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Energy-saving grinding of wet 
harvest grain with a grinding 
machine with wedge-shaped discs
A grinding machine with wedge-shaped discs was developed for grinding of wheat, barley, rye and 
maize with a moisture content up to 25 %. The grinding machine realised a mass fl ow > 40t/(h • m) 
with a energy consumption of < 3 kWh/t and with less than 1 % whole grains after crushing. The 
low specifi c energy consumption supplies an important contribution for energy conservation.

 

Keywords

Grain, reduction, processing

Abstract

Landtechnik 64 (2009), no. 6, pp. 403-405, 2 fi gures, 1 table, 
3 references

■ More than 2/3 of all grain crops are used as feed-grain in 
livestock breeding. Recent tendencies owed to logistics and 
costs, have shown increasing relocation of storage and pre-
servation to the farm. Particularly bigger farms produce their 
own feed-grain mixes from their harvest and store it in their 
own facilities. Aside from the drying of grain, in recent years 
the preserving storage of the freshly harvested grain with and 
without additives has proved to be energy saving as well as 
cost-effective.

An important step in this process is the milling of the grain 
directly after harvesting. Effi cient logistic processing and the 
minimization of losses require the grain to be milled direct-
ly after harvesting, and to subsequently be stored and com-
pressed in silos. Particularly the preservation without additives 
requires high storage densities to prevent the development of 
damaging micro-organisms.

Currently there are mainly impact-crushing machines or 
roller mills used for milling the grain.

Impact-crushing facilitates high mass fl ow rates, however, 
bought at high specifi c power consumption of up to 10 kWh/t. 
Roller mills can be operated with a power consumption of 
< 3kWh/t, but do often not facilitate the mass fl ow rates re-
quired by the process design.

Thus, the Leibniz Institute for Agriculture Engineering in Pots-
dam-Bornim has exercised trials for grinding wet harvest grain 
using grinding machines with wedge-shaped discs. The goal was 

to achieve high mass fl ow rates at reasonable power consumptions, 
and particle lengths accepted in animal feed.

Objective

The defi nition of the objective includes requirements regarding 
particle size, whole grain fraction, mass fl ow rates, and grain 
moisture. With respect to animal feed; pig feed requires more 
intensive grinding than cattle feed due to the particular dige-
stion physiology. Trials for the assessment of the best degree 
of grinding of the grain in mast fodder mixes for pigs [1] have 
established that less coarsely grinded grain mixes have lead to 
better fodder exploitation, resulting in higher yield at slaughter.  
However, fi ner grain soy mix resulted in increasing appearance 
of malign stomach conditions and ulcers. Therefore, the propor-
tion of particles with a size < 1 mm should not exceed 70 %.  
Roughly outlined requirements to mean particle sizes after 
grinding x E;50  are:

Pig feed:  ■ mmx E 1;50

Cattle feed:  ■ mmx E 4;50

In cattle feed mix, the grain should just be squashed to expose 
the inner grain, easing digestion. Another requirement refers 
to permitted fractions of whole grain, since cattle cannot digest 
whole grain. The permissible limit is ≤ 1 %.
Requirements to the process are reliability, continuity and low 
specifi c power consumption:

reliable grinding for grain moistures up to approx. 25 %  ■

mass fl ow rate > 30 t/h ■

energy consumption: < 3 kWh/t ■

The upper limit for grain moisture results from permissi-
ble limits for gas-tight storage. Mass fl ow rates are set by the 
threshing capacities of harvester combines conventionally used 
by farms.
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Trials

Test machine. The test machine consists of a pair of grinding 
rollers with wedge-shaped discs (fi gure 1). The functional 
principle is known from a secondary chopping unit in forage 
harvesters [2]. Both rollers in a combing placement shape a 
zick-zacking mill gap. Keeping the same mill gap length as in 
cylindrical rollers, the length of the wedged shape rollers ap-
pears reduced, relating to advantages in machine dynamics. 
Pure compression load does only occur at those points of the 
mill gap with the same circumferential speed. Compression load 
and shearing load appear simultaneously at all other points of 
the mill gap. The gap width can be varied by adjusting the shaft 
distance. One shaft is mounted in fi xed bearings in the housing; 
the other shaft is installed on spring mounted bearings on a 
rocker arm. This allows the roller to defl ect upon ingress of fo-
reign objects. Both shafts are driven separately by a motor with 
frequency drive control, allowing for different speeds.

The wedge-shaped discs feature a outer diameter of 299 mm 
and a wedge angle of 30°. The radius of curvature of the wedge-
shaped disc varies between 300 mm (middle) and 577 mm 
(liner). The ribbing of the wedge surfaces runs concentric to-
wards the roller shafts with outward pointing cutting edge. In 
the actual grinding process; besides shearing loads in vertical 
direction, this ribbing facilitates further shearing loads in radi-
al direction, thus increasing the effi ciency of the milling. The 
variation of speed of the two grinding rollers can be facilitated 
independently between 600 and 2000 min-1 via variable fre-
quency drive. The mill gap can be adjusted between 0.3 and 
3.5 mm by defl ecting a rocker arm bearing the spring loaded 
roller shaft. The effective grinding width of the test machine 
was limited to 0.3 m due to technological reasons and test drive 
capacity. The overall length of the V-shaped, shortened mill gap 
in this setting is approx. 1.1 m.
Execution of trial. During the trials the number of passa-
ges, roller speed, mill gap width, mass fl ow, grain moisture, 
and type of grain were varied to assess different parameters 
of construction, processing, and material. Detailed parameter 
combinations were carried out in the trials with wheat. The ge-
nerated results were selectively examined in rye, barley and 
maize. Dosing rollers at the outlet of a wedge-shaped reservoir 
container facilitated the mass fl ow dosing. Power consumption 
was measured at both drives separately.

Results

The two-stage milling has proved to be expedient [3] in all types 
of grain (wheat, rye, winter barley, and maize). In throughputs 
of ≥ 40 t/h at a translated roller width of 1 m, the targeted speci-
fi c power consumption of ≤ 3 kWh/t and a whole grain fraction 
of ≤ 1 % were met; and particularly in maize and partially in 
wheat those parameters were substantially undercut (table 1, 
fi gure 2). Only wheat with 25 % grain moisture the required 
power was 3.6 kWh/t. Compared to one-stage milling, a more 
favourable ratio between grain size and mill gap angle can be 
achieved in two-stage grinding. This results in better drawing-

in of the grain into the milling gap, with clearly reduced work 
of friction. Disc speed and mill gap have to be adjusted to the 
grain type. However, differences within certain grain types 
were also established, e.g. wheat (table 1).

In comparative tests with a hammer mill, a reduction of 
about 1/3 of specifi c power consumption at the same fraction 
of whole grain, and a mass fl ow increased by factor 4 transla-
ted to 1 m work width could be established for the two-stage 
wedge-shaped disc roller mill. The average particle size of the 
mill material, however, is bigger in wedge-shaped disc roller 
mills than in hammer mills. Test results from trials with a 
laboratory roller mill indicate higher specifi c power consump-
tion, tough. Advantages of the wedge-shaped disc roller mill 
can achieve fi ve-fold mass fl ow rates. 

It can be assumed that further optimization of the construc-
tion parameters will result in substantial reductions of the 
specifi c energy demand, particularly in maize with up to 30 % 
grain moisture and wheat up to 20 % grain moisture. 

The selected concentric ribbing of the wedge-shaped disc 
with outward pointing cutting edge did not support the dra-
wing-in of the grain. A friction coeffi cient of about 0.15, mat-
ching a smooth, dry steel disc, was established. With increa-
sing grain moisture the coeffi cient was further reduced, thus 
degrading the drawing-in of grain.

Using a container above the grinding unit best facilita-
ted the drawing in of grain. Dosing with two counter-rotating 
smooth rollers at the outlet of the container has proven very 
practical. Thus a steady, measured distribution of good can 
be managed.

Conclusions

Grinding of grain with a wedge-shaped roller mill is effi ciently 
applicable in a wide range of grain moisture down to particle 
sizes particularly used in cattle feed. Two milling passages have 
been proven benefi cial within the selected constructional pa-
rameters. With specifi c mass fl ow rates > 40 t/(h•m), a speci-
fi c energy demand of < 3 kWh/t and a whole grain fraction of 
< 1 % the set goals could be met.

Rolls of the crushing machine with wedge-shaped discs

Fig. 1
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Presumably, an optimization of constructive parameters can 
lead to further improvements concerning the reduction of parti-
cle size after grinding.
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Infl uence of mass fl ow rate on power requirement, average particle 
size, fraction of whole grain (wheat, 12 %, grain moisture, two stage 
milling) 

Fig. 2
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Technical parameters of machine adjustments and achieved results

Kornfeuchte

grain 
moisture

Mittlere 
Scheiben

geschwindig-
keit

average disc 
velocity

Spezifischer 
Energiebe-

darf1) 

specifi c 
energy 

consumption1)

Spezifischer 
Massestrom

specifi c 
throughput

Ganzkorn-
anteil

fraction of 
whole 

kernels

% m/s kWh/t t/(h.m) %

Weizen / wheat

13 17.9/19.1 1.0 42 0.3

15 14.3 2.4 42 0.2

20 14.3 3.0 42 0.6

25 11.3 3.6 37 1.0

Mais / maize

14 9.6 1.2 40 1.0

30 9.6 1.1 47 0.7

Roggen / rye

13 9.6 2.3 42 0.8

Wintergerste / winter barley

14 8.8 3.0 32 1.1

1) Mittelwert von 3 Messungen / mean value of 3 measurements

Table 1


