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DROP RATE CONTROL FOR AGRICULTURAL 
HEADER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to US. Provisional 
Patent Application 60/699,272 entitled “A Software Pro 
gram for Managing Drop Rate of a WindroWer Header” ?led 
on Jul. 26, 2005, in the name of the same entity as the 
present application. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a control for man 
aging the drop rate of a header on an agricultural implement 
and, more particularly, to such a control for the header on a 
WindroWer header. 

[0003] Regulating the positioning of headers on agricul 
tural harvesters using hydraulic and electro-hydraulic con 
trol systems is generally knoWn in the industry, as shoWn in 
US. Pat. No. 6,901,729. The ’729 patent describes a header 
?otation system Which is referred to as “non-independent” in 
that each side of the header is supported by a single 
hydraulic cylinder, Which perform both the ?otation and lift 
functions. To accommodate unbalanced headers (center of 
gravity not centered betWeen the lift arms), hydraulic oil is 
sent to the return side of the lift cylinder on the lighter side 
of the header, thus resulting in even raising, loWering and 
?oat. 

[0004] It is not uncommon to use different headers for 
different crops or crop conditions on the same tractor unit, 
i.e., to change headers depending upon harvesting condi 
tions. Di?ferent headers cause different drop rates oWing to 
obvious variables such as Weight, condition and type of 
seals, system friction, geometries, aperture siZes, and the 
like. The interchangeability of headers and the incumbent 
changes in drop rate often results in ine?icient drop rates. 

[0005] Thus, it Would be desirable, bene?cial and advan 
tageous to have a control system that may be “tuned” to the 
particular combination of header and tractor unit, thus 
maximizing operation e?iciency and operator comfort. 

SUMMARY OF THE INVENTION 

[0006] Accordingly, it is an object of the present invention 
to provide an improved control arrangement for a header lift 
system that compensates for the above-noted disadvantages. 

[0007] It is another object of the present invention to 
provide a method of tuning the drop rate of a header as 
required to maximize e?iciency and operator comfort. 

[0008] It is a further object of the present invention to 
provide a control system for adjusting the drop rate of a 
header in an agricultural harvesting implement. 

[0009] It is a still further object of the present invention to 
provide a control system for adjusting the drop rate of a 
header that is durable in construction, inexpensive of manu 
facture, carefree of maintenance, facile in assemblage, and 
simple and effective in use. 

[0010] These and other objects are achieved by providing 
a method for controlling and modifying the drop rate of a 
header on an agricultural harvesting machine. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The advantages of this invention Will be apparent 
upon consideration of the folloWing detailed disclosure of 
the invention, especially When taken in conjunction With the 
accompanying draWings Wherein: 

[0012] FIG. 1a is a partial side elevational vieW ofa crop 
harvesting machine of the type With Which the invention 
may be used, also shoWing a simpli?ed side vieW of the lift 
and ?otation system; 

[0013] FIG. 1b is a rear elevational vieW of a multifunc 
tional handle of the general type With Which the present 
invention may be used; 

[0014] FIG. 2 is a schematic vieW of one embodiment of 
an exemplary hydraulic system; 

[0015] FIG. 3 is a schematic of exemplary hydraulic, 
mechanical and electrical subsystems that cooperate to pro 
duce the system of FIGS. 1 and 2; and 

[0016] FIGS. 4a-4e are various depictions of visual out 
puts on a display unit. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0017] Many of the fastening, connection, processes and 
other means and components utiliZed in this invention are 
Widely knoWn and used in the ?eld of the invention 
described, and their exact nature or type is not necessary for 
an understanding and use of the invention by a person skilled 
in the art, and they Will not therefore be discussed in 
signi?cant detail. Also, any reference herein to the terms 
“left” or “right” are used as a matter of mere convenience, 
and are determined by standing at the rear of the machine 
facing in its normal direction of travel. Furthermore, the 
various components shoWn or described herein for any 
speci?c application of this invention can be varied or altered 
as anticipated by this invention and the practice of a speci?c 
application of any element may already by Widely knoWn or 
used in the art by persons skilled in the art and each Will 
likeWise not therefore be discussed in signi?cant detail. 

[0018] FIG. 1a shoWs a self-propelled WindroWer 10 of 
the type With Which the instant invention may be advanta 
geously utiliZed. More speci?cally, the ?gures illustrate 
What is referred to as a “non-independent” ?otation system 
such as shoWn in US. Pat. No. 6,901,729ithe present 
invention Works quite Well With such a system. It Will, 
hoWever, be appreciated that the principles of the present 
invention are not limited in use to this particular machine, 
but may be used on many other harvesting machines With 
headers and With different ?otation systems, such as the 
“dependent” ?otation system shoWn in co-pending US. 
patent application Ser. No. 10/822,465. 

[0019] In the illustrated embodiment, the self-propelled 
WindroWer 10 comprises a tractor 12 and a header 14, the 
header 14 being attached to the front end of the frame 16 or 
chassis of the tractor 12. The header may be of generally any 
suitable construction or design, and may include not only 
crop-harvesting mechanisms, but also crop conditioners 
such as elongate rolls 15. Such attachment of the header 14 
to the frame 16 is achieved through a pair of loWer arms 18 
(only the left one being shoWn, the right being generally the 
same) pivoted at one end to the frame 16 and at the other end 
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to the header 14, as Well as through a central upper link 20. 
The link 20 may take the form of a single double-acting 
hydraulic cylinder 21 Whose extension and retraction is 
adjusted by the operator to remotely control the angle of the 
sickle bar 22 on the loWer front of the header 14. 

[0020] A single lift/?otation cylinder 24, interconnecting 
the loWer arm 18 and the frame 16 supports each side of the 
header, i.e., each side of the header is supported by its oWn 
lift/?otation cylinder (again, only the left one being shoWn 
in FIG. 1a). More particularly, the control system accom 
plishes a single control function, i.e. the lift/?otation cylin 
ders. It is, at this point, useful to understand that Within the 
operator’s cab of WindroWer 10 there is located a multifunc 
tion handle (“MPH”), such as shoWn as element 54 in FIG. 
1b, to function as part of the overall implement control 
system. MFH 54 may be located Within or closely adjacent 
to the console, in a convenient position to the operator’s 
right hand, and may serve as the operator’s input to control 
and manage direction and speed of travel, header height, reel 
speed, raise and drop rates, various inputs to controller 50, 
and the like. The MFH shoWn is similar to that shoWn in 
more detail in Us. Pat. No. 6,148,593, issued to Heinsey et 
al. on Nov. 21, 2000. The MFH of FIG. 1b Would necessarily 
have at the very least, a sWitching device, such as rocker 
sWitch 55 to move a cursor up and doWn a list of menu items 

on a display, plus at least one selection button, such as 
sWitch 57. 

[0021] Directing attention noW to FIG. 2, the hydraulic 
control system for left cylinder 24 and right cylinder 26 can 
be seen to include an electro-hydraulic subsystem generally 
depicted as 30. For convenience of assembly and operation, 
the majority of the components may be housed in a single 
valve body 34 With appropriately located ports and other 
necessary connection devices and ?xtures. A ?xed displace 
ment pump 36 moves the hydraulic ?uid into subsystem 30 
from reservoir 40, through the various circuits as directed by 
control valves, to a single accumulator 42, to hydraulic 
cylinders 24, 26 and back to reservoir 40 as appropriate. 

[0022] While FIG. 2 should be readily understood by one 
of skill in the art, it is helpful to broadly identify the various 
components in more detail. A PRV (pressure reducing valve) 
44 operates as part of the hydraulic counterWeight process, 
to be described further beloW. Element 39 is a master 
solenoid valve With an associated relief valve 43. A PRV 44 
for the lift/?otation and drop rate functions is in ?oW 
communication With the loWer solenoid valve 46, the raise 
solenoid valve 48, and the ?oat solenoid valve 49. 

[0023] FIG. 3 provides a more detailed depiction of the 
complete control system and subsystems. The hydraulic 
system, as shoWn also in FIG. 2, additionally depicts the 
electrical control and mechanical subsystems. lmportantly, 
this ?gure depicts the multi-channel programmable control 
ler 50 Which exchanges electrical signals from the ?oat 
sWitch 52, the PWM (pulse Width modulated) solenoid 56 
associated With PRV 44, the master valve 39, and other 
valves to manage the lift and ?otation functions as estab 
lished by the operator through the appropriate sWitch and 
shoWn on display 64. Also depicted in FIG. 3 is MFH 54. 

[0024] The hydraulic cylinders, attached to respective 
ends of the header 14, perform both the lift and ?otation 
functions. The lifting and ?oating function is achieved by 
coupling the lifting end of the hydraulic cylinders to each 
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other and then to a hydraulic pump, control manifold, and 
accumulator. The operator sets the desired ?otation force by 
actuating a rocker sWitch located on the operator’s console 
or the MFH. One sWitch position alloWs hydraulic oil to 
enter the accumulator (increasing the hydraulic pressure), 
Which reduces the header contact force, or ?otation force, 
With the ground. The other sWitch position alloWs oil to exit 
the accumulator (reducing the hydraulic pressure), Which 
increases the header contact force With the ground. Once the 
?otation force is set, the control valves Will return to this 
preset ?otation condition Whenever the ?oat mode is 
selected, irrespective of subsequent header lift and loWer 
operations. 
[0025] To accommodate unbalanced headers (the header 
center of gravity is not centered betWeen the lift arms), 
hydraulic oil is applied to the return side of the lift cylinder 
on the lighter side of the header. The addition of a de?ned 
hydraulic pressure on the back side of the cylinder results in 
the same lifting pressure to be required for each side. The 
header Will then raise, loWer, and ?oat evenly. The result is 
the same as changing the lift geometry or adding ballast to 
the header. This function is referred to as the “hydraulic 
counterweight”. 
[0026] Hydraulic oil is supplied from the hydraulic ground 
drive charge pump, Which provides constant pressure any 
time the engine is running. To prevent cavitation of the 
charge pump during rapid changes in system volume, such 
as during the header loWer cycle, makeup oil is supplied 
from the header lift pump. The operator sets the hydraulic 
counterWeight by energiZing valve 38 to apply more Weight 
(hydraulic pressure) to the light side of the header until the 
header raises and loWers to a level condition. If too much 
Weight is applied, the operator simply energiZes the valve in 
the opposite direction. Once the correct setting is estab 
lished, the hydraulic counterWeight Will not need to be 
readjusted during machine operation. Re-adjustment Will 
only become necessary if the header builds up With debris or 
upon exchange With another header. 

[0027] For headers that experience severe changes in 
balance during normal operations, e.g., draper headers With 
deck-shift, an electro-hydraulic valve can be installed in 
place of the manual control valve. This electro-hydraulic 
valve is adjusted from a rocker sWitch on the operator’s 
console or the MFH. The operator then sets the hydraulic 
counterWeight for each deck position. Once these valves are 
established, the control valve Will adjust automatically and 
the deck positions are selected. 

[0028] Referring to FIGS. 2 and 3, to adjust or control the 
header drop rate to ?t the header con?guration and Weight 
controller 50 manipulates the various components in a 
sequenced and timed manner as dictated by the program 
ming Within controller 50. Taking the header loWering cycle 
to be four seconds (or very nearly four seconds), the starting 
time, i.e., Where time=0.00, is the point at Which the operator 
presses the sWitch to loWer the header. This sWitch could be 
either on the console or on the MFH. Thereafter, the fol 
loWing sequence and steps take place: 

[0029] t=0.00 
[0030] The hydraulic master valve 39 is energiZed to 

pressuriZe the system. 
[0031] PRV 44 is energiZed With a value equal to the 

?otation value plus the offset value (drop speed value). 
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[0032] Relief valve 43 is set at approximately 3400 psi. 

[0033] t=0.33 

[0034] Master valve 39 is maintained at 100%. 

[0035] PRV 44 current is maintained at value of ?ota 
tion plus o?fset value. 

[0036] Lower solenoid valve 46 and ?oat solenoid valve 
49 are fully energized to loWer the header through the 
PRV valve 44. 

[0037] T=2.33 

[0038] Master valve 39 is maintained at 100%. 

[0039] Current to PRV 44 is modi?ed to equal ?otation 
value only. 

[0040] LoWer solenoid valve 46 and ?oat solenoid valve 
49 continue to be fully energiZed. 

[0041] t=3.83 

[0042] Master valve 39 is maintained at 100%. 

[0043] Current to PRV 44 is maintained at ?otation 
value. 

[0044] LoWer solenoid valve 46 is deenergiZed to iso 
late the accumulator and lift cylinders from PRV valve 
44. 

[0045] Float solenoid valve 49 continues to be ener 
giZed to keep the accumulators in the circuit With the 
hydraulic lift cylinders. 

[0046] t=4.08 

[0047] Master valve 39 is deenergiZed, reducing pres 
sure to Zero. 

[0048] Current to PRV 44 is maintained at ?otation 
value. 

[0049] Float solenoid valve 49 continues to be ener 
giZed to keep the accumulators in the circuit With the 
header lift cylinders. 

[0050] In making the adjustments for different headers and 
drop rates, the only thing that changes, if the drop rate is 
something other than Zero, is the current applied to PRV 44. 
So, for the ?rst tWo seconds, PRV 44 is energiZed With the 
current necessary for the ?otation setting plus a small o?fset 
value for drop rate. Then, for the last tWo seconds, the PRV 
is energiZed With the current necessary for the ?otation 
setting. If the drop rate is set at Zero, there is no modi?cation 
to the PRV currentiit remains the same. 

[0051] The setup process for operation of the WindroWer 
includes a series of options that appear on the visual display 
at the command of the operator and through his manipula 
tion of various input devices. The menu signi?cant to the 
present invention is the Header Con?guration menu, shoWn 
in FIG. 4a. “Header Drop Speed” (“speed” and “rate” 
having the same meaning herein) is one of the menu items 
that may be selected by moving the cursor in any of a 
number of Ways, as by manipulation of multi-position rocker 
sWitch 55 in FIG. 1b. A particular menu item is then selected 
by another sWitch, such as sWitch 57 in FIG. 1b (hoWever, 
there are sWitches that can perform both functions, viZ., 
cursor movement and item selection). When “Header Drop 
Speed” is selected, a second display appears, like FIG. 4b, 
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shoWing the presently set drop speed, in this example “—35”. 
By manipulation of either another sWitch that may, for 
example, shoW a “+” or “—” sign, the rate changes on the 
display. In this example, the value is changed in increments 
of 5, though this incremental amount is not signi?cant so 
long as it is not so large as to make ?ne adjustment di?icult. 
At the same time that the drop speed is changed, the display 
indicates Whether the change is speeding or sloWing the drop 
rate (see FIGS. 40 and 4d). When the desired speed is 
reached, the cursor is moved to “Exit” and the selection is 
made to move on to further setup operations. The minus (—) 
sign shoWn on the display before the drop speed indicates a 
negative o?fset that is to be subtracted from the ?otation set 
point. The lesser (algebraically smaller) the number, the 
loWer the pressure, the faster the drop speed. If the number 
is preceded by a plus (+) sign, Which indicates a positive 
o?fset that is added to the ?otation set point, adjusting the 
pressure higher so that the drop speed Would be sloWer. 

[0052] It Will be understood that changes in the details, 
materials, steps and arrangements of parts Which have been 
described and illustrated to explain the nature of the inven 
tion Will occur to and may be made by those skilled in the 
art upon a reading of this disclosure Within the principles and 
scope of the invention. For example, a touch screen visual 
display could be used, thus making the screen a primary 
input device. The foregoing description illustrates the pre 
ferred embodiment of the invention; hoWever, concepts, as 
based upon the description, may be employed in other 
embodiments Without departing from the scope of the inven 
tions. 

1. A method of controlling a drop rate of an agricultural 
header comprising the steps of: 

providing a self-propelled agricultural implement having 
a Wheel-supported main frame, an engine supported on 
the main frame, a drive train connected to the engine 
and providing motive poWer to the Wheels, a crop 
engaging header supported on the main frame trans 
versely to the direction of travel of the implement for 
harvesting crop material from the ground, the header 
adapted for vertical movement, an operator’s cab sup 
ported on the main frame and having controls therein 
for the engine, drive train, header and other compo 
nents; 

providing an electronic control unit (ECU) With a memory 
and programmable signal processing capabilities; 

providing a visual display device receiving signals from 
the ECU to dictate the content of the visual output of 
the display device, the content listing information and 
alternative choices to the operator in the form of a 
menu: 

providing an input device Within the operator’s cab con 
nected to the ECU for sending signals to the ECU 
representing input selections of the operator from the 
menu on the display device, those input signals result 
ing in output signals from the ECU to the display 
device and dictating other visual output on the display 
device; 

providing an hydraulic header lift and ?otation system 
With hydraulic circuitry having a plurality of valves of 
various types including a master solenoid valve, a 
pressure reduction solenoid valve (PRV), a raise sole 
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noid valve, a lower solenoid valve and a ?oat solenoid 
valve, all connected to the ECU for receiving variable 
control signals from the ECU to raise and loWer the 
header relative to the ground and manage the header 
?otation characteristics, the hydraulic circuitry further 
including header lift cylinders, an accumulator and a 
reservoir; 

selecting the drop rate by operator manipulation of the 
input device in conjunction With observation of visual 
outputs on the display device, and inputting that selec 
tion to the ECU in the form of an output drop rate 
signal; 

initiating the loWer header cycle With a signal from an 
operator-activated sWitch sending a loWer header signal 
to the ECU; 

via signals from the ECU, pressuriZing the header lift and 
?otation system by energiZing the master solenoid 
valve to 100% and the PRV With current necessary for 
?otation plus a value for the drop rate corresponding to 
the output drop rate signal; 

approximately one-third of a second later, via signals 
from the ECU, energiZing the loWer and ?oat solenoid 
valves to initiate the ?oW of hydraulic ?uid from the 
header lift cylinders through the loWer solenoid valve 
to the reservoir; 

approximately tWo seconds later, via signals from the 
ECU, modifying the current to the PRV to equal the 
?otation value only to continue the loWering of the 
header; 

approximately 1.5 seconds later, via signals from the 
ECU, deenergiZing the loWer solenoid valve to isolate 
the accumulator and lift cylinders from the PRV; and 

approximately one-quarter second later, via signals from 
the ECU, deenergiZing the master solenoid valve. 

2. The method of claim 1, Wherein: 

the input device Within the operator’s cab is a multifunc 
tion handle (MPH) With at least a one directional sWitch 
for inputting signals to the ECU to move a cursor 
around the visual display device from one menu item to 
another. 

3. The method of claim 2, Wherein: 

the input device Within the operator’s cab has at least one 
selection sWitch for selecting individual items on a 
menu. 

4. The method of claim 1, Wherein: 

the agricultural implement is a WindroWer. 
5. The method of claim 3, Wherein: 

the agricultural implement is a WindroWer. 
6. The method of claim 5, Wherein: 

the step of selecting the drop rat; includes the further step 
of: 

by operator manipulation of the input device in conjunc 
tion With observation of a plurality of successive menu 
listings and selection from this plurality of menu list 
ings on the display device. 

7. A method of controlling the drop rate of an agricultural 
header comprising the steps of: 
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providing a self-propelled agricultural implement having 
a Wheel-supported main frame, arm engine supported 
on the main frame, a drive train connected to the engine 
and providing motive poWer to the Wheels, a crop 
engaging header supported oil the main frame trans 
versely to the direction of travel of the implement for 
harvesting crop material from the ground, the header 
adapted for vertical movement, an operator’s cab sup 
ported on the main frame and having controls therein 
for the engine, drive train, header and other compo 
nents; 

providing an electronic control unit ECU With a memory 
and programmable signal processing capabilities; 

providing a visual display device for receiving signals 
from the ECU to dictate the content of the visual output 
of the display device, the content listing information 
and alternative choices to the operator in the form of a 
menu, the display device including a touch screen 
Whereby selections are made by the operator’s ?ngers, 
the screen thus sending signals to the ECU representing 
input selections of the operator from the menu on the 
display device, those input signals resulting in output 
signals from the ECU to the display device and dictat 
ing other visual output on the display device: 

providing an hydraulic header lift and ?otation system 
With hydraulic circuitry having a plurality of valves of 
various types including a master solenoid valve, a 
pressure reduction solenoid valve (PRV), a raise sole 
noid valve, a loWer solenoid valve and a ?oat solenoid 
valve, all connected to the ECU for receiving variable 
control signals from the ECU to raise and loWer the 
header relative to the ground and manage the header 
?otation characteristics, the hydraulic circuitry further 
including header lift cylinders, an accumulator and a 
reservoir; 

selecting the drop rate by operator manipulation of the 
input device in conjunction With observation of visual 
outputs on the display device, and inputting that selec 
tion to the ECU in the form of an output drop rate 
signal; 

initiating the loWer header cycle With a signal from the 
touch screen as a result of the operator making a 
selection on the screen and sending a loWer header 
signal to the ECU; 

via signals from the ECU, pressuriZing the header lift and 
?otation system by energiZing the master solenoid 
valve to 100% and the PRV With current necessary for 
?otation plus a value for the drop rate corresponding to 
the output drop rate signal; 

approximately one-third of a second later, via signals 
from the ECU, energiZing the loWer and ?oat solenoid 
valves to initiate the ?oW of hydraulic ?uid from the 
header lift cylinders through the loWer solenoid valve 
to the reservoir; 

approximately tWo seconds later, via signals from the 
ECU, modifying the current to the PRV to equal the 
?otation value only to continue the loWering of the 
header; 
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approximately 1.5 seconds later, Via signals from the 9. The method of claim 8, Wherein: 

ECU’ deenerglzmg the? lower Solenold Valve to léolate the step of selecting the drop rate includes the further step 
the accumulator and h? cyhnders from the PRV’ and of: by operator manipulations of the input device in 

approximately one-quarter second later, Via signals from C_0I1j11I1CIi0I1_W_iIh Observation‘ of a plurality Of Succes 
the ECU, deenergiZing the master solenoid Valve. SIVe mfmll llstlngs and_selectlon from thls Plurahty of 

8, The method of claim 7, wherein; menu listings on the display device. 

the agricultural implement is a WindroWer. * * * * * 


