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INDUSTRIAL DESIGN APPROACH TO SPECIFIC ENGINEERING DESIGN

Urgency of the research. Prior to industrialization, individuals undertaking design were artisan craftsman, one can-
speculate on what expertise and knowledge those active in design might need in a futurepost industrialist age. Currently,
though, the activity of industrial design is generally linked to product development in a manufacturing context. Industrial
Design is inextricably a part of innovation and it can make a contribution in the broad categories of innovation activity:

Target setting. Industrial design is only one sort of design. It has much in common with architecture and the various
versions of design within engineering. Indeed the relationship between industrial design and mechanical and production
engineering is similar to that enjoyed by architects with civil engineers.

Actual scientific researches and issues analysis. A design method is a normative scheme that specifies in detail a cer-
tain working procedure, the activities to perform, and also specifies order in which the activities should be carried out. It is
usually very precise, and the designer is to follow it meticulously.

Uninvestigated parts of general matters defining. Most articles and other publications relating to problem of human-
machine interaction, reduces this problem on ergonomic of controls and displays. In my article will be the ergonomic only
one the constrains and I will not re-publish in my work anthropometric parameters, but I will put my effort on less common,
but very important factors of industrial design in robotics.

The research objective. Concept originality means number of innovative features or technologies encompassed to robot
concept. Score is for innovations could be in robot kinematic chain, drives, cabling, workspace, user interface, safety, etc.

The statement of basic materials. Engineering design has merit in continuous improvement of the basic parameters of the
robot by applying newest outcomes of technology areas of mechanics, metallurgy, cybernetics to robot construction and control.
Main objective of engineering design is to improve positioning accuracy, repeatability, load capacity, service life by the reduc-
tion of weight, energy demand, ecology impact and prices.

Conclusions. Design must be understood as a word that describes both a process and an outcome. It is the process of tur-
ning ideas into material things. Design cost is typically a very small portion of total product cost, but design process has major
impact on product success.
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Introduction. Industrial robots have enormous social-economic importance. Prices of in-
dustrial robots has felled significantly. In 2000, the price of industrial robots was around 1/5th
of the price of robots in 1990. With the increasing number of robots proportionally increases the
number of people who come into contact with robots. While in the past there were mainly ex-
perts who experimentally introduced the robots to production in large enterprises, today robotics
has become a necessity in small and medium-sized enterprises, so now are robots administered
by more “ordinary” engineers and workers who are not specialized directly in robotics. With the
trend of massive deployment of robots in smaller enterprises became a need for adaptation of
industrial robots to a wider group of users as it was before. Adaptation is mainly in level of in-
teraction between robots and humans. Analogies maybe in personal computers. Their first ge-
neration was programmed and operated by team of highly specialized experts in the field of in-
formatics, who cared about their software and electrical engineering team, who maintained the
hardware. Programming took place at the level of machine code and maintenance consisted of
exchange of elementary defective computer parts. However, few current computer users have
an idea about the binary codeor the functioning of one of the tens of millions of transistors in
the processor. Instead, the computers are effectively used for daily work and a lot of users can
replace computer’s hard drive by themselves. The logical evolution of industrial robots, with
their decreasing price should be in intensive “humanization”, so that they could become com-
mon tool for achieving high efficiency and quality even in SMEs — enterprises where a decade
ago was not possible to deploy a robot for personal and financial shortcomings. Situation when
the industrial robot will be so common in SMEs such as the laser printer is coming. To achieve
this, it is necessary to create a new generation of industrial robots based on the principles of
consumer affairs — on the principles of industrial design [1, 3, 4].

Object of research. Object of design research is experimental prototype of SCARA robot
solved in department of Robotics of Faculty of Mechanical Engineering of Technical University

of Kosice, fig. 1.
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Concept of robot is based on Yamaha YK400 scara robot. From this template has du-

alshaft configuration of z-axis and laid-out second arm. General layout of this robot follows

most popular design of scara robots. Kinematic description was carried out in section “Scara
robot decomposition” [5].

Fig. 1. New design of ballscrew shaft support

The robot is powered by harmonic drives FFA-32B—80-L-RES-B, FFA-20-80-L-RES-B
on first and second axis with direct drive. Rotational and linear movement of vertical arm is
powered by two additional drives via belt drive [3].

Pre-existing engineers’ design. In time of my involvement into project many strategical
decision about robot design were already decided and many parts were machined — see fig. 2.
Both arms had final shape. Base of the robot had only temporary construction and originally
proposed design was able to absorb the changes without financial and material drawback. Z-
axis subassembly utilizes dual-shaft configuration. Ballscrew shaft must be lubricated and
cannot stay outside the cover, but must be isolated from surrounding [6].

Fig. 2. Experimental SCARA robot

The project of experimental SCARA robot is solved by department that have access to va-
riety of production machines, but no access to foundry, thus the parts cannot be molded, even
if it will be very effective. Denso SCARA robots have most body parts molded to achieve
specific shape, which cannot be produced by machining. In this project most part will be ma-
chined on CNC machines, including complex shaped from aluminum alloys and steel. Thin
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wall complex shaped parts (mostly covers) can be laminated to machined forms, but not in-
jected. Specific parts can be produced by rapid prototyping methods.

Laid-out arm. Concept of laid out second arm of engineering proposal was inspired with
Yamaha YK400. Laid-out arm allows to downsize size it and reduce moment of inertia. Using
this concept, it is not appropriate for each arm, and if is incorrectly used, can have the opposite
effect — increasing the moment of inertia. Limit criterion for this concept should be at first place
the shortage of space for a drives of the third and fourth axis between the drive of second axis and
Z-axis. In this case is laid-out concept appropriate. Side effect of laid-out concept is increasing of
the weight of the arm (green box on following figure) and thus its moment of inertia. The transfer
of drives of third and fourth axis closer to the axis of rotation may not sufficiently compensate the
increase of weight of arm and in this case is the use of laid-out concept disadvantageous.
Unfortunately, this is the case of processed engineering design of scara robot [8].

3rd and 4th axis drives z-axis

2nd axis and drive

Fig. 3. Maximum gradeability of service robots

Instead of upper mentioned disadvantages, following design is build on laid-out second
arm. The main reason for utilizing this concept is the state of the project and finished parts.

First draft proposal. First design of cover, fig.4 was proposed after my involvement to
project of experimental SCARA robot. On this design I have defined volume of robot which
need to be protected and covered. By designing of this first version I have identified first cri-
tical constrains of engineers’ concept.

« Utilizing of laid-out second arm was disputed (see previous section).

* Second arm was too small for effective cover support.

* Z-axis subassembly is too wide at the top end for design that should express speed.

Fig. 4. First proposal of cover
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Second proposal. This design was created for partial project evaluation. This concept
deals with laminated covers of base and second arm. Design doesn’t effects in any way the
engineers’ concept and only adds two part to existing parts. By designing of the shape was
taken into account the technological process of laminating — releasing the laminated product
from form and thus because all surfaces are slanted against the floor. One of the aims by styl-
ing of this design was to obtain smooth shapes of covers that will express speed of robot. On
this concept I have confirmed that from box base will never be a smooth shape, nor if the
edges are rounded, fig. 5 [7].

Fig. 5. First proposal of cover

Major changes to engineering design. First concept of robot carried out by robot engineers
put ultimate constrains on final design. These constrains led to insufficient designs (first and
second proposal) that did not satisfied me. After short research I have identified four major con-
strains of original design, fig. 6:

Fig. 6. Engineers proposal of base, support of ballscrew shaft and second axis drive

* Construction of base

* Support of ballscrew shaft

* Shape of second arm

* Orientation of second axis drive

Construction of base. Engineering team designed base from two L-profiled parts. Disad-
vantage of this proposal was in large floor space of robot. I have tried to minimize floor space
by designing new robot base.

Base consists of three parts. Bottom plate with holes for bolts that fixing robot to the floor
has diameter only 186 mm. Mounting bolts have spacing 146 mm (original have spacing 180 x
210 mm). Middle part is tube with diameter 180 mm and height 200 mm. This part has also
holder of bottom part of cable and cut for motor cables. Top part is circle flange for drive.
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Fig. 7. Mounting plate and redesigned base

Support of ballscrew shaft. Support of ballscrew shaft in engineering concept was car-
ried out by two parallel sheetmetal plates by sides of ballscrew shaft. Disadvantageous was
the constant distance between these two sheetmetals that disabled to design effective cover.
On the other hand parallel sheetmetals were not very rigid. In my concept I propose to support
ballscrew shaft by rod for which is adopted existing base block of ballscrew shaft. This
change brings reduce of wide of top part from 65 mm to only 30 mm, fig. 8.

i i <€— ballscrew shaft
support /

rod

base block

Fig. 8. New design of ballscrew shaft support

Shape of second arm. The shape of second arm of original design did not have enough
space for holding the cover of arm. Unfortunately this arm is already machined, thus I have
designed a thin frame around the arm to support the cover of arm. Frame increases the origi-
nal arm for 4 mm on sides. This frame also covers the camera in front of z-axis and outgoing
cables from second axis drive, which was rotated to fill cut in the arms as is described in fol-
lowing section, fig. 9.
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Fig. 9. New design of ballscrew shaft support

Orientation of second axis drive. In original design the second axis drive was oriented
with wire terminal pointing to base. Cables in that design were overlapping the robot’s arm
that put requirement on additional volume of cover of arm. In final design the drive is rotated
about 180° around the joint to point the cables to z-axis direction. This orientation fills the cut
in the arm caused by laid-out concept and makes the arm visually more compact, fig. 10.

Fig. 10. Orientation of second axis drive

Integrated vision system. As was mentioned in analytical part of dissertation thesis most of
the scara robot application requires vision system. In this concept is the camera located at the
end of second arm in front of z-axis. This position is used in most current application, where is
required to place lens at most closer position to z-axis. This design can hold up to medium size
CCD or CMOS camera and standard lens. Camera is flexible attached to arm by sheetmetal
camera holder. Holder can be positioned in front-back and up-down direction, fig. 11.

firewire
camera connector

firewire
camera

camera
holder

lens sealing

~/

Fig. 11. Orientation of second axis drive
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Final design. Final design of robot, fig. 12 was proposed with respect to all defined require-
ments and constrains. Original concept of base and body was changed to meet overall design con-
cept. At first place was the integration of breakthrough features like internal camera, fast-clipping
covers and solid cable that can put the users’ experience on higher level. Styling of this concept
has effort to attract wide range of users and potential users, so at second place was to introduce
original color and shape styling. Black painted visible metal parts are combined with two color
covers, where is light grey surfaces are combined with aggressive red. Shape of the covers hides
all cables including main terminal and its connectors, which is visible only from back side. Shape
of'top cover part can evoke the shape of wing of air fighter, which expresses speed and power. All
these features and stylings must met ergonomic and safety criteria [2].

Fig. 12. Final design

Conclusions. Basing the analysis and the experience from process of designing the existing
concept, can be concluded following:

* Industrial design is an integral part of product design including the robots.

* All products must be designed in respect to human criteria, including those where

user contact is not common from a first point of view.

* Styling, shape form, color and other factors have their own rules and thus must be

designed by a persons with appropriate knowledge — mostly industrial designers.

* Industrial designers must be involved at very first beginning of design proposal;

later involvement can do both — raise the expenses and lead to design deficiency.

By utilizing previous statements was developed virtual 3D CAD model. This model of in-
dustrial design after reviewing by engineering team will be used for finishing the construction
of existing experimental SCARA robot.
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VIIK 621.865.8
leéan lenam, Pyodonvgh Anow

HABJINKEHHSA TPOMUCJIOBOI'O JIU3AVHY 10 CHEIIA®IKHA
IH’ KEHEPHOT' O ITPOEKTYBAHHA

Axkmyanonicme memu 00cnioxycenus. /lo inoycmpianizayii mioou, sKi 3aUMAnUCs OU3AUHOM, OYau Maucmpamu-
PEMICHUKAMU, bl MOJNCHA MINbKU NPUNYCIMUMU, AKUL 00CEI0 MA 3HAHHS MONCYMb 3HA0OOUMUCS MUM, XINO 3AUMAEMbCA OU-
3auHOM Y Maubymuio nocminoycmpianviy enoxy. OOHak, 8 0anull 4ac OBUIbHICMb 8 2any3i NPOMUCI08020 OU3AUHY, K NpPd-
BUI0, NOB'SA3AHA 3 PO3POOKOIO NPOOYKYIL Y KoHmeKkemi aupobruymea. IIpomucnogutl Ousaiin € Hesid EMHOI0 YACTMUHOIO THHO-
6auyitl, i 8IH MOdICe 3p0OUMU CBIIL HECOK V PI3HI Kame2opil IHHOBAYIIHOL OisLIbHOCMI

Ilocmanosxa npoonemu. [lpomuciosuii ousaiin - ye e oour 6ud ouzaiiny. Bin mae bazamo cninbHoeo 3 apximexmyporo ma
PI3HUMU 8epCiamu OU3ALUHY 8 PAMKAX THICeHepHUX pobim. Hacnpasdi 63a€M036 130K Midc BPOMUCTOBUM OUSATIHOM MA MAUUHOOYO)Y-
BAHHSIM T NPOMUCTIOBUM BUPOOHUYMBOM AHANTOSTYHULL MOMY, SIKUM KOPUCHYIOMbCSL APXIMEKMOPU 3 YUBLTHUMU THICEHEPAMU.

Ananiz ocmannix oocnioxncens i nyonikauin. Memoo npoexmyeans - ye HOPMAMuUBHA cxema, sIKa OemaibHO ONUCYE
nesHy pobouy npoyeoypy, 6UKOHY8aHi Oii, @ MAKO’C BUSHAYAE NOPAOOK, 8 AKOMY Yi Oii nosunHI 30iticHiosamucs. 3azeuyail ye
dyoice MOUHO, | NPOEKMYBANLHUK NOBUHEH PEMeNbHO CINENCUMU 3a YUM.

Buoinenns neoocnioncenux uacmun 3azanvnoi npoonemu. binowicms cmameil ma imwiux nyonikayit, wo cmocylomscs
npobnemu 83aeMOOIL OOUHA-MAWMUHA, POKYCYIOMbCSL HA NPOOIeMI ep2OHOMIYHOCHI eneMeHmie Ynpasiinis ma oucnieis. Y moiil
cmammi 6y0ymby uuie epeoHOMIYHI 0OMediceHHs 1 He 0)0ymb NOBMOPHO NYONIKY8amucs aHmponoMempuyni napamempu, ane Oy-
O0ymb CHPAMOBAHT 3YCULISL HA MEHUL NOUUPEHT, NPOMe OVIHCe BANCTUBL ACNEKMU NPOMUCTIO8020 OU3ALHY 8 POOOMOMEXHIYL.

Ilocmanoeka 3ae0annsn. Opuinanvhicms KOHYENnyii 03HAUAE HU3KY THHOBAYIUHUX (DYHKYIT aOO MexHONo2il, o 0Xon-
JIF0I0Mb KOHYenyico poboma. Llinnicmy inosayiil Modice mamu micye y KiHeMAmMuyHOMY 1aHYi03i poboma, npusodax, Kabe-
15X, pobouiil obnracmi, inmepdhelici kKopucmysaua, dezneyi mouio.

Buknao ocnoenozo mamepiany. Inocenepne npoekmysants mae nepesazy 6 nOCMiliHOMY 600CKOHANCHHI OCHOBHUX Na-
pamempie poboma WLIAXOM 3ACTNOCYBAHHSL HOBIMHIX QOCACHEHb MEXHONIOSIYHUX obnacmell Mexaniku, memanypeii, Kibepre-
muxu Olsk KOHCMpYI08anHs. ma ynpaenints pobomom. OCHOBHA MemMa IHIHCEHEPHO20 NPOEKMYBAHHS - NIOBUUWUMU MOYHICMb
NO3UYIOHYBAHHS, NOBMOPIOBAHICIb, BAHMANCONIOUOMHICINL, MEPMIH CIYHCOU 30 PAXYHOK 3MEHUIEHHS 8a2l, eHepeOCNONCl-
BAHHS, BNIIUBY HA HABKOIUUHE CEPedosulle ma YiH.

Bucnoexu 6ionogiono 0o cmammi. I1i0 npoexmysannsm ciio po3ymimu clogo, sike ONucye sik npoyec, max i pesyib-
mam. Lle npoyec nepemegopenus ideil y mamepianvui peui. Bumpamu Ha npoeKmysanus, K Npasuio, CMaHosismy dygce
HeBeNUKY YaCmUHy 3a2albHOi 6apmocmi 8upody, aie npoyec NPOeKmy8aHHs MA€ 3HAYHUL 6NAUE HA AKICMb 8UPODY.

Kniouosi cnosa: npomucnosuii ouzaiin; pobom Scara, indicenepue npoekmy8anis.
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