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Formula symbols

1

FORMULA SYMBOLS
D Damage
G Tractor gross weight N
L Load sum
LF Load factor
LR Load ratio
M Torque Nm
N Number of load cycles
P Power kW
R Resistance Q
S Stress
U Voltage \%
c Factor for crack growth
e Exponent c.f. Fig. 10 and Eq.(7)
k Exponent of finite life straight
m Mass kg
n Actual number of load cycles
r Radius m
Time/function of time
K Net traction ratio
u Circumference coefficient
Roll resistance
INDICES
A Support voltage
B Measuring signal
D Point of endurance
E Engine



Formula symbols

Level of a specific stress amplitude
Index of load class

max Maximum/gross weight

net Net weight

o Index of highest load class

ABBREVIATIONS

AC Air conditioner

ATV All terrain vehicle

BMELV Federal Ministry of Food and Agriculture

CAN Controller area network

CAT Caterpillar

CM Condition monitoring

CNH Case - New Holland

CVT Continuous variable transmission

DESTATIS Statistisches Bundesamt
(Federal Statistical Office Germany)

DIN Deutsches Institut fir Normung
(German Institute for Standardization)

DLG Deutsche Landwirtschafts-Gesellschaft
(German Agriculture Society)

ECE Economic Commission for Europe

ECU Electronic control unit

EL Engine load

ERL Estimation of remaining lifetime

FC Fuel consumption

FKM Forschungskuratorium Maschinenbau
(Research Curatorship for Mechanical Engineering)

GPS Global positioning system

ICE Intercity-Express

ISO International Organization for Standardization

KBA Kraftfahrt Bundesamt

(Federal Motor Transport Authority)



Formula symbols

KTBL

MFWD
OEM
PM
PTO
ROH
RPM
SDF
SG
TCO
us
VDMA

VOH
WR
WwWw

avg.
bn

cf.

ha
k€

w/o

Kuratorium fur Technik und Bau in der Landwirtschaft
(Curatorship for Technology and Construction in Agriculture)

Mechanical front wheel assist
Original equipment manufacturer
Predictive maintenance

Power take-off

Real operation hours
Revolutions per minute

Same Deutz-Fahr

Summer barley

Total cost of ownership

United States

Verband Deutscher Maschinen- und Anlagenbau
(German Engineering Federation)

Weight factor of operation hours
Winter canola (rapeseed)
Winter wheat

Average

Billion (*10°)

Compare with

Hours

Hectare

Thousand Euros (*10%)
with

without



Vi Abstract

ABSTRACT

The estimation of tractor value requires a lot of experience and knowledge and relies
mainly on total operation hours and manufacturing year. Today each tractor operation
hour is considered to be equal because tractor meters operate time based only and do
not consider the varying loads. But tractors face multiple applications within a year.
Each application puts different loads on each tractor assembly such as engine, gear-

box, axles or power take-off.

A more precise method is introduced to evaluate tractor operation hours on basis of
real application loads of each tractor assembly within the drivetrain separately. The
method relates accumulated tractor loads to standard operation loads which are de-
fined by a reference load spectrum for the specific assembly. For the load evaluation

a pseudo damage calculation similar to the Miner’s rule is used.

A test tractor was equipped with strain gauge sensors to measure torque flow within
the drivetrain. A variety of different tractor applications were measured and load spec-
tra for different assemblies were generated. Based on different tractor application pro-
files lifetime load spectra for the different assemblies can be calculated. Further con-
solidation of the individual load factors can be done by weighting of the assemblies.
The resulting load factor brings transparent information about intensity of tractor usage.
Results show big differences between the assemblies and between the different appli-

cation profiles. This supports the demand for a new method for tractor evaluation.





