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INTERNATIONAL

Standard Practice for
Determining the Effect of Fluid Selection on Hydraulic
System or Component Efficiency’

This standard is issued under the fixed designation D7721; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (&) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This practice covers all types and grades of hydraulic fluids.

1.2 This practice is applicable to both laboratory and field evaluations.

1.3 This practice provides guidelines for conducting hydraulic fluid evaluations. It does not prescribe a specific efficiency test
methodology.

1.4 The values stated in SI units are to be regarded as standard. No other units of measurement are included in this standard.

1.5 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety-safety, health, and heatthenvironmental practices and determine the
applicability of regulatory limitations prior to use.

1.6 This international standard was developed in accordance with internationally recognized principles on standardization
established in the Decision on Principles for the Development of International Standards, Guides and Recommendations issued
by the World Trade Organization Technical Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:*
D4174 Practice for Cleaning, Flushing, and Purification of Petroleum Fluid Hydraulic Systems
D4175 Terminology Relating to Petroleum Products, Liquid Fuels, and Lubricants
2.2 ISO Standards:’
ISO 4391 Hydraulic fluid power—Pumps, motors and integral transmissions—Parameter definitions and letter symbols
ISO 439243921 Hydraulic fluid power—Determination of characteristics of moetorsmotors—Part 1: At constant low speed and
constant pressure
ISO 4409 Hydraulic fluid pewer—Posttive-displacement-pumps—Methods-power—Positive-displacement pumps, motors and

integral transmissions—Methods of testing and presenting basic steady state performance
ISO 5598 Fluid power systems & components— Vocabulary

! This practice is under the jurisdiction of ASTM Committee D02 on Petroleum Products, Liquid Fuels, and Lubricants and is the direct responsibility of Subcommittee
DO02.NO on Hydraulic Fluids.

Current edition approved May—+-—264+7Sept. 1, 2022. Published #ane—26+70ctober 2022. Originally approved in 2011. Last previous edition approved in 2642017 as
B7F72+—H-D7721 — 17. B61+6-+526D0I:10.1520/D7721-22 AF72+++

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM Standards
volume information, refer to the standard’s Document Summary page on the ASTM website.

3 Available from International Organization for Standardization (ISO), ISO Central Secretariat, BIBC II, Chemin de Blandonnet 8, CP 401, 1214 Vernier, Geneva,
Switzerland, http://www.iso.org.

*A Summary of Changes section appears at the end of this standard
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ISO 8426 Hydraulic fluid power—Positive displacement pumps and motors—Determination of derived capacity
23— Other-Standards:
VDE2198 Fyoe-Si for-Tndustrial Frucks®

3. Terminology

3.1 For additional definitions related to petroleum products and lubricants, see Terminology D4175. For additional definitions
related to fluid power systems and components, see ISO 5598.

3.2 Definitions:

3.2.1 baseline oil, n—oil of known performance characteristics used as a basis for comparison.
3.2.1.1 Discussion—
For purposes of this practice, the baseline oil may be a hydraulic fluid of any suitable composition.

3.2.2 component, n—of a hydraulic system, an individual unit, excluding piping, comprising one or more parts designed to be a
functional part of a fluid power system, for example, cylinder, motor, valve, or filter.

3.2.3 critical parts, n—those components used in the test that are known to affect test severity.

3.2.4 cycle time, n—the amount of time it takes for a machine to perform a repetitive segment of an operation, typically measured
as the time it takes a machine to return to the original position after completing a task.

3.2.5 energy consumption, n—the total energy content consumed during a test in kWh; determined from electric power meter
readings or calculated from the mass of fuel consumed and the lower heating value of the fuel.

3.2.6 energy efficiency, n—the work output divided by the energy input; this ratio may be expressed as a percentage.

3.2.7 fit for use, n—product, system, or service that is suitable for its intended use.
3.2.8 fuel rate, n—the rate at which fuel is consumed in L/h, normalized to the fuel density at 15 °C.

3.2.9 grade, n—designation given a material by a manufacturer so that it is always reproduced to the same specifications
established by standards organizations such as ASTM or ISO.

3.2.10 hydraulic fluid, n—liquid used in hydraulic systems for lubrication and transmission of power.

3.2.11 hydraulic system, n—fluid power system that is an arrangement of interconnected components which generates, transmits,
controls, and converts fluid power energy.

3.2.12 motor hydromechanical efficiency, n—ratio of the actual torque output of the motor to the theoretical torque output of the
motor.

3.2.13 motor overall efficiency, n—ratio of the mechanical output power to the power transferred from the liquid at its passage
through the motor.

3.2.14 motor volumetric efficiency, n—ratio of the theoretical inlet flow rate to the effective inlet flow rate.

3.2.15 outlier, n—result far enough in magnitude from other results to be considered not part of the set.

3.2.15.1 Discussion—
For purposes of this practice, classification of a result as an outlier shall be justified by statistical criteria in comparison with the
valid data points.
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3.2.16 pump hydromechanical efficiency, n—ratio of the theoretical input torque of the pump to the actual torque input of the
pump.

3.2.17 pump overall efficiency, n—ratio of the power transferred to the liquid, at its passage through the pump, to the mechanical
input power.

3.2.18 pump volumetric efficiency, n—ratio of the effective output flow rate to the theoretical output flow rate.

3.2.19 test oil, n—any oil subjected to evaluation in an established procedure.
3.2.19.1 Discussion—
For purposes of this practice, the test oil may be a hydraulic fluid of any suitable composition.

3.3 Definitions of Terms Specific to This Standard:

3.3.1 design of experiment, DOE, n—statistical arrangement in which an experimental program is to be conducted and the
selection of the levels (versions) of one or more factors or factor combinations to be included in the experiment.

3.3.2 duty cycle, n—time interval devoted to starting, running, stopping, and idling when a device is in use and the time spent
operating at different levels of speed, displacement volume, torque, and pressure.

3.3.3 power factor, n—in AC electrical circuits, the ratio of actual electric power dissipated by the circuit to the product of the
root mean square values of current and veltage-voltage; fnin DC electrical circuits, it is the energy consumed (watts) versus the
product of input voltage (volts) times input current (amps).

3.3.3.1 Discussion—
The power factor is the dimensionless ratio of energy used compared to the energy flowing through the wires.

3.3.4 system overall efficiency, n—in fluid power systems, the ratio of the output power of the system to the input power of the
system.

3.3.4.1 Discussion—
For integral transmissions and open-loop hydraulic circuits that drive a hydraulic motor, system overall efficiency is the ratio of
the output mechanical power at the hydraulic motor shaft to the input mechanical power at the pump shaft. Methods ISO 4391 and
ISO 4409 provide additional details for determining system efficiency in circuits with boost pumps.

4. Summary of Practice

4.1 The purpose of this practice is to define minimum technical requirements for conducting energy efficiency performance
comparisons of two or more hydraulic fluids in controlled laboratory or field evaluations. It is organized in three sections.

4.2 ntrols-and-constderations—ba n-both-teehntealfa and-practies -The first section describes
guidelines for a dynamometer evaluation of fluids in a high-pressure positive displacement pump. Baseline and test fluids are
evaluated under steady-state conditions of pump shaft speed, displacement, outlet pressure and fluid temperature. Input torque,
outlet flow and case drain flow rates are measured.

4.3 quiremen S e anningtesting-cond and-data—analysts-and-re g4 seribed—The second section describes
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guidelines for dynamometer evaluation of fluids in low-speed hydraulic motor testing. Baseline and test fluids are evaluated under
steady-state conditions of inlet pressure, motor shaft speed, and fluid temperature. Output torque, input flow, and case drain flow
rates are measured.

4.4 The third section describes guidelines for field evaluations of hydraulic fluids. Baseline and test fluids are evaluated in
hydraulically powered machines. Energy consumption and duty cycle times are measured to compare the effects of fluids on
machine efficiency and productivity.

4.5 Differences between baseline and test fluid performance are statistically evaluated.

5. Significance and Use

5.1 The parpoese-primary function of a hydraulic fluid is to ; briea W s-transmit power.
This practice provides uniform guidelines for comparmg fluids in terms of their power- transmlttmg ablhtles as reﬂected in thelr
effect on hydrauhc system or component y v §

hyd-rau-l-re—ﬂ-md—tes-t—mg—efﬁcwncy and product1v1ty

5.2 Practical advantages of enhanced hydraulic system efficiency may include increased productivity (faster machine cycle time),
reduced power consumption (electricity or fuel), and reduced environmental impact (lower emissions).

5.3 Differences in fluid performance may be relatively small. Consequently, it is essential that the necessary experimental controls
are implemented to ensure consistency in operating conditions and duty cycle when comparing the energy efficiency of different
hydraulic fluid formulations.

5.4 This practice implies no evaluation of hydraulic fluid quality other than its effect on hydraulic system efficiency.

6. Procedure
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of the-testfluid-atleast-oneePractiee-pump tests shall be conducted on a hydraulic dynamometer via a modified ISO 4409 method.
ISO 4409 specifies a procedure for determining the performance and efficiency of hydraulic fluid power positive displacement
pumps, motors, and integral transmissions under steady-state conditions. It includes hydraulic circuit schematics, test procedures,

and perm1551ble systematic error 11m1ts The purpose of the follow1ng procedure is B41%’4—prow&es—speetﬁe—reeemrmendaﬁoﬂs—to

the performance of ﬂUIdS in terms of pump efficiency and/or 1nterna1 leakage flow losses. Modifications are required to the ISO
4409 method because fluid performance, rather than pump performance, is to be incladed—with-the-testresults-evaluated.

6.1.2 Pump Selection—A positive displacement piston pump that is employed in construction engineering, material handling, or

other off-highway vehicle applications shall be selected for testing. Load-sensing variable displacement axial piston pumps are
widely used in these applications and have been found to be suitable for hydraulic fluid efficiency testing. Use of other pump
designs is permitted.

Note 1—A calculation of the theoretical flow rate is required to determine the volumetric efficiency of a pump as shown in Eq X2.3. The theoretical flow
rate is determined from the mathematical product of the pump rotational speed (r/min) and derived displacement (Vi).

6.1.3 Pump Derived Displacement—The derived displacement of the pump shall be determined in accordance with ISO 8426.

6.1.4 Internal leakage flow loss measurements shall be used to compare the effects of fluids on pump performance if the
displacement is not fixed or the pump does not incorporate a swashplate position sensor.

6.1.5 Install the pump in a hydraulic circuit as shown in Fig. 1.

6.1.6 Erwemnenfa{—GOﬂd-rfmns—(fw—Held—Pﬁﬁ%s)—Sensors and Instrumentatzon—{t—ts—rmpoﬁaﬂt—te—mtmmﬂePrems1on 1nstru—

mentation is necessary for determlnlng the effect of differ

uﬂdefhydraullc fluids on pump performance Table 1

Temperature SF{Z:E;”
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FIG. 1 Circuit Schematic for Evaluating the Effect of Fluid on Pump Performance
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TABLE 1 Typieal-Systematic Measurement Error Limits as Determined During Calibration

Pararmeter
Parameter Permissible Systematic Measuring Instrument Errors for Each Class of Measurement Accuracy
A B C

+0-5 ++ 2

Rotational Frequency (%) +0.5 +1.0 2.0

FlowRate{%) +05 4= +

Flow Rate (%) +0.5 +1.0 +2.5

Torque (%) +0.5 +1.0 +2.0

barj-gadge

Pressure, where p < 0.15 MPa gauge +0.001 +0.003 +0.005

(MPa)

bar)|-gauge

Pressure, where p = 0.15 MPa (%) +0.25 +0.5 +1.0

Fest-FluidTFemperature{26) +05 =+t +2

Test Fluid Temperature (°C) +1.0 +2.0 +4.0

feserverﬁand—a-t—t-he—pm—rn-}et—The callbratlon of all 1nstruments shall be verlﬁed Pressure transducers in partlcular are susceptlble
to damage as a result of hydraulic pressure spikes.

Posmve drsplacement gear type flow meters are recommended
for dynamometer testlng. In Vehlcle testing, it may be necessary to use another type of flow meter to avoid excessive pressure
losses that affect machine performance and efficiency.

6.1.9 Baseline Oil—The baseline fluid shall be selected by agreement of the responsible parties.

the Component for 20 h at rated pressure and speed (stage 6) Total time for run-in shall be 24 h, including the 1 h cool down cycle

(stage 7). Any mechanical issues arising during run-in shall be fixed as necessary, with the run-in continuing where left off.

6.1.11 Fluid Flushing—A triple flush method shall be employed to reduce carry over between fluids. Flush and drain the system
three times. Change the oil filter. Fill the system and perform fluid Run-in.

6.1.12 Fluid Run-in—New baseline and candidate fluids shall be run-in 500-turns of the reservoir at 50 °C and maximum system
pressure.

TABLE 2 24 h Run-in Sequence for New Hydraulic Pumps

Stage Time, h Mode Speed, % of rated Pressure, % of Displacement, % of Pump Inlet Temp,
max rated max rated max °C

1 0.5 Warm up 50 25 100 Ambient

2 0.5 Warm up 50 50 100 50 nominal

3 0.5 Warm up 75 50 100 50 nominal

4 0.5 Warm up 75 75 100 80 nominal

5 1.0 Warm up 100 75 100 80 nominal

6 20.0 Run-in 100 100 100 80 +1

7 1.0 Cool down 75 25 100 Ambient
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Note 2—FIluid Run-in is performed to stabilize viscosity and tribological surface conditions. Shearing of the fluid is more severe at 50 °C than 80 °C,
hence fluid run-in is performed at the lower of these two temperatures (50 °C).

6.1.13 Calculation of the Run-in Time—The minimum run-in duration shall be calculated as shown in Eq 1:

0 = (g, *S00UVi (n)*60) (@)
where
6 = minimum fluid run-in duration in hours,
g, = volume of oil in the reservoir in liters,
Vi = pump displacement in liters per revolution, and
n = rotational frequency of the pump in r/min.

equipment;—changesThe high-pressure pump testing shall consist of operatlng a Vanable dlsplacement piston purnp at maxunum
pressure and 80 °C under the condltlons shown in Table 3 oad sep 5OW :

fe&t—pfeteeei- Each of the twelve test points shall be evaluated durlng a smgle run. A minimum of five runs of data shall be

collected. The testing stage sequences may be altered to help with temperature control.

TABLE 3 Pump Test Parameters

Stage Time Mode Pump speed, % of Pressure, % of max Displacement, % of ~ Pump Inlet Temp, °C
max max

0.1h Warm up 40 -50 20 - 30 100 nominal Ambient
0.1h Warm up 50 — 60 50 - 60 100 nominal 50 nominal
03h Warm up 60 -70 70 -80 100 nominal 80 nominal
0.5h Warm up 100 100 100 nominal 80 nominal

1 =5s Testing 100 100 100 80

2 =5s Testing 100 100 80 80

3 =5s Testing 100 100 60 80

4 =5s Testing 100 3 100 80

5 =5s Testing 100 90 80 80

6 =5s Testing 100 ) 60 80

7 =5s Testing 90 100 00 80

8 =5s Testing 90 100 80 80

9 =55 Testing 90 100 60 80

10 =5s Testing 90 90 00 80

1 =5s Testing 90 90 80 80

12 =5s Testing 90 90 60 80
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6.1.17 Test Measurements—Record the following:

6.1.17.1 Input torque,

6.1.17.2 Input shaft speed,

6.1.17.3 Inlet temperature,

6.1.17.4 Inlet pressure,

6.1.17.5 Outlet pressure,

6.1.17.6 Outlet flow rate, and

6.1.17.7 Pump case, pressure compensator, and motor drainage flow rates.

6.1.18 Evaluate the results as described in 7.1.

6.2 Subjeet—Equipnent—Seteetion—Procedure for Laboratory Evaluation of Fluids in Positive Displacement Motors: The

D 00 O a 3 P a O P O oc—app ¢)—and a

6.2.1 General Description—Hydraulic motor tests shall be conducted on a hydraulic dynamometer via a modified ISO 4392-1
method. This part of ISO 4392 describes a method of determining the low-speed characteristics of positive displacement rotary
fluid power motors, of either fixed or variable displacement types. The method involves testing at constant low-speed and
high-pressure conditions. The purpose of the following procedure is to produce a statistical basis for comparing the performance
of fluids in terms of hydraulic motor efficiency and/or torque losses. Modifications are required to the ISO 4392 method because
fluid performance, rather than motor performance, is to be evaluated.

6.2.2 Motor Selection—A positive displacement piston motor that is employed in construction engineering, material handling, or
other off-highway vehicle applications shall be selected for testing. A Poclain MSE(02 Radial Piston Motor and a Danfoss Series
90 Axial Piston Motor have been found to be suitable. Use of other motor designs is permitted.

Note 3—A calculation of the theoretical torque is required to determine the hydromechanical efficiency of a motor as shown in Eq X2.5. Theoretical
torque is determined from the mathematical product of the motor differential pressure and derived displacement (Vi).

6.2.3 The derived displacement of the motor shall be determined in accordance with ISO 8426.

6.2.4 Install the pump in a hydraulic circuit as shown in Fig. 2.

6.2.5 See 6.1.6 — 6.1.8 for sensor, calibration, and flow rate requirements.

6.2.6 Baseline Oil—The baseline fluid shall be selected by agreement of the responsible parties.

6.2.7 New Motor Run-in—New motors shall be run-in according to manufacturer recommendations with the baseline fluid.
Performing a run-in sequence is necessary to stabilize the performance of the motor in low-speed testing. If run-in procedure is
not available from the manufacturer, use the run-in sequence listed in Table 4.

6.2.8 Fluid Flushing—A triple flush method shall be employed to reduce carry over between fluids. Flush and drain the system
three times. Change the oil filter. Fill the system and perform fluid run-in.



https://standards.iteh.ai/catalog/standards/sist/ee0e7b56-29d0-481d-bde1-9cd40a445f7a/astm-d7721-22

D7721 - 22

ull
Temp
irecti ressure
Directional Motor Inlet
Control Valve Fi
e ow
Pressure () Pump Outlet =y, Torque Load
Transducer Flov{\é:l\)'!\eter Sensor Motor
o/ o |
Pump Tach Sem
Motor (SDEEd) PUITID i_ - Relief ><
' %3
L= Case Flow
i__'\
| W\ Back d,) :
L—|y Pressure L]
Pressure
Filter
.x. Case and /N i
Compensator W :
é : Flow Heat
l—J, L] Exchanger
Reservoir Return Line

with Breather

FIG. 12 Circuit Schematic for Evaluating the Effect of Fluid on Motor Performance
TABLE 4 24 h Run-in Sequence for New Hydraulic Motors
Stage Time, h Mode Speed, % of rated max Pressure, % of rated Motor Inlet Temp, °C
max

1 1.0 Warm up 25 % 25 % 50 nominal
2 1.0 Run-in 50 % 50 % 50 nominal
3 1.0 Run-in 75 % 75 % 50 nominal
4 4.0 Run-in 100 % 100 % 80 nominal
5 4.0 Run-in 75 % 100 % 80 nominal
6 4.0 Run-in 50 % 100 % 80 nominal
7 4.0 Run-in 10 % 100 % 80 nominal
8 4.0 Run-in 5% 100 % 80 nominal
9 1.0 Cool down 75 % 25 % Ambient

6.2.9 Fluid Run-in—New baseline and candidate fluids shall be run-in 500-turns of the reservoir at 50 °C and maximum system
pressure.

6.2.10 Calculation of the Run-in Time—The minimum run-in duration shall be calculated as shown in Eq 1.

6.2.11 Motor Test Sequence—Each evaluation shall consist of two segments: an initial fluid baseline and a candidate fluid
evaluation.

6.2.12 Motor Test Conditions—The low-speed high-torque motor test shall be conducted under the conditions shown in Table 5.

TABLE 5 Motor Test Parameters

Stage Time Mode Speed, % of rated Speed, r/min Pressure, % of Pump Inlet Temp,
max rated max °C

0.1h Warm up 25 25 Ambient
0.1h Warm up 50 50 50 nominal
03h Warm up 75 75 80 nominal
05h Warm up 100 100 80

1 155 Testing 1 25.0 80

2 15 Testing 1 375 80

3 15s Testing 1 50.0 80

4 15s Testing 1 625 80

5 15 Testing 1 750 80

6 15s Testing 1 87.5 80

7 15s Testing 1 100.0 80



https://standards.iteh.ai/catalog/standards/sist/ee0e7b56-29d0-481d-bde1-9cd40a445f7a/astm-d7721-22

D7721 - 22
il

Each of the seven test points shall be evaluated during a single run. A minimum of five runs of data shall be collected. The testing
stage sequences may be altered to help with temperature control.

6.2.13 Test Validation—Verify that inputs (Table 5) comply with the limits provided in Table 1.

llect 15s o

f data at each test

point under steady-state conditions.

Note 4—The motor rotates one-quarter revolution in 15 s during 1 r/min testing. A shorter sample duration my lead to excessive variability in the test
results.

6.2.15 Test Measurements—Record the following motor input and output parameters:

6.2.15.1 Input flow rate,

6.2.15.2 Inlet temperature,

6.2.15.3 Inlet pressure,

6.2.15.4 Outlet pressure,

6.2.15.5 Output torque,

6.2.15.6 Output shaft speed, and

6.2.15.7 Motor case drainage flow rate.

6.2.16 Evaluate the results as described in 7.2.

6.3 Data—Cottection:Field Testing:

6.3.1 General Description—Field tests shall be conducted on equipment that is predominantly hydraulicly powered. Typical
examples include crawler excavators, mining excavators, wheel loaders, hydraulic forge lifts, hydraulic presses, injection molding
and die casting machines.

Note 5—Plastic injection molding machines and medium sized excavators in the 20 to 50 ton range have been extensively studied. Example test protocols
for these types of machines are provided in Appendix X3.

6.3.2 Equipment Selection—Select equipment that is fit for use.

6.3.2.1 Inspect the candidate machine to ensure that all critical mechanical and hydraulic functions (propulsion, extension,
retraction, pressure, and flow control) are operating properly.

10


https://standards.iteh.ai/catalog/standards/sist/ee0e7b56-29d0-481d-bde1-9cd40a445f7a/astm-d7721-22

D7721 - 22
il

6.3.2.2 Air conditioning and other auxiliary systems may be disabled or locked into a fixed operating condition to reduce the
impact of ambient temperature and unrelated conditions on energy consumption.

6.3.3 Sensors and Instrumentation—Equip the machine with the necessary sensors to measure changes in energy consumption and
productivity. It is recommended that the following parameters be measured.

6.3.3.1 Ambient temperature,

6.3.3.2 Atmospheric pressure,

6.3.3.3 Hydraulic fluid temperature,

6.3.3.4 Hydraulic pump outlet pressure,

6.3.3.5 Energy consumption:
(1) Fuel consumption,
(2) Fuel temperature,
(3) Engine or motor speed, and
(4) Electric power consumption current and voltage.

6.3.3.6 Cooling device operation mode and power consumption,

Note 6—If it is not possible to fix the cooling conditions it is necessary to measure the fan speed and cooling water temperature and flow rate.

6.3.3.7 Cycle time, and

6.3.3.8 Mass of material processed or moved per cycle.

6.3.4 Data Acquisition—The parameters are recorded over time with an appropriate data recorder. Real time data shall be recorded
with high time resolution. A sample frequency of 2.4 kHz or higher is recommended for evaluating electrical efficiency in
short-cycle time applications like injection molding.

6.3.5 Test Fluids:

6.3.5.1 Baseline Fluid (“A”)—The baseline fluid shall be selected by agreement of the responsible parties.

6.3.5.2 Test Fluid (“B”)—The test fluid shall be selected by agreement of the responsible parties.

6.3.5.3 Fluid Properties—Measure the viscosity, viscosity index, shear stability, and density of the baseline and candidate fluids.

6.3.6 Test Sequence—Use an “ABA” or “BAB” test fluid.

6.3.7 Fluid Change Procedure—Start the machine and operate all functions until the oil temperature has equilibrated close to the
typical operating temperature.

Note 7—Warming of the fluid facilitates the proper draining of the hydraulic fluid.

6.3.7.1 Collect an oil sample for analysis.

6.3.7.2 Retract all hydraulic cylinders to minimize the volume of fluid trapped in the system.

6.3.7.3 Drain the oil reservoir completely.

Note 8—Install a quick disconnect or ball valve at the lowest point of the reservoir to facilitate oil changes. If a bottom drain port is not available, then
the oil may be removed by pumping it out of the reservoir from a top access port.
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