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INTRODUCTION

The progressive destruction of gears and gear systems due to surface
damage by the scuffing or scoring failure mode is always a potential
problem in high speed gas turbine engine gearing and heavily loaded
helicopter transmissions and gearboxes. The projected technological
growth of Navy aircraft propulsion and power transmissions systems
toward heavier loads with corresponding emphasis on smaller and lighter
components lends added significance to the role of the lubricant in
these high speed/heavily loaded lubricated contacts.. The ability of
the lubricant to carry (prevent metal-to-metal contact) imposed gear
tooth load is termed load carrying capacity and is nominally assessed
by bench tests such as the Ryder Gear Machine. Current aircraft pro-
pulsion and power transmission systems in the Navy are lubricated by
the general class of neopentyl polyol ester based fluids which, under
the Navy's continuing efforts, are being further developed to provide
improved load carrying capacity performance. Consequently, the current
experimental, advanced lubricating oils (Specification XAS-2354) have
demonstrated lubricant technology capable of providing a 50 percent
increase in load carrying capacity over those oils presently in service.
The success in the development of these high gear load oils can be
attributed, in most cases, to increased amounts of existing additives
and/or the use of new, more complex additive systems. While the extended
use of these additives and/or additive systems may greatly enhance the
load carrying capacity of the lubricant, these same additive packages
may have a negative effect on other characteristics of the lubricant.
Consequently, current efforts are directed toward a satisfactory balance
of all performance characteristics prior to acceptance for service use.

The lubricant, working within the core of an engine, is surrounded
by an environment which is conducive to its oxidative and thermal de-
composition. Some preliminary evaluations indicated that engine operating
environments may also have a detrimental effect on the load carrying
capacity of these advanced, high gear load oils. Initial prognosis linked
the observed degradation in load carrying capacity to possible instability
of the complex additive systems in the high gear load oils. With increased
emphasis on higher core operating temperatures, it appeared necessary to
investigate the engine environmental effects on lubricant load carrying
capacity and assess the relative effect on future weapon systems. The
Naval Air Propulsion Center (NAPC) was authorized to perform the investigation
by reference 1.

Subsequently, authorization was granted by reference 2 for NAPC to extend
that investigation beyond the objectives described above. The extended
program would determine whether additive depletion occurs in the used oil
and, if so, can it be related to an adsorption or reactive process which
can provide protection of the gear teeth active surfaces. 1In the event such
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additive protection exists, the program would then determine the feasibility
and benefits of applying, through run-in/pre-conditioning, a protective
surface layer on new and reconditioned components in Navy weapons systems.
Concurrently, the program was also directed toward the evaluation of used
oil (depletion or loss of load carrying capacity) response to new oil
additions in terms of recoverable load carrying capacity in an oil system
which would reflect in-service maintenance practices, i.e., oil system
"topping".

This report presents the results of these investigative and study
efforts performed at NAPC for the Naval Air Systems Command. The report
offers discussion and assessment of cause/effect of changes in load carry-
ing capacity in current and advanced ester-based synthetic lubricants.

CONCLUSIONS

1. The load carrying capacity of current and advanced ester-based synthetic
lubricants significantly decreases with time when operating in an engine
environment and appears to approach a minimum absolute value within 300
hours.

2. Engine type did not significantly influence the degradation in lubricant j
load carrying capacity of either the MIL-L-23699 or XAS-2354 oil.

3. The advanced XAS-2354 high gear load oils experience higher percentage i
loss in load carrying capacity with time than MIL-L-23699 oils in both
engine and simulated engine bearing compartment environments. However, t
absolute ratings of the degraded XAS-2354 oils remain above the degraded i
MIL-L-23699 oil absolute values.

4. The temperature of the operating environment can significantly effect
degradation in lubricant load carrying capacity and at the higher temperaturecs,
degradation occurs in less time (simulated engine bearing compartment tests).

5. At 5, 10, and 50 percent new oil addition to used oil, the XAS-2354
high gear load oil significantly increased lubricant load carrying capacity
whereas the MIL-L-23699 new oil addition was relatively ineffective.

6. The benefits of new o0il addition in an actual engine lubrication system
would be minimized because the effectiveness of the high gear load oil is
reduced based on the low average oil consumption estimates for service
engines.

7. The pre-conditioning of gear tooth surfaces with an XAS-2354 high gear
load o0il can significantly increase the load at which gear scuffing/scoring
occurs for a given lubricating oil of lower lubricant load carrying capacity.

8. The effectiveness of the pre-conditioning treatment varied and appeared
dependent on additive/metal interactions through an adsorption or reactive
process in the lubricated contacts under specific conditions of load/stress,
temperature, and tim~ at load.
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RECOMMENDATIONS

1. The present "run-in" procedures on new or overhauled helicopter gear-
boxes be accomplished with an XAS-2354 high gear load oil for improved
resistance to surface damage and extended service life.

2. An analytical program be conducted to verify the existence of the
additive/metal interaction at surfaces in rolling/sliding contact.

DESCRIPTION

Test Equipment

1. The Ryder Gear Machine is basically used to assess the ability of a
lubricant to prevent the destruction of gears by the scuffing/scoring
failure mode. As such, it is one bench test presently used in the
qualification testing of gas turbine lubricants for military specifications.
An improved high speed/high temperature model, the Ryder Research Gear
Machine (Figure 1), was used in this program. The gear machine operates

on the four-square principle in that two parallel shafts are connected by
two sets of gears; one set is the replaceable test spur gears and the

other is a set of helical gears which are integral with the shafts. The
load is applied hydraulically to the test gears by the axial movement of
one shaft relative to the cther. Gear tooth load, then, is a function of
helix angle, shaft cross-sectional area (system constants), hydraulic
pressure and gear tooth width. When specific failure criteria are incurred
by test under fixed operating conditions, this value of gear tooth load is,
by definition, the load carrying capacity of the test fluid.

2. The test gears are AISI 9310 aircraft quality steel, case hardened spur
gears with 28 teeth at 22.5 degree pressure angle and eight diametral pitch.
The mating (load) gears are the same configuration except for tooth width,
and operate at 1l:1 gear ratio. The gears meet both the metallurgical and
dimensional specifications as set forth in Test Method D-1947 of the
American Society for Testing and Materials (ASTM).

3. The test oil system is a closed-loop, recirculating system with a
capacity of approximately 600 ml and a variable speed pressure pump for
accurate control of test oil flow. The system is completely isolated from
the support oil system and provides lubrication for only the test gears.

The system is also designed to permit accurate control of the test oil inlet
(to the gear mesh) temperature.

4. The test oils used in the program were all synthetic ester based lubricat-
ing oils which conformed to either lubricant specification MIL-L-23699 (oils
currently in service) or XAS-2354 (experimental high gear load oils). Only
the Navy's reference o0il, a pentaerythritol ester basestock (Hercolube A),
will be identified (code PE-5-L606). All other oils are coded and are not
further identified except as "high gear load oils" or MIL-L-23699 oils to
protect proprietary rights of the manufacturer.

L s - s e S
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5. The Erdco Bearing Rig is used to evaluate the thermal stability
characteristics of gas turbine lubricants under varying levels of severity.
It is one of the bench tests presently used in the qualification testing
of lubricants for military specifications. The bearing "head" is divided
into two main sections (support and test) with each having its own lubrica-
tion system. The test section houses an unshielded 100-mm roller bearing.
This test bearing is operated under controlled environments which subiject
the test lubricants to specific severity levels for a predetermined number
of hours. The test equipment and procedures were in accordance with
Method 3410 of Federal Test Method Standard No. 791B.

METHOD OF TEST

1. The basic method, procedure and operating conditions set forth by the
American Society for Testing and Materials (ASTM) in Test Method D-1947
were used in obtaining the load carrying capacity ratings of the lubricating
oils evaluated in these programs.

a. Effects of Engine Operating Environment - Evaluate the load carrying
capacity of lubricating oils both new and used, i.e., before and after
operation in a gas turbine engine. The difference between these values
was the estimated degradation in load carrying capacity due to the engine
environment.

b. Effects of a Single, Simulated Bearing Compartment Environment -

Evaluate the load carrying capacity of lubricating oils both new and used,
i.e., before and after operation in a bearing compartment under simulated
engine operating conditions. The difference between these values was the
estimated degradation in load carrying capacity due to the simulated
environment.

c. Used 0il Response to New Oil Addition - Evaluate any change in load
carrying capacity of a used oil following the addition of 5, 10 and 50
percent (by volume) of new oil. An increase in load carrying capacity was
taken as an estimate of the ability of a lubricant to "recover" load carry-
ing capacity in an oil system.

d. Effects of Pre-Conditioning Gear Tooth Surfaces - The gears were
"run-in" with a high gear load oil at selected operating conditions in an
attempt to pre-condition the active surfaces of the gear teeth, i.e. provid:
a protective additive layer through an adsorption or reactive process at the
surfaces. The pre-conditioning treatments were conducted at various load/
stress levels, oil temperatures, and for selected intervals of time in an
effort to induce the chemical reaction. The effectiveness of the pre-
conditioning treatments was measured by the change in load carrying capacity
of the synthetic basestock reference oil (Hercolube A) when evaluated on
these gears.
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ANALYSIS OF RESULTS AND DISCUSSION

1. The effect of engine operating environments on high gear load oils was
investigated by evaluation of used oil periodically sampled from engines
operated at NAPC. The evaluation on used oil samples was made in terms of
load carrying capacity ratings obtained on the Ryder Gear Machine in accord-
ance with standard procedures normally performed on new oils. The absolute
ratings of the used oils showed a measurable loss in load carrying capacity
with time as shown in Table I and Figure 2. Most of the data were obtained
on MIL-L-23699 qualified products which established (a) a baseline for com-
parison with the high gear load XAS-2354 candidate oils, and (b) the effect
of various types of engines. The results in Figure 2 indicate that the
degradation in load carrying capacity in the engines sampled occurs at a
constant rate (slope) for the MIL-L-23699 oils and a slightly different
rate for the high gear load oils. The data were then normalized by using
new oil ratings as references to eliminate differences in magnitude of the
absolute ratings. Thus, the degradation or loss in load carrying capacity
with time is shown in Figure 3 as a percent change in new oil rating. The
curves clearly demonstrate that the high gear load oils lose load carrying
capacity more rapidly than MIL-L-23699 oils and the engine type does not
significantly influence the degradation.

2. The amount of data compiled on the lubricants in engine tests at NAPC
was limited by the availability of XAS-2354 type o0ils and a test engine.

In fact, the engine test data were essentially obtained from most laboratory
engine programs in which only qualified MIL-L-23699 oils could be used
because of basic test objectives. Concurrent with the lubricant evaluation
in engine test programs, the effect of a simulated engine bearing compart-
ment on the lubricating oil performance was also investigated. This approach
permitted the evaluation of more experimental lubricants and utilization of
normal test operation of the NAPC Bearing Test Rig, a bench test used in

the qualification of synthetic lubricating oils. In this test, the oils

are stressed under rigidly controlled operating conditions and at a lubricant
temperature greater than in the engines sampled. The Bearing Rig operating
temperatures are:

0Oil Sump 138.9°C (390°F)
0il Inlet 176.7°C (350°F)
Bearing 260°¢ (500°F)

Bearing rig operating time is normally 100 hours, although some oils

were tested for 200 hours at these conditions. The rig oil-in temperature
is significantly higher than the maximum oil inlet temperature, nominal
range 185 - 250°F, of the engines sampled. In Figure 4, the loss (percent
decrease) in load carrying capacity ratings (Table II) of oils subjected

to the Bearing Rig operating environment are presented as a function of new
o0il ratings. The results appear as a linear degradation in load capability
with increasing new oil ratings. However, the engine data indicated in
Figure 3 that a constant loss in load carrying capacity should be realized
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for each oil type (i.e. MIL-L-23699 and XAS-2354) as a function of time. |
As such, the 100 hour test time in the Bearing Rig should have produced ‘
percent loss in load carrying capacity as a nearly constant value
(horizontal line in Figure 4). It is theorized that the severe environ-
ment in the Bearing test may degrade the oil beyond normal engine operation
and other factors (i.e. viscosity change, TAN, etc.) are causing scatter

in the load carrying capacity results. Subsequent evaluation of the oils
exposed to the Bearing Rig environment for 200 hours of operation indicated
little or no further decrease in load carrying capacity than noted for the
same oils following 100 hours in the Bearing Rig.

3. In summary, the results of these investigations show that:

a. In an engine environment, lubricant load carrying capacity
significantly decreases with time and appears to approach a minimum absolute
value within 300 hours.

b. Of the engines sampled, the type of engine did not significantly
effect the characteristic degradation in load carrying capacity of either
the MIL-L-23699 or XAS-2354 oils.

c. The high gear load XAS-2354 oils experience significantly higher
percentage loss in load carrying capacity with time than MIL-L-23699 oils
in both engine and simulated engine bearing compartment environments.
However, the load carrying capacity absolute ratings of used (degraded)
XAS-2354 oils remain above the degraded MIL-L-23699 oil absolute values.

d. A significant temperature effect on the lubricant load carrying
capacity exists in going from a nominal 185-250°F (engines) to a 390°F
(Bearing Rig) operating environment.

e. The effect of time on lubricant load carrying capacity degradation
diminishes with increased operating temperature based on bearing rig data.

Based on these results, the program was directed toward determining
the mechanism of load carrying capacity loss and the effect on gearbox
operation. Essentially, it is suspected that the additives and/or additive
systems become unstable or reactive in the engine environment and are
"lost" from the fully formulated, blended oils. This premise is based on
two observations made in the program, i.e., (a) lubricant load carrying
capacity can decrease to a minimum absolute value within 300 hours or
less; and (b) the high gear load XAS type oils exhibit a higher percentage
loss in load carrying capability in less operating time than MIL-L-23699
oils.

4. An area of concern is the effect of the lower load carrying capacity
in normal service operation of the engines. In most cases, service engines
operate without a mandatory oil drain interval and normally follow a

i G -l e e




NAPC-PE-28

"topping" procedure with "make-up" 0il to maintain proper lubricant

level in the system. Consequently, an investigation was made to

evaluate the effectiveness of new oil additions in regenerating the

load carrying capability of the used oil. The “topping” procedure

was simulated by preparing samples of used oils which contained various
percentages (by volume) of new oil, i.e., 5, 10 and 50 percent new oil
addition. The samples were prepared with both MIL-L-23699 and XAS-2354
used oils plus new oil additions of the respective oil type. The load
carrying capacity ratings of the samples were subsequently obtained in
the Ryder Gear Machine. These data are presented in Table III and are
shown in Figure 5 with the curves extrapolated to the new oil value (100
percent new oil) above 50 percent new oil addition. The results indicate
that: (a) a significant change in load carrying capacity does not occur
with MIL-L-23699 used oils up to 50 percent new 0il addition; and (b)
load carrying capacity increases significantly with XAS-2354 used oil
even at low (5-10) percentages of new oil addition. The difference in
the regenerative characterisitcs between the two oils may be attributed
solely to the quantity and/or type of additives in the XAS-2354 oils
which give these oils their extremely high load carrying capability.

The effectiveness of the XAS type oils in improving load carrying capacity
was further evaluated by adding an XAS oil to a non-additive synthetic
base 0il. These results are also shown in Figure 5 and substantiate the
load carrying capacity improvement qualities of these high gear load oils.
However, in actual service operation, the recoverable load carrying
capacity is never fully realized since additions of 50 percent new oil,
for example, at one "topping" of the system would not occur. Instead, a
small quantity (normally under 5 percent) is added during servicing which
is then subjected to continued engine operation. In this manner, an
engine lubrication system would never have a “true" percentage mix (above
5 percent) as simulated in the laboratory prepared samples. Thus, the
load carrying capacity decreases with time in an actual lubrication
system (Figures 2 and 3) because the effectiveness of the high gear load
oils is reduced in the normal range of o0il quantity added based on average
oil consumption estimates for service engines.

5. The degradation and rate of degradation in load carrying capacity
apparently depends on the stability of the additives/or additive systems
in fully-formulated oils, particularly with the complex additive systems
in the high gear load oils. This stability, or instability, evidently
results in additive depletion in the used oils which manifests itself by
the lower load carrying capacity ratings. Thus, the overall program
included an investigation to determine if additive depletion in the used
0il could be related to an absorption or reactive process which could
provide protection of the gear teeth active surfaces. The investigation
was directed toward evolving an effective "run-in"/pre-conditioning
treatment of the test gears with the high gear load oils. The high gear
load oils were selected for the investigation because of their extremely
high initial load carrying capacity and suspected greater instability.
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NAPC-PE-28

The investigation involved studies at various load/stress levels (in the
gear mesh), oil temperatures, and intervals of time at load in an attempt
to induce an additive/metal reaction at the gear teeth active surfaces.
Essentially, the pre-conditioning procedure was accomplished by (a)
"run-in" of test gears with a high gear load oil at selected load/stress
level and oil temperature for specified time intervals; (b) complete
flushing/cleaning of the test oil system; and (c) evaluation of a non-
additive synthetic base o0il on the pre-conditioned gears. The effective-
ness of the pre-conditioning treatment was measured by the change in

load carrying capacity rating of the reference non-additive base oil.

6. The benefits of a "run~in" period on surfaces in rolling and/or
sliding contact is widely recognized and the technique is routinely used
as a "break-in" procedure on most mechanical components. Since the pre-
conditioning treatment with high gear load oils will, in effect, be
influenced by "run-in" periods, the program attempted to isolate the
"run-in" effect by evaluation of gears pre-conditioned with a non-additive
base oil. Consequently, pre-conditioning of test gears was accomplished
with the non-additive base oil (PE-5-L606) at tooth loads of 80,000,
322,000 and 483,000 N/m (460, 1840 and 2760 ppi) and time intervals, at
load, of one and five hours. The results are presented in Table IV and
graphically in Figure 6. The curves show the effect of "run-in" on load
carrying capacity of the non-additive base oil (PE-5-L606) as determined
in the Ryder Gear Machine. It appears that a significant increase in
load carrying capacity can be attained by "run-in" for one hour at tooth
loads up to approximately 315,000 N/m (1800 ppi) after which the effect
diminishes as the pre-conditioning load approaches the load carrying
capacity rating of the pre-conditioning fluid. Although an increase in
load carrying capacity is also realized by “run-in" for five hours at
light loads the benefits of "run-in" diminish rapidly when pre-conditioning
at the higher loads for extended time intervals. Concurrently, an
evaluation of test gears pre-conditioned with an XAS-2354 type high gear
load o0il (PE-5-L721) was conducted. The pre-conditioning treatment was
again accomplished at tooth loads of 80,000, 322,000 and 483,000 N/m
(460, 1840 and 2760 ppi) and time intervals, at load, of one and five
hours with one ten hour interval at the 483,000 N/m (2760 ppi) load. The
results are presented in Table IV and graphically in Figure 7 for the one
and five hour time intervals. The curves not only reflect the effect of
"run-in" but also indicate that pre-conditioning with the high gear load
0il can provide increased load carrying capability, particularly at the
483,000 N/m (2760 ppi) load for both intervals of time evaluated. The
effect of time at load was also demonstrated by pre~conditioning at the
483,000 N/m (2760 ppi) load for ten hours. The results are graphically
shown in Figure 8 and basically suggest that optimum treatment time at
the 483,000 N/m (2760 ppi) load lies in the interval of one to five hours.

7. The influence of oil inlet temperature on the pre-conditioning of

gears was also investigated in the program. The standard operating temper-
ature of the Ryder Gear test, 73.9°C (165°F), was used in all prior pre-
conditioning treatments and was continued in this part of the investigation.
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Upon selection of a second oil inlet temperature of 121.1°C (250°F),
pre~conditioning with the high gear load oil (PE-5-L721) was accomplished
at both oil inlet temperatures. Concurrently, the time at load was
reduced to ten minutes during the pre-conditioning treatment. The

results of evaluations on the pre-conditioned gears with a non-additive
base o0il (PE-5-L606) and a used (100 hour Bearing Rig Test) high gear

load oil are shown in Table V and graphically in Figure 9. The curves
indicate that pre-conditioning at temperatures above 73.9°C (165°F) does
not enhance the suspected interactive process particularly, as seen with
the results on the used oil (PE-5-1678). The effect of temperature was
also investigated by pre-conditioning gears statically, in an oven at

oil bath temperatures of 73.9°C (165°F) and 148.9°C (300°F) for comparable
time intervals (1, 5 and 10 hours). The results of pre-conditioning gears
in glassware for these intervals indicated that temperature alone did not
provide any beneficial effect on the gear tooth surfaces.

8. In summary, the program has shown that pre-conditioning of gear tooth
surfaces with a high gear load o0il can significantly increase the load at
which gear scuffing/scoring occurs for a given lubricating oil (lubricant
load carrying capacity). The increase in load carrying capacity appeared
to be beyond the "run-in" effect simulated by pre-conditioning with the
non-additive base o0il, particularly, at the indicated optimum pre-
conditioning conditions with a high gear load oil, i.e., 483,000 N/m

(2760 ppi) load at 73.9°C (165°F) for approximately one hour. The effective-
ness of the pre-conditioning treatment did vary and may be dependent on
additive/metal interactions through an adsorption or reactive process in

the lubricated contacts under specific conditions of load/stress, temperature,
and time at load. Apparently, temperature alone cannot induce the inter-
action based on the results on the gears pre-conditioned in glassware to
93.9°C (165°F) and 148.9°C (300°F) in an oven. Unfortunately, an analytical
evaluation of the metal surfaces (gear teeth) was not accomplished in the
program and the suspected additive/metal interaction was never confirmed.
The primary analytical method discussed and sought for use in the program
was the Auger Spectrophotometer at the Naval Research Laboratory. It was
determined that the Auger may not provide analysis on all the elements

which may enter into an interaction on the gear teeth. Further problems
involved were: (a) analysis on the gear tooth active surface without
sectioning of the gear and (b) special handling of the gear specimens
between laboratories. As a result, the analytical investigation was never
initiated. However, it does appear that such an adsorbtion or reactive
process may occur and could provide beneficial surface protection to the
gears in power drive system components. Therefore, it is recommended

that present "run-in" procedures (green run) on new or overhauled gear-
boxes be accomplished with a high gear load oil for improved resistance

to surface damage and extended service life.




il

iAlua
INIgYNL
1y

Joqueyd (110) peol - 4
SpTM - Ie0H peoT - I
MOIIeN - JIeo9 1S9 - d
saeay ,oaeTS, TeDTIdH - D
33eys (peol) USATIQ - €
33eys oAtTIq - ¥
*dN3OTT
_—
] S
s
- —- - - - 1
" ™
", "'
I v ——— 1
/A
T = — -
/Nﬂ%%ﬁﬁh%ﬂ/ ) %
. -—---
I = 3 = _ e 5 [ A " -
! v .h : B I 1]
: <
T _
1 i n

d¥dH LSAL INIHOWVW dVYdID

HOYVYIST ¥IdAY JHIL JO NOILOIS-SSOdD 1 {NOIJd




BEEeEEE & | ::..::H.:.n..:.x
i . “A.mxmo:v. uosnavesda T rt ittt i e bt

| Aar;—rlw-ﬁ 1]

NAPC-PE-28
380 ) R0 08 T 1, [ B 8

R R B R
SR RaARe Lt BaAads

e S S ESUEES WS BNERES S

A o 185
i

S i S S SRS
3 bt
1

I It ! 1 5 B 1

Wi HHH x:‘.m‘.;x

...... R

NN

S E I 8 50 1 1 EE I EE S .
) e ! V- 4 Tt 44— 4 4 4 . I T . ‘
—~44— R s {44 4LL19 4‘.¢~,4.AT‘
SANIONT ENIG¥NL SYD NI SINVOINENT J0 1+ ‘,h»L.“ 1111t Qﬁ::*; #AHL.AWH
11 IBES OCEESER
ALIOVAYO ONIAYNYD QVOT NI NOILVAWEOdd 2 mm:wafﬁ« Wf HHHH H‘:w.m“wwﬂﬂ
= | 444 s 4 4
T ** HHHHHHH

dli e

14 e ¥ b - = =
PO T T

e RN S SN

T Ty T R T —— o " A —




‘uzu.ﬁu%.
=) TEE .,

i1

.
|
+

I

e

R S

= ES

S U6 IS L S Wy S S )
44l

gttt ¢
e

4+

:

BN

=
e e e

=
dede ot t il
{5 55 U 40

S 0 59 A B T

L9 S8 O SR
S G (S S

&
<>

E

LS8 O 0 O 5
AduENNDEEN]
L~ S110. 669E]

.

e/ &
—f L
‘ff-‘

o S SN

I IR B N 161

D S S WY

EREmEmESISEe -

e e ) R (6 9 I S -8 O 2

FANSEIRUEEE] |l 010 O O I TR R A
N . S . . -t —t - -
WEREkEE . NSRRI RS
e o T - e e S T e
5 T S T T S . S I - 4 > oi\YIurlIo#Aﬁlr 95 25 W1 e S8 5 ()

! -

s

S 8 0 S5 08 1 o . 8 s = - . b B S 5 2] + SRR

..él?v.»QV.A;A 4 o 1 VS R ) < | -ty

e

S e -4 JUA A G ) ) 4 (1 A A 1 0 0 L
i T i e B e e e S S S o

. . 150 TH ) S 0 R S T [P I A S i B 16 B ‘
O A S S 156 10 18 S5 S50 100 150 S B 6 0 SR S SO0 ‘T#.

+
ﬁw'j)T.";. 4 S 1 15 T 5 T == TSR s oo o 20 2 5 U R A S

4».Ak¢‘4A

&lfl!%lrleL

’¢.L&§A$4

0150 T S W T VBN 1

B

R
b4+

Jl.T&}i-T
pe +

N EEE
o todad
g

YJTLIrJr - L#X
1>|> 44—+
S S W

:

B o e SR

VT 0 0 10 0 JomiE SANTYA TIO MAN OL QAZITVWNON

B T S

78 A v,\ L. ALID¥4YD UZH»go Q<QH NI ZOHBQEQMQ

R

L
e b

444 L3
1

wv?..»Tr.r, el e . ﬁﬁ

el

T
bbb
1?01?00#;'0[
?.+vv‘..+L
+t+——t-tt—-1—
L A

T

b L |

— + 4
Lk




.
4
it 4 SRR RSERANABEENERTSREFEERENEENRESEREE N ERRE S { 34
i 6 2 i O ! 1 ) O ) 0 . ALY ﬁmu uz?mmunxo@ 6 110 O 1 0 0
e | S S A S S S ) N I R o o R B ‘i et A 7 S S S S S S (R (S B R B S (T O S QN (N S . (N S 1 S A S IS U v (B S (S A ) OB ([ 0 (S G O8O B
300 i 5 A 5 1 ) I S5 05 1) A 151 5 U 0 R Y 500 TR0 8 06 8 5 |1 ) U 0 R0 S A R S o R O O R D DR
lxl...;;:k-c\zv. FESENE R L AREREREN., - SEEEEREE Y Y REEE! SRS ARBEERES : sSRERERE |
*nlt‘.(?ﬂﬂ.;wob. + 44t S T O S . G A 4 -t t—tt-ttt+ t 1S N TR £ W Wt [ 2 R 44 4 L e g b 1 4 + 44 4 4 4
b Redrabestetiobo b b1 3 = R 44—+ R R T o o I R S B $=fl. 354
i ] 0 6 O 'n._wd.m.ﬁu.ﬂ&aﬂ.,....ﬁ mﬂa;.fr:b | 8 1 L] 4l L d=td ‘o
{ i | | | i - o 3
5 0 5 0 I 30 1 ) 0 ) 0 s R e «HW.IH..WWL.‘ .P; | B .H,..r..‘p...x_u‘,w 4
~ - s - - o Emameme na o et -
0 6 0 0 o ST T TR
R e S e B R L e T B e S s S8 S S0 S S e S S S S B S + R e S e ! +1 4t 4t
I ) T O U 0 R (SR8 (5 S 6. T I 1 B S . . IR O I I o B
1515 S 0TS 5 0 1] S 6 5 0 L A 18 10 ) 0 5 0 0 T ) O ) O 10 0 O I 1 O 1 A 0 o T EEEEEP
(NS -l ) 8 B U T 60 5 S IS B ¢ 2 (S B 1 S S 6 0 05 U0 [ AR 1) L, 1 U5 R (8 S G O LC (311 6 51 S I 4 510 MR R B (R S S0 0 BB ISR S N R 1 G P B R L O 1 0 & »
TS A S o B RS T LI PR SR IR B8 S R SR S e god L1 50 0 1 A I 44444 4
_ 9 I L
4+ L + 4 St L L T 5 % 1S O O T ik B S O, I 10 J 3.4 ;LNB
EESSSTINSS 88 BEe ) it L EIELCIEL L 101 SEERE SRSSSESES am e e EenLBa
| AL £ 197 .%@9. @ﬁdhwx (olll 1SN U (58 08, <61 U 5 A 8 | T 5 A 8 0 6 W R L1 h.n.;.«ms*l A i
-t 2 73 g
LIE I @t | Mmqahn.ﬁh&..fuﬁumazwuﬁv 150 08 0 T, O 0 L 1 O O 5 5 5 5 6 T O T L 2 ]
i . I | : R U 157 S 51 5 U 1% o ) 58 B Y R 1 1 1 8 80 6 A T ..Odﬂdt#nﬁh.r
NN I .
T U LDEEY DabTaeT MM X0 f L L L L R
IRESREES I EREEIEIE ASNEROEENR. LS| SR1E0 & SN ) A 6B IR 8 IO ) 8 O NS A
SEERERSIR] 1 S5 5 (5.1 5 1 1 0 O 1 1 .0 0 O 5 3
SEEINENSEEEN EEE Y * 1010 N3 i 53 O S S 8 O ) £ O S I 3
SSEEREAESE s NRE RTEREAN T T T |
- > - R TR IR IR IR AR SRS - <+
.I%l,.\TIn,*jﬁtflwl.:.Yflt.‘xl.fxle..¢ 1SI0SR ‘ML‘..,. ¢ 3 3 NL
+ASir——St o ) ++ o ~-t
R ERRan = B S o . = O e e olﬁlxﬂ]; R
l&éf%lir.-:tii.l‘ﬁii.‘; =l Sl IrriTﬂ cmlizm B
SR O, 19X ) 1) 0 e B <1 1 O R 0 B O T |5 $44+LI.L £t TI?0+ ‘E
B e S T R ) 5 360 1 U L AQMLAT G, | L L i Feectaterdoad. TM 4 L‘tk?*f,
ENGEInRERG IEREDER fflxl»qlww&huli@ 4 5 10 R 0 O | LLIM Ll %L L
4t B 08 1 B ) S I B ——1 1 S B 70.‘ko‘¢&f}.‘ S EE
1 a1 |10 55 1 8 O 9 O 8 A A O B I 21 o 5 6 O O uH ..
S 2 58 N B SR g ! 0 I \H+¢I.L.+ G EREERE
05 T IR 150 ] 0 R T 1R G ) Bl A S L oS 10 I .4;L ot 1 I W 4»4# 4 = ‘mx,;ﬂ
J\114l< T
50 158 5 O S o180 ) 50 s ¥ = 1 1) o S (R — et § R T e LR R &, .a.¢‘v14» e
I3 NGRS SRR e T ERE T 1 A 15 A 156 T 0 I .A;.Lr..;TA:..}TH.T,_THf
SREsTNEREESEREE =22 B R o) S B 55 1) B 4 ¢ O o0 O] 3 O ] SN ] (8 (S S (061 2 90 O 5 () U ) . o R B ¢\?If ‘¢|‘+IT+|4,.Y.¢J|LL\ -
- s .¢|1I..l.|9|1 J{i&l{l{{.. R TR SR S ...‘4+; T R e e o D SV S E
+—+ - B 54 35 M) 71 1 S D O L O A ».4?»v?t$uwlr¢v» e T S TS x.r?“rg‘..vld..w‘.‘w‘pA*L qI.HHI;L
| By mldtm”t$\v7‘ ) 05¢ SR PR (S ) ) 5 W1 ) 3 S5 A 1 I i34 4 4 RS MR ?,yg ?f;¢+|HI17TATL ﬁ%,#&;f.4 e
1 : #.‘Aotﬁ T ESASARTENEEE R R D s e s ALA.'ﬁJM.A¢+¢1... 1= 14+ 44 if.rﬂ#?‘_,«.wil.¢ol,*‘lol
3 1 S 1 bttt 4 > R Tad 4t - :QL,..,&».P.&I A S e . -~
o S N e e o A T T T
) ) L L1 i P (N 50 OO A O O O i
! B O S S W0 {0 1 IS O, T 60 30 5 8 S 0 S .;....LTI;,FL;JLLZ,TT‘#L‘HF fer»fﬂfrxl,;;L S L ¢
ANEFGINESEIONAENTEEE ERDNEE W {488 © 198 61 A 1) LS A B R L R el S S TR e e e e B e S N TR R
] % S 4 1101 45 55 W6 IS S5 (N 40 S SR T T 1R S I SR 5, B 5 T8 10 1 B0 B 4B I S0 58 BB R O R S B U I N fg 441 4 \H.‘Ji‘1;4,44‘4‘“».f.ALLJ;‘t$li
; i 9% I 70O T O I 44 \.?.Y....QL.AV"...VJt.,.'vw,"ﬁ ) A SR I S A S o0 e A Lﬁ‘ I S B O ‘ﬂ»,,‘A¢..A.A.TL|0\LW‘Tf.1L
- S ENNE RS ECER N RSN } 3 3.4 ...e?L....,...;rzi....v..;A«‘H.L ! L(lT;&LfﬁiT. T e
e o I SISVSD S S U SRS S S S S SSRGS . —4+ {8 B8 U8 A) 6 15 R 5 T A O O TR S R {4 TPITiA R e ER B . e o ) S S
S T 8 {00 W ) - 50 0 1 L I - 14 | U1 U9 A9 1500 1 1 1S R R (151 0% 1 (5 & R R e e s l,ww‘.aﬂl,*f T&,.&»J..; L‘L‘Ll;«w\ 4 -
,...+$|Y.»A.T)lol014 U0 A S S S S IS VS N S 1 VA W N O 1 B T R n, R S Wt R "lw *.fp R IR R R e l,§H \vlzi«hﬁ.liﬁfviv{ 4 Hl, .=
. e +- 4+——1— —~—4-4 4
0 0 0 O O INGWIEVEHOD ONINVAL FNIONT | g =
~TIirrrr | l...LlL ]
CO e e e e T JALYINWIS NI SINVOINENT d0 . IR EREEE
! R R . R RCRCRERES I
EEEEE I &.vv.ﬁu ;.A.w¢ ALIOVAYD ONIAYYYD QVOT NI NOIIVAWNOIA v TENOIA [ | || TH% 4 qu
BEENAR 0 Y 0 0 OO EEEERUNEEEEAREEENE A
WEASNL IE NSO N AW E W60 S e 1 TEREE SRS = - T: ol * 4443 ot ,LL..L%AL« |
IE@EWm LI&‘ol...,;r‘». R B e T T e H x‘H\ 1 "5 11 LLplw L“»v,.. LTH
! ] 4 IS S L -} 4 44 - B O 44434 — 44+
T ﬂ.r,mﬁ‘ﬁiﬂ_“ SN AR .:,CE E% L%L T HEHEHE ST
I Tt O O e e e e e e I Lii




........

t 4 I . 0
1. FIGURE 5: EFFECT OF NEW OIL ADDITION ||| !1if:it il
ON LOAD CARRYING CAPACITY 1] e

ABE-5+1.652. !

APE-5-1678

:.2)..r...

'x no” bage e

Tiuey 18

R

14




et i 4 1 U |- ! i g | {4 (0 L 0 O .
o PR 3 2. 4 . (L 1 S ¢ 4 4 } | 4 | I U S P i i )
4 D I . 5 U341 L0 0 0 5 o) ! + | b4 | IS BB SEEE RS AT SRR |
: T A 40 9 13 A G 0 ) 1 L O | b+ T m
FEAETIGEEE SN ANAEENN ISR ERRES |55 SRS R B Bl % A o T I B B O O R A . &y BN
ENRREES SN RS 8 s A 110 4 | 158 S S VBRI . B 55 U G5 18 61 W 58 L8 O 15 K A O AR I - S50 O LA ) (S8 0 B . A U 19
] —~ ] 1 t -
- s i - . + . ™ LI 1 YA S 1 S 15 e ......ﬁ¢f..¢,k“.. S o O W S S WS A8 U5 T RO M 1. ) W { B 11
ﬁ"'oi*‘l byt .. .. . o D e e e e s o e o o e s S S B B S 3 4+ 44—t gy 4
b A ~ ! 8
A ! [ L
H..Hﬂfvbl.ﬂ!o;tx.'f..., )‘M 0 e S 8 ] L O 0 0 i lZ..A..;IT?T.MWI;.A
A S e o S WS Yo . e e e . e s - ++ 4+ . 44 . PR e e = B + e
R = e S R -1t . D R + 4t b b A | IIS1 B B 8 o 5 ‘ y S IR L B A ¢ R ) S S T, W et
= 0 8 A (T IR 8 S 8 G I 0 B 0 0 O O e i (o=t el B LS A L L o e o B T T S U L W S S T O T 7 O 0 S
D e B me.eb. Attt . { =t dooat. L4 % I S BRSNS S A e ! s B 0
99 S5 I 1 A 56 0 N L O SN B 4 B { IS8 8 I B [0 B0 8| R " L R ! S g g L L L e L
) ) 655 0 1 N T A0 (O ' 1 W L 15 T S irﬂﬂ‘w.. 550 IS5 % ) I 1N 58 S B o B 4 : 3 198 8 380 L e o = T BEAR - IR T
- BREsEREmE, it el ] ey 1 § ! 4 20 U 1 O O 0 U S - 7 (L
r 110 o o o 8 s 5 O O ! 0 O .W.bf.rr.lell
- 0} Bl il 1 %) M
L = 90 15 ) T A {0 B R 0 55 0 0 O T O L 6 R 5 8 G 1 2 | S L PR | Lo e T
& 1 CN 4+ DA
- O AL I S uAalm. + A U5 I 8 UL L8 O U OB RS0 5 ) N 58 0 S 1 8 (8 SR 158 O S OB A ¢ D GRS RS T U017 R O Y A
L IW IR & 9 JG IR ) i L ER R L B U AL RSERE SR LASERESELERRNDERAE AREEREOAEE . REREE TN AW
- SR S8 S 2 SRR S - $io gt tiod, 4 ’ ot o4 A TV S ..,.‘..‘.7“,.4;3;.‘.1.?.\4.‘6.1'.
I ol & 565 0 O L T U 0 5 U O O 0 S D 1 B O (R M B S B R R MRS
[ g5l P e o EASESENE SENUNENNEE SRADRERNE . BEER NS
- o 3 f;ov‘vtilva.l_.v.&.'.;‘. 44 Y S NS W - + § 58 N T 1) —t 4 - B SRR S .s.r.MIL¢.4‘;A1¥u
L CMI SIS S I SN B 5 16 bt L L L LSS S E1 A | R I O 4ttt —+ ey B T e .ot - I SR
L ili|o -
L m m = e e L L L e L . ettt i o e ot £ e f#{iwi.Lﬁ... o- e e e
L ol = fonfente o fidiomboc bl 2 9 S ) (05 S (T B S 21 R + L ‘ ' ! I i 4 4 <.H‘.‘Lf?‘ALJ. W< Y U T S S S T
L s o L o S S S A N S R B G e O B O S 0 S B < et 560 S B I S IR A B8 6. o6 [ S O 50 N VL S I T S S 45 VIR S
L P.AmY)?tt,:'..&fo.o'....< T G S 9 1 SSRGS ESREAD RS ER N R e T
= (o] e e S o T S e ¢ {1055 B9 I B 20 450 IR B + $4—g—4 4 44—+ 4 ;1 B B A A O R D B dfed 4. 444 et
= X EREE  ED  5E SR T A S R R e R sedpob bbb bl e 1158 B ) S ¢ IR 55, 55 585 S [N B B e R T o e e R g 44—t ———4
- mw e S e D e T = S =1~ p—tt—t—t——t ¢ ..L«#..t?¢f&l.v4 e e e - 4
b = — - R R o S o B i 4ttt + +—4—4—+—+ +—+ HfL, B
- n RS ) T SR A O R 9 ) N1 1 VR S SR I ) S A ] T B R v I geellag I 5 I N O ) O | ce e ey a 0. A L U
k. I + i o . e AJ,.I_f 4 I
L (%) 4 L ) 5 1) 0 T ) 5 I O O 5 0 I EERETEEEEEEEEAEANEEEEAERE SECIRERIEC EEEEEREERE
s 56 5 6 0 O 0 U 1 0 1 IAEFEEEE AR e AR RERE (o BT ERN I SRR R EEE
1 ! ARSI NSNS SR SRS EE N SR ERASEAEN AEESRAEERE RRRERERERE 58 |t.k,4am1|yolllzl‘i
= O A A A A TS A N S I O . ? T8 P G S JR0 S5 B (I et - 4 44 - * 5 W S i B 5 &5 8 | foaboaboat i 4o 44 ) TS 0 WS W D SN WS W - V' O B S B W -
L 1o|16..v10\v~4.1\r.-tt~£i.uT»oo&vv.ft,o S e e e T B B T T o S e T i T e S
= m IR 8 T 5, A 8 I A T 08 A0 S L o UL 0 B B o o o IRBUEL W SR IS TR I SRS S B B AN G
L 15 0 1 0 N 0 0 0 T 6 O S 0 A (O 0 A, 57 0 D 0 5 0 5 I U O U O 5 0 6 1 O SR U O P OO O O G B O U MO R
L B ANNNEAESAERENEANEANEE T EANNEEREREEERE | AN EEERAY R ONEEE NS EAE AR W 0 7 6 0 O A O
= - O EREEERMENE R . SR EESEREREAE S O 5 (O VS 0 N 0 | D RS IR ?6“.‘.‘??4
- F o A - = . e roe § e —
5 S S0 S0 S G S A T S G G S S S 1100 8 1 O O 1 O 08 o VR e R d-td il L ) L L s L 3. +4+ 4 4 4 4+ 41 ....’,..0+r¥,‘%¢_¢m..sli“¢4.‘.t‘
B SEEEIENEAEESNEEANNEN SNESESENNE FESEEE. NS INSEESREEN IEEEESEEEL FEREEEAEND BLARE RN AREERSNEN
s i MWW 15 0 O 1 0 O 5 O O A 5 . 575 5 O O A A0 N 5 O 0 OO 0 (O (0 0 0 01 O 0 0 R
5 S D 0 S G S0 5 S S S5 S S S SRS T S S A - 500 1 S L 5% S ) T (B B == A 255 50 1 S AR A dodibad ol L d bl bbbt iddlodach it i bucpact il
1 5 TS S S W S S S 1 .ﬁ*\f‘lolnv‘?#kﬁ|0+l~v.¢v.<ﬁ‘4o.....';4.v.,.o SE SR AT OO A e - S S SR T S A 1 ..,.‘Jl.....TAt;¢ot,.AA1‘IA.... 4
Ls;.‘ i o 5 ) T T o SeEESSRD D WY HE I A e O | 4 e S B B ¢ 44444444 - brtg o T R R R o o T e e SRS F o
R T M e B T S o S R B e B B S S
B T o e e o o T T S B T T T S N S S S A S R A S R A R A
R e I B PR REE. SRR R 0 I O O O O R dedd AL LAY
| ,J | | . | P»».gb«fl 4 »Vﬂ» A L d i i . 4 . e o W -~ -
4 ! EEE RMEER SN .».‘,...omw.‘...,o,« 1LJT_#,'. l»..+~uf< p&»«H H ! N W LR
WMH.T»IY&&GLL.r.ot»lofr‘la‘...... 0 W A S R R dod ot d it bd SRR, S B -+ et
4 e o T o o o e B O e e e = R 341 dt. 4 ¥ I R . | R I B
N B e e 10 N W U o o o o o S S .la## = A <H i ’p + 4 <4444 ‘Hl 4 e %i}\TlH\ALﬁLL T
] i o e e P S BN S S O . T I T e 4u4.‘ .‘*E +Lkr..,+x 4 ;.;AAA;‘fh;Aer;t-»i.»ct,‘
BEENINEEIDRNERNEANERIESER RESUSA T AEEG NASEE D - A , naﬁmrr ‘+41$, » NEERETUERERREPESEERES.!
.Irl‘lblYvavIY!o.o@Y\Y). i .:,?44..,“..4» T T T e e e R e ‘+~ »H;;\A»,J »,y.‘ b LJf‘...‘;.;
ISENREEE A.Ao‘qL,#.L‘.yIH¢q‘_.,.... I o H‘.,..vr,.. R EEEEEE IBREEEEEE S 44444 44444444 o444 4
] 115 01 0 5 1 5 0 LRI Hm. ¥ R .; IBE RSS!
Tt o O 1 0 5 1 0 T A 11




G

‘o
++ 1
4
+—+
...... +

1 I;E‘U’\I?C'-IP: JE R LI 4 R . 7=y 1 D

ENEAREaEE BEENE BEERSSECuRNRER N

| 58 D R + FIGURE 7: EFFECT OF PRE-CONDITIONING ' t 41114+ -+1

6 WITH AN XAS-2354 A 710 R

HHHHHH HIGH GEAR LOAD OIL H A H T
T

ONDITLONING - :.

G

PE+331j721

'

S : L (| ) Pre-Condiltioning
g b : S i “ Timd
= b & + .. . LR R L e e e o e ed

S o i Bl S

T —




758 0 1 5 6 U0 15 10 1 6 1 O o (50 65t S U S 6 }44 -+
AETRRATRAEAMESERA5] L $ b Jeatont | 4 LR IR
EHFEESERNAEASSRRRESES® 4 $ | 5 [P =) } 4 : IS 55 . T 8 o 4 BN o O
AN S PN S S | R 44 v 1 $-hf I 1R | + s ‘ 4 + -+ . | gt 4
3 + bt et ¢ + + 4 4 4 Bt R O O M A 31 S O Y + 4 nmw i
B e e o : L " ) 5 0 () (50 (0 ) ) G 0 0 41 — 15 (5 RO I D 5 50 0 o 51 25 156 - a& BN
w“ulo.okvlo».cbo ... —— b . W\ . . . . . . *...4“ . =t + s 0 O A A 0 A 5 ;T-.n....
D_.Tfo‘olv.lo‘oﬁ.‘,vx S T + g e o o o R S o S S o S ' B B 15 0 S 5 D 0 e 0 B .#.mhf.‘Aa
Ch‘ol.r)l.....r T I m 1 | T S50 1 8 50 5 O L 0 o B 81 A8 1 0 it 4 S R N e 2 2R by b SR
A+ttt et < !l | .| 88 | R I R o SR S st + ‘ - 4 ! I O - 14—t~ P T
] R R Gt SR -2 JiE o ST ++ v : . .oy Y . D ~ . + e e e . T S Rl SIRTIRIIEES . S :
| 95 180 15 O 0 Y Ul A (e R e BT SR £ S 4 . + T o T o o S - ) 4 | PR ot DR I o B . 0 (0 S I B s 1L i P!
SESNENNEEDSRMENS 'W;hlf.ﬂvdb. ! bt ) 1o S IR | + YN 5 S 0L 160 158 6 S8 I IR e R RARIE S foh
P e pie ey |1 ! I m. [ BESSARERE AEESRRRARE INNNSRDREE B - | TN
= 44 ey § e I OB ) 4 I { (100 %, 15} 9155 (88 B0 0 5 |50 L (8 RSP (4 N I 1 S R | ‘ 4
f Q wsuwﬁl . 4ot 4. ' + 44t i | 4 + 2t 4t S 44 - ‘...ﬁm 4 1 4 —d
- = Lol & . WS —
L ! S L + N S 4 ) 85 B B0 180 12 59 28 1) 5 O A O R 5, - 0 N A O o o S B O D B I = e i o
Bl ol s EEELEEEE! . 0 O 6 6 15 6 S R S 0 0
A Pom J‘m‘.i E=1 IR T T T o, S o SN B S S B S S o | 2 SN S B R R IR ot e o AR e e e o S B S e o .‘.‘ua,.. $~t—t—4—+
T -4 e b i (O O (R 1Y O O 0 L e W 65O, 1 o )0 U 5 0 o L v S O % 6 6 B 1 L 50 A B R0 66 15 B (B0 0 O I 6 S O U R
- glal g sl = 0 5 0 00 T 0 0 O 0 705 1 0 5 O T 0 5 D 8 O = 4 0 B
[ < g & [ T e T e e SENEEENS SSNERSNENE INNRSEEE . ¥ BN NANNENE
L o[N]8R 5 I 0 L L 0 O O | 5 O O O I 15 1 0 O L 0
B Sl B iSRS ESEY SN EEE SSNSE SRS NN N E NESS NSNS NASEEE UNARENANAE SRNENERER SR REREEERE
- = O —_— —_— -
1 B 2] O 00, o S0 N o 0 L N R ) R 1 O i O N o % 1) % b= | ) 1 T e Y O O A B N R R ) 12 SR R RS BRI A4r1..‘4~‘. sEmEsdESeRE
L me |55 ) 5 O 5 O 1 A 0 5 L A0 10 8 L4 REES SRR ENE SRR EEEEEEY SRS EEEEE .88 SEESE N
ﬁ ol O > O e e e O e N e e o S o T TR B e B o e o e SRS o i =
—| % EREHARESEN D SHMNENNEEBE RESE RS T EE N &S ESREEEE .m e | RS
ﬂTR SEEmSEsESLTERRERE LS DEESEE RS RS R WEEEMEE A F 4 [0 15 16 A A W 5 1 ) 1 1SS A A O LA 15 1R B B B
ﬁ - Q SN I S e e | R e o B bt b ey S e i 44—+ 4+ 44— A.t.é;».'ua.l.A.‘ . o I S I
- mum e e T R S T T i e SR ‘ﬁo. e | - S =5 I AR S 18- | it ot edeibinlt bttt A R e T e S e e N ]
L | O - O e e e e e R .2. 4+ ¢ t+ 4+ttt 4 ?.A‘L.‘A.L«I«o&r...ﬂ D IR e
L ml O YA JC U 150 T O I 9 ) IR L S VL O 1 S O, (9 VR ) T 100 0 A 1 s A 1, 108 5, 1 R ¢ et i I 1 PRC I (R A (581 59 | ..t......IL_IeA$»,T. e e
L « s e . B FR - B U1 4 ") f‘[.» |
L - 15 5 1 PYUF. EEIREEEEEENRREE ERRERREBEE &N 4 I O N O T
ﬁ © SEEREEIR S L.»%L..vvru..;oo..v. IEN I U BS SN AR DR ERAR BT,V /0 I8 ERESES & bt Rt = B 15 B BT o A
e T o T T T B o O e e R R Tan e e T
ﬁ m SO T S T W S S A S 1 (NS ) A (S 1 OR) N (N ¢ \ A 1 (8 .,.?.go ‘;W... B T e T e = BSOS U5 0 0 SO . J
8 0 L ) 1 O S0 O S (6 51 55 O A S U S O 6 188 A 18 8 1 T L B A8 ISR N 400 O =) N S TS (S 100 10 O B O O TR B e ) 0 MR RS BN R R O SR {
L S0 P I 0 O 1 0 6 R I o 0 OO R SR AR5 SR B LIS 38 W I 1 U0 06 0 (8 SR 8 (855 I R {
A m s s ot : 138 ! ) S 4 S + ...M¢...n6-.. 4 } B .........AL‘..A...m...r.“vl.‘..ll
L o ENERNSSERTIRSRRNE NN 1185 O S U I S B (R T e S B B T T T S e o § W B W U 1
L R R S S G 951 4 120 [ S e 18 » U A1 10 ST B 8 St ¥ [ 3 [0 T e N RS NEEE .
- " i
f b &d [ TN H
- R T S e e S S S SR Y PO o & .. e e D e o - b +— 4 D R i T S S & L e S S S R iR s e S S - B e
- 501500 L X S L R O 5 T O O A O G M 1 0 I U G0 | BB | O 1 1 S .A.,..k. IF O U S S O S 8 O N 0 N .
e S S e e S St S ST S Y R bt ot . P . . 44—t ‘...;4.. e T - o ddimbocd i
5 T A 5N W S S L SIS B T S MBS SR RO 4 R 8 U O VO S I [ VO 00 1 SR O W 6 ) ) SRS S O D O ettt gt
it R e B S e aRaR SRS SRR A W RBEDSREERERRERRE S REE LR RS S i
} 1500 A5 K (5 155 (0 M A1 SN VS 19 S 55 ) 0 O (N O 1 VO ) 1 N (W S . TN S I e 'h WENES WEDERES BN IS TS S ES SIS G ST SR AR IS o o o e e e e = RS t
ﬁflvr»lr;y‘?f.».v!,‘.-,1r........, 90 SN 0 BN S S .. R e TR IR = N ! W B R e ISRERIE VAN WSS U S S S SN S L SIS S TS .
55 10 ) 0 A S D U N VN T ) N A S 5 5 W 15 O B R OB A B8, W S 6 +4 1P 1% I 0 1 S 158 L W) ﬂt.wr.*k&‘.JIthltv‘.,T.l&\tlo..Lf..oL f
i i B I | Ashadiagund L B il apleatucd.ad, i
SETEEIETALATERTEEERS RRBARESEEEE REWE SN Eet X 15} 0 0 A S I D O 50 5 ) O S O O T 0 A | J- d-4 EETEEEEE N
6 T80 5 5 ) )0 A ) R R .'.......%,...? t..AU'..:\tarL ) I O A O N 5 e 4»4+Hkr.ﬂ.?. IBENEaES 7¢L0|M|f‘f LR I . . -
¢ i e R eI 1 I#l,t c“m.a R a_%HL coee s 4,1*1va+ VN T iy I s y B . ¥ . 44 w;‘,‘, P »,L
ﬁ»ﬁw 50 0 0 0 0 0 O O SSL.)OSESERRNL . IBERRNEREE INNE rLf‘;L‘TT+A+.Yrro;,xoLAAleélL.fs.;u]
IHAEEsEEARERNESSRSLERRSREER NS (...m.'. e B o B S S T e Alr* b ..H*.kAa. Y4PA4,4‘¢,Y k.lf;Ll;.‘f*,Tb .
WIL.,.» 5 A A R U U TS S S [ ....AT.?T.‘f..'»v I g‘ h.nw - 4,»»‘4 F I O W .
B T B LA T S e e o B I W Lo & $ 44 BT T T o e S I 1
,Iro\rlur".f0+_ﬁy..'...%¢,v.o.....*“ | I B R <...A,.~_.. I B AL 1R ..»H**H.Aw‘_LL\fM»#, .t....H+
| A " —3 T S . - T ——t — e 4+ -+ 4 4 . 4 4444 et 4 4 4g
70 8 O 4 R 7 A 9 12 ) 75 6 ) 0 0 7 0 PN T 0 0 00 0 O = 1 O




3 ) R . .77 a¥dT HEAQOL ONINOTLJANOD+3dd

W T G3.082): pe12T . s s BSEESSERREREE SN SRS EEREAS FRRNENEES

LIl A Jdl 5

O )0 10 00 L0y o053 v (o 0 O O O O O 5 0 0 0 O O I ““,,“”MZ,., R AR RS

E
4
P ——

I ISR E RS ENANS SN AR JENRS RGNS cRG A EEE R IR EERE FES RO TREEE I EERREE BT paE e 8 1 o e

D.. ........... N0 O O O N SE RS I s T (RSO S R

e 00 O ALIOVAVYO ONIAYYD N ERE NS T e e e

] — — —

Bbe 5 0 O O avoT NO TENIVYIdIWAL RE EEEERE RS W T 143

L ITERESSREN EERANENE Y tttiriiio]i ! ONINOILIGNOO-FMd 40 doaada :6 mnora +iH+HHH+H i HH
............................ | ‘,..‘...h §—3 44 41484
....................................... A_..k. .* b ot 4 4 dLgy
SEANSEEES JRNANERENE 4.._::;__..,_;:“_:::_;,::.ﬁ. 11 IBEPEENEEG P EE RPN
T SRR S )] A e ISRESYTEEEE SN SES T,Yolr‘ow‘vt.u..,.‘A. O R R IR G R A **LL_.w“L.»“IHM -4 N...LL.H




&
i

o0}
o~
1
<3
e

m 6 o (0£¥2) STy (05L2) z8v

Z (0812) z8€ (0552) 147

- - (z962) 61S (L882) v0S

£°LL Lz (0162) 0TS (oLLg) 099

S°v8 6°stT (8952) (017 (9962) 615

s L S LT (L687) LOS (866¢) ooL

5°z8 S L1 (8122) 88¢ (8692) Ly

8°LL zezz (£€€2) 80% (000€) 143

08 0z (L9YT) A%4 (sLog) 8€S

S6 S (9v82) 86V (000¢£) 4

S°v8 S°ST (88L2) 88¥ (z1€€) 08S

zL 8¢ (0692) Ly (szLE) zs9

9L ve (52872) 134 (€1LE) 0S9

JO % % (tdd) ¢-0T x w/N ‘pesn (tdd) ¢£-0T x w/N ‘#MeN

‘110 MaN ‘ssor A3toede) butdAxae) peoy

ALIDUY4VD ONIAREVO AVOT INVOIHENT NO

INIWNOIIANT ONIILWVYIJO INIONT 40 LOIIIH

STTO PoTITIeNnd 669£Z-T1-TIW (Z)
STTO PeoT Xea) YBTH PSEZ-SYX (1)

SUOT3RPUTWIS}OP § JO Sbexsae ue ST HBurjex yoedy

e 951
s zovd
0ST 961
SLT £9L
SLT £9L
SLT £9L
£EV
812
06 0£dL
0ST 9L
gze
SLT zse
SINOH OGMMSW
3o "oN
(1 FTEVL

sTTO “Tend
669€Z-T-TIN
Jo abuey

(Z) EovI-5-3d
(T) 2g91-g-3d
(Z)evL1I-S-3d
(1) T2zL1-5-3d

(2)9621-5-3d

(2) TELT-S-3d

(2) 09€T-G-3d

(T)Ly91-5-ad

“ON 9pod
juesTIqny

419




NAPC-PE-28

9°0¢

S E€

£€°8

% ‘ssoT

00T

00T

00T

00T

00T

00T

00T

00T

00T

00T

00T

00T

SINOH

Jo -o

STTO POTIITIeNd 669€Z-T-TIHW (Z7)
STTO PeoT Ied) ULTH HpSEZ-S¥X (1)

SUOTICUTWIIISP § JO obeisae ue sT Hurjey yoedy

(0952) 8V (5962) 618
(0SS2) 144 (0€82) sev
(s082) Tev (oLLE) 099
(obse) 147 (0z9g) [4%°)
(SLST) sy (o8z¢g) VLS
(9542) 2347 (ozze) ops
(2v92) €9% (sLeg) 969
(0Ls2) 0S¥ (szse) B
(8T62) 0TS (GTLE) 0s9
(oove) och (L062) 605

- (0zse) 1844 (08L2) L8Y
(L6€Z) oty (8192) 8S¥

(1dd) ¢_0T X w/N ‘pasn (1dd) ¢ _OT X w/N ‘MaN

N «A3toede) butiAire) peol

LNAWLIVAWOD ONI¥VEE INIONI JALVINWIS ¥ NI

SINYOI¥ENT 4O ALIDVdYD ONIAYYYD AVYOT NI NOILVAVIOIA

*I1 JI19YL

(2) 91L7T-5-34
(2) €eLT-5-3d
(T) z9971-5-ad
(T) 8L971-G-ad
(2) 6T1L71-G-3d
(2) s8ILTI-S-3d
(1) 81¥I-g-ad
(T) zev1-G-dd
(1) 9sbT-6-ad
(2) z-zTveT1-S5-ad
(2) 1evI-G-3d

(2) zveT1-S-ad

“ON 8poD
JuedTIqNT

20




NAPC-PE-28

TABLE III: LOAD CARRYING CAPACITY RATINGS WITH
NEW OIL ADDITIONS

*Load Carry Capacity Rating, N/m x 10”3 (ppi)
Used Oil Plus %
0il of New 0Oil
Code No. New Oil Used 0il 5% 10% 50%

PE-5-L718 (1) 540 (3220) 448 (2556) 440 (2511) 447 (2554) 453 (2589)
PE-5-L342-2(1) 509 (2907) 420 (2397) 425 (2430) 420 (2400) 444 (2537)
PE-5-L1652 (2) 660 (3770) 491 (2805) 502 (2864) 512 (2923) 550 (3140)

PE-5-L678 (2) 634 (3620) 445 (2540) 474 (2705) 471 (2688) 585 (3339)

PE-5-L317 (3) 420 (2400) - 478 (2730) = 627 (3580)
PE-5-L417 (3) 455 (2600) - 542 (3097) = 649 (3707)
ﬁ
{
Notes: |

(1) MIL-L-23699 0Oil
(2) XAs-2354 0il
(3) Synthetic Base 0il (plus XAS Oil PE-5-1418)
PE-5-L317 and PE-5-1417 are different lots (production batches) of
PE-5-1606. ’
*Each Rating is an average of 4 determinations . b
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