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INTRODUCTION

High qudity of productsis one of the main prerequisites for a company's success on the
world market. The qudity of productsislaid down at the early stages of design. While
designing, a Situation often arises when using the known solutions does not produce a
desrable result for some reason or other and the designer is compelled to look for new
methods for solving a problem, i.e. to solve an inventive problem. Efficient methods of
inventive problem solving may substantialy accelerate the design process.

One of the methods that accelerate the process of technology improvement is the method
based on the combination of the andyticd part of the vadue-engineering andysis (VEA)
and the andyticd and solving tools of the Theory of Inventive Problem Solving (TRIZ)
[1-3]. Thismethod alows conducting athorough andlys's of an existing engineering
system, reveding its degp disadvantages, building amoreided modd of asystem and
solving dl the problems pertaining to the implementation of this modd.

One of the main parts of this methodology is the method of function and idedlity

modeling of an engineering system. This method reflects the main law of technology
evolution — the gtriving for idedity when the machineitsdf is absent whileitsfunction is
performed. The essence of this method congstsin reveding and diminating those parts
of an engineering system design which perform auxiliary functions. The sysem design is
changed in such away that the parts that perform auxiliary functions are removed from
the system and their functions either become unnecessary or are transferred to the
remaining parts. Inthis case, problems are formulated which are normaly not posed by a
designer — the new system design must be able to perform its functions with a smaller
number of components providing the same or even better qudity [3].

This article illugtrates the high efficiency of the combined VEA+TRIZ method by the
example of improvement of an agriculturd machine— a gtripper header of agran-
harvesting combine,

DESIGN AND OPERATION OF STRIPPER HEADER

In the 90 °, the Belarusian Scientific-Production Amal gamation (NPO)
“Bdsdkhozmekhanizatsa’ conducted research in the fidd of the grain-harvesting
technology based on giripping standing plants and using a stripper header. Thisis one of
the most promising technologica trends in harvesting crops, leguminous and grass seeds.
The point of the new technology isin that not the entire plant - astalk with ahead — is
fed to aharvester, but only heads with grains. The staks (straws) are left ganding in the
fidd (Fig.1).



=

—— e

Ei === Tpg comhbine thresher

Stripper
To comhbine thresher

AN =

Fig 1. New and traditiond technology of grain harvesting.

This grain-harvesting technology alows saving up to 70% of power spent by acombine
on straw deformation in athresher. In this case, the harvesting output doubles and fud
consumption reduces by hdf. To tear heads, a specid dripper header isingdled on a
combineingtead of atraditiona header. This device combs stalks with its teeth and tears
off the heads. Nowadays, leader of strippers manufacturing is Shelbourne Reynolds
Engineering Ltd (GB) but stripper headers of different designs are manufactured by
AGCO (USA), Krasnoyarks Combine Plant (RU), Prairie Habitats Inc. (CA) [4].

At NPO «Bdsdkhozmekhanizats a», they have developed a stripper header that is
ingaled on a combine CK-5 «Niva» (Fg. 5). Theorigind design of this bdt-type
stripper header (its structura drawing is given on figure 3) was protected by severd
USSR authors' certificates [5, 6].

The dripper heeder was compaosed of the following principa units: abody, a sripper, a
feeder, aroof, a beater, an auger, an inclined chamber, and adrive.

Thebody is designed to house working components of the stripper header and give a
necessary rigidity to the entire congtruction. The body is aweded congtruction, the rear

Fig. 2. The stripper header for the combine CK-5 «Nivay.



part of which forms a collecting chamber for detached heads.

The stripper isdesigned to tear off heads from stalks and to transport them to the
collecting chamber. It isingdled insde the body and is a two-shaft transporter with a
belt provided with stripping teeth of a pecid shape.

The feeder isadevice that feeds plants to the stripper and raisesthe laid stalks. The
feeder is made in the form of a pipe with an eccentric shaft indde. The shaft is provided
with flexible fingers. The feeder moves rdldive to the body and isingtaled depending on
the height and gtate of the plants to be harvested.

The roof servesfor directing aflow of detached heads to the collecting chamber. The
roof isrigidly attached to the body and is provided with an access door that gives access
to theingde of the body. The front wall of the roof as well asthe feeder, body and
gripper form a sak-gripping chamber.

The beater isarotating four-blade shaft. It is designed to remove heads and stalks
caught on the stripper teeth and to prevent their hanging on the front edge of the
collecting chamber.

Theauger. The collecting chamber contains the auger that moves the torn heads toward
the center and feeds them to the inclined chamber of the combine.

Thedrive isdesigned to trandfer the torque from the combine to the working components
of the stripper header — the auger, feeder, stripper and beeter. There are dso hydraulic
cylindersfor adjugting the height of the feeder and stripper. The drive units are attached

to the body.
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Fig. 3. Thesructura drawing of the stripper header.

Operation of the stripper header



The combine provided with a stripper heeder moves on the fidld and enters the crop.

The rotating feeder moves and compact the plant saks with its body, then grasp them
with its fingers and feeds to the stripper. The stripper teeth move with a high speed
thereby combing the staks bottom-up and tearing off the heads. The teeth transport the
detached heads up and throw them into the collecting chamber wherefrom the auger feeds
them to the inclined chamber and then to the thresher. The heads caught on the stripper
teeth are removed by the blades of the rotating beater and are aso thrown into the
callecting chamber.

The research and tests have proved that the developed stripper header has a number of

disadvantages.

2 alarge weight (2,130 kg), which exceeds the dlowed load on the front axle of the
combine;

2 alarge 9ze (the device limited the vighility of the working zone);

2 anincreased loss of grain — 4.5t0 9% at admissible 2.5 to 3.5%.

The atempts to diminate the design disadvantages by traditiond desgn methods did not
give the expected result. That is why adecison was taken to apply the combined VEA-
TRIZ method.

IMPROVING STRIPPER HEADER BY USING VEA+TRIZ METHOD

Theimprovement of the stripper header included the following stages: preparatory,
informationd, sructural anays's, functiond analysis, function and idedlity modedling,
formulation and solving of detected problems, preparation of technicd offers, writing a
report, designing the technicd documentation, manufacture and testing of a prototype.

Preparatory and informational stages

The work was fulfilled by atemporary creative team formed especidly for this purpose.
It incdluded a specidigt in technical crestivity methods, two researchers deding with the
new harvesting technology, design engineers, process engineers, and a patent engineer.
During the informationa stage, al of them were familiarized with the design and
peculiarities of the stripper header operation. The complexity of the work conssted in
that only two participants were initiated into the VEA and TRIZ methods, while avery
ghort period (1 month) was dlotted for thiswork. There was no time to teach TRIZ and
VEA methods to the participants. A critica Stuation occurred — the work had to be
fulfilled in ashort time and with a good qudity by people who did not know the
methodology of doing that work.

The difficulty was solved by combining the training of the participants with the analyzing
of the stripper header. At each working meeting, a next step of andysis was taught to the
team and then the team learned to fulfill thet step by analyzing the stripper heeder.

The positive factor was that after getting a package of offers on the improvement of the
gripper heeder, the same team of designers developed the design documentation.

Structural analysis of stripper header



The andlysis resulted in the congtruction of the component and structurd modes of the
stripper heeder and other components with which it interacts — soil, saks, heads,
combine, combine operator (fig. 4). There were dso described the connections between
the units, between the units and eements, and formulated the problems and proposas

regarding the improvement of their design.

Each connection between the Stripper header units was described in the following way:

I nter acting components:

Head — Stripper
Useful action:
The gtripper teeth detach heads from stalks and the tripper throws them into the
callecting chamber.

Undesirable effect:
Part of the heads does not get into the collecting chamber but is carried away to the soil

by the return run of the Stripper toothed belt.

Task:

It is necessary to diminate the undesirable effect — the carrying away of heads to the soll
by the toothed belt, but to preserve the useful action — the detaching of heads from saks

and trandferring them to the collecting chamber.

Eody

Stripper

Feeder

Inclined chamber

£~ X

Allder

—

Roof

it

Collecting chamber

Eeater

Orive

Soil

Flants

Heads

Fig. 4. The gtructurd mode of the Stripper header.

Cormbine

Anadyzing the connections helps formulate and detect many undesirable effects that
occurred on the interaction of the stripper header units with each other and with the
supersystem components. In the course of the andysis, there were made alot of proposals
that did not require specid efforts for being introduced into the design.

Example.



The analyss proved that the greet length of the stripper was expedient when there was no
feeder in the stripper header design. The use of the feeder changed the character of
interaction between stalks and the stripper and the necessity of such along stripper fell
away. However, while designing a subsequent Stripper heeder, this circumstance was
omitted. The analysis resulted in the proposd to reduce the belt length. A cadculation

was made and the interaxle distance between the stripper shafts was reduced by 375 mm.
That alowed a consderable reduction in the Sze and weight of not only the stripper, but
aso of the stripper header frame.

Functional analysis

Based on the information obtained as a result of the ructurd analys's, there was
formulated the main function of the stripper header and the functions of its main units.
The functiond andyss made it possible to understand which units of the stripper header
perform main functions and which of them perform auxiliary functions. It dso dlowed
formulating the tasks amed at improving the function performance qudity of the stripper
heeder units.

While carrying out the functiona andlyd's, the team faced the following methodologica
difficulty. Asit turned out, dmost dl the units of the Stripper header interact with the
atide— stalks and heads. In accordance with the VEA+TRIZ method of function
ranging, dl the dements of the machine engaged in processing the article are the carriers
of the main functions [3, 7].

Indeed, dl the units of the stripper header except, the drive work with stalks and heads
and, from this point of view, they perform the main functions.

And in accordance with the rules of condructing afunction and idedlity modd, first of al
it is necessary to try to remove from an engineering system those parts that perform
auxiliary functions

How, in this case, can we get recommendations on convolving the stripper header units?

It was proposed to anayze not only the design of the gripper heeder itsdlf, but dso the
Sripping process and the operations of this process.

With such atechnologica gpproach, each unit of the Stripper header was consdered asan
object performing a certain operation of the technologica process of stalk and head
processing.

Such an operation-by-operation andysis made it possible to understand which parts of the
sripper header perform the main operations and make the main contribution to the
performance of the main function of the machine and which of them only facilitate the
performance of these functions.

The main operations are amed a processing the plants in accordance with the preset
requirements. The main operation for the plant stripping process is the detachment of
heads from stalks.

The auxiliary operations provide performance of the main functions or correct the
disadvantages that occur during the main or other auxiliary operations. The main function



is performed by the stripper header toothed belt, that detaches heads from stalks. All the
other units of the device perform auxiliary or correcting operations.

So auxiliary operations are the compaction of saks, feeding the saksinto the sripping
zone, trangporting the gaks into the collecting chamber, removing the stalks from the
stripper teeth.

For ingtance, the beater performs the function «to remove stalks and heads caught on the
gtripper teeth». Thisis a correcting operation, because it diminates the disadvantages of
the auxiliary operation of moving the heads into the collecting chamber.

The disadvantage of the stripper conggsin that not dl the heads are thrown from the
gripper into the collecting chamber because part of them are caught on the teeth and are
carried away to the soil. A decision was taken to try to do without the beater — to remove
it as an auxiliary part of the congtruction and to transfer its functions to the remaining

parts.
Function and ideality modeling— convolution

So the functiond analysis suggested the ideato reject the bester that performsa
correcting function. After that, a function and idedlity mode of the stripper heeder was
constructed in accordance with the doject convolution rules. That model contained fewer
auxiliary parts, which gave new possihilities of reducing the weight of the stripper header
units and smplifying its design (fig. 5).
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Fig. 5. Thefunction and idedity mode of the stripper header.

Then there were formulated inventive problems to be solved in order to redize the
function and idedlity moddl. It is necessary to check what changes in the congtruction the
remova of the beater can entail.



In accordance with the convolution rules, the following convolution conditions were
formulated for the beeter [7]:

The beater performs two functions:
1 it removes heads from the stripper tegth;
2. it prevents the hanging of heads on the edge of the collecting chamber of the body.

Let us congder the convolution conditions for the firgt function of the beater «¢o remove

heads from the stripper teeth.

The beater that performs the function «to remove heads from the stripper teeth» may be

diminated if:

A) thereare no heads,

B) thefunction «to remove heads from the stripper teeth» will be performed by the
ripper itsdlf by using its own resources (materid, shape, arrangement, etc.);

C1) the function «to remove heads from the gripper teeth» will be performed by the
body;

C2) the function «to remove heads from the Stripper teeth» will be performed by the
feeder;

C3) the function «to remove heads from the stripper teeth» will be performed by the roof;

C4) the function «to remove heads from the stripper teeth» will be performed by the
auger;

C4) the function «to remove heads from the gripper teeth» will be performed by the
drive.

Let us choose the dternative C1, because the body eement, namely the front edge of the
collecting chamber, isin close vicinity to the operationa zone, the place where the
conflict — «incomplete remova of heads from the stripper teeth» - occurs.

Problem 1.

Asareault of convolution of the firgt function of the beater, there occurs the problem
how to change the body, namely the front edge of the collecting chamber, 0 asto endble
it to perform the function «to remove heads from the Stripper teeth»?

Let us condgder the convolution condition for the second function of the Begter: «to
prevent the hanging of heads on the edge of the collecting chamber body».

The besater that performs the function “to prevent the hanging of heads on the edge of the
collecting chamber body” may be diminated if:

A) thereare no heads,

B) the function «to prevent the hanging of heads on the edge of the collecting chamber
body» is performed by the edge of the collecting chamber body itself by means of itsown
resources (materia, shape, arrangement, etc.);

C1) the function «¢o prevent the hanging of heads on the edge of the collecting chamber
body» is performed by the stripper;

C2) the function «to prevent the hanging of heads on the edge of the collecting chamber
body» is performed by the feeder;

C3) the function «¢o prevent the hanging of heads on the edge of the collecting chamber
body>» is performed by the roof;



C4) the function «to prevent the hanging of heads on the edge of the collecting chamber
body» is performed by the auger;
C5) the function «¢o prevent the hanging of heads on the edge of the collecting chamber
body» is performed by the drive.

We choose the dternative «B» becauseit is d o preferable while performing the first
function of the beater.

Problem 2.

Asaresult of convolution of the second function of the bester, there occurs the problem
how to change the dement «body» so asto enable it to perform the function «to prevent
the hanging of heads on the edge of the callecting chamber body» by itsdf.

Solving the for mulated problems

So asareault of condructing the function and idedlity mode of the stripper heeder there
were formulated problems 1 and 2 aimed a changing the front edge of the collecting
chamber S0 asto enableit to perform the following bester's functions as well asthe
bester doesit:

1. to remove heads from the sripper teeth;

2. to prevent the hanging of heads on the collecting chamber edge.

To solve these problems, the laws of engineering systems evolution were used, in
particular, the law of coordination — discoordination and other TRIZ tools. This problem
was solved by placing the front edge of the collecting chamber in close vicinity to the
gripper toothed belt and by coordinating its shepe with thet of the teeth on the toothed
bdlt. It is proposad to make the front edge of the collecting chamber toothed so thet the
gripping belt teeth pass between the edge teeth. To avoid possible breakdowns, it was
proposed to make the edge teeth dadtic, flexible and, for better remova of heads from the
gripper, to indd| the teeth & a certain optima angle (Fig. 6).

To perfect the stripper design, the following proposas were formulated:

2 to remove the beater and trandfer its functions to the front edge of the collecting
chamber;

2 to make the upper edge of the trough in the form of flexible dastic teeth with their
ends placed between the stripper tegth;

2 to remove the beater drive which smplifies the design, reduces the weight of the
gripper header drive, diminates the dope of the stripper towards the drive;

2 therewas dso formulated the image of an ided sripper header which is aforecast of
evolution of this class of machines (it isnot given in this article).
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Fig. 6. Proposds for changing the upper edge of the collecting chamber wall.
STRIPPER HEADER MODERNIZATION

Having finished VEA, the team of designers engaged in andyzing and solving the
problem deve oped the high-qudity design documentation for the stripper header within
the shortest possible time. A gtripper header for the combine CK-5 «Niva» was built in
accordance with this documentation. As aresult, the machine weight reduced by 19% as
compared with the previous congtruction and its Sze aso reduced consderably (Fig. 7).

Fig. 7. The stripper header after VEA-TRIZ.

The research and tests proved that the teeth of the collecting chamber front edge ensure
reliable remova of heads caught on the Stripper teeth [8]. In operation, the teeth on the
callecting chamber edge vibrate due to the action of heads and the ar flow. Asaresult,
the teeth self -clear thereby preventing the hanging of stalks and heads on the collecting
chamber edge (Fig. 8).



All these changes in the stripping device design reduced the grain lass behind a combine
to therequired leve of 1.5 to 3%. The combine with the stripper header was tested in
Belarus and Russia. The tests proved that dl the main purposes of VEA have been
achieved. One of the versons of the stripper header was included in the production
schedule of the Tula Combine Plant (Russia). Unfortunately the decline in economic
activity did not dlow garting the manufacture of stripper headers.

Fig. 8. View of the toothed edge of the collecting chamber.
CONCLUSION

Technical result

The work aimed at the improvement of the stripper header by VEA+TRIZ method
reduced the weight of the machine by 19%, reduced congderably its Sze, and decreasd
grain lossto the required leve of 1.5 to 3%.

Scientific result

In the course of the work, there were discovered severd new technologica and technica
solutions, the image of an ided stripper was formulated which is afar forecast of
evolution of such devices (it is not given in this article). The technicad solution pertaining
to the convolution of the beater and the use of atoothed remover was later protected by
patents of US, Canada and Grest Britain [9].

Organizational result

After VEA, the knowledge obtained in the course of the work on the stripping design
endbled the group of the designers to deve op the high-qudity design documentation
within the shortest possble time.

Organizational finding
Training atemporary working group in methods of formulating and solving problemsin
the process of improvement of an object under andyss.

Methodological finding



Applying the rules of anadlyzing the functions of technologica operations to atechnicd
device Any technicd device is desgned to redlize processes of transformation of
subgtance, energy and information. Therefore, the rules of andys's and improvement
principles used for processes may aso be used to improve objects. The process andyss
methodology supplements the object anays's methodology. They must be used in
combination.
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