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Manual Transmission and Transaxle Efficiency and Parasitic Loss Measurement

RATIONALE

The technical report covers technology, products, or processes which are mature and not likely to change in the
foreseeable future.

STABILIZED NOTICE

This document has been declared "Stabilized" by the SAE IC Powertrain Steering Committee and will no longer be
subjected to periodic reviews for currency. Users are responsible for verifying references and continued suitability of
technical requirements. Newer technology may exist.

Foreword—This SAE Recommended Practice standardizes a method of transmission and transaxle efficiency
determination that involves the measurement of input and output torques. This method is extremely sensitive to
the accuracies of the torque measurement transducers, particularly if transmission losses are being determined.
For example, if the actual efficiency of a transmission under a particular test condition is 95% and both the input
and output transducers have 1% error, the resulting calculation of efficiency from the data measurements could
range from 93.1% to 96.9%. The same data used to show transmission losses would yield losses between 3.1%
and 6.9%. In order to obtain meaningful results with this method, all of the procedures outlined in 4.1,
Transmission Dynamometer, particularly in regards to the accuracy of the torque transducers, must be followed.

An alternate method of measuring transmission efficiency is the heat loss method. This method is based on the
measurement of temperature rise of lubricant due to the friction in the drivetrain. Improved accuracy (0.5% error
maximum) over a large range is easily obtained. This method is explained in detail in SAE Paper 840054.
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1. Scope—Because of the intense focus on CAFE and fuel emission standards, optimization of the automobile
drivetrain is imperative. In light of this, component efficiencies have become an important factor in the
drivetrain decision-making process. It has therefore become necessary to develop a universal standard to
judge transmission efficiency.

This SAE Recommended Practice specifies the dynamometer test procedure which maps a manual
transmission’s efficiency. The document is separated into two parts. The first compares input and output
torque throughout a specified input speed range in order to determine “in-gear” transmission efficiency. The
second procedure measures parasitic losses experienced while in neutral at nominal idling speeds and also
churning losses while in gear.

The application of this document is intended for passenger car and light truck.
All references to transmissions throughout this document include transaxles.
2. References

2.1 Applicable Publications—The following publications form a part of this specification to the extent specified
herein.

SAE Paper 840054—"Measurements of Power Losses in Automotive Drive Train,” Yoshiyuki Ko and
Kenzo Hosoi

SAE Paper 820741—"Efficiency Characteristics of Manual and Automatic Passenger Car Transaxles,” Leo
A. M. van Dongen

3. Definitions

3.1 Manual Transmission—The assembly exclusive of the clutch which is driven by the engine and used, through
manual interface, to effect a ratio change in transmitting power to the final drive system or halfshafts (in the
case of a transaxle).

4. Equipment
41 Transmission Dynamometer—The transmission dynamometer must be capable of the following parameters.

a. Mounting the transmission at zero degrees inclination and production representative roll angle.
Mounting the transmission in this manner will limit the torque fluctuations associated with coupling
angles.

b. Capable of transmission input and output torque measurement within 0.2% of full scale or best
available.

c. Allow for changing both input and output torque transducers during the test, so that the expected
torque to be measured will always fall within 75% to 100% of the full rated torque capacity of the
transducer.

d. Capable of maintaining speed within 5 rpm of the specified speed throughout test torque range.

e. Measuring and maintaining fluid sump temperatures of 65° C £ 2° C (149°F £ 1 °F)and 90° C £ 2° C
(194 °F £ 1 °F).

NOTE—SAE Paper 820741 recommends using several combinations of torque transducers at both the input
and the output. Doing this, “the torque sensors are mainly used at loads higher than 15 to 20% of the
maximum allowable load, so that the deviation varies from 0.2% (high torques) to 1.3% (low torques).”
Figure 1 is a graphical representation of the variance of accuracy with load from this paper. The
committee recommends the tighter specification shown in 4.1¢c. Using this recommendation, the
expected transducer error will be within 0.25%.
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FIGURE 1—REPRODUCTION OF FIGURE 5 FROM SAE 820741

5. Test Procedures

5.1 Preparation and Set-Up—If the intent of the obtained values is to advertise the efficiency of a production unit,
the test must begin with a new production unit. However, for comparative purposes or as insight to a new
transmission program, a used or prototype unit may be evaluated. The published results should reflect the
level of the unit (i.e., prototype, production, extended mileage, etc.).

A typical RWD transmission dynamometer schematic is included in Figure 2.
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FIGURE 2—TYPICAL RWD MANUAL TRANSMISSION DYNAMOMETER SCHEMATIC
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The unit is to be filled with lubricant of the transmission manufacturer specifications for type and volume. It

may be necessary to add lubricant during the test to maintain normal operating levels.

New transmissions must be run through a break-in period, specified as follows, prior to any data acquisition.

The transmission must be run in each forward gear for the specified duration.
a. Input RPM—1000
b. Input Torque—13.6 N-m (10 ft-Ib)
¢. Duration—20 min

5.2 Test #1—Transmission Efficiency at Constant Input Speed—This

test

provides efficiency data for

operating conditions similar to those encountered in CAFE cycle testing. Two temperatures will be run in this

test, 65 and 90 °C (149 and 194 °F).

NOTE—If a transaxle is to be run, provisions must be made to lock the differential. To accomplish this, it is
suggested that a specialized halfshaft be installed which would lock the differential. Other means to
lock the differential are acceptable as long as the design does not impair or improve the function of the
unit. Disassembly of the unit to lock the differential then rebuilding is not recommended except as a
last resort as this would disrupt the production assembly integrity of the unit. The design should be

such to withstand the maximum torque anticipated during the test.

The schedule in either Table 1A or 1B must be run for each forward gear.

TABLE 1A—SCHEDULE RUN FOR EACH FORWARD GEAR—ALTERNATIVE #1—

AS PERCENTAGE OF MAXIMUM INPUT TORQUE

Specified Input Torque

Specified Input Torque

Specified Input Torque

Specified Input Torque

Input Speed N-m (Ibt-ft) N-m (Ibf-ft) N-m (Ibf-ft) N-m (Ibf-ft)
(RPM) 25% * YY 50% *YY 75% * YY 100% * YY
1000 XX XX XX XX
2000 XX XX XX XX
3000 XX XX XX XX
4000 XX XX XX XX

TABLE 1B—SCHEDULE RUN FOR EACH FORWARD GEAR—ALTERNATIVE #2—

IN 20 N-M (15 LBF-FT) INCREMENTS UP TO MAXIMUM INPUT TORQUE

Specified Input Torque

Specified Input Torque

Specified Input Torque

Specified Input Torque

Input Speed N-m (Ibt-ft) N-m (Ibf-ft) N-m (Ibf-ft) N-m (Ibf-ft)
(RPM) 20 (14.75) 40 (29.50) oee YY
1000 XX XX XX
2000 XX XX XX
3000 XX XX XX
4000 XX XX XX

NOTE: The specified data points are the minimum to be run. More are desirable.

If an Input Torque exceeds the maximum anticipated input torque at a particular Input Speed, that data point need not be run.
YY — Maximum Input Torque, either the Transmission Rated Torque or the anticipated application engine torque

XX — Measured Output Torque at each data point
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