t o ‘_‘._A.-..«.v-é‘r" Lo A r
———— e e - v A s — ot - -

2.3 (Cont'd)
k. Effect on silicone rubber.

(1) Results.
silicone brake fluid.
tion occurred.
silicone rubber; only slight swelling or shrinkage occurred in
all tests involving conventional fluids. .

(2) Analysis. Silicone rubber is used in O rings and in
hoses found in the automotive aystems, such as radiator hoses.

The silicone rubber was not compatible with the
Excessive swelling, softening, and disintegra-
The conventional brake fluid is compatible with

Since it is chemically similar to the silicone brake fluids, the

“solution effect" renders the fluid and rubber incompatible.

The

conventional polyglycol fluid has no adverse effect on the silicone
rubber, and the rubber can be used in many applications where it

is exposed to polar fluids.

14

- .
- ar Ve e ™ e o c WP e g L SN

BT L

——g—

ST —————

T B LR A LS e

vEry




TABLE

A1
A-2
A-3
A-4

A=5
A-6

A-7

A-8
A-9

APPENDIX A - TABLES

TESTS AT AMBIENT TEMPERATURE . . . « . « +
TESTS AT 70° C (158° F) . . . . « ¢ ¢ ¢ « o &
msrs AT 120. c (248. r) L] L ] . L] L] L] L] L] L] .
50/50 MIXTURES OF SILICONE AND CONVENTIONAL
FLUID AMBIENT TEMPERATURES . . . . . « « « &
TESTS AT "18. C (o. ?) e & o © 8 ¢ o & o s @
CONTAMINATED FLUIDS (GRADE 10, ENGINE OIL)
AMBIENT TEMPERATURE . . . . . ¢ o ¢ ¢ o o o o«
CONTAMINATED FLUIDS (SHOCK ABSORBER FLUID)
AMBIENT TEMPERATURE . « . . & ¢ o o o o o o o
CONTAMINATED FLUIDS (HYDRAULIC FLUID) . . . .
VARIOUS MIXTURES OF SILICONE AND CONVENTIONAL
FLUID AMBIENT TEMPERATURE . . . . . . « « « &

A-1

PAGE
« o o o o A—3
e o o ¢ o A.s
e« s o o o A—6

e o o o o A-7
e o & o o A-a

e o o s o A- 10

¢ s o o o A—ll
¢ e o v o A.lz

e e e o A-13

(Page A-2 Blank)

- : Rl T R PRV XY




*9TqE3 JO PUS I@ SBIOVIC0] BEE

' ne -+ - st £€9°0 [LAC A 6 Y- L£°6 - €= T s+ - %S 1%y 2- awek |
0 ™+ §- 90T ¥ w1 809 T+ LST S 19T ¢~ € BEl [ 1 47 "wie o€~ »q3o0m 9
¢ 1~ - %L 6 e e's - 1°ST L~ €St ¢- 8-  €°C1 7+ L3 o) [ A een ¢
(3] [ - AT T~ Y oy 1- T'EL 9~ TowT (- - g5 ¢~ - 90°¢ 16 v oyoea ¢
0'e - ™ 60y T~ €2 23 T o 90l v  9°ZT (- - s0E - €= §29 19°9 - oon T
7 otémwg
L'es T+ €- %0°0  §~ 91°0- ”we oF 6 § 166 (- € S~ 9T ™ - %9 {3 O wak 1
0 v € S0y ¥ %0°7 or'y T+ T°€E1 $- £ ¢ S € €U 9 €& 0yt 6°L €~ wyyuom 9
1. 1~ - Wt 6~ 9z 9 - €St - TN - S 8- 08 I+ - to'® '8 s- ogoen
T T 9~ <7 - 102 ‘Y 1- 9°0T 9= 1 (- 'Y - TN €- [ 7471 ML v wgeea ¢
s - 9~ 62y - 8872 66 1- L6°6  v-  6S°8 (- IT ¢~ 6'8T - t- 189 59 v Aoen 1 v ®po) pImTd
1 sidems  aweg SWOIITIS
-5+ " € 9T S- 6172 ®©y v 0 796°0 ~ €+ 86T 1- T T 6T 1- " €50 o¥ awek 1
®«T-C+ s €= L'ST 9 0Ss°I- sy o+ 0 @Z'1-1 64s 1- 0-€- ZFT°0 - OF (3 €6°9 €~ "jmon 9
ST's-€C+ L $= 8% 9 68S°0- ™9 - O %'t 1- S1°L 0% ‘T T- 9960 - “ 90°'T 0+ sysen
ot'c 03 6~ - &0r 6 2 €9°8 (- 0" e S~ €2°S €~ ‘T OE- 90T 9 z- "o v ooen ¢
[ T KN & [ 3 e L'ty & T91°0- oy 9- 0 €0°C v 68 9~ A ST R S - ez'1T  s- yoea |
T stémg
”®'T s+ - * T6T ¥y 07 $TT 9+ 0O 697°0 - S+ $S09°0 - €+ T - T 1T- 1+ sY0°0  0F aeek 1
”T €+ [ 2 €= T°9T 9~ %1 €S o+ 0 §€€°0 - T+ Z0T°0 - 1- 0 -t~ o 0% [ 810 - €~ sqawon 9
02T €+ L~ §- €€ 9 00°1 99 ¢- 0 6€°T T- T oF T 1= 't oz 1+ 1€£65°0 0% syeen ¢
two 03 [ - Ty 6 992 rw - o 2T S- $SE°0 g~ 0 € 8T - . z- €L6°0 ¥ oyeen ¢ (90-9958) PT™LL
”°'Y-¢- [ - T’y ¢~ S0~ *it 9- o e - L6°T 9~ T vy vz s- " 1- 2o - qoon | £377191 wdmoD
T sydmg TeU0T JWBADO)
e z- - Sor s~ 8¢ €= oy 9°€1 §- €61 §- 2SN S 1 ¢ S 1- s Z- el |
- €- -~ s02 v T1TT €= 0w T 8- SRl ¢~ A LA 1 3 2 z- 'y v *pImos 9
o'z <= 6~ 8'9t 9- SS°S [ S s 1 9T 6~  €°81 g- ‘61 9= €YV (- <- €5y v *yoen
T - ~ L1 9~ 09 y- 06 €°ST 6~ 981 6 8T (-  8°0T 9- €- ”®'y v een ¢
TSy .- 9= €91 ¢~ 997 €= 6707 €T - 0°L1 g~ 9T -  vIT T- 1- ey € T T
T oyduwg
” €- - T°8T v yl'c €= S 9°¢T (- '8l @- T S €91 9 0% 6TV &~ awek
ey €~ 6~ €8T v 991 €- 99 TST 8- 8T ¢~ T $- €€l €- z- [ 334 S sywou 9
) s~ 6~ 196 9 1 - e 1°9T 6~ LT @8- T 9-  0°9T (- < [ RO yoen
18 » 6~ 9% 9 Ie°1 BCCE O 0°ST 6~ 0L 6~ T L~ 9Er 9 € I e oo ¢ (onm) vrou
1y €- 9- St €- K1 €= Lot 0ST ¥ 6°ST g- T s~ el T- - 911 €~ yoea Y £37T1q1 wdmo)
- - - -, - -5 - q q “q “q T 2" q “q 27 q 1 stduws  sevg SwOITYS
: L33 ePTIIPE)
~Te 08 NIy OVIIZ OV IC (03 09) w#usadosy (eand 0L) (6anq ol) (©3nd 05) "(6InG 09) (63nd %) (oand 04)  (6wa)
eoTTIS  (oang OL)  (SIM4 0  (0ana 09) TAIM (03nd ¢9) pdie saaa o ma
» vwng s vy n vung Teangey
TUIVESDIEL INSIOWV 1v SISTL “T-v T1AV1
- o -
’ -~
e

L e L RN P S X

3
TN ¥ e et e e s

-



o e

et B g Lot e ol . - S5 A SRR A e’ b WY K14 DA, Sl st ri e el B ;
i N
3 . . 3 ' &
4 't
b2 . ¥
L ]
. {
 y
: s
R .
A w -
i m. . )
i
b
4 +(3ue018d) emmtoa w} sBwS), 4
< , * (v3ut0d) seeuprey w3y !a -
. *oInzeIsdum] IWOTEW T "OF IS, Al
1y 01— €L 0¥ 06 9 T°6T S~ TTE T+ @Y €~ 89 § - 66 - €L - L0 v €58 - 80°¢ 0¥ 19°¢ T+ 9W'E L & 2eed ¢ .
o'ty 01~ al's oF TET $- S ¥Y- ' T- ¥'91 - 76T (- ST - 16°6 - L'I1 €= 018 €= £t I~ $6°7 0o+ 96°Y 1- sqIuos 9 ”
$°6Y €1- 296 4 §°9T 6~ $°6Z O1- S9°T - 06T 6- ¥°6€ OT- 641 [~ @IT 6~ S°61 8- L°ZT T+ TyL  I- 8¢y I- 80°L 9 oyven /
18y 1= 99°g € 26T ® T2 9 - 98°r Z- Z'ST (- €°6C 6 - L9 (- LTI g- UBT i~ TU I+ 68°9 - ey - 20°¢ - opeea ¢
0°9¢ O1- 9°¢ T- 99T 9= 6°€C ¥- €Ot I~ THYTL 9= 0'€y 6- S°ST 9 €°IT I~ 9IT 9- (E°L €= (8°9 - 8¢S T~ €679 1- oen 1
T widuwg N
; U Nl- Y 1= TC°6 $- 10z vy- IT°E T+ ST - §°9r s- TAL - 0L°9 €= €0t ¢~ 0U'8 €= 929 I+ €T 1+ 8Y'C o+ eed 1 .
k. 3 Ty O1- 696 0F 9€T S- 0°0¢C - 667 T- €61 - €S9 (- 6'ST S- €0°6 = 811 € 00°% €= 67§ T= 79T OF 65°Y 1 ST 9 H {
S 96y £I- T6°6 9= 0°LT 6 T O1- TS°T €~ TSt 6~ g0y or- TU'BT L~ 9IT 6~ C6T g~ 9°IT T+ 'R - 6S°y 1= *1°9 r oeea !
E . ey TI- S8°¢ € T §~ 982 8- LT T- 09 ([~ 966 6~ 6°LT (- 80T g 0T (- IT T+ T8 = 9% - o1°9 - e ¢ I'd
: €05 OT- OT°4 T- S°6T 9 L°CC - 99°T Z- 6°ST %= Sy 6- YLL 9~ It @ 89T ¥~ 911 €~ 89°L T~ 96T T~ 19 1~ xooa | 2 po) pINLL u
4 » - 1 otduws SERg SNODITYS
S 1°99 1~ 1Z°® = e = T'IT €- I9'C I+ 18 OF T°6T T~ YOU S= U919~ Z°¥1T §- 9°IT ¢~ 99°L - SL°9 1- <8°9 [Ad ek “
} vE9 IT- O¥'E T+ L €~ ST T~ O00'T €+ 268 T+ 6T T - UOT 9= 9L §- 2T ¥- L0 €- €2°S I~ e6'y OF oLy - ;qIme ¢ ! ]
e  TI- SL°Y 60T (-~ €I €= 69C T+ 68°L €- 6°€T z- TS L~ 6°ST (- 19T 9~ [LET €= SE€L ¥ 8R oy S@L - sen i ’
7 L~ 6L 1= 9%°Y 6~ %'y €- 0T 6~ 19°% - 96t € - 0°21 (- T (- 96°L S+ L°0T 9~ 65°S - st €= %0°S " hiadaall ¥ :
4 $°¢C OI- 69T v 99V - 9y v- 9T S~ £e°¢ - S0°s T~ 99°8 <- so°® 9~ T10°6 $- 69°6 8- st°s Lol (94 1 - e L qoen 1 “
7 orémg 3
99 9T- w9 OF 6¥9 S €I €- 99°T T+ T18°L OF 06T y- 8€T <~ SCT 9~ 99T (- 92 ¢- 89 T~ €9 I- WL I- ek 1 »
1°€9 1= 18°Y T+ SI°¢ €= S$IT T - 07°0 €+ 00°L T+ 9°6T z~- €21 9= €€ ¢ ZT'CT ¥ 009 - €~ €L'¥ 1~ 0s°y o+ 95°S o sIvon §
0L TTI- 96°S - 996 (- ST €~ 69°T T+ 6Z°L €= 9EY T~ ST [~ T°9T (- T'BT 9~ QTT €~ ST'9 9 6S°L Y- LT°® ¥ sxoen ¢
809 L~ #9°C T- IS°9 6 UL €~ L€ 6~ 19¢ - T~ WL £~ VIV L= €T [~ eye S+ SL°6 9~ €6°Y Y- 19°y  €- ST'9 - oqeea ¢
0 01- v - oty - ey - b T T 1 Ak 4 - 0E'y T - $9°6 €~ L°0T 9= 90T ¢- 2L 8- 6Lt - 9t - 16"y {3 eea 4 "po) PYRTd
- “q " “e "3 "4 s "¢ "5 q "3 “q~ 3 375 "q "53¢ "5 "¢ s “a~ 3 "@~ > “a- “q Toréms  eeex wwoanys
(33 eFOTIIPW)
(oang 09) W Zly OV X2 %W Tee (017 09) eueidosR  (oand OL) ~(oana OL)  (aVE) (o™ 05) (oand 09) (oang 08) (oand 0 = (6o)
SUSITITS (oang gz) (oang OL) (oang 09) T4Img w3ITA s (o3na ¢9) 48 39qqry Raax waaz wadz
3 N vung n vy n song s Teanyvy
m (q,m0d) 1-v FMVI
.
-
. - [

R




i . ) ] Sy A - o

9°L9 61- S61°0 T+ TO'T 2- 0T ¢~ w'ST- 98¢ T- g9 - Y96 9- S°0T 6- UL L- €I 6~ Y'Y S €6°5 v 109 ¢~
LS Ot- L0 08 900 €- 066 I- TW'TT=- LI'€ Z- 929 @8- 696 (- 9T O1- (0T (- €It $- 09 9= OI'C 9= (8¢ §-
L'99 6= 10°0 T+ L'TT 2- €01 ¢~ WS T~ 92°y z- 06T 3- 99°6 9~ 6°0T 6- $°ST (- @IV 6 €9°L S~ 809 9~ €08 §-
995 O1- 929°0 O i£'Y €~ 19°6 1~ MTI- 'y z- 95T @~ 0°0T (- @°TT OT- 9°€T (- 9°Tt ¢- U9 9- 5SS o i &=
poTIoNg JevETpeg usarpeg jamypeg

G- ST S~ T 0TIy T+ vE6'0 T+ U8Y0 03 2S°L g- YOIL §- LETR 9- 8Ll - 0§°L  €- ¥§'S €= 98§ Z- U'S I
COOY- 9T T- LT 1~ wne - $SE°0 05 SL8°0 z- (¥'S ¢~ 66°9 &= U8 - 4L §- e y- T10°S - €9°Y €~ 69°S €=
€O T- Ml S €9°T 05 STy T+ ST'T 7+ €60°0 0% Y9 - €8 - 859 9- 908 - 69°L £~ $I°9 €= 09§ - @9 -
TLST=- T - &1 T- 86°Y z- 90005 ewy'0 - 66°C - 98679 G- §67L 9~ eedL §- L v E6'Y ¥y- SIS €~ €57 €-

6=

POIToNg  JeERgpeg . JusNpeg
- * - 6v°8 9- WL - 99y ¥y-  S0O° s~ 08
w -

€ TI= 62°C T+ ('€~ €+ ST0°0 I+ T°0 - 95°1- €+ 29 ¢~ 8 9- 98 8-
SN W™ Nt~ & "'rT s- §99°0 2- ZeE0- I~ LI'Y ¥ OF - 8’8 (- f5°8 i~ 6y'L FASEN {0 2N S 2 44 L

(13

S
<
9- €9°6 9= ¥5'9 - 69y v- Tv'8 S~ 009 <-
L= 6 %€

CHTI- VY5 9y €+ WT0- T+ $00°0 - 06°T- €+ €0 $-  9g°
69 - S’ - T - 65°'vy v 9L - | o

; (CE M- CT-8& TvE~ 05 €090 €~ €O~ €¥'0- T~ SI'Y 9
Py T PoTTg P Tg pelioag
* 9- 18°S £~ i3 - 68 I- E€y°0 O3 ° [
$6°

=%
ne

L B €4y -  €°«4C $1~ §°66 - P2+ 06 - 96 l1- YT £- £9°4 y 166'0
708°0 -3 [ N o g% s- [ ML E %9°0 03 T°0T (- 269 1~ TE°Y v ¥y ¢-  gu'¢ 9 ' 1- T 1= gL'0 1- oyt -
®1°0 4+ $°4y TI- T S~ 59 L~ 6T+ 666 (- 8 LI- €9°T €~ 05°Y 9- o1'9 £~ 29°'1 - 66°Y I~ 165°0 0% 69570 -
v°0 -5 re 118 §1- 909 8- 960°0~0% €01 (- S°€9 TI- Y'Y - H0'Y - @6°C 9~ $£°1 - EL°T 1= 9§°0 T- L0 T-
JuINEree

potieng ’, A :
€O Tt~ U0 & 12T 0°¢ T~ &L'0 1= U1 €~ 181 9- 98°6 [~ 6°0T O1- 9°01 9- LT°6 $- SY'S - 08y - 8%°¢ [
L°9 T3~ 89°0 ¥~ uU't - e 2- W60 2- £0°T 1I- €T 9- 9v'6 ¢- 6°0T oI- <°OU 8- S0°6 ™ 8¥S ¥ ET'S v 65°9 *-
L4°98 TT= o5o°0 & 01°C v ®0'¢ - o€°TTI- 6I'T €- 991 @ ¥'6 (- 90T o1- <TY'IT 9- LL°6 - 9 v Sy £~ 98 [ 44
€9 I~ W't - ‘T T ”n's - 9T~ 1T T~ £ 9- €66 $- Tv'é oO1- 601 - $6°6 - 2¥6 v YIS - X9 -
-3 4 " 3%q " 5 "4 - 2" q “ "4 "3 "q -2 "q " 5°-q" 9 “q "5 a3 "¢~ 3" " 3°q "8 "

3 “Ev iy v it OV Ic_ (0370 09) 9oeadosy  (6ang G/) (0anQ 0) () (oand 05) (o304 09) ?u.a 08) ~(oang oa No!-m
(oang gy) (eang of) (o 09) 1hang wITA "s (oana ¢9) ns awqqny
n voy n g u vung s eanaey

 o#5T) O o0L IV KISEL °Z7-¥ TTEVL

{ s




ooy | WY g
POISTUINIVESTE
. . Imuipeg Jmaypeg JusuTpeg Supavexg
. 10°F €= 690 9- I°IT €- 166 9- L9 §- S 6- 11 - 11 S1- 911 &= T'SI €6~ 09L& '8 9~ o1 O wen |
SW T- 626 1- 9T ¥e- €00 Y- 'Y T- 19°C E£- o1 L- 666 8- 02 9- €O (- T 0 09 9 M9 = UL ¢ L X
o ¢ sréuwg
06T £- 960 Y- €I £~ 611 v~ 9L S- 991 6~ z°0f T1- £6'8 SI- 811 9 Gyl €€~ 999 @ 141 o 7OV - o |
TEL T VIO~ 11 29z ¥- L1°6 Y- {5y ZT- $6C €- 2Tl L- 556 8- €U 9- €T (-~ 9T 0 €L 9 L'ST & 6L 9 omoy 3L
PoTTINg IMEFPeg  JWREPOR | oyéweg
CTL S1- 9°5- 1+ O1°0~ S+ 665°CT OF §90°0 C- 08°9- ¥4 00°S €~ ISy 9~ ¥9°L 6- (9°S 9= 99°L 1= ¥ 9 €9 (- Ol §- ooy |
£T9 T1- 91°C- 1+ €41 0% W€ 1+ 9900 gz 9°1- T4 $I°S €~ 0L 9- £0'8 6- %6 s I9'¢ 6- 6y'9 €~ 9L € €97 €= oﬂdm
SoL Si= 06°S~ T+ 61'9~ S+ &°C O3 CO9°0 ¢~ 66~ ¥+ (29 €- 1Z°6 9~ €9°9 6- 62§ 9 1v'y 1~ O¥'S 9 ¥9 [~ 11'¢ §- T en §
TC T1- 96°T- T+ 6°01 03 98°C [ 4 990°0- 0% 69°'1- 1+ 9 €- ST 9- i8¢ 6~ $9°% s~ 65°L° 6~ 8§ €~ UL € 9%6°C € ...«mnl
Lod Lo d witeng bt
0°08 OI- 68°9- 03 16°9° £+ SOT-03% %1 ¥- €66~ %4 9I'9 €~ 00°9 §- 9L ¥- 5L 9 €99 OI- 05 g L6y S- 05T L- aoon |
60E T1- Cv'6- 14 81°%- 14 (TS0 T+ S5°v- OF [8°1- 03 fo's €=~ €0°L S- w's 6- e ¢ €L L~ IS°S  s- 66°y € 61’9 ¥ .I«Iﬂ
{45 O1- 00°- ©3F 19° L+ W1 03 W'Y ¥- 206~ v+ S €- 06y §- 209 ¥- W9 9 i6°5 O1- weoo&- TS S o9 - e |
16 TI- 8% T4 CL°T- 1+ GXT°0-T+692°0- 0F 621~ 03 'y €- 909 §- &L 6~ Iv¢ ¢ o9 L~ s S~ 18y £~ €8S ¥ -ll.#
yog  Iwwipeg whog Téueg
L3op pou Lot Swpyeeag
Ladioemd peTTong poTTeag puv perreng
19°0- Z~- 8°S9 Sl- 9°9L £T- T°66 91- 069 O3 €0 €1~ 'S8 - Y0'8 @- €9 L- 6L v I¥E 6- 61 O T 1- 197 6 oo |
€260~ T- 099 L1- 606 91- T°6L S- Ty 03 191 2= ¥'€9 6l- SO'® ¥- 9vL $- SE°L 9 99°T O1- T T~ 60°Z . OF INe S~ ..l.u.&
T ordmeg
6ST°0- T~ €9 §1- 9°¢6 g2~ O0°SOT #1- €C€°¢ O%F 1°91 CI- €°'€® [Z- €9°¢ @~ $C°¢L L= W9 v 07y 6- 8T 05 €077 1- gy S- woon {
005°0- 1~ O0°S9 Ll- (°6v oI~ LT8 S- T’y 0% 07 ZN- 1°09 61- 10°¢ ¥- o'z &- €L 9 SI°¢ O0I- w1 - 6T O gy §- sanog 7L
w—eg | ordweg
Supyeesy Iwerpes
PE petTeng  JweNTPeS T3 IJwmETPes IJWEIPEE PUF SYIAFAM  IWEIPES  JVNATPeS JweTpeg
9°6L 6T £°TT 94 7Y 91+ 681 N+ E9°6 Y- 60 S+ ST 9~ 20 T+ 961 €4 O0°WT 1+ 991 61- OLT L~ TIT - 6, & woon {
163 ¥I- 39T°C OF THAD -0+ $9°C O+ 065 6~ (89 T- €Ll L- 6 S- W8 £~ €28 € §U L2- 99 9 1Y ¢ ®. o sancm 2t
. . T srdueg
T8 6T 9°TT 94 S¥YY I+ 8L ¥+ IS6 VI~ LT S+ ST6l 9 - 6l T4 6°€T €+ ¥ I+ €LL 61- 06T [~ 601 ¥ 606 & wen 1
TUE VE-020°0 OF $0°L - 01 L6 O %E  6- 6972 T- 9€1 f- 298 S - €8 €~ 29 €~ O€°6 LZT- 619 9 SI°L &~ €I'§ O samop 7L
"> "q "3 "q " 2"q "3 "a s " 5°q ~5-q "5 "¢ 5 “a 3 "4 "> 9" > "473 "a” 3 "a 1 sdumg
. ) L3
%«lﬂlﬂjlﬂﬂniﬁgg Aﬂg#gdaﬂwgglﬂl
SUOITTTS (oang 0L) (oavg p¢) (029G 09) 1hIng VOITA ws (oang £9) s seqqmy Riqas g wadz
n g a sung [ R | s [eanien
. (A ,9%2) D ,OT1 IV SISIX °€-V TV
4
- « T e ..I..:.Wll,. S e e et - e
-
. . .’
. ' ()

e -

gl

RO

W b,

3

.




TR e W T T

L°€S €I~ 0°8Z §- 8°01 9~ €°0C (- ¥'1- OF 00°Z - 099z @y~ U6'9 &- (g€ T~ &7 € ¢ (-
o6y 9T~ 161 TI- 6°0Z II- 6°8C SI- OBS'0- €~ S0°L 6- 0'S9Z sy- S°€T9- 0O5°C S~ £8°C L- €€y ¢-
9°06 6 §°I8 6~ YIZ L~ TI¥ E1- O9'9- I- 9°S (- OWLI §2- WE ¥- T ¥ 9°T- $- 2600 2-
0°Ss €1~ 62 €~ WI0- T+ 662 9= (2'1- T+ 66°T- Y- O'gyr 9z- 9Y9°0 03 95z €~ QU'T 0% 9y Z-
6 (I- 6T OI- 286 8- € €I-0ly'0- ¥- 00°0- ¥y- O'ZI1 Te- OB°E 9- 29'y §- OI'fE §- o'y 9
91§ €1~ LTZ - TUL L~ €€ 1= 991-2- IW0°0 y- 'Sy 91— L9°Z ¥- SI9°0 &= YO~ 9- OL°Z ¢€-
€9°C IT- 1€ Z- €0°9 OF ¥°SZ 9 90°t- €+ 00°C €- O'ovz €5- 9I'Y I- #§°s 03 Ii'6~ T+ IT'y 1I-
ST'E- o1- 916 S§- @°01 (- $°Z% TI- vyg- 05 61°9 ¢- OECZ $z- O'T-L- 99— € €9°L- &= €L°0- €-
LY== LTy S- 9°T S- Ly i~ T16°T- T+ 68°L £~ 0°991 9I- BL°S 0 28 I~ Tote- I- €Y 1-
&S TI- L°0T IT- 60°Y 7+ 6°€1 I~ 9vZ°0 €+ Tt'0- Z+ 0%ZL 0z- 90T 03 69°T- - 9E I- €5°Y I-
T #1- 0°TT S 99°Z S- 9°TT I~ 96°€- 0% €0~ €~ €56 €z- L6'Y- (- 29°9- €= 00 9- 05T~ 9~
€9°T 6 0§27 € @€ € §°92 ¥ 9%y0 T+ SU'C €~ ('ly & €09 - LU'T- T- 986 I- Wy z-
P66 EI- 2°02 E- 96°6 E~ L°6T 9~ s8I0 €+ T6'y T- OIS zy- LI'9 T- SLY  T- 9% I- 6C 03
96 ST- 94T 6~ 8% 8- 966 T~ 91~ T+ 6T°S 9- O'Lyz v~ 8Ty §- T €~ € §- 2T -
60 OI- 96 € 9T S 9Ly 8~ OT6°0 €- OU'S 2- 0691 Iz- W'Y T- Uy 06 97§ - €€y 1-
$°79 €1+ OCT T- 920~ Z+ €62 ¥ €S0~ S+ O2'T 05 0°9ZT 9z- Ov'S 03 1Ig'§ OF 18y 1I- 256 I-
LSt 91~ T'OT L- 96T~ T~ 9°82 11~ 9l°t- 0% 65°0- ¥y~ O'6I1 92— 65°C €- 10°y €~ #9°Z 9 €0°L -
965 Ol- S'€Z 2- T°ZC €~ OK S~ 290 €- 9°5 €- &'€@ 2ZT- 996 - 9°L 05 8S°L - €01 1-
€°0S 91~ AT 9~ 66 S~ L9 S~ ZTT'0 T+ W9E S- 0°197 €6~ OY'Y T- 06 E- &RE €- S5V €~
66y 9I- I°SE OI- T1°6T 6~ @0y 8~ 006°0 2~ €Z'¢ L- 0%097 - 459 ¥- 80°L 9- L.°§ @~ 08°S §-
06 Ol- €46 8- '8 6 'y (~ 9180 OF 95°6 9- 0°/91 #z- SE'9 ¥y=- 'S  ¥- WS - Y'Y g+
209 ST- 092 9 OIS ¥ €°IZ ¥~ 96°0 I+ 96T y- 0°991 €2- €6°T T- 0Ly €~ ST 0% 20§ -
LS §T- S OT- SI'Y S O L~ 00 S$- 629 (- OEYl 62- €0O'Y ¥- 2ZI'L & T°Y 9- v'S 9-
026 ST- 9°6T 9= 761 9= 90 S~ €0Z°0- €- 909 §- ('L 61- 85 y- €8S €~ 9079 <- S0'y v

"4 "2 "q " 57q "5 “q T 237q "2 "q "5 “q 37q "5 T4 "3 7q "aTq

€1~ 1I-
€€°0~ $-
6°¢~ €~
"I~ OoF
9%°0~ §-
Wi~ £~
91 124
wi- -
[ 19 ¢ ¢
CET
96 [4d
L A S 2 4
€ne 134
91 o
$16°0 t2 g
$€°T 14 d
$§°0- 05
”'1 [+
0t €=
0z°¢ $-
wi- €~
"z -
ot -
ez~ ¢~
- s "q

*PYRTJ STQTIVdWOD ‘ JuBAROD

.

L H
L 221

33
e

i 344

Rel ggn g=yu

"

.

e O™ oNO L Y

-

(388 382 588

*(Wwe338d) sumyos B}
“(93ugod) sesupiey wy

g *WoITTIS 205 ‘samavsedany IwsTese y -og 399L

T~
9
‘l

-
[
»-

1-
[
T~

-
[
o3

T+
€=
+

o3
-
™

t-
(<3
[ <3

-
[}
-

”1
1€
e o~

01
%7
”°1-
91
€~
Lo
16°1
68°2~
00°¢
€1t
(148 of

oz
¢~
-

TET 7S 878 €78

T

MIvos 9
s 7
opeen 7

(10%)  oréwwg 9 epay
[ d [ T
f3eon 7 43140
oo 7

(401) T ordueg
oae. §
opeas
oyeen 7

(108) 7 oydung 1 W)
oyymen o inlL seeg
oRIWE 7 L 38l
seea

(201) syluwg

L X )

ogIN0E 7
yoea 7

(108) ¢ oréwms v W
pnes 9 [T
pwos 7 L mad 11
oeen 7

(a01) sTéwg

syjuon 9

;qywm 7 (oL Y
-oen 7 PIALE

(10m) z erémg  LaTgTIvden)
Mpuos 9 L]
oyIm. 7 SUOIELTS
wpen 7

(808) t ordees

WYy

) TOVIY WV IIT OV IC (oM 09) Weadoey (03 O (6and 00)  (WWE) (03 0%)  (oana 09)

wwodTTIs  (03nd 0f) (o3%a 0f)  (0amG 09)  YAInM w3ta s (oang £9) ns 2eqqry
. n vong B sung n vang ans TRangey
BIVIIAGL LAIISIV Q1T1A TVIOLLEEANCO QNv D0OITIS 44 SEIAIXIN 0</0C

“{oiRg 08) (oana 0)  (ewe)
waai naix wma

‘y¥ Vi

7

i SR «”0‘

e




PR

“3II jo pus I¥ se30BION; seg

€91~ W T= €61 9- €99 1~ &I°0- 2 9'C 2= 1°ST § - T s € €~ I 9~ €E°L &= STCE - IYZ 0% se'vy Z- *yaucy 9
9 ¥~ OT°Y € €6t 9~ {29 - 9916 OF l°¢ - [0 9 - 0y 9 L°01 €~ 8'ST 9~ §°C S- 98T €~ I¥'Z OB 9y o= sqIuoy 2
68 T~ SS°C 0 98 T~ O08°C 1- 7960 1- €0°T 1+ OE't OF 1752 ] = Ty’ 1= ($°¢C €~ 18°L T- ¥0O'U 0F W't 1+ ¢9°¢ 2z- sxsen 7
T ordwmg
99 Cl- 06°C 0F 91T 9~ %°% 0OF S6Z°0- 05 S6°C 1- 9w 1 - €Ly v [ 303 S 4 TLL 6~ 6£°9 Y- ®OE IT- BT I~ Ivy T~ SyIuol 9
0°99 v~ 08¢ € 001 L - 99 ¢ S62°0 t- €¥Y€ 9 °0C L - 0°yt 9= 62°6 €~ 9°%1 6~ 8¢ $- 9¢°Z €= 99T I~ €Iy ¢ Syl 7
S0 21~ 891 OF SE°L T - S1°Y (¢ ¥E8°0 V- 90°T T+ 6°Il O+ n's = 88t I- €0°8 €~ €Y'€ - ¥E°T 0% €T I+ g8°7 T~ b 3 4
1 sydumg
oS €1 €9 0 (9L T~ CI'l T+ 910 T+ 6T Z- 6T (- 1m e (A0 3 'St 9~ o019 €~ 90°¢ I+ °C 1~ 'y 1I- syINoy 9
0°8E - 9°1 T- 06°Y €~ "6°0 OF 1L6°0- (- €8°'T 9~ BI°1 ¢~ 011 % Iv'6 ¥ I L~ BI°S S OvY'T OF 991 O oL T- sSYIMop T
L°¢€ T3~ ST 1= P0°1T, T4+ L1°Y T+ N0 T+ 61'T O €L°T-43 %"y 0F 99°Y T- 90'S T~ W'Y € Bl 08 U'T 03 96T I~ sxoen 7
T stdwes
T°09 €1~ 6£°8 0F $0°6 1~ &% 2+ 01°0 W+ L1°T % S°21 1~ [ LB o L3 LI 2 9°CT ¥~ 9T €= PL°T 1+ ST OF 6Lt - oy 9
£°65 €1~ (11 - €S C- WS - $¢°1- - T - 01 €~ €I ¢~ 908 ¥ I L~ 161 $- WL 0F €T 0% €Tt IT- sqIeae 7
$°¢s T~ $T°T I $6°T T+ WS T+ €99°0 T+ L OF 9€L OF £z°9 0% SI'Y - 9990 T - 1T €~ 6T OF €91 0% Iy'r 1~ sIoen 7
1 otdueg
L0 T+ L' o T'ST €~ L'SE 9 T66°0- 03 IO W 11 1~ mnn« T¢ 9%°T 0% (0°C €~ §0C'0- (- 102°0 ¢+ 1Z71°0- 1+ 792°0- @3 SqIuoN 9
WL0 1~ 692 o T'ST 9~ ezt 99z 62~ %1 I= 471 1= L1'C ¥y - €¥0-2- OI'FT T+ Y01 I~ 1060 0% syIvoy 2
€0 1T- 0N §~ 06 1+ L3 0°65 6- ST T+ L0 W+ ¥E'Z T+ WI0 -2~ w'T- Z+ 99T T 20°1 T+ e T
T oydwmg
®K'L T+ 9 o OL1 9- {0 90€ 67~ sT°e I= 9%°T 08 'l T- 81 1= 910°0 €+ §29°0 1+ wy'I~ 14 vy 9
13 1~ 2°ST o 041 9- %0 €7 6= € T- 61T 1~ vt v~ 0T - w80 1+ £6°T 03 gws0 1- wqaeon 7
9”°T T- 0U €~ 901 [+ L] €S 6~ §6°7 2+ 6660 1+ 920 Z v I9'1 I- 8960 Z+ I'T 74 vee'0~ I+ saven 7
1 eydweg
THCI- € 8 C°SC 6 - L'9s 11- ST L~ €98 9- 0°0Z6- 90T v £¢T e 999°0 08 79°C - y3uo ¢
948 Y- €O°T - 1°0C O1- ey - T°0r 9~ oOf'Y 9 €91 01- 92°Z S~ (9°1 ©0% L£9°0 2~ 1T ¢- auey
0°€S 1= 1C°1 i+ 56 T~ 681 1 - 19°¢ 1= SE°T-2- 9°'C €- €'t 2~ 01 1+ 969°0 1+ 0T 1~ ceen
Z srdmmg
065 €S- 9C O 1'% 6~ z'6s 11~ T L- @61 % €026~ BI'9 Y 86T I+ 690 14 SI'E 1- wqivon 9
8L Y- 99°2 €= 6t O~ 0'6y O1- TN - 61°T s~ 99T 6~ 99 S~ <81 OF oOL9 T~ 9C ¢~ SNIWOH 2
9°€S N~ 1 I+ T T~ 9'¢z 1 - 9’ T- 69°¢ - 68°C €~ Z€'Y 2~ %00 1+ 799°0 I+ 01 I- SHeen 7
27 q » “q T2 Tq S5 "q T3 “q T o5 7q T a"q T3 7q T2 "q "5 q "3 g 1 oyéusg
L
oG 03) IOV Iy OV T WOV It (0370 09) weidodR  (0InG 6J)  (ohd 0)  (vs) _  (0And 0§) (9and 09) (oang 0§) (o3 GO (69w
SWoOYIYg -  (oang of) (o3nd 0f) (oIma g9) ThIng W0ITA s (oxng £9) us aeqqny W a1 W
R vung R’ veng R yung s eanaen

4 0) 2 91~ IV 8ISL “S-v 7M1

1 *po) PR
Uvg 20OITTS

A3TTEqTIOON0D
TPRoT 30880

AT LS

L

— B S



€18 €1-
€18 11—
y°9y O1-

1§ €1-
$°1s 1~
9°9y 01~

-
[4 54
v~

Ti-
-

- -o
[RX 83K

L. Rl

1=
o1~
N -

o1~
or-
z -

n

~eo

+*tO~ OO
=- -

[~
1 o0

TeY

[
-

RTY

ot v
5 582
_~eN AN

28
RY% 8YS

sk b Yo o B it
w0 2+ -
8L6°0 0% €=
€T 1+ -
6€1°0- ¢ | &
$79°0 0% -
W i+ -

o Ai————... |

+(3ued10d) smmyos Uy oclﬂ
*(s3uyod) ssempiwy U} !

‘d O S Con u’r

syjuon 9
sqIvoN 7

7 oydmmg
oq3u0y 9
oq30a Z

1 ordueg

oV L
(oang 0f)
n vuny

—(oang 09) _susadoey {oina 01)

wITA

e A it h et

(oana 02)

(a,2m00)

(oIng 0s)  (°ara 09) Iﬁﬂq 3 .|~|J.|

3 epe0 pYRTL
sseg  swoNTIS

eSOTITPU0D

o

e e S M

9

i ® e e e -

-,

T




NE OIL) AMBIEXT TEMPERATURE

TABLE A-6. CONTAMIRATED FLUIDS (GRADE 10, ENG
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Test Ga

Couvent ional
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Silicone Base Sauple 1

Compatibility
Fluid (RM70)

-13 56.2
-15 57.6
~13 67.3
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6.08
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-10 22.8
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-9 17.8
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20.
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Test 6a silicone fluid with 5% 10 wt oil.
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ieat temperature, test No. 6 silicone fluid with 12 10 wt oil.
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TABLE A-10, NEOPRENE TESTS AT 212° ¥
Conditions® Time Neoprene
Silicone Base Samplel ° -° .
Compatibility 3 days -2 3,56
Fluid (RM70) 71 days -3 9,43
Sample 2
3 days -3 7.47
1 days -3 16.1
Conventional Sample 1
Compatibility 3 days -7 17.2
Fluid 7 days ~ -18 21,9
(RM66-06) Sample 2
3 days -8 16.4
7 days -18 21,2
Silicone Base Sample 1
Fluid Code A 3 days 0 1.7
7 days T 0 6.86
Sample 2
3 days £+ 0 4.00
7 days £+ 3 12,9
Silicone Base Sample 1
Fluid Code B 3 days 0 1.57
7 days 2 5.45
Sample 2
3 days *2 0,142
7 days te 4.67
Silicone Base Sample 1 o
Fluid Code C 3 days -7 4,93
7 days - 7 10.7
Sample 2
3 days -10 8.35
7 days -11 14.1
8pest No. 10 neoprene rubber at 212° F.
Change in hardness (points).
Change in volume (percent).
A-14
v — ”—.—.—i - e -

T e N
e ST O

ar WPemgman o g\ S\ .

%
g
¥




AFPPENDIX B -~ REFERENCES

1. Authority: TECOM Task No. 7-CO-IL8-AP1-001, Agency Accession
No. DA OM 1499, ILIR Work Unit 001 K2 02,

2. MERDC Report No. 2132, Silicone Brake Fluids; One Year Field
~i Test, February 1975 (AD A012849).
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