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Agricultural Machinery Management 

Proposed by the ASAE Farm Machinery Management Committee; approved by the Power and Machinery 
Division Standards Committee; adopted by ASAE December 1977 as EP391; revised editorially September 
1979; reaffirmed December 1982; revised December 1983; reaffirmed December 1988; revised March 1990 and 
re-designated EP496; revised March 1993, March 1994; reaffirmed December 1998; revised editorially March 
1999; reaffirmed December 1999, January 2001, December 2001, February 2003; revised February 2006; 
reaffirmed January 2011, December 2015; Corrigenda 1 approved April 2017. 

Keywords: Cost, Energy, Management, Power, Reliability, Tractor 

1 Purpose and Scope 

1.1 Purpose. This Engineering Practice is intended to provide those who manage agricultural machinery 
operations with assistance in using available data to determine optimum practices. It is intended that 
corresponding clauses in ASAE D497 be used in clauses 3, 4, 5, 6, 7, and 8 of this Engineering Practice. Terms 
used in this Engineering Practice are defined in ASAE S495. 

1.2 Scope. This Engineering Practice includes information helpful in making management decisions involving 
machine power requirements, capacities, cost, selection, and replacement. 

2 Normative References 

The following standards contain provisions which, through reference in this text, constitute provisions of this 
Engineering Practice. At the time of publication, the editions indicated were valid. All standards are subject to 
revision, and parties to agreements based on this Engineering Practice are encouraged to investigate the 
possibility of applying the most recent editions of the standards indicated below. Standards organizations 
maintain registers of currently valid standards. 

2.1 ANSI/ASAE S296.5, General Terminology for Traction of Agricultural Traction and Transport Devices and 
Vehicles 

2.2 ASAE S495.1 Uniform Terminology for Agricultural Machinery Management 

2.3 ASAE D497.5, Agricultural Machinery Management Data 

3 Tractor Performance 

3.1 Tractors use internal combustion engines to power farm machines. Power losses are experienced in 
exerting power through the drive wheels, the PTO shaft, and the hydraulic system. Figure 1 illustrates the 
maximum mechanical power performance expected from a two-wheel, rear axle drive tractor with rubber tires on 
a level concrete surface. 
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Figure 1 – Maximum mechanical power performance expected 

3.2 Slippage of drive wheels (see ASAE S296) on soil surfaces is a power loss. This travel reduction, or slip (s) 
is measured as 

( )
1001

n

n

A

AA
s

−=  

where: 

s   is slip, percent; 

An  is the advance under no load conditions per wheel or track revolution, m(ft); 

A1  is the advance under actual load conditions per wheel or track revolution, m(ft). 

Expected slip values for a single-drive wheel can be calculated from ASAE D497 when the net pull and the 
dynamic wheel load are known. 

3.3 A drawbar power to axle power ratio, called tractive efficiency, TE, can be estimated for a complete tractor 
from figure 1 in ASAE D497, when the slip is known. Maximum TE is obtained with optimum slip ranges of: 

4–8% for concrete; 

8–10% for firm soil; 

11–13% for tilled soil; 

14–16% for soft soils and sands. 

TE (and tire efficiency) of a single-drive wheel can be predicted from ASAE D497, clause 3. The performance of 
a tractor is made up of the sum of the individual wheel performances. For a two-wheel rear drive tractor, the 
motion resistances of the front wheels subtract from the net pulls obtained from the two-drive wheels to produce 
the net tractor drawbar pull. 
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4 Power Requirement 

4.1 Implement (machine) power components 

4.1.1  Drawbar power is power developed by the drive wheels or tracks and transmitted through the hitch or 
drawbar to move an implement through or over the crop or soil. Draft is the total force parallel to the direction of 
travel required to propel the implement. It is the sum of the soil and crop resistance and the implement motion 
resistance. 

MRRD SC +=  

where:  

D   is implement, draft, N (lbf); 

Rsc  is soil and crop resistance, N (lbf); 

MR  is total implement motion resistance, N (lbf). 

4.1.1.1 Soil and crop resistance is the force parallel to the direction of travel resulting from the contact between 
the soil or crop and the working components of the implement. Typical values of unit soil and crop resistance 
forces are given in ASAE D497, clause 4. Soil and crop resistance for an implement is computed as 

SCSC nrR =  

where: 

Rsc  is soil and crop resistance for the implement, N (lbf); 

n   is implement numeric consisting of total width, number of shanks, cross-sectional area, number 
of rows, etc., as required to balance the units of the equation and depending on the units of rsc ; 

rsc  is unit soil and crop resistance specific to the implement, as given in ASAE D497, clause 4. This 
value is the soil and crop resistance (also called functional draft) of the implement parallel to the 
direction of travel. This value does not include motion resistance. Units depend on the specific 
implement, and must balance the units of n. 

4.1.1.2  Motion resistance (see ASAE S296) becomes appreciable when heavy implements are used in soft 
or loose soils. Values for the motion resistance ratio are predicted by ASAE D497, clause 3. Tire parameters and 
wheel loadings must be known or assumed. Total implement motion resistance is computed as 

= MRMR  

where: 

MR  is the total implement motion resistance, N (lbf); 

RM  is motion resistance of each individual wheel supporting the implement, N (lbf). 

The motion resistance of each individual wheel can be computed as 

mRM ρ8.9=  
where: 

ρ   is motion resistance ratio (no units); 

m   is dynamic wheel load, kg; 

or 
mRM ρ=  

where: 

ρ   is motion resistance ratio (no units); 

m   is dynamic wheel load, lb. 
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4.1.1.3  Drawbar power for tractor-powered implements (and propulsion power for self-propelled implements) 
is computed as 

6.3

Ds
Pdb =  

where: 

Pdb  is drawbar power required for the implement, kW; 

D   is implement draft, kN; 

s   is travel speed, km/h; 

or 

375

Ds
Pdb =  

where: 

Pdb  is drawbar power required for the implement, hp; 

D   is implement draft, lb; 

s   is travel speed, mph. 

4.1.2  Power-takeoff, PTO, power is power required by the implement from the PTO shaft of the tractor or 
engine. Typical PTO power requirements can be determined using rotary power requirement parameters given 
in ASAE D497, clause 4. Implement power take-off power can be calculated as 

cFbwaPpto ++=  

where: 

Ppto  is power-takeoff power required by the implement kW (hp); 

w   is implement working width, m (ft); 

F   is material feed rate, t/h (ton/h) wet basis; 

  a, b, and c are machine specific parameters (ASAE D497, table 2). 

4.1.3  Hydraulic power is the fluid power required by the implement from the hydraulic system of the tractor or 
engine. Implements hydraulic power requirement can be computed as 

1000

pF
Phyd =  

where: 

Phyd is hydraulic power required by the implement, kW; 

F   is fluid flow, L/s; 

p   is fluid pressure, kPa; 

or 

1714

pF
Phyd =  

where: 

Phyd  is hydraulic power required by the implement, hp; 

F   is fluid flow gal/min; 

P  is fluid pressure, psi. 
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