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EFFICIENCY OF DIFFERENT DRIVES AND TRANSMISSIONS

Based on the results of tests conducted by the independent Swedish research institute Rototest, this study
provides a comprehensive statistical assessment of torque losses in automobile transmissions of various types and
configurations. The analysis relies on an extensive dataset comprising over 600 vehicles produced between 1993 and
2010, including cars with manual and automatic transmissions and different types of drivetrain layouts (FWD, RWD,
AWD). Measurements were obtained using hub-mounted dynamometers, which allow for direct torque evaluation at the
wheel hubs and eliminate typical errors associated with traditional chassis dynamometers, such as tire slippage and
rolling radius uncertainties.

The results show a noticeable difference in transmission efficiency depending on transmission type and
production year. For mechanical transmissions, the average efficiency before 2004 is estimated at approximately 0.91,
whereas for vehicles produced after 2005 it reaches up to 0.96—suggesting significant advancements in design
precision, materials, and lubrication systems. Automatic transmissions, on the other hand, exhibit relatively stable
efficiency levels around 0.89, with losses generally higher than in manual systems, regardless of drive layout.

The study also explores the modal and average values of power losses across different configurations,
highlighting that front- and rear-wheel-drive vehicles with manual gearboxes exhibit lower losses compared to their
automatic counterparts. Despite ongoing development in automatic systems, such as torque converter lock-up
mechanisms and multi-speed designs, their efficiency gains remain limited in practice.

These findings emphasize the importance of statistically grounded, independent testing for evaluating drivetrain
performance and provide valuable insights for manufacturers, engineers, and policymakers focused on improving
vehicle energy efficiency.

Key words: transmission, car, manual transmission, automatic transmission, wheel, front wheel drive, rear
wheel drive, full wheel drive.

INTRODUCTION

The automobile transmission is a fundamental component of the powertrain, responsible for
transmitting torque from the engine to the drive wheels. It plays a critical role in determining not only the
vehicle’s dynamic performance but also its overall fuel consumption and environmental impact. As global
regulatory standards for fuel economy and emissions become increasingly stringent, improving the efficiency
of drivetrain systems—including the transmission—has become a central focus for both automotive
manufacturers and researchers [1].

One of the primary metrics used to evaluate the performance of a transmission system is the efficiency
coefficient (EC), which expresses the ratio of useful mechanical power delivered to the wheels to the total
power output of the engine. In other words, the EC reflects how much of the engine's energy is preserved and
used for propulsion, rather than being lost due to internal resistance, friction, fluid dynamics, and other
parasitic effects within the transmission.

Transmission efficiency is influenced by a wide range of factors, including:

oType of transmission (manual, automatic, CVT, dual-clutch),

oDrive configuration (front-wheel drive, rear-wheel drive, all-wheel drive),
eMechanical design and component precision,

el ubrication quality and oil viscosity,

el oad conditions, gear ratios, and driving modes,

eThermal conditions and wear over time.

Traditionally, values for transmission efficiency have been based on standardized estimates or
manufacturer data, often ranging from 85% to 97% depending on the configuration [2]. However, many of
these figures lack transparency and may not reflect real-world conditions. In some cases, values reported by
automakers are optimized for marketing purposes and do not account for variations due to aging, wear, or
temperature-dependent fluid losses.

To address this, researchers have increasingly turned to statistical evaluation methods, which allow for
the analysis of large data sets collected from laboratory tests and real-world vehicle measurements. These
methods provide a more objective and reliable assessment of transmission efficiency, as they can reveal
distributions, identify average losses across different vehicle types, and expose outliers that might indicate
mechanical faults or data inconsistencies (Fig.1).
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Fig. 1. Discrepancy between the passport performance indicators
and the values dependent on the drive wheels [4].

One of the most notable contributors to independent transmission testing is the Rototest Research
Institute, which has developed specialized dynamometer stands capable of measuring power output directly
at the wheel hubs [3]. This testing approach eliminates many of the variables and inaccuracies associated
with traditional chassis dynamometers, such as tire slip or unknown rolling radius, thereby allowing for more
accurate isolation of transmission losses.

This paper aims to explore the principles of statistical evaluation of transmission efficiency, drawing
upon publicly available data and independent testing methodologies. It also seeks to investigate how
different design configurations and operational parameters affect efficiency, and what insights can be drawn
to support future improvements in transmission design and control strategies.

Ultimately, understanding the real-world efficiency of transmissions is essential not only for engineers
involved in powertrain optimization but also for policy-makers, fleet operators, and environmentally
conscious consumers who seek to reduce energy consumption and emissions across the transportation sector.

ANALYSIS OF LITERARY DATA AND PROBLEM STATEMENT

The study of resistance forces in automobile transmissions has a long history: as early as the 1930s
and 1940s [1], the first generalized estimates of the efficiency of mechanical transmissions were formulated.
According to these data, for cars with one driving axle, the efficiency was from 0.9 to 0.95, and for cars with
two and three driving axles - from 0.85 to 0.9. These values are still cited in educational literature and used
in engineering calculations.

Modern sources, especially publications of automobile manufacturers, often report higher efficiency
values - up to 0.97, in particular, for dual-clutch transmissions. However, such data are often of an
advertising nature and are not always confirmed by independent measurements. This creates the problem of
objectively assessing the real efficiency of modern car transmissions.

One of the few independent sources of reliable information is research conducted by the Swedish
research institute Rototest Research Institute. This organization uses specially designed dynamometer stands
that allow precise measurement of torque without the use of tires and rollers, eliminating common errors in
traditional measurements. This allows us to obtain data on losses specifically in the transmission, without the
influence of other factors.

AIM AND TASKS OF THE RESEARCH

The objective of this study is to statistically evaluate the efficiency of automobile transmissions based
on data obtained by bench testing.

To achieve this goal, the following tasks were set:

oto conduct a literature review and evaluate existing data on transmission efficiency;

ot0 analyze an array of open data collected by the Rototest Research Institute in order to identify
average and most probable values of transmission losses;

oto0 evaluate the differences in efficiency depending on the transmission type (manual, automatic),
as well as the type of drive (front, rear, all-wheel drive);
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ot0 analyze the dynamics of changes in transmission efficiency depending on the year of vehicle
production.

RESEARCH RESULTS
During the statistical processing of the data collected by Rototest, the characteristics of more than 600

cars manufactured between 1995 and 2010 were analyzed (Fig.2). The results reflect the real losses in the
drivetrain, defined as the difference between the rated engine power and the power transmitted to the wheels.
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Fig.2. Distributions of deviations of measured torque values from the passport values
Key quantitative results:
oThe average level of losses in the drivetrain was about 7-9% of the rated power.
eThe most probable values of losses (mode) are 7% for torque and 9% for power.
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eAutomatic transmissions show an average loss of 12.3%, and a mode of 10.75%.

eManual transmissions generally show lower losses, especially in newer cars.

oThe type of drive (front or rear) has a minor effect on efficiency; the differences between them
are within the statistical error.

sAll-wheel drive has higher losses, but the sample size is insufficient for reliable conclusions
(Tab. 1).

Table 1 Average differences between measured and passport torque values for different categories
of passenger cars

|Transmission Type|| Drive Type ||Samp|e Size||Mean Loss (%)||Mode Loss (%)|
[Front-wheel drive (FWD)|[396 |[-7.302 |-8.333 |
Manual [Rear-wheel drive (RWD) |[69 |-8.231 |-8.7 |
|All-wheel drive (AWD) |40 ||-7.688 |[-7.222 |
[Front-wheel drive (FWD)||37 |-12.135 |-9.03 |
Automatic [Rear-wheel drive (RWD) |[46 |[-12.444 |[-11.643 |
|All-wheel drive (AWD) |[17 |[-12.285 |[-15 |

e\When comparing vehicles by year of production, a reduction in losses was found only for
mechanical transmissions.

DISCUSSION OF THE RESEARCH RESULTS

The results of the analysis confirm that real losses in the transmission depend significantly on its
design and technical condition. The data obtained cast doubt on the overly optimistic efficiency values stated
in advertising materials.

Despite the active introduction of torque converter locking technologies, automatic transmissions are,
on average, inferior to mechanical ones in terms of efficiency. This is explained by a more complex design,
the presence of hydraulic systems and additional internal friction.

Interestingly, mechanical transmissions have shown a steady trend towards reducing losses over the
past decades. This is probably due to the use of more advanced bearings, improved manufacturing accuracy,
the use of low-viscosity transmission oils and the introduction of new-generation synchronizers.

It is also worth noting that the spread of losses among different car models can reach 25%, which is
due to both design features and the condition of the transmission units. This emphasizes the need for an
individual approach when assessing the efficiency of a particular vehicle.

CONCLUSIONS

Thus, based on the modal values of losses, the following transmission efficiency values can be
considered the most probable:

emanual transmission, front and rear wheel drive, cars produced in 1995-2004 - 0.91; cars
produced in 2005-2010 - 0.96;
eautomatic transmission, all types of drive - 0.89.
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10.B. 3ubues, I11.A. Bopouwunos. EdekTUBHICTH Pi3HUX NPUBOJIB TPAHCMICiH.

Ha ocHOBi pe3ynbTariB BUNPOOYyBaHb, NPOBEACHUX HE3AJICKHUM IIBEACBKAM JOCHITHULBKAM
iHCcTUTYTOM Rototest, 1ie 1oCmiUKEHHS Ja€ KOMIIEKCHY CTaTUCTUYHY OLIIHKY BTPaT MOMEHTY, 1110 KPYTUTh, B
aBTOMOOUTEHUX TPAHCMICISIX PI3HUX THIIB 1 KOH(DIryparliid. AHaJi3 IPYHTYETHCS Ha BEJIMKOMY Ha0Opi TaHUX,
mo BkiIo4ae moHag 600 TpaHcmopTHHX 3aco0iB, BUMymeHHX y mepion 3 1993 mo 2010 pik, BKIIOYa0uu
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aBTOMOOWTI 3 MEXaHIYHOIO Ta aBTOMAaTUYHOIO TPAHCMICIEI0 Ta Pi3HUMHU THUNAaMu cxeM TpaHcwmicii (FWD,
RWD, AWD). BumiproBanus Oy OTpuMaHi 3a JOITOMOTOI0 THHAMOMETPIB, BCTAHOBICHUX HA MAaTOYHHI,
SKi JTO3BOJSIFOTH O€3MOCepeHbO OLIHIOBATH KPYTHHUM MOMEHT Ha MAaTodkKax KOJic 1 yCyBalOTh THIIOBI
MOMWJIKM, TOB'3aHI 3 TpPaAWUIMHMMHU JIWHAMOMETPAaMH IIaci, TaKUMHM SK NOPOCIW3aHHA MIHMH 1
HEBU3HAYCHICTH pajliycy KoueHHs. Pe3yinpTaT moKa3yloTh MOMITHY PI3HHUITIO B €(peKTUBHOCTI TPaHCMICIT B
3aJIe)KHOCTI BiJ| THUITy TpaHCMicii Ta poky Buiycky. s mexaniuamx tpaHcmiciii cepemnin KK/ mo 2004
POKY OLIHIOETBCs pubau3HO B 0,91, Toai sSK Ui TpaHCHOPTHUX 3ac00iB, BulymeHux micist 2005 poky, BiH
nocsarae 0,96, M0 CBIQYATH MPO 3HAYHWN TMPOTPEC y TOYHOCTI MPOEKTYBAHHSA, MaTepiajax Ta CHCTEMax
MacTuia. 3 iHImoro 00Ky, aBTOMaTHYHI TPAHCMICIT IEMOHCTPYIOTh BITHOCHO CTaOlIbHI PiBHI eeKTHBHOCTI
6mu3bko 0,89, mpruuoMy BTpaTH 3a3BHYAi BUILI, HIK Y pyYHHX CUCTEMaX, HE3aJIeKHO BiJl CXEMH MIPHUBOLY.

HocnipkeHHsT TakoX BHMBYaE MOJalbHI Ta cepeqHi 3HAa4YeHHS BTpPAT HOTYXXHOCTI y PI3HHX
KOH(ITYpamisx, MiIKPECIIOYH, 0 aBTOMOOLTI 3 MepeHIiM Ta 3aJHIM MPHUBOAOM Ta PYYHHUMH KOPOOKaMHU
nepeaay JeMOHCTPYIOTh HMKYi BTpaTH B MOPIBHSHHI 3 X aBTOMaTHYHMMH aHanoramu. HesBaxkaroun Ha
PO3BHTOK aBTOMaTHYHMX CHCTEM, TaKMX fAK MeXaHi3MU OJIOKyBaHHS TrifgpoTpaHcopmaTopa i
0araToImBUAKICHI KOHCTPYKIIii, IX PUPICT e(heKTUBHOCTI 3aTUIIAETHCS OOMEKEHIM Ha TPAKTHIIL.

i pe3ymbpTaTd HAaroJOMIYIOTh Ha BaXIWBOCTI CTATHCTUYHO OOTPYHTOBAHOTO HE3AJIEKHOTO
TECTYBaHHsI JJSl OL[HKM MPOAYKTHBHOCTI TpaHCMICii Ta HaJalOTh LiHHY i1HQOpMAII0 BHPOOHHKAM,
IHKeHepaMm Ta TOJITHKaM, 30CepePKeHUM Ha MiABUINEHHI eHeproeeKTUBHOCTI TPAHCTIOPTHHUX 3aCO0iB.

KarouoBi cioBa: TpancMmicis, aBromo0inb, pyuHa KIIII, aBromarmuna KIIII, xomeco, mepemHiit
MIPUBOJI, 3aJIHI{ TIPUBOJI, IOBHUH MPUBO/I.
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