TECHNOLOGIA
| AUTOMATYZACIA
MONTAZU

kwartalnik naukowo-techniczny

ZESPOLOW e MASZYN e URZADZEN 2/2019
e-ISSN-2450-8217

Wydawca: IMBle Wydawmclwo SIGMA-NOT Patronat: SIMP Istnieje od 1993 r. Zeszyt nr 2-2019 (104)

Bt 1 S

s >, \
"- y
h.‘ \‘\T\'\“" -“

= —
. = o -~
=

= Y

| e

. [ =
—n - ? /
<%
fot. IMBIGS

0 /éf IMBiGS

WYDAWNICTWO SIGMA-NOT B



SKORZYSTAJ Z NASZE) WIEDZY

Cennik prenumeraty na 2019 r. (ceny brutto rocznej prenumeraty papierowe;)

22018.. |5
# ELEKTRO

in ao

CIEPLOWNICTWO
OGRZEWNICTWO
WENTYLAC

]

Automatyzacja ruchu
matych i srednich

HUTNIK INZYNIERIA
=ali=| | MATERIALOWA

m NEh.rﬂna .;;..7:) 2 == 62017 i PRZEGLAD Nr3fe
- maprzed korozja 3 / L, PRZEGL/ D (B

EKTROTECHNICZNY

Spiexarski
i CuKierniczy

o

< gy ‘t\un BROCES! :::
[k A
Pi i
P RZEG LAD-&? f;i:ln(;ﬁacyjny

i Owoco

Ll IREEEREING

E WOKOL o e
“IPLYTEK|
X KONGRFS TE@I!NOLOG![;HEMICZNEJ

CERAMICZNYCH

Czasopisma dostepne tylko w prenumeracie w wariantach:
wersja papierowa (dolicza sie roczng optate za dostarczenie czasopism),
wersja PLUS z dostepem do e-publikacji (bezptatne dostarczenie czasopism),
wersja ciggta PLUS z dodatkowym rabatem 10%

(automatycznie odnawiajgca sie co roku, bezptatne dostarczenie czasopism)

n wiecej informaciji: 22 840 30 86, 0 /é f

@ prenumerata@sigma-not.pl WYDAWNICTWO SIGMA-NOT 39




TECHNOLOGIA
I 1 AUTOMATYZACIA

MONTAZU

kwartalnik naukowo-techniczny ZESPOLOW e MASZYN e URZADZEN

e-ISSN-2450-8217

ZESPOL REDAKCYJNY:

Redaktor Naczelny — prof. dr hab. inz. Jerzy tunarski

Z-ca Redaktora Naczelnego — dr inz. Martyna Jachimowicz
tel. 663 311 966

Redaktorzy tematyczni:

Dr inz. Rafat Kluz (technologia, automatyzacja)

Dr inz. Katarzyna Antosz (niezawodnos¢, eksploatacja)

Dr inz. Mirostaw Chiosta (inzynieria, produkcja)

Dr inz. Andrzej Kubit (struktury i systemy montazu)

RADA PROGRAMOWO-NAUKOWA:

Prof. Dario Antonelli (Politecnico di Torino, Wtochy), prof. Bronius Baksys
(Kaunas University of Technology, Litwa), prof. Marek Balazinski (Ecole
Politechnique Montreal, Kanada), prof. Adam BARYLSKI (Politechnika
Gdanska), mgr inz. Magdalena Borek-Daruk (SIGMA-NOT), prof. Jozef
Gawlik (Politechnika Krakowska) — z-ca przewodniczacego, prof. Jan Go-
dzimirski (WAT), prof. Stefan Géralczyk (IMBiGS), prof. Mikulas Hajduk
(Technicka Univerzita v Kosiciach, Stowacja), prof. Michael Kheifetz (Po-
tocki Gosudarstwiennyj Uniwersytet, Biatorus), doc. dr inz. Radek Knofli-
cek (FME Brno, Czechy), prof. Mark Kristal (Volgograd State Technical
University, Rosja), prof. Jozef Kuczmaszewski (Politechnika Lubelska),
prof. Piotr tebkowski (AGH), prof. Antonio Maffei (KTH Royal Institute of
Technology, Szwecja), prof. Ignace Martens (Katholieke Universiteit Leu-
ven, Belgia), prof. Jacek Mucha (Politechnika Rzeszowska), prof. Vitaliy
Pasichnyk (Nacjonalnyj Techniczeskij Uniwersitet Ukrainy ,Kijewskij Poli-
techniczeskij Instytut”, Ukraina), prof. R. M. Chandima Ratnayake (Uni-
versity of Stavanger, Norwegia), prof. Emil Spisak (Technika Univerzita
v Kosiciach, Stowacja), dr inz. Dorota Stadnicka (Politechnika Rzeszow-
ska), prof. Jerzy Stamirowski (Politechnika Swigtokrzyska), prof. Michait
W. Wartanow (Moskowskij Gosudarstwiennyj Maszinostroitielnyj Uniwer-
sytet, Rosja), prof. Wtadimir P. Woronienko (Moskowskij Gosudarstwien-
nyj Technologiczeskij Uniwersytet, Rosja), prof. Jan Zurek (Politechnika
Poznanska) — przewodniczacy

ADRES REDAKCJI:

Kwartalnik , Technologia i Automatyzacja Montazu”
ul. Ratuszowa 11, pok. 740

00-950 Warszawa, skr. poczt. 1004

Tel. 22 853 81 13

e-mail: tiam@sigma-not.pl

www.tiam.pl

PRENUMERATA:

Zaktad Kolportazu Wydawnictwa SIGMA-NOT Sp. z 0.0.
ul. Ku Wisle 7

tel. 22 840 30 86

tel./fax: 22 827 43 65, 619 22 41 w. 215

e-mail: prenumerata@sigma-not.pl

portal: www.sigma-not.pl

REKLAMA:

Redakcja: tel. 22 853 81 13
e-mail: tiam@sigma-not.pl
Dziat Reklamy i Marketingu
tel./fax: 22 827 43 65

e-mail: reklama@sigma-not.pl

SKLAD | LtAMANIE:

Wydawnictwo SIGMA-NOT

ul. Ratuszowa 11, 00-950 Warszawa
e-mail: sekretariat@sigma-not.pl

WYDAWCA:

IMBiGS

Sie¢ Badawcza tukasiewicz
Instytut Mechanizacji Budownictwa i Gérnictwa Skalnego
ul. Racjonalizacji 6/8, 02-673 Warszawa

YAORZI -
Wydawnictwo SIGMA-NOT
ul. Ratuszowa 11 skr. poczt. 1004, 00-950 Warszawa

PATRONAT:
Stowarzyszenie Inzynieréw Mechanikéw i Technikéw Polskich

Za tres$¢ ogtoszen i artykutdow promocyjnych redakcja nie odpowiada

Cena prenumeraty rocznej 80 zt
Wersja pierwotna: elektroniczna

W numerze

Puka R., tebkowski P.: Analiza wptywu
réownolegtego i sekwencyjnego wykorzystania
przyciskbw na poprawnos¢ wprowadzania
ciggéw polecen do urzadzen .. ............ 5

Kristal M., Getmancewa T., Szirokij A.: Ocena

charakterystyk strumieni wytwarzanych
przedmiotéw w technologicznych systemach
montazowych .. ......... .. ... .. ... ... 10

Barylski A.: Konstrukcyjno-technologiczne
aspekty stosowania uchwytéw modutowych
i specjalnych w operacjach obrobkowych . ... 14

Koziot S., Matecki K., Samborski T., Zbrowski
A., Baba G.: Gtowica do nanoszenia mieszanki
elastomerowej na tasme linii technologicznej . 18

Godzimirski J., Tkaczuk S.: Analiza przydatnosci
hipotezy Hubera do oceny wytezen spoin
klejowych . ... .. ... ... ... ... ... .... 25

Roskowicz M., Gasior J.: No$no$¢ i trwatosc
zmeczeniowa potgczen hybrydowych . ... ... 30

Rudawska A., Miturska 1., Semotiuk L.:
Wptyw rodzaju kleju i sposobu przygotowania
powierzchni na wytrzymato$¢ potgczen
klejowych blach ze staliC45 . ............. 34

Kwartalnik notowany na liscie czasopism punktowanych
Ministerstwa Nauki i Szkolnictwa Wyzszego — 7 pkt.




Puka R., tebkowski P.: Effect of simultaneous
and sequential use of keys on the correctness
of entering command strings into devices . . . .

Kristal M., Getmancewa T., Szirokij A.:
Evaluation of the characteristics of production
flows in assembly process systems.........

Barylski A.: Design and technological aspects
of application of modular and special fixtures in
machining operations. . .. ................

Koziot S., Matecki K., Samborski T., ZbrowskiA.,
Baba G.: A head for dispensing an elastomeric
mix onto a manufacturing line conveyor

Godzimirski J., Tkaczuk S.: Analysis of von
mises hypothesis usefulness for adhesive layer
effortestimate. . .. ........ .. ... . L.

Roskowicz M., Ggsior J.: Load capacity and
fatigue life of hybrid joints. .. ..............

Rudawska A., Miturska 1., Semotiuk L.:
The influence of adhesive type and surface
treatment on the strength of C45 steel sheets
adhesive joints . .. ........ .. ... . ...

10

14

18

25

30

Myka P, JlebkoBcku I1.: AHanM3 napanenbHoro
M nocnegoBaTenbHOrO  MCMOMb30BaHUSA
yNpaBnsAloLLMX KHOMOK Ha NpaBUNbHOCTb BBOAA
MOPYYEHUIN 0O YCTAHOBOK. . . . oo v v i e e e n

Kpuctane M., etmaHuesa T., Wwnpokun A.:
OueHKka xapakTepuCTUK MOTOKOB MNPEeAMETOB
nNpon3BoAcTBa B COOPOUHBIX TEXHOMOrMYECKNX
cmcTemax

Bapbinbcku A.: KOHCTPYKUMNOHHO-
TEXHONOrNYeckMe BOMPOCHI MPUMEHEHMS
MOZYJbHbIX U crneyunanbHbIX NpUucnocobnennii
B obpabatbiBatoLmx onepaumsax ... ........
Koszen C., Mateuku K., Cambopcku T., 36poBcku
A., baba.: TonoBka ons nogayv ansCTOMepHOW
CMECU Ha NEHTY TEXHOMOrMYECKON NINHUA . . . .

lopgsvmupckn  A., Tkadyk C.: AHanus
npurogHocTn runotesbl 'ybepa ANsS oueHku
HaMNPs>KEHUN KNeeBblX COEOUHEHUN . . . . . . . ..

PocbkoBny M., ToHcuop HA.: Hecywas
CNOCOBHOCTb M AOMrOBEYHOCTb MBPUOHbIX
COBOMHEHUM . . . oottt

Pynascka A., Mutypcka W., Cemotiok Jl.:
BrivsHue cocTtaBa KrneeBon cmecu n cnocoba
NoArOoTOBKM MOBEPXHOCTU HA MNPOYHOCTb
KneeBbIX coequMHeHn cTanbHom xectn C45 . .

10

14

18

25

30

34

TECHNOLOGIA | AUTOMATYZACJA MONTAZU nr 2/2019



Wskazowki dotyczace przygotowania artykutow

*  Artykuty przeznaczone do opublikowania w kwartal-
niku ,Technologia i Automatyzacja Montazu” powinny
mie¢ oryginalny i naukowo-techniczny charakter i by¢
zgodne z problematykg czasopisma. Redakcja przyj-
muje artykuty w jez. polskim, jez. angielskim i jez.
rosyjskim.

* Artykut o maksymalnej objetosci 5 stron A4 wraz
z ilustracjami powinien by¢ napisany czcionkg Times
Roman lub Arial 12 pkt, z interlinig 12 pkt. Formato-
wany tekst nie powinien mie¢ podziatu na kolumny.

e Tytut artykutu nalezy poda¢ w jez. polskim i jez. an-
gielskim. Tytut nieprzekraczajgcy 10 stow powinien
odzwierciedla¢ istotne elementy tresci artykutu.

»  Struktura artykutébw naukowo-technicznych prezentu-
jacych prace autora(éw) powinna byé nastepujgca:
wstep (wprowadzenie); metodyka (badan, analiz,
pracy z podaniem ewentualnie materiatéw, zatozen
itp.); wyniki (badan, analiz); omoéwienie wynikow;
whnioski; spis literatury.

*  Podpisy pod ilustracjami oraz tytuty tablic nalezy po-
dac¢ w jez. artykutu i jez. angielskim.

» llustracje nalezy dotgczy¢ réwniez jako osobne pliki
w formacie: .jpg, .tiff, z rozdzielczoscig co najmniej
300 dpi. Wszystkie zamieszczane ilustracje powinny
by¢ wiasnoscig autora(éw) lub nalezy podac zrodto
pochodzenia rysunkow.

*  Wzory matematyczne pisane w edytorze réwnan
Microsoft Equation i powinny by¢ oznaczane ko-
lejnym numerem w nawiasie okragtym. Wszystkie
symbole powinny by¢ objasnione. Nalezy stosowac
jednostki uktadu SI.

»  Spis literatury nalezy poda¢ w kolejnosci cytowania
w tekscie, a odnosniki w teksciepo winny by¢ ponu-
merowane cyframi arabskimi i umieszczone w nawia-
sach kwadratowych. W przypadku korzystania z Inter-
netu nalezy podac¢ adres strony i date odczytu. Liczbe
autocytowan nalezy ograniczy¢ do niezbednych.

* Do artykutu nalezy dotgczy¢ streszczenie w jez. arty-
kutu i jez. angielskim, zawierajgce minimum 200-250
stow.

* Pod streszczeniem nalezy poda¢ 3-6 stéw kluczo-
wych w jez. artykutu i jez. angielskim, zwracajgc
uwage, by nie byty one powtdrzeniem tytutu pracy.

» Po spisie literatury zaleca sie podanie zrédta finanso-
wania pracy.

» Na koncu artykutu nalezy podaé: imiona i nazwiska
autordw, tytuty naukowe lub zawodowe, telefon, faks,
e-mail, miejsce zatrudnienia wraz z adresem do ko-
respondencji.

Procedura recenzowania
Procedura recenzowania artykutdw w czasopismie
jest zgodna z zaleceniami Ministerstwa Nauki i Szkolnic-

twa Wyzszego zawartymi w opracowaniu ,Dobre praktyki
w procedurach recenzyjnych w nauce”, Warszawa 2011.

TECHNOLOGIA | AUTOMATYZACJA MONTAZU nr 2/2019

Wszystkie artykuty naukowo-techniczne publikowane
w kwartalniku ,Technologia i Automatyzacja Montazu” sg
recenzowane.

Nadestane artykuty sg poddawane redakcyjnej oce-
nie formalnej i otrzymujg numer redakcyjny, identyfikujacy
je na dalszych etapach procesu wydawniczego, a redak-
cja wysyta do autorow informacje o przyjeciu artykutu i wy-
staniu go do recenzentéw. Do oceny kazdej publikacji po-
wotuje sie co najmniej dwdch niezaleznych recenzentéw.
Redakcja dobiera recenzentéw rzetelnych i kompetent-
nych w danej dziedzinie. Nadestane artykuty nie sg nigdy
wysytane do recenzentéw z tej samej placéwki, z ktorej
pochodzi autor. Prace recenzentéw sg poufne i anoni-
mowe. Recenzja musi mie¢ forme pisemng i konczyc¢ sie
jednoznacznym wnioskiem o dopuszczeniu artykutu do
publikacji w czasopi$mie lub jego odrzuceniu. W przy-
padku pracy w jezyku obcym, co najmniej jeden z recen-
zentow jest afiliowany w instytucji zagranicznej innej niz
narodowos¢ autora pracy. Autorzy sg informowani o wyni-
kach recenzji oraz otrzymujg je do wgladu. W sytuacjach
spornych redakcja powotuje dodatkowych recenzentow.

Lista recenzentéw publikowana jest w ostatnim ze-
szycie kazdego rocznika.

Warunki prenumeraty kwartalnika ,, Technologia i Automaty-
zacja Montazu” w 2019 r.

Kwartalnik , Technologia i Automatyzacja Montazu”
ukazuje sie formie elektronicznej i jest dostepny on-line
na Portalu Informacji Technicznej Wydawnictwa SIGMA-
-NOT Sp. z 0.0. (www.sigma-not.pl).

Cena prenumeraty rocznej wynosi: 100 zt (w tym 23% VAT).

Rabaty:

20% — dla czionkéw stowarzyszen naukowo-technicz-
nych NOT, nauczycieli, studentéw i uczniow,

10% — dla prenumeratoréw podpisujgcych z Wydawnic-
twem umowe prenumeraty ciggtej (odnawialnej automa-
tycznie).

Prenumerate mozna zamoéwicé:

« telefonicznie: 22 840 30 86, 22 840 35 89
« faksem: 22 891 13 74

* e-mailem: prenumerata@sigma-not.pl

* on-line: www.sigma-not.pl

* listownie:
Zaktad Kolportazu Wydawnictwa SIGMA-NOT
ul. Ku Wisle 7, 00-707 Warszawa

¢ dokonujac wptlaty na konto:
Wydawnictwo SIGMA-NOT Sp.zo.0.,ul. Ratuszowa 11,
00-950 Warszawa PKO BP 24 1020 1026 0000
1002 0250 0577 (w tytule przelewu nalezy podac¢ na-
zwe czasopisma, liczbe zamawianych egzemplarzy
i okres prenumeraty).




Od Redakcji

.TECHNOLOGIA | AUTOMATYZACJA MONTAZU"
BENEFICJENTEM PROGRAMU ,WSPARCIE DLA CZASOPISM"

Martyna JACHIMOWICZ

Szanowni Panstwo!

Mito jest nam poinformowac¢, ze kwartalnik
,Technologia | Automatyzacja Montazu” zostat
beneficjentem pierwszego konkursu Ministerstwa Nauki
i Szkolnictwa Wyzszego w ramach programu ,Wsparcie
dla czasopism naukowych”.

Celem tego programu jest wsparcie wydawcow
polskich czasopism naukowych nieujetych
w miedzynarodowych bazach czasopism naukowych
0 najwiekszym zasiegu, lecz publikujgcych artykuty
naukowe o wysokim poziomie naukowym. Wsparcie to
ma by¢ przeznaczone na podniesienie poziomu praktyk
wydawniczych i edytorskich umozliwiajgcych wejscie tych
czasopism do miedzynarodowego obiegu naukowego.
Artykuty naukowe publikowane w tych czasopismach
beda uwzgledniane przy ewaluacji dziatalnosci naukowe;j.
Czasopisma objete pomocg w ramach programu
zostang réwniez umieszczone w wykazie czasopism
naukowych i recenzowanych materiatdw z konferencji
miedzynarodowych.

Uzyskanie wsparcia w tym programie oznacza
wprowadzenie pewnych zmian w czasopismie ,TIAM”,
ktore zmierzajg nie tylko do podniesienia jego jakosci
wydawniczej i edytorskiej, ale takze do zwigkszenia
obecnosci czasopisma i prezentowanych w nim artykutu
w miedzynarodowym obiegu naukowym. W tym celu
redakcja podejmuje dziatania, ktorych koncowym
efektem powinno by¢ wprowadzenie kwartalnika , TIAM”
do miedzynarodowych baz, takich jak Scopus czy Web
of Science.

Stopniowo bedziemy zwigksza¢ udziat jezykow
kongresowych (gtdwnie jezyka angielskiego)
w publikowanych artykutach, tak aby byty one dominujgce
w czasopismie. Zostang réwniez wprowadzone numery
DOl dla kazdego artykutu naukowego.

Artykuty bedg udostepniane w otwartym dostepie
na Portalu Informacji Technicznej Wydawnictwa
SIGMA-NOT (www.sigma-not.pl) oraz na nowo
zaprojektowanej stronie internetowej kwartalnika.

W trakcie trwania programu planowane jest
wdrozenie elektronicznego systemu zarzgdzania pracami
edytorskimi i wydawniczymi, co powinno usprawni¢
zgtaszanie artykutdow do publikacji, ich recenzowanie,
a takze wptyngé pozytywnie na przejrzystosé
i profesjonalizm catego procesu wydawniczego.

Zostanie tez wdrozone oprogramowanie
antyplagiatowe jako element podnoszenia jako$ci
wydawniczej czasopisma.

Osiagniecie ambitnego celu, jakim jest
umiedzynarodowienie lokalnego dotad periodyku, bedzie
wymagato wysitku zwigzanego z upowszechnieniem
informacji o czasopi$mie i poszerzeniem kregu zaréwno
autorow, jak i czytelnikdw. Jest to zadanie przede
wszystkim dla redakcji i wydawcy, ale wspotdziatanie
dotychczasowych autoréw, czytelnikow i wszystkich osob
zwigzanych z kwartalnikiem ,Technologia i Automatyzacja
Montazu” z pewnoscig wptynie pozytywnie na realizacje
tego celu.

Zapraszamy Autoréw do wspétpracy!
www.sigma-not.pl
tiam@sigma-not.pl

TECHNOLOGIA
I I AUTOMATYZACIA

MONTAZU

ZESPOLOW e MASZYN e URZADZEN

kwartalnik naukowo-techniczny

TECHNOLOGIA | AUTOMATYZACJA MONTAZU nr 2/2019



EFFECT OF SIMULTANEOUS AND SEQUENTIAL USE OF KEYS ON THE
CORRECTNESS OF ENTERING COMMAND STRINGS INTO DEVICES

Analiza wpfywu réwnolegtego i sekwencyjnego wykorzystania przyciskéw na
poprawnosé wprowadzania ciggéw polecen do urzadzen

Radostaw PUKA, Piotr LEBKOWSKI

A b s tract: Controlling the operation of many devices (e.g. machine tools or assembly lines) requires that proper communication is ensured between
man and the machine for the purpose of entering appropriate instructions that will control the machine operation. To this end, control panels, among
other things, are used to enable the operator to control the device. Such panel may have many various forms; very often they are computer keyboards.
The problem of correct entering appropriate instructions at the right moment by the operator certainly has an impact on the quality of the final product.
Should the operator make a mistake, the product will not meet the desired requirements. It becomes necessary to design keyboards used as control
panels in which the arrangement of characters would facilitate correct entering of instructions. One of the main issues is to define the most effective
way, simultaneous or sequential, of using key while entering instructions from the control panel. The study presented in the paper describes the effect
of using a combination of keys (i.e. simultaneous use of more than one key in order to enter a signal) in controlling a machine on the correctness of
the signals being entered. The results presented were compared with using only the sequential pressing of keys. The study presented in the paper was

conducted using a computer keyboard.

Streszczenie: Sterowanie dziataniem wielu urzadzen (np. obrabiarek, zespotéw montazowych) wymaga zapewnienia komunikacji cztowieka
z maszyng, w celu wprowadzenia do urzadzenia odpowiednich instrukcji, ktére sterowac¢ bedg dziataniem maszyny. W tym celu wykorzystywane sg
m.in. panele sterownicze, poprzez ktére operator ma mozliwos$¢ sterowania urzgdzeniem. Panele te mogg przyjmowac najrézniejsze formy, bardzo
czesto sg to klawiatury komputerowe. Problem poprawnego wprowadzania przez operatora odpowiednich instrukcji w odpowiednim momencie ma
niewatpliwy wptyw na jako$¢ wytworzonego produktu koricowego. W przypadku popetnienia przez operatora btedu produkt nie bedzie spetnia¢ zgdanych
wymagan. Konieczne staje sie projektowanie klawiatur — paneli sterowniczych, w ktérych rozmieszczenie znakéw utatwiatoby prawidtowe wprowadzanie
instrukcji. Jednym z gtéwnych zagadnien jest okreslenie najefektywniejszego sposobu — réwnolegtego lub sekwencyjnego — wykorzystywania przyciskow
przy wprowadzaniu polecen z panelu sterujgcego. Zaprezentowane w artykule badania przedstawiajg wptyw wykorzystania w sterowaniu maszyng
kombinacji klawiszy (jednoczesnym uzyciu wigcej niz jednego klawisza w celu wprowadzenia danego sygnatu) na poprawno$¢ wprowadzanych
sygnatéw. Przedstawione wyniki zostaty poréwnane z rezultatami przy wykorzystaniu jedynie sekwencyjnego wykorzystania klawiszy. Prezentowane

w artykule badania zostaty przeprowadzone z wykorzystaniem klawiatury komputerowej.

of keys in the right sequence or by pressing at least
two keys at the same time. The analysis of the effect
of the particular solution (sequential and simultaneous
pressing of keys in order to generate a signal) on the

Introduction

The problem of correct entering control signals
into machines is present in all activities during which

a person interacts with a machine. Due to the continually
increasing level of automation and robotisation [2]
of, inter alia, manufacturing operations, this problem
seems topical and, taking into consideration the efforts
made by companies to ensure a high quality of their
products [3, 4], it can also be perceived as essential.
In this paper, the authors focused on an analysis of
the effect of one of the many factors that may affect
the correctness of the signals being entered, i.e. on
the effect of entering signals by simultaneous and
sequential pressing of keys.

The problem concerned occurs, inter alia, in the
case of control panels on which it was impossible, e.g.
due to the limited space, to place a separate key for
each signal that can be entered. For this reason, some
of the signals can be generated by pressing a number

correctness of the signals being entered is the key
element of the considerations further on in the paper.

This study does not concern situations in which
simultaneous pressing of more than one button in
order to generate a signal is required e.g. for safety
reasons. Such safety measures are used in order
to protect the person operating the machine e.g. by
forcing them to press buttons with both hand so that
neither hand is exposed to risk of injury as a result of
the machine operation.

The data necessary for conducting the analysis
of the problem were collected by the authors through
an empirical study the conclusions from which (as
well as a detailed description of the study) have been
presented further below.

TECHNOLOGIA | AUTOMATYZACJA MONTAZU nr 2/2019



Description of the study

The purpose of the empirical study was to collect
empirical data concerning the correctness of entering
predetermined sequences of characters. In the tests,
PC computers were used, equipped with keyboards
compliant with ISO/IEC 9995-2 [ISO/IEC 9995-
2:2009]. The authors decided to collect data based
on entering characters using a computer keyboard for
among others the following reasons:

— computer keyboards (or their versions modified
to suit a particular device) are used to control
different machines (e.g. CNC machine tools) and
their application can be extended to include many
other types of devices;

— collecting a sufficient amount of representative
data to conduct reliable analyses;

— conducting the study using keyboards will make
it possible to collect data from a large number of
users who work with a keyboard on a daily basis
and therefore the aspect of unfamiliarity with the
key arrangement (machine control interface) is
negligible.

Data for further analyses were collected by
conducting an experiment which was divided into two
parts:

1) A survey.
2) A test in which users had to type in a specially
selected text.

The first part of the experiment was a survey.
During the survey, basic information about the study
participants was collected, such as age, gender and
field of study. In the second part of the experiment
participants were given four texts which they then had
to copy. During this part of the study the data that were
collected concerned the signal sequences entered
by each user (by pressing a key or a combination of
keys) as well as the exact time taken to generate each
signal.

The second part of the study was divided into four
sections each of which contained a different text to
be copied. In the literature there are many different
approaches to the issue of selecting contents in this
type of studies. In papers [1] and [6] the contents of the
experiment were all possible two-letter combinations.
The study [5] used extracts from the books describing
Alice’s Adventures in Wonderland. In studies [Karat et
al. 1999] one of the passages used was from a book
on the Wild West. The content of the study [Norman,
Fischer, 1992] was an article from a magazine while in
[Lee, Zhai, 2004] the authors created a base containing
two hundred twelve-word sentences from newspapers.

In order to conduct the study, the authors decided
to develop their own method of creating the study text.
The part of the study in question was divided into four
parts; each of the elements contained one section of
texts. Texts comprising each section were selected
according to the following criteria:

— section one comprised extracts from Pan Tadeusz
[Sir Thaddeus] by Adam Mickiewicz and The Lord of
the Rings by John Ronald Reuel Tolkien;

— section two was compiled in a way that forced
alternate typing based on the assignment of each
key to a particular finger [8];

— in section three, the change of hand used for typing
takes place exactly every two keystrokes;

— the last section, unlike the other ones, contains also
digits in addition to text content.

All the sections were divided into separate
sequences (the next section began at the next
character relative the character finishing the previous
sequence) with a length of two to five keystrokes.

The test was performed on a sample of 365
participants. All apart from four participants were full-
time first-cycle students at the Faculty of Management
of the AGH University of Science and Technology
in Krakow. The most numerous group among the
participants were students of Information Technology
and Econometrics who were 183. There were slightly
fewer (175) students of Management. The breakdown
of the participants according to gender shows almost
equal shares of women and men in the study, with
a slight prevalence of men (195 to 170). Figure 1
presents breakdown of users with regard to the
declared number of fingers used in typing (apart from
the thumbs). By far the most numerous were the
participants who used all fingers (8) for typing or six
fingers.

Due to small numbers of participants in some of
the intervals the authors decided to divide the study

127
121

51

23
14 16 12

Study participants/Liczba uczestnikow

2 3 4 5 6 7 8

Number of fingers/Liczba palcow

Fig. 1. Breakdown of study participants by the number of
fingers used for typing.

Source: own study

Rys. 1. Podziat uczestnikow badania ze wzgledu na liczbe
palcow wykorzystywanych do pisania.

Zrédto: Opracowanie wiasne
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Fig. 2. Average level of correctness depending on the

sequence length.

Source: own study

Rys. 2. Podziat uczestnikow badania ze wzgledu na liczbe

palc()w wykorzystywanych do pisania.

Zrédto: Opracowanie wiasne

participants into 3 groups with regard to the number of

fingers used for typing:

1) People who type with two, three or four fingers
(hereinafter group 2-4).

2) People who type with five or six fingers (hereinafter
group 5-6).

3) People who type with seven or eight fingers
(hereinafter group 7-8).

The analysis of the results obtained based on the
test described above is the next part of this paper.

Analysis of results

The results obtained based on the experiment
described in the previous part of the paper were
analysed in terms of the effect of the section of the
experiment, the number of fingers used and the length
of the sequence on the correctness of entering the
sequence. For the purpose of the study, a correctly
entered sequence should be understood as the
occurrence of an error-free n-element sequence
(n subsequent elements of the sequence must be
identical with the characters making up the n-element
sequence) in the sequence of characters entered by
the user. The correctness rate for a single participant
denotes the quotient of the number of correctly entered
sequences and the total number of sequences (with
a matching length) in a particular section. Sequences
with lengths of two to five characters were analysed
in the study. Figure 2 presents the average levels of
correctness for each section (1-4) depending on the
length of the sequence (2-5).

Based on the chart shown it can be concluded that
along with the increase in the length of the sequence the
rate of correctness of entering the sequence decreases.
This correlation seems intuitive and is corroborated in the
data presented.
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Due to the differences in the rate of correctness
between the sections, further analyses will take account
of the breakdown of the data into the individual sections.

Table 1 presents the correctness rate for different
lengths of sequences taking into account the section
of the study and the number of fingers used by the
participants for typing in the characters. Based on the
data contained it can be concluded that sequences
are most accurately (with the highest correctness rate)
entered by participants using five or six fingers for typing.
The level of correctness for participants typing with all
(or almost all) fingers begins to clearly depart from the
results of the aforementioned group together with the
increase in the length of the sequence. Attention should,
however, be paid here to the other part of the table
containing the average time taken to enter a single signal
(calculated as the time taken to enter a sequence divided
by the length of the sequence). The average times in the
group of participants using the largest number of fingers
are significantly lower than in the other groups. Based
on this it can be concluded that an increase in the speed
of typing increases the probability of making an error in
the process (which conclusion also confirms the intuitive
expectations).

The average time taken to enter one character for
a particular number of fingers is comparable for the
sequence with a length of three to five characters.

In order to compare the results for simultaneous and
sequential entering of signals, the following interpretations
were assumed for each of the types of entering signals:

— signals entered simultaneously in the study will
be understood as entering an accented character
(requiring simultaneous pressing of the AltGr key and
the key for a particular character), upper-case letters
(which require pressing the Shift key in combination
with a particular character) as well as characters the
must be entered using the Shift key;

— sequential signals will be understood as entering any
two letters of characters that will be treated as one
signal for the purpose of this study.

These interpretations serve to determine the attribute
the number of signals. In this study the authors limited the
number of signals entered simultaneously or sequentially
that will belong to the mentioned sequences of characters
to exactly one. Therefore, the number of signals will
mean:

— for simultaneous signals — the length of the sequence
containing exactly one character that requires
simultaneous pressing of the AltGr or Shift key (but
not both of them at the same time) and another key
for the particular character;




Section Number of fingers

¥ 2-4 5-6 7-8 2-4 5-6 7-8 2-4 5-6 7-8 24 5-6 7-8

1 91% 92% 91% 88% 88% 87% 83% 84% 82% 80% 80% 79% %

2 91% 92% 91% 88% 88% 87% 84% 84% 82% 80% 80% 77% §

3 91% 91% 88% 86% 88% 83% 82% 83% 79% 79% 80% 75% é

4 86% 91% 89% 84% 88% 85% 81% 85% 81% 78% 82% 78%

1 318 302 270 323 308 271 322 309 270 322 310 270 .g g _
2 468 435 391 473 444 398 478 452 399 477 452 40 ‘égé
g 442 394 354 449 399 358 453 401 360 451 401 358 g 2
4 525 480 459 534 490 471 542 497 474 543 498 474 | 26

2 3 4 5
Sequence length

Table 1. Correctness and average time of typing depending on the number of fingers used for typing, text selection, text section and

the length of sequence

Tabela 1. Zestawienie poprawnosci i Sredniego czasu pisania w zaleznosci od liczby wykorzystywanych do pisania palcow, sekcji

tekstu badania oraz dlugosci sekwenc;ji

Section Number of fingers
1o 24 5-6 7-8 2-4 5-6 7-8 2-4 5-6 7-8
1 91% 92% 90% 87% 87% 85% 85% 85% 83% 8
2 90% 90% 89% 87% 88% 85% 84% 84% 80% §
3 88% 90% 86% 84% 86% 82% 81% 83% 79% §
4 86% 90% 88% 82% 86% 83% 80% 84% 80%
1 86% 87% 86% 79% 79% 78% 78% 78% 78% &
2 89% 90% 89% 86% 86% 84% 82% 82% 80% §
3 88% 88% 84% 84% 85% 80% 81% 81% 77% %
4 82% 87% 83% 77% 82% 77% 78% 83% 78% )
2 3 4
Number of signals

Table 2 presents average levels of correctness depending on the section number and the number of signals.
Table 2. Correctness of entering sequences of signals where one of the signals in the sequence requires two sequential or

simultaneous keystrokes
Source: own study

— for sequential signals — the length of the sequence
less one (two characters in the sequence will generate
one signal).

For all the cases shown in Table 2, sequential entering
gives results not worse than for simultaneous entering.
On this basis it can be stated that if there is no possibility
to have separate buttons for each control signal on
the machine control panel, it is more advantageous to
generate signals sequentially than simultaneously.

Figure 3 presents a chart of the correctness rate for
a given number of signals taking into account the number
of fingers used for typing.

The chart demonstrates that entering signals by
forcing simultaneous use of more than one key gives
significantly worse results than entering signals using
a sequence of keys. The differences in the level of

correctness vary between 2.5 and 4 percentage points in
favour of the sequential entering of characters.

Summary

The authors undertook to investigate the effect of the
simultaneous and sequential entering of signals on the
correctness of the sequence of signals being entered. For
this purpose, an experiment was designed which enabled
collecting necessary data in order to conduct analyses
relevant to the participant matter. It should be remarked
that the problem considered by the authors only concerns
such devices for which it is necessary to enter selected
signals by using simultaneous or sequential pressing of
keys.

The analysis demonstrated that it is more

advantageous to used rather sequential than simultaneous
entering of signals. These results were obtained for each
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Fig. 3. Average level of correctness for different lengths of sequences of signals, for one of the signals entered sequentially and

simultaneously
Source: own study

Rys. 3. Sredni poziom poprawnosci dla réznej diugo$ci sekwenciji sygnatéw, dla jednego z sygnatéw wprowadzanego sekwencyjnie

oraz réwnolegle.
Zrédto: Opracowanie wiasne

of the analysed lengths of sequences and regardless of
the number of fingers used for typing.

In further studies the authors intend to design
a keyboard that will meet the stipulated requirements. For
this purpose, the authors will take advantage of the ‘dead
key’ functionality to enable modification of the signal
generated by the key pressed immediately after a dead
key. This solution will allow to reduce the number of
signals that must be generated by simultaneous pressing
of at least two keys.

This study was conducted under a research project funded
by a statutory grant of the AGH University of Science and
Technology in Krakow for maintaining research potential.
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OLIEEHKA XAPAKTEPUCTUK NOTOKOB NPEAMETOB NPOU3BOACTBA B
CBOPOYHbLIX TEXHONOIM’MYECKUX CUCTEMAX

Ocena charakterystyk strumieni wytwarzanych przedmiotéw w technologicznych
systemach montazowych

Evaluation of the characteristics of production flows in assembly process systems

Mark KRISTAL, Tatiana GETMANTSEVA, Alexey SHIROKIY

Mapk KPUCTANb, Tatbsina FTETMAHLIEBA, Anekceit LUUPOKUIA

AHHoTauua. C nomowpbl MeToaoB KOMMNbTEPHOIO MOAENUpPOBaHUA BbINOSIHEHA OUEHKa BenuynH WHTEHCMBHOCTEN W KOSCth)VILlI/IeHTOB
nocrnepevicTena MNOTOKOB npeameToB Npou3BOACTBa, MOCTynakwLWMX Ha BXOL aBTOMatu4eckoro cﬁopquoro O60py,QOBaHI/Iﬂ B 3aBUCUMOCTUN OT
CTeneHn HageXHOCTU beHKLI,VIOHVIpOBaHVIﬂ 3T0ro 060py,CI,OBaHI/I9I. YcTaHOBNEHO, 4TO C YMEHbLUEeHNEM KOE)(*)d)I/ILI,VIeHTa rOTOBHOCTU O60py,EI,OBaHVIFI
nNpoun3BOAMTENbHOCTbL MpoLecca NagaeT, a cTeneHb NocnefencTBUS MeHAETCA HeNMHENHO. ﬂOJ‘Iy"IeHHbIe 3aBUCUMOCTN MOTyT 6bITb MCMONb30BaHbI npu

NPOEKTUPOBaHUN MeXOoNepaLMoHHbIX HakonuTenen aetanen, obecneunsatomx becnepebonHoe cHabxeHne cOopoYHbIX Paboymx NO3NLUIA.

Abstract: With the help of computer simulation methods, an assessment was made of the magnitudes of the intensities and coefficients of the
aftereffect of the flows of objects of production arriving at the input of the automatic assembly equipment, depending on the degree of reliability of
functioning of this equipment. It was found that with a decrease in equipment availability, the process performance decreases, and the degree of
aftereffect varies nonlinearly. The dependencies obtained can be used in the design of in-process storage of parts that ensure uninterrupted supply of

assembly work items.

Streszczenie: Za pomocg metod komputerowego modelowania dokonano oceny wptywu intensywnosci i wspoétczynnikéw skutkéw strumieni
przedmiotéw produkcji dostarczanych do automatycznego urzadzenia montazowego w zaleznosci od stopnia niezawodnosci funkcjonowania tego
urzgdzenia. Ustalono, ze wraz ze zmniejszeniem wspdtczynnika gotowosci urzgdzenia wydajno$é procesu obniza sig, a stopien skutkéw zmienia sie
nieliniowo. Otrzymane zalezno$ci moga by¢ wykorzystane przy projektowaniu miedzy operacyjnych buforéw czesci, zapewniajgcych nieprzerwane

zaopatrywanie roboczych pozycji montazowych.

BBEJEHUE petansmu  eguHuly cbopoyHoro obopynoBaHus.

ST0T pacyeT OCHOBaH Ha AOOKa3aHHOM YTBepXAeHUU

B TexHonornyecknx aBTOMaTUYECKMX COOPOUHBLIX
cucteMax obpasylTcs pasnuyHbie MaTepuarnbHble
NoTOKM MNpPeAMETOB MPOM3BOACTBA, MOCTynawLme
B pasHoobpasHble eaMHULbl TEXHONOrM4YecKoro
obopynoBaHusa 1 Bbixogdwme u3 Hux. [pun atom, B
3aBUCUMOCTM OT CTEMNeHU HaAEXHOCTU BbIMOIHEHUS
CcOOPOYHbIX Onepauuii, BKITKOYAKLLEN, Kak BEPOSTHOCTb
BbIMOMHEHUSA camMoi cOOpOYHOM onepauuu, Tak U
aKcnnyaTauMoOHHOW HageXHoOCTUn obopyaoBaHus,
HacTynawT OTKasbl, Bpems MNUKBUAALUN KOTOPbIX
NPUBOAUT K NOTEPSIM NPOM3BOAUTENBHOCTU COOPOYHOrO
npouecca. [inst KomneHcaumm 3Tux NoTepb UCMONb3YHT
B HECUHXPOHHBbIX CUCTEMax MexonepawluoHHbIe
HakonuTenu npegmeToB NPOM3BOACTBA (AeTanew, unm
cbopouHbIx eauHuul). MN3BecteH [1] meTon pacyerta
obbema Takoro Hakonutens, obecnevmBaloLLero
OecnepebonHoe cHabXeHWe KOMMIIEKTYHLWMMMU

O TOM, YTO BXOOSALUMA B HAKOMUTENb U BbIXOOALLWA
M3 Hero marepuarsibHble MOTOKM SABMSATCS MOTOKaMu

OpnaHra [2, 3, 4] ¢ napameTpamu A, , k., ¥
Aewr Koy 30€Cb, COOTBETCTBEHHO, A,y » Ay U Koo
k.- VHTEHCUMBHOCTM M KO3(MULUUEHTHI CTEneHun

nocrnefencTBUs BXOLHOMO W BbIXOAHOrO MNOTOKA
aetanen HakonuTensi. Cnegyetr OTMETUTb, YTO B CUMy
Hanu4nst OoTka3oB 0OOpYAOBaHUS YCTAHOBMEHHOMO
nocrne HakonuTensa AeTtanewn, MNOCTynawwun B 3TO
obopypoBaHve MOTOK [eTanen oTnuMyaeTcs oT
naeanbHoro. [MoaTomy, Ha cTaguMuM MNPOEKTUPOBAHUS
TEXHOMNOrMYEeCcKO CUCTEMBI LIernecoobpasHo 3HaTb ero
XapakTepucTukn. Ha Haw B3rnsag 3T xapakTepucTUKM
MOXHO OLIEHUTb UCXOAS U3 3HAYeHW koadhduumneHTa
k, TOTOBHOCTM COOTBETCTBYyLLero obopyaoBaHus.
Haunbonee uenecoobpasHo BbINOMHUTL 3TO, UCMOMNb3Ysi
KOMMbOTEPHOE MoAennpoBaHue [5, 6, 7].
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ANIFOPUTM MOJENUPOBAHUA

1. Wcxopst us BenuymHbl koadpduumenta k. =-L =

rotoBHocTM o6opyaoBaHus, roe fp - cpegHee
BpeMsi 6e3oTkasHol paBoThl; lTp - cpefHee Bpewms
BOCCTaHOBINeHUsi 060pyAOBaHWsS NMOCNe OTKa30B; £,
nepvop BpeMeHVW MOAenupoBaHusi mnoouecca. W3
3TVX BENWNYNH HAXOAAT napameTp A, = !

r rl\l

- nokasaTeNlbHOro pacrnpefeneHus BpeMeHw

Ge3oTkasHoi paGoTh! 1 napameTp ;- R
(Ifkr)‘rm

- nokasaTeNlbHOro pacrnpefeneHus BpeMeHy

BOCCTaHOBNEHUA 060py,EI,OBaHVIF| npu OTKase.

2. TlpuvHumaem 3a napameTpbl MaeanbHOro (MCXOAHOrO)
noToka cobpaHHbIX N34ennii, KOTopblA Mor Gbl ObITb
BbIXOAHbIM ANt KOHKpPeTHoro obopygoBaHus npwu
OTCYTCTBUM €ro OTKasoB, COOTBETCTBEHHO, A,
ke = WHTEHCUMBHOCTb U KO3MMULMEHT CTEneHun

nocnenencTeums.

3. Ncnonbsys MeToAbl CTaTUCTUYECKOTO
MoAenupoBaHus, hopMmpyem Maccusbl CryvaniHbIX
nepnogoB  6e3oTkasHom paboTbl obopynoBaHUA
M nepuodbl  ero BOCCTAHOBMIEHWUSI MOCe OTKa3sa,
a TakKe MaccuB CryyvalHblX BENUYMH BPEMEHM i

BbINOMHEHMS TEXHONOMMYECKON onepaLmm, UMEeLLIMX

laMma-pacnpefeneHne ¢ napameTpamm A, , k.

4. dopmupyeTCcs MacCuB W3MEHEHHbIX WHTEpBanoB
BPEMEHM ¢/, BbIMOMHEHNS TEXHONOTMYECKO onepaumm

no cxeme (puc.1)

'tpi+1 By

Puc.1 Cxema hopmmnpoBaHust BapmaLMOHHOTO psifia U3MEHEHHbIX
VHTEpBasnoB BpemMeHn ¢

3pech tyy; = Lyt Ips i = Lpiy T Ipig M T.A. —HaCTHblE

criyvaviHble 3Ha4YeHns BpeMeHn 6esoTkasHomn paboThbl

M BPEMEHM BOCCTaHOBIIEHWS, MNocneaoBaTernbHO
B

noryyaemble U3 MaccuBoB tr-p not.

5. Tlony4eHHbI BapuaLWOHHBIA pPSh  3HaYeHun t'j
cTtatuctTuyeckn obpabaTbiBaeTcsa C MofnyvyeHnem
rmctorpamm. B pesynbsrate o6paboTku u nposepku
rMnoTesbl O TOM, YTO MOSyYEHHOE pacnpepeneHve
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TakKXe noavynHaeTca Famma-pacnpeﬂeneHmo,
Bbl4YUCIIAEM 3Ha4YE€HUA Mat. OXUOaHUA M (f) =
N ANcnepcun pir) =

JA’“ama
A2
BKHA’SKB
OTctopga nony4aem, COOTBETCTBEHHO, NapamMeTpbl
l 2
Mok ==} Ko = [M(I)] e )
) D(1)
CTBEHHO, MHTEHCUBHOCTb U KO3(PULNEHT CTENEHM
nocneaencTanst akTUHECKoro NoToka, Nony4eHHoro

B pesynbrarte MmoaernnpoBaHnA.

k., - cooTBeT-

KB

PE3YNbTATbI MOOENNPOBAHUA

B cootBeTrctBUM C paspaboTaHHOW MEeTOAMKOW
[5] wMuTauMoHHOro MoOOEenuMpoBaHUs MeToLOM
CTaTUCTUYECKMX MUCMbITAHUA WU  MCMNONb30BaHUEM
NPVMBEAEHHOrO BbiWle anropyutMa WCCIeaoBaHo
BMUSIHWE NapaMeTPOB MOTOKOB OTKa30B 06opyaoBaHUs
M ero BOCCTAHOBIIEHMIN Ha XapakTEepUCTUKM MOTOKa
NpeaMeTOB NPOU3BOACTRA.

Ha puc. 2 n puc. 3 npegcrtaeneHbl pesynbraTtbl
MOZENUPOBaHNSA BMUSHUS KOAPULMEHTOB FOTOBHOCTH
k.obopynoBaHusi Ha NapaMeTpbl AKBUBAIIEHTHOIO MOTOKa
— WHTEHCMBHOCTb A, 1 CTeNeHb nocneaencTans k., .

WHTeHCMBHOCTL A, MOTOKa [JeTanen nocne
npuBegeHns oTKaszoB obopyaoBaHWs MOXeT ObiTb
Har[eHa no BbIpaXeHuto (puc. 2):

)\'3KB= kF}\'MCX (1)

A BenuyvHa cteneHn NocneaencTsus &, B MoToke
— MO BbIpaXeHuto:

kaKB: a (1 - €Xp (_b kucx))! (2)

rae a = 0,0135exp(9,13292k); b= 382,47exp(-10,75k,).
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Puc. 2. BnuaHue pasnu4yHbiXx 3HadYeHun koadpduumeHTta
rOTOBHOCTU &k, 06OpyAOBaHWA Ha WHTEHCUBHOCTb A

OKBMBaAJIEHTHOrO NOTOKa NpeamMeToB Npon3BoacCTBa.
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Puc. 3. Brnnsanue BenuyuHbl KoadduumMeHTa k, roTOBHOCTU

060opynoBaHus Ha CTerneHb NOCNeAenCcTBus K, B SKBUBANEHTHOM
MoTOKe.

BbIBOAbI

1. Ha ocHoBaHMM 3KBUBaANEHTHOM cxeMbl pPaboTbl
obopynoBaHus, yyuTbiBalOWeEn npuBeneHue
npoctoeB o6opyaoBaHMS K KaXaoMy WHTepBany
Mexay OeTansiMu B BbIXOQHOM MOTOKE, BbINOMHEHO
UMUTALNOHHOE MOAENUPOBAHWE BNUSIHUS OTKA30B
obopynoBaHuss Ha napameTpbl  BbIXOAHOIO
noToka pgetaneln Ha OCHOBE aHannTU4YecKomn
Mogenu pacrnpefeneHus crnyvaviHbiX BeNUYWH,
NOAYNHSIIOLLMXCHA raMMa-pacnpeneneHuto.

2. Ctatuctuyeckoe  MoAenupoBaHve obGbema
HakonneHus petanen, obecneymBatrLero
OecnepeboNHOCTbL CHabXeHUsT MMM  COOPOYHbIX
Nno3uLMi, nokasano, YTO Ha BWO XapakTepUCTUKM
Aoww = (Mo -k,.) HE OKa3BIBAET BMUSHWE BEMUYMHA
k,., CTeneHn nocnenencTBns WCXOOHOrO MOTOKa

fetanei, a Ha BUA xapaktepuctuku k., = f (k,..) —
BeNu4vHa UHTEHCUBHOCTHU A, NOTOKA AeTarnen.

3. YcraHoBneHo, yto npu k. > 0,7 ramma-pacnpeaeneHve
C napameTpamm A, N MOXET CIyXUTb aJeKBaTHOM
MOLENbIO Cry4YalHbIX WHTEPBaNoB BpPEMEHU tf/..
Mpu atom uHTepBan k. > 0,7 4OCTATOYHO LUMPOK
MW BKIIOYAET TakuMe 3HadyeHus KoadpduumneHTa
FOTOBHOCTY k., KOTOPbIE UMEIOT MeCTO A1 pearbHO
JewncTaytoLlero obopyaoBaHus.
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KONSTRUKCYJNO-TECHNOLOGICZNE ASPEKTY STOSOWANIA UCHWYTOW
MODULOWYCH | SPECJALNYCH W OPERACJACH OBROBKOWYCH

Design and technological aspects of application of modular and special fixtures in
machining operations

Adam BARYLSKI

Streszczenie:

W artykule przedstawiono konstrukcje zaprojektowanych uchwytéw modutowych i specjalnych. Wyznaczono, wariantowo,

koszty uchwytéw dla tych samych typéw obrabianych elementéw. Zastosowana analiza moze byé migdzy innymi wykorzystana w procesie ksztatcenia

inzynierskiego mechanikéw technologéw.

Stowa kluczowe:

Abstract:

uchwyty specjalne, uchwyty modutowe, budowa, analiza

In the article presented construction of designed modular and special fixtures. The costs of fixtures for the same types of workpieces

were determined, in various variants. This methodology can be used, among others, in the process of education of mechanical engineering technologists.

Keywords: special fixture, modular fixture, construction, analysis

Wprowadzenie

Wspdtczesnie, w rdéznych gateziach przemystu,
w wytwarzaniu elementéw konstrukcyjnych, stosowane
jest czesto przedmiotowe oprzyrzadowanie sktadane
(modutowe), konfigurowane i montowane wedtug
okreslonych potrzeb technologicznych [1, 2, 4]. Wiele
specjalistycznych firm proponuje bardzo szeroki
zakres elementéw modutowych [7 — 10], ktére pomimo
wzglednie wysokich cen wykorzystywane sg w przemysle
niezaleznie od wielkosci produkcji. Wybo6r pomiedzy
zaprojektowanym oprzyrzgdowaniem specjalnym do
okreslonej operacji a zakupem wytwarzanych seryjnie
elementow sktadowych uwzgledniaé powinien miedzy
innymi aspekt ekonomiczny. Przy duzej seryjnosci
wyrobow oprzyrzagdowanie specjalne stosowane jest
czesciej, szczegdlnie dla obrabiarek konwencjonalnych.
Z uwagi na rosnacy udziat obrabiarek CNC (centrow
obrébkowych, czy tzw. obrobki kompletnej) wykorzystanie
oprzyrzgdowania uniwersalnego i modutowego
w przemysle permanentnie wzrasta [3, 5, 11, 12, 14].

W artykule omowiono przyktady konstrukcji
oprzyrzgdowania przedmiotowego, ze szczegdlnym
uwzglednieniem aspektu ekonomicznego
i technologicznego.

Przyktad 1
Przedmiot obrabiany (rys. 1) stanowi korpus z zeliwa

szarego EN-GJL200, ze wstepnie odlanym otworem
gtéwnym (masa ok. 1,3 kg), po wyzarzaniu odprezajgcym.

Proces technologiczny korpusu obejmuje frezowanie
powierzchni czotowych w dwdch zamocowaniach
(operacja 10), wykonanie szesciu otworéw o $rednicy
10 mm (operacja 20) — w tym dwdch rozwiercanych
na 10H7 ze wzgledéw technologicznych (jako baz do
dalszej obrobki, wykorzystywanych przy konstruowaniu
oprzyrzgdowania) oraz wytaczanie otworu srodkowego
(w operaciji 30) [6].

Zotw.di]

el dctweln

BRAKS:

Rys. 1. Przedmiot obrabiany 1
Fig. 1. Workpiece 1
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W przypadku operacji 30, konstrukcja uchwytu
specjalnego | o masie ok. 14,2 kg (rys. 2) sktada sie
z korpusu (podstawy) 1 oraz elementéw ustalajgcych
i mocujgcych obrabiany przedmiot. Trzy kotki 9 stuzg do
podparcia, zas kotek petny 7 i Sciety 8 odbierajg kolejne trzy
stopnie swobody. Do mocowania przedmiotu wykorzystano
zespot dwdch tap przesuwnych 3, sktadajgcych sie z kotka
oporowego 2, podktadki 4, Sruby dwustronnej 6, sprezyny
10 i wysokiej nakretki z kotnierzem 5. Do transportu
uchwytu stuzg dwa uchwyty 11.

b o

Rys. 2. Uchwyt specjalny |
Fig. 2. Special fixture |

Koszty wlasne wykonania wszystkich elementow
uchwytu specjalnego w narzedziowni firmy wynoszg 943,2
zti obejmuja tgcznie koszt materiatu i obrobki, odpowiednio:
podstawa 1 — 365 zt (frezowanie, szlifowanie), kotek
oporowy tapy 2 (2 szt.) — 131,2 zt (toczenie, szlifowanie,
obrébka cieplna), fapa dociskowa przesuwna 3 (2 szt.)
— 94 zt (frezowanie, obrébka cieplna), podktadka okragta 4
(4 szt.) — 12,8 zt (obrébka skrawaniem), wysoka nakretka
z kotnierzem 5 (2 szt.) — 82 zt (obrobka skrawaniem,
obrébka cieplna), sruba dwustronna 6 (2 szt.) — 9,5 zt
(obrébka skrawaniem), kotek ustalajacy petny 7 — 75,35 zt
(toczenie, szlifowanie, obrébka cieplna), kotek ustalajgcy
Sciety 8 — 95,35 zt (toczenie, frezowanie, szlifowanie,
obrébka cieplna) kotek oporowy 9 (3 szt.) — 47,6 z
(toczenie, szlifowanie, obrobka cieplna), sprezyna 10
(2 szt.) — 25,6 zt i uchwyt 11 (2 szt.) — 5,2 zk. (giecie).
Uwzgledniajgc koszt opracowania dokumentaciji (10 godz.)
na poziomie 2000 zt oraz montazu (4 godz.) jako 400 zt.,
otrzymujemy catkowity koszt uchwytu w wysokosci 3343,2
zt. Przy 5. letnim okresie amortyzacji oraz przy rocznej serii
tysigca wytwarzanych elementéw, udziat kosztu uchwytu
specjalnego przypadajgcy na jeden obrabiany korpus
wynosi 0,66 zt.

Rys. 3. Uchwyt modutowy Il
Fig. 3. Modular fixture Il

W przypadku wersji uchwytu modutowego (rys. 3),
dla tej samej operacji oraz podobnej koncepcji ustalenia
i zamocowania przedmiotu, koszt zakupionych elementow
sktadowych wynosi fgcznie 10 994 zt.

W sktad uchwytu modutowego Il (o masie ok. 40
kg) wchodzg: ptyta bazowa 1 (nr CL-MF25-0800, 9190
zt) — rys. 4a, tapa dociskowa 2 (CL-MF25-2001, 2 szt.,
320 zt) — rys. 4b, podstawa tapy 3 (CL-MF-40-3300, 2
szt., 770 zt) — rys. 4c, kotek oporowy wkrecany 4 (CL-
MF25-4807, 2 szt., 70 zt) — rys. 4d, przesuwny korpus
kotka ustalajgcego 5 (CL-MF40-4201, 312 zt) — rys. 4e,
kotek ustalajgcy sciety 6 (CL-8-DLT-.3927, 28 zt) — rys.
4f, wkrecany w podstawe korpus kotka ustalajgcego
8 (CL-MF25-4103, 188 zt) — rys. 4g, kotek ustalajacy
petny 7 (CL-8-RLT-.3927, 23,80 zt) — rys. 4h oraz Sruby
taczgce 9 o réznej diugosci (CL-MF25-4313, 4 szt., 22
zt) — rys. 4i. Przy zatozonym koszcie montazu uchwytu
modutowego (200 zi) i opracowania jego konfiguraciji
(400 zt), koszt tgczny uchwytu bedzie réwny 11594 zt.
Przy zatozeniu identycznego okresu amortyzacji (5 lat)
i wielkosci produkgiji, udziat kosztéw uchwytu modutowego
przypadajgcego na jeden obrabiany element (seria to 1000
szt.) wyniesie 1,16 zt. Jest on prawie dwukrotnie wyzszy
niz w przypadku uchwytu specjalnego. Nalezy jednak
uwzgledni¢, co oczywiste, mozliwos¢ wielokrotnego
uzytkowania zaréwno kosztownej podstawy bazowej
uchwytu modutowego, jak i pozostatych jego elementéw
sktadowych (w innych konfiguracjach konstrukcyjnych),
a takze koszty magazynowania i konserwac;ji.

71
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Rys. 4. Elementy uchwytu I
Fig. 4. Parts of modular fixture Il

a)

Przyktad 2

Przedmiot obrabiany (rys. 5) jest korpusem z zeliwa
EN-GJL200. Technologia obrébki obejmuje frezowanie
powierzchni czotowych (operacja 10), wykonanie dwoch
otworéw o $rednicy 16H8 (operacja 20), a takze trzech
otworéw o $rednicy 30 mm i wytaczanie na 50H9 oraz
wykonanie podcie¢ o szerokosci 3 i srednicy 52 mm
(operacja 30) [13].
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Rys. 5. Przedmiot obrabiany 2
Fig. 5. Workpiece 2

W procesie technologicznym zastosowano uchwyty
modutowe dla operacji 10 i 20 (uchwyty o konstrukcji
Ax i Ay) i operacji 30 (uchwyty Bx i By). Analizowano
konfiguracje tych uchwytéw, wykorzystujgc elementy
wytwarzane seryjnie, odpowiednio przez firme X i Y. Na
rys. 6 i 7 przedstawiono dwie koncepcje uchwytéw dla
operacji 10 i 20.

Rys. 6. Uchwyt modutowy Ax
Fig. 6. Modular fixture Ax

Rys. 7. Uchwyt modutowy Ay
Fig. 7. Modular fixture Ay

W rozwigzaniu Ax (rys. 6) zastosowano otworowg
ptyte bazowg 1. Przedmiot obrabiany ustalony jest na
trzech regulowanych kotkach 2, opary o dwie belki
oporowe 3 i kotek 4 oraz docisniety elementem 6. Element
mocujgcy 6 przedmiot osadzony jest na ptytce podporowej
5. Takie rozwigzanie uchwytu umozliwia jednoczesne
frezowanie dwéch przedmiotow. Wykorzystujgc elementy
modutowe firmy Y zestawiono uchwyt Ay (do tych samych
operacji) - rys. 7. Przedmioty obrabiane ustalone sg
na trzech kotkach podporowych (nieregulowanych) 2
oraz oparte o belke 3 i kotek oporowy 4. Mocowanie
obrabianego korpusu odbywa sie dociskami bocznymi 5,
zamocowanymi do ptyty bazowe;j 1.

Dla operacji 30 zaprojektowano uchwyty modutowe
Bx (rys. 8) i By (rys. 9), wykorzystujgc rowniez elementy
firmy XiY.

934
80
3x @52
3x B50 H9

Rys. 8. Uchwyt modutowy Bx
Fig. 8. Modular fixture Bx

Rys. 9. Uchwyt modutowy By
Fig. 9. Modular fixture By

W uchwycie Bx (rys. 8) zastosowano prostokatng
ptyte bazowg (z otworami - jak w uchwycie Ax). Przedmiot
obrabiany ustalony jest na kotku $cietym 3 i kotku petnym
4, umieszczonych w specjalnie zaprojektowanej ptycie
podporowej 2 z wycieciem (z uwagi na nie pokrywanie
sie otwordw ustalajgcych w obrabianym przedmiocie
z otworami w plycie bazowej 1). Umozliwito to rowniez
w tej operacji wiercenie trzech otworéw przelotowych
o $rednicy 30 mm.

W przypadku uchwytu By (rys. 9) zastosowano
réwniez otworowg ptyte bazowg 1, dwa znormalizowane
kofki ustalajgce w otworach 3 i 4 (firma Y, wytwarzajgca
elementy modutowe, nie posiada w ofercie kotkow
o wymaganej tu $rednicy) oraz specjalng plyte
podporowg 2 z wycigciem na wybieg narzedzi i cztery
tapy mocujgce 5 (dla dwdch obrabianych przedmiotow).

Na rys. 10 i 11 przedstawiono -catkowite
koszty zaproponowanych uchwytéw modutowych,
z wyodrebnieniem elementéw mocujgcych, ustalajgcych
i bazowych.
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Rys. 10. Koszty uchwytéw modutowych Ax i Ay
Fig. 10. Costs of modular fixtures Ax and Ay
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Rys. 11. Koszty uchwytéw modutowych Bx i By
Fig. 11. Costs of modular fixtures Bx and By

Najdrozszym elementem zastosowanych wariantéw
Ax i Ay jest ptyta bazowa, ktérej koszt stanowi ok. 60-
70%, zas docisk boczny 6 — 9%, ptyta podporowa 4 — 5%,
a w przypadku kotkéw jest to ok. 1% catkowitego kosztu
uchwytu. Uchwyt Ax ztozony jest z mniejszej liczby czesci,
lecz z uwagi na wyzszy koszt ptyty bazowej w rozwigzaniu
Ay (o ponad 50% w stosunku do zastosowanej w uchwycie
Ax), konstrukcja Ay jest o ok. 40% drozsza. Podobne
réznice wystepujg w przypadku uchwytéw Bx i By, przy
mniejszym udziale kosztéw elementéw mocujgcych
obrabiane przedmioty. Jak wynika z przytoczonej analizy,
pomimo podobnej konfiguracji uchwytéw modutowych,
tgczne réznice w kosztach wyniosty ok. 9 tys. zt., co
sugeruje zasadnos$¢ prowadzonych analiz przy wyborze
dostawcy elementéw modutowych.

Uwagi ogdlne

Zestawy, produkowane obecnie przez
wyspecjalizowane firmy, elementéw modutowych,
oprécz ptyt i kolumn bazowych — dwu i czterostronnych
(rowkowanych lub z réwnomiernie rozmieszczong
siatkg otwordow), wchodzg: kotki, podstawy state
i nastawne, czopy walcowe, ptytki posrednie, pryzmy,
elementy ustalajgce o pochylonych powierzchniach

roboczych, tapy dociskowe, zamocowania dzwigniowe
(dla uchwytéw nieobrotowych), tulejki zaciskowe i wiele
innych elementéw uniwersalnych.

Do gtéwnych zalet uchwytéw modutowych naleza:
szybkos¢ montazu i demontazu, duza trwato$¢ czesci
sktadowych i, co oczywiste, mozliwosc¢ ich wielokrotnego
uzycia, niezaleznie od wielko$ci obrabianej serii
przedmiotow. Z uwagi na wzglednie wysokie koszty
takiego oprzyrzgdowania, jego wykorzystanie powinno
uwzglednia¢ mozliwie szerokie spektrum wytwarzanych
czesci w firmie, wtasciwg organizacje magazynu oraz
warunki przechowywania i konserwacji.
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GLOWICA DO NANOSZENIA MIESZANKI ELASTOMEROWEJ NA TASME
W LINII TECHNOLOGICZNEJ

A head for dispensing an elastomeric mix onto a manufacturing line conveyor

Stanistaw KOZIOL, Krzysztof MATECKI, Tomasz SAMBORSKI,
Andrzej ZBROWSKI, Grzegorz BABA

Streszczenie: W Instytucie Technologii Eksploatacji zostata zaprojektowana i wykonana prototypowa gtowica dozujgca elastomery
termoplastyczne w specjalnie zaprojektowane;j linii technolo-gicznej, wytwarzajacej kompozyty tkaninowo-elastomerowe. Gtowica umozliwia dozowanie
elastomeru na przemieszczajacy sie materiat, wyréwnywanie naniesionej warstwy lub two-rzenie warstw nieciggtych — przepuszczalnych dla pary wodnej
lub powietrza. W urzgdzeniu zastosowano ogrzewanie dozowanego medium za pomocg olejowego przewodu grzewczego lub elektrycznych elementéw
grzejnych z regulacjag temperatury. Opracowana konstrukcja zapewnia mozliwo$¢ zmiany kierunku przeptywu podtoza w linii technologicznej, precyzyj-ng
regulacje grubosci warstwy, automatyczng realizacje ruchéw ustawczych i serwisowych oraz bezpieczng obstuge.

Firma BOCHEMIA, wykorzystujac gtowice w zbudowanej w ramach realizowanego projek-tu linii technologicznej, opracowata innowacyjne rozwigzania
w zakresie technologii wytwa-rzania wielofunkcyjnych kompozytéw zawierajacych innowacyjne materiaty wykazujgce wtasciwosci absorbujgce energie,
umozliwiajagce ttumienie uderzen oraz wtasciwosci wo-doszczelne, grzybobdjcze i bakteriobdjcze.

Stowa kluczowe: laminowanie, kompozyt tkaninowo elastomerowy, technologia tgczenia, absorpcja energii

Abstract: The prototype of a dispensing head of thermoplastic elastomers was designed and construct-ed at the Institute for Sustainable
Technologies for a purpose-built manufacturing line for producing textile-elastomer composite glues. The elastomer dispensing head enables the transfer
of the elastomer onto the moving material; it evens out the applied layer or creates discontinuous layers which are permeable for water vapour or air.
The device heats the me-dium being dispensed using an oil heated conduit or electric heating elements with tempera-ture control.

This design is capable of changing the flow direction of the substrate in the manufacturing line, regulating a precise layer thickness, automatically
executing setup and maintenance, and safe handling.

Using the dispensing head constructed as part of project developing the manufacturing, the BOCHEMIA company has developed innovative solutions

for manufacturing technologies of multifunctional composites of innovative materials which exhibit the following properties: energy absorbing (which

provided impact absorption properties), fungicidal, and bactericid-al.

Keywords: laminating, textile-elastomer composite, gluing technology, energy absorption

Wprowadzenie

Kompozyty tkaninowo-elastomerowe wytwarzane
metoda tgczenia kilku warstw materiatow o réznych
wtasciwosciach fizycznych majg unikatowe cechy
uzytkowe wynikajgce zaréwno z wtasciwosci tgczonych
komponentéw, jak i ze sposobu ich potaczenia [1, 2,
5]. Coraz czesciej sg wytwarzane wielofunkcyjne
kompozyty zawierajgce innowacyjne materiaty
wykazu-jgce miedzy innymi wiasciwosci absorbujgce
energie, umozliwiajgce ttumienie uderzen, wtasciwosci
wodoszczelne oraz grzybobojcze i bakteriobojcze [3, 4].
Duze mozliwosci ksztattowania finalnych wtasciwosci
spowodowaty, ze znajdujg one zastosowanie w wielu
dziedzinach techniki i gateziach gospodarki, takich jak:
» przemyst meblarski, tapicerstwo i kaletnictwo,

* przemyst obuwniczy (materiaty konstrukcyjne,
wktadki do butéw),

* izolacje dzwiekowe i cieplne oraz wyktadziny
w budownictwie, wyktadziny i maty pochtaniajgce
energie [3] w tym o wiasciwosciach bakteriobdjczych
i grzybobojczych,

* budownictwo Igdowe i wodne (geowtdkniny
i membrany, wodoszczelne membrany pod
asfalt, kompozyty wielowarstwowe do watéw
przeciwpowodziowych),

* oddychajgce i ochronne wyroby sportowe,

« ostony amortyzujgce na placach zabaw, w parkach
rozrywki, sprzetach w placowkach medycznych
i domach opieki, ostony balistyczne,

* przemyst odziezowy,

* przemyst samochodowy [4],

* urzadzenia filtracyjne,

» $rodki ochrony indywidualnej (rekawice ochronne,
elementy oston gtowy i karku).

W zaleznosci od rodzaju materiatow tworzgcych
kompozyt i jego przeznaczenia stosuje sie
odpowiednie metody tgczenia poszczegdinych warstw,
zapewniajgce wymagang wytrzymatosé, elastycznosc,
przepuszczalnos¢ powietrza i pary wodnej (o ile
sg wymagane) oraz optacalno$¢ i ekologicznosc¢
produkcji. Technologia umozliwia zazwyczaj tgczenia
do 5 warstw materiatdéw réznego typu oraz ciecie ich
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na zadang szeroko$¢. Stosowane sag nastepujgce

techniki tgczenia:

* Metoda hot-melt polega na tgczeniu materiatéw
przy uzyciu termotopliwych Ilub reaktywnych
elastomeréw, ktore sg roztapiane przed aplikacja,
dzieki czemu tgczone materiaty nie sg poddawane
dziataniu wysokiej temperatury. Naniesienie
elastomeru na materiat odbywa sie poprzez
walce o specjalnej fakturze, a ilo$¢ naniesionego
elastomeru jest sterowana komputerowo, co
pozwala na precyzyjng aplikacje. Mozliwe jest
tgczenia ze sobg szerokiej gamy materiatéw:
folii, membran paroprzepuszczalnych, papieréw,
tkanin wodoodpornych oraz materiatdbw o niskiej
odpornosci na tem-perature [6, 7].

* Klejenie proszkowe polega na fgczeniu materiatow/
tekstyliow za pomocg termoplastycznego proszku
polimerowego. Naniesiony proszek jest nastepnie
topiony i tgczony z drugim materiatem. Metoda
jest ekologiczna, a sklejone materiaty majag
zastosowanie m.in. w przemysle obuwniczym,
samochodowych, tapicerskim i budownictwie.
Ro6znorodnosé proszkéw klejowych umozliwia
otrzymanie laminatow o zrdznicowanych
wtasciwosciach dotyczgcych elastycznosci,
przepuszczalnosci pary, a takze niepalnych.

¢ Klejenie zwykorzystaniem folii, siatek, membran
i wiéknin klejowych polega na wprowadzeniu
wstegi  kleju termoplastycznego pomiedzy
tagczone materiaty i zgrzaniu ich w podwyzszonej
temperaturze. Moze by¢ stosowane do powierzchni
o duzej chropowato$ci. Dzieki réznorodnym
rodzajom klejow metoda stosowana jest do szerokiej
gamy produktéw o specjalnych wiasciwosciach.
Zastosowanie specjalnych membran klejowych
umozliwia wykonywanie laminatéw stosowanych
w produkcji odziezy ,oddychajgcej".

* Metoda ptomieniowa stosowana jest do tgczeniu
materiatow/tekstyliow z piankag poliuretanowg lub

B

» warstwa wodoszczelna
« siatka stalowa

» warstwa wodoszczelna
« waterproof layer

* steel mesh

+ waterproof layer

« warstwa tworzgca mikroklimat
» warstwa pochfaniajgca energie
« warstwa odporna na zuzycie

* microclimate creating layer

* energy absorbent layer

* wear resistant layer

» warstwa uzytkowa
» warstwa pochfaniajgca energie

» podtoze montazowe

 energy absorbent layer with

polietylenowa. Potgczenie materiatéw odbywa sie
przez dziatanie ptomieniem na pianke powodujac
wytopienie kleju tgczgcego warstwy tekstylne.
Materiaty otrzymane tg technikg wykorzystywane
sg w przemysle samochodowym, meblowym,
obuwniczym, tapicerskim i w szkutnictwie.

¢ Metoda natryskowa polega na naniesieniu kleju
rozpuszczalnikowego lub wodnego ekologicznego

przez system dysz zasilanych sprezonym
powietrzem.
Techniki tgczenia sa przedmiotem ciggtego

rozwoju wraz z pojawiajgcymi sie nowymi materiatami
o niespotykanych dotychczas wiasciwosciach, nowymi
klejami i metodami ich aplikacji oraz obszarami
zastosowan kompozytow.

W ramach prac badawczo-rozwojowych
realizowanych w projekcie ,Opracowanie technologii
wytwarzania kompozytéw tkaninowo-elastomerowych
absorbujgcych energie uderzenia" POIR.01.02.
zostaty opracowane nowe technologie i urzgdzenia do
wytwarzania innowacyjnych kompozytéw. W Instytucie
Technologii Eksploatacji - PIB w Radomiu zostata
zaprojektowana i wykonana prototypowa gtowica
dozujgca elastomery termoplastyczne w specjalnie
zaprojektowanej linii technologicznej. Gtowica umozliwia
dozowanie elastomeréw na przemieszczajgcg sie
wstege materiatu. Firma Bochemia, wykorzystujgc
gtowice w zbudowanej w projekcie linii technologicznej,
opracowata innowacyjne rozwigzania w zakresie
technologii wytwarzania wielofunkcyjnych kompozytéw
zawierajgcych innowacyjne materiaty wykazujgce
wihasciwosci absorbujgce energie, umozliwiajgce

ttumienie uderzen oraz witasciwosci wodoszczelne,
grzybobdjcze i bakteriobdjcze. Na rys. 1 zamieszczono
zdjecia oraz opis struktury wybranych kompozytéw
wytwarzanych z wykorzystaniem opracowanych
technologii.

« warstwa wchtaniajgca wilgo¢

« warstwa z weglem aktywnym
oraz dodatkami grzybobojczymi
i bakteriobodjczymi

« warstwa amortyzujgca

* moisture absorbent layer

« layer with activated carbon and
with bactericidal and fungicidal
additives

z dodatkami grzybobdjczymi
i bakteriobojczymi

utility layer

bactericidal and fungicidal
additives

Rys. 1. Kompozyty wytwarzane metodg sklejania materiatdw o roznej strukturze, gramaturze i grubosci:

A — plandeka zbrojona siatkg stalowa,

B — kompozyt na srodki ochrony indywidualnej,

C — wyktadzina podiogowa z warstwg pochtaniajgcg energie,
D — kompozyt na wkfadki do obuwia.

Fig. 1. Composites manufactured by gluing materials with different structures, density, and thicknesses

A — steel mesh reinforced tarpaulin,

B — composite for personal protective equipment,
C — energy absorbent flooring,

D — insole composite.
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Wymienione materiaty sg przyktadem
innowacyjnych wyrobéw wprowadzonych do oferty
przez firme Bochemia w wyniku wykorzystania
rezultatéw projektu.

Glowica dozujaca

Budowe gtowicy dozujgcej przedstawiono na rys.
2 i 3. Gtéwnym elementem gtowicy odpowiedzialnym
za réwnomierne dozowanie elastomeru na catej
szerokosci ciggu technologicznego, ktéra moze osiggac
3,6 m, jest kolektor wyposazony w dysze dozujgce
(rys. 2 i 3). Kolektor jest wykonany z grubosciennego
profilu o przekroju kwadratowym, w ktérego dolnej
Scianie umieszczono ponad 700 wymiennych dysz.
Do kolektora, przez trzy rozmieszczone rownomiernie
krééce, jest dostarczany pod cisnieniem elastomer
w postaci ptynnej. W przypadku elastomeru
termotopliwego jest on podgrzewany w zbiorniku
zewnetrznym i przepompowywany pompg $limakowg
z wykorzystaniem ogrzewanych elastycznych
rurociggow. Podwyzszona temperatura elastomeru
w kolektorze jest utrzymywana i regulowana dzieki
zastosowaniu elektrycznych elementéw grzejnych
przylegajacych do $cian bocznych na catej dtugosci
kolektora oraz wewnetrznego olejowego przewodu
grzewczego. Wydatek elastomeru dozowanego
przez gtowice moze by¢ regulowany poprzez zmiane
ci$nienia zasilania przez pompe $limakowa, wymiane
dysz o réznych $rednicach otworu wylotowego lub
zmianeg temperatury. Grubos¢ warstwy nanoszonej na
podtoze moze by¢ ponadto regulowana predkoscig
transportu podioza.

Rys. 2. Gtowica dozujgca (przekrdj poprzeczny): 1 — kolektor,
2 — krociec doprowadzajgcy elasto-mer, 3 — dysza, 4 — olejowy
przewdd grzejny, 5 — element grzejny oporowy, 6 — n6z zgarnia-
jacy (rakla), 7 — profil no$ny, 8 — izolacja termiczna

Fig. 2. The dispensing head (cross-section): 1 — glue collector, 2
— elastomer supplying spigot, 3 - nozzle, 4 — oil heating conduit,
5 — resistor heating element, 6 — scraping knife (squeegee), 7
— support section, 8 — thermal insulation

20

Do kolektora przylegajg dwa noze zgarniajgce
(rakle), ktére po odpowiedniej regulacji w ukfadzie
technologicznym, stuzg do wyréwnywania warstwy
elastomeru na powierzchni podtoza. Noze dzieki duzej
powierzchni styku z kolektorem i elementami grzejnymi
rowniez sg ogrzewane do temperatury pozwalajgcej na
skuteczne wyréwnywanie warstwy i zabezpieczajgcej
przed wigzaniem elastomeru na ostrzu zgarniajgcym.

Zespoty ogrzewane gtowicy sg zamocowane
tacznikami  Srubowymi do profilu nosnego
odpowiedzialnego za utrzymanie stabilnego ksztattu
liniowego gtowicy, a szczegdlnie prostoliniowosci
krawedzi nozy zgarniajgcych. W celu ograniczenia
przeptywu ciepta z czeSci ogrzewanej zespotu
do konstrukcji nosnej zastosowano miedzy nimi
przektadki izolacyjne. Ze wzgledu na znaczng réznice
temperatur pomiedzy czescig ogrzewang a konstrukcjg
nosng i zmiany temperatury podczas pracy, w tym
w zaleznosci od dozowanego elastomeru, zapewniono
mozliwo$¢ wzajemnego wzdtuznego ruchu nozy
zgarniajgcych i profilu nosnego w celu zapobiegania
przed utratg prostoliniowosci wskutek odksztatcen
termicznych.

3

Rys. 3. Gtowica dozujgca (przekréj wzdtuzny): 1 — kolektor
elastomeru, 2 — kréciec doprowadzajgcy elastomer, 3 — dysze,
4 - olejowy przewdd grzejny, 5 — krociec doprowadzajacy olej
grzew-czy, 6 kotnierz profilu nosnego

Fig. 3. The dispensing head (longitudinal-section): 1 — collector, 2
— elastomer supplying spigot, 3 — nozzle, 4 — oil heating conduit,
5 —spigot for eating oil supply, 6 — support section bracket

Profil nosny gtowicy na obu koncach zostat
zakonczony kotnierzami montazowymi, do ktérych
sg przykrecone tgczniki z tozyskowymi czopami
cylindrycznymi umozliwiajgce kgtowe ustawienie
gtowicy oraz wprawianie jej we wzdiuzny ruch
oscylacyjny. Szerokos¢ aplikacji elastomeru w ciggu
technologicznym jest regulowana przez wytgczenie
odpowiedniej ilosci dysz z uzycia poprzez ich
zaslepienie lub demontaz i zaslepienie otwordéw
w kolektorze wkrecanymi korkami.

Na rys. 3 przedstawiono wzdtuzny przekrdj
gtowicy, na ktérym widoczny jest, miedzy innymi
kréciec doprowadzajgcy elastomer do kolektora.
Trzy takie krocce rozmieszczono w gornej czesci
gtowicy w odlegtosciach zapewniajgcych réownomierne
dostarczanie elastomeru i réwny rozktad cisnienia.
Widoczny krociec doprowadzajgcy olej grzewczy
znajduje sie na koncu glowicy i stuzy wraz
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z analogicznym przytgczem znajdujgcym sie na
przeciwlegtym koncu do przepompowywania gorgcego
oleju przez catg dtugos¢ kolektora.

Rys. 4. Giowica dozujgca zainstalowana w ciagu
technologicznym: 1 — profil nosny, 2 — przytgcza elastomeru
i oleju grzewczego, 3 — wat linii technologicznej
Fig. 4. The dispensing head installed in the manufacturing
assembly: 1 — support section, 2 — elasto-meric and heating oil
connectors, 3 — manufacturing assembly shaft

Rys. 5. Gtowica zainstalowana w ciggu technologicznym: 1 —néz
zgarniajacy, 2 — dysze, 3 — kolano rurociggu oleju grzewczego,
4 — wahliwe zawieszenie gtowicy

Fig. 5. The dispensing head installed in the manufacturing
assembly: 1 — scraping knife, 2 — nozzles, 3 — the elbow of the

heating oil pipe, 4 — pivoting suspension of the head

Na zdjeciach (rys. 4 i 5) pokazano gtowice
zainstalowang w ciggu technologicznym. Na rys.
4 widoczna jest gtowica z rurowym kolektorem
zasilajgcym, a na rys. 5 koncowa czes¢ gtowicy
z doptywem oleju grzewczego i wahliwym zawieszeniem
W maszynie laminujgce;j.

Ukfad pozycjonowania gtowicy

Zaprojektowang i zbudowang gtowice dozujgca
zainstalowano w istniejgcej maszynie laminujgcej,
na bazie ktorej zostat zbudowany innowacyjny ciag
technologiczny. Budowa i sposobu montazu gtowicy
musiaty zatem zosta¢ dostosowane do istniejgcych
warunkéow zabudowy w maszynie. W zwigzku z tym
konstrukcja uktadu pozycjonowania gtowicy musiata
spetni¢ nastepujgce wymagania techniczne:

* montaz na istniejgcych elementach konstrukcyjnych
istniejgcej maszyny,
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* precyzyjna regulacja szczeliny miedzy krawedziami
nozy zgarniajgcych, a watem transportujgcym
podtoze,

 zmiana katowego potozenia gtowicy w celu
wykorzystania jednego z dwéch nozy zgarniajgcych
w zaleznosci od kierunku przeptywu materiatu (rys.
7),

*  mozliwos¢ sprawnego odsuniecia gtowicy w gore
w celu wprowadzenia wstegi materiatu do uktadu
technologicznego maszyny,

» zabezpieczenie gérnego potozenia gtowicy przed
niekontrolowanym opadnigciem (mozliwos¢
spowodowania wypadku podczas obstugi),

* mozliwos¢ sprawnego bocznego odsuniecia
gtowicy od watu (w tyt) w celu wykonania czynnosci
obstugowych,

*  mozliwo$¢ wprawienia gtowicy w poprzeczny (w
stosunku do kierunku przeptywu podtoza) ruch
oscylacyjny w celu réwnomiernego rozprowadzenia
elastomeru).

Rys. 6. Uklad pozycjonowania gtowicy dozujacej: 1 — profil nosny,
2 — tozyskowanie gtowicy, 3 — blokada potozenia kgtowego, 4
— belka no$na z prowadnicg ruchu poziomego, 5 — precyzyjny
regulator szczeliny, 6 — sitownik pneumatyczny ruchu pionowego
z hamulcem, 7 — sitownik pneumatyczny ruchu poziomego, 8
— naped mimosrodowy ruchu oscylacyjnego

Fig. 6. The system for positioning of the dispensing head: 1
— support section 2 — head bearing, 3 — angular position lock,
4 — support beam with horizontal motion guide, 5 — precise
aperture regulator, 6 — pneumatic actuator for vertical motion
with a brake, 7 — pneumatic actuator for horizontal motion, 8

— eccentric, oscillating motion drive

21



Budowe uktadu pozycjo-
nowania gtowicy przedstawiono
na rys. 6, na ktéorym pokazano
jego cze$¢ zwigzang z jednym |
koncem gtowicy. Na drugim |
znajduje sie analogiczna,
symetryczna konstrukcja. Do
zamocowania gtowicy wraz
z uktadem pozycjonowania
w istniejgcej maszynie stuzy
belka nosna 4, ktéra jest
potgczona z  istniejgcym

wspornikiem podtrzymujgcym Rys. 8. Uktad zabudowy gtowicy dozujgcej wraz z mechanizmami pozycjonujgcymi w maszynie
tozyskowane waty (rys. 8). Po laminujgcej: 1 — gtowica dozujaca, 2 — uktad pozycjonowania gtowicy, 3 — wspornik maszy-ny

belce moze przesuwac sie

. . . - 6 — fgczona tkanina
zespo6t prowadnicy krzyzowej

laminujacej, 4 — instalacja doprowadzajgca elastomer, 5 — walce uktadu technologicznego,

Fig. 8. The layout of the structure of the dispensing head with the positioning mechanisms

pozwalajgcy na przemieszczanie in a lami-nating machine: 1 — dispensing head, 2 — head positioning system, 3 — laminating
w poziomie i w pionie walcowego machine bracket, 4 — elastomeric supply, 5 - manufacturing assembly shafts, 6 — glued textile

tozyskowania gtowicy. Ruchy

prowadnicy sg realizowane za pomocg sitownikow
pneumatycznych uruchamianych przez centralny
uktad sterujgcy maszyny. Sitownik realizujgcy
ruch pionowy jest wyposazony w samoczynny
hamulec cierny zabezpieczajgcy przed opadnieciem
uniesionej gtowicy dozujgcej. Ruch gtowicy w dot jest
ograniczony mechanicznym zderzakiem o precyzyjnie
regulowanej wysokosci pozwalajgcym na regulacje
szczeliny miedzy krawedzig noza zgarniajgcego,
a powierzchnig pokrywanego materiatu decydujgcag
o grubosci warstwy naktadanego elastomeru. Po
zluzowaniu blokady potozenia katowego, cata gtowica
moze by¢ obracana wokét osi czopdw tozyskowych
i unieruchamiana w odpowiednim potozeniu katowym
umozliwiajgcym prace jednego z nozy zgarniajgcych,
w zaleznosci od kierunku przeptywu materiatu (rys.
7). Na jednym z koncow gtowicy zostat zainstalowany
wolnoobrotowy naped mimosrodowy wywotujgcy ruch
oscylacyjny catej gtowicy, co poprawia rownomiernosc
naniesienia elastomeru lub stuzy do naktadania

zygzakowatych struzek elastomeru w celu uzyskania
specjalnego potgczenia klejonego, przepuszczalnego
dla pary wodnej lub powietrza.

1

Rys. 7. Aplikacja elastomeru przy réznych kierunkach przeptywu
materiatu: 1 — gtowica, 2 — wat linii technologicznej, 3 — podtoze,
4 — warstwa elastomeru, a — kat pochylenia gtowicy, strzatkg
zaznaczono kierunek przeptywu wstegi materiatu

Na fotografiach (rys. 8) pokazano uktad
zabudowy gtowicy dozujgcej wraz z mechanizmami
pozycjonujgcymi w maszynie laminujgcej oraz widok
uktadu technologicznego z gtowicg oraz przyktadowym
przebiegiem powlekanego materiatu.

Weryfikacja prototypu

Przeprowadzone proby i badania pokazaty, ze
konstrukcja gtowicy dozujgcej w opisanym przypadku
nie zapewnia precyzyjnego ustawiania szczeliny. Dzieje
sie tak z powodu zbyt matej sztywnosci elementéw
konstrukcji oraz za duzych odchytek prostoliniowo$ci
zastosowanych profili hutniczych. Gtowica ze wzgledu
na wielorakie funkcje jakie realizujg jej elementy
sktadowe poddawana jest w trakcie pracy obcigzeniom
mechanicznym: statycznym i dynamicznym
oraz dodatkowym obcigzeniom zwigzanym
z doprowadzania elastomeru pod ci$nieniem, a takze
obcigzeniom cieplnym wywotywanym przeptywem
gorgcego elastomeru, a takze oddziatywaniem grzatek
kolektora lub rozgrzanego oleju przepompowywa-
nego przez kanat grzejny. Istotny wptyw na mozliwo$é
regulacji szczeliny majg rowniez szeroko rozstawione
w maszynie laminujgcej punkty podparcia. W celu
zapewnienia mozliwosci regulacji wielkosci szczeliny
oraz kompensacji odchytek prostoliniowosci profilu
nosnego i nozy zgarniajgcych zaprojektowano
i wykonano ptytowy zespdt kompensacji odksztatcen 2
(rys. 9) z wielopunktowg regulacjg niwelujgcg strzatke
swobodnego ugiecia tych elementow. Zespot zostat
potgczony srubami 3 na obu koncach profilu nosnego
gtowicy dozujacej 1 elastomer. Sktada sie z ptyt (2ai 2b)
z oprawami (2c) wyposazonymi w $ruby regulacyjne
(2d) z zakonczeniem kulistym i nakretki (2e). Sruby
(2d) osadzone w stopach (2g) zamocowane s3g do
profilu nosnego gtowicy naktadkami (2f).
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Rys. 9. Glowica dozujgca wraz z ptytowym zespotem kompensacji ugiecia: 1 — profil nosny kolekto-ra, 2 - ptytowy zespot
kompensac;ji prostoliniowosci glowicy, 2a, 2b — plyty, 2c — oprawa, 2d — $ruba regulacyjna, 2e — nakretka, 2f — naktadka, 2g — stopa.
Fig. 9. The dispensing head with a panel deflection compensation system: 1 — support section of the collector, 2 — panel system of
the head alignment compensation, 2a and 2b — panels, 2c — casing, 2d — regulation screw, 2e — cap, 2f — plate, 2g — foot

Rys. 10. Uktad zabudowy gtowicy dozujgcej z zamontowanym ptytowym zespotem kompensacji prostoliniowosci gtowicy w maszynie
laminujace;j
Fig. 10. The layout of the structure of the dispensing head with the panel system for the head align-ment compensation in a laminating
machine

Na rys. 10 pokazano gtowice dozujgcg z zespotem
kompensaciji prostoliniowosci gtowicy zamontowang
na korpusie maszyny laminujgce;j linii technologicznej
wytwarzajgcej kompozyty tkaninowo-elastomerowe.

Podsumowanie

W wyniku realizacji opisanej pracy zostata
zaprojektowana, wykonana oraz zainstalowana
w specjalnej, innowacyjnej linii technologicznej
wytwarzajgcej kompozyty tkaninowo-
elastomerowe, prototypowa gtowica dozujgca
ptynne $rodki wigzgce. Glowica umozliwia aplikacje
elastomeréw dyspersyjnych, rozpuszczalnikowych
i termoplastycznych na przemieszczajgcy sie
w procesie tgczeniat materiat o szerokosci do 3,6
m, wyréwnywanie naniesionej warstwy lub tworzenie
warstw nieciggtych — przepuszczalnych dla pary wodnej
lub powietrza. W instalacji dozujgcej zastosowano
ogrzewanie podawanego medium za pomoca
olejowych przewodow grzewczych lub elektrycznych
elementéw grzejnych oraz regulacje temperatury.
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Opracowany uktad funkcjonalny urzadzenia pozwala
na zmianeg kierunku przeptywu materiatu, precyzyjng
regulacje grubosci warstwy, automatyczng realizacje
ruchéw ustawczych i serwisowych oraz bezpieczng
obstuge.

Gtowica dozujgca wraz z catg specjalnie
zaprojektowang linig  technologiczng  jest
wykorzystywana w firmie Bochemia do opracowywania
i wdrazania innowacyjnych technologii wytwarzania
wielofunkcyjnych kompozytéw zawierajgcych materiaty
wykazujgce witasciwosci absorbujgce energie,
umozliwiajgce ttumienie uderzen oraz witasciwosci
wodoszczelne, grzybobdjcze i bakteriobdjcze. Linia
pozwolita na oferowanie nowych innowacyjnych ustug
w zakresie:

* aminacji tkanin i materiatow tekstylnych
o wtasciwosciach termoizolacyjnych, antywibracyjnych,
przeciwposlizgowych i antywandalowych (np.; PCW,
PA, siatka kewlarowa)

* otrzymywania jednorodnych, ciggtych warstw

z wykorzystaniem gtowicy slimakowej z ekstruderem,
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* laminowania tkanin i materiatow tekstylnych, w tym
jednoczesnie kilku materiatéw, o réznej strukturze,
gramaturze, grubosci i szerokosci do 3,6 m z

* laminowanie tkanin i materiatébw bez stosowania
rozpuszczalnikow dziatajgcych negatywnie na
Srodowisko,

* nanoszenia substancji do laminowania o zadanej
temperaturze na podtoze o temperaturze otoczenia
(zmniejszenie zuzycia energii — temperatura pracy
gtowicy 70+180°C),

* poprawy bezpieczenstwa pracy,

» zwiekszenia precyzji dozowania elastomeru oraz
wydajnosci i jakosci laminowania. (laminowanie
z wydajnoscig od 2 do 20 m/min z mozliwo$cig
regulacji grubosci warstwy elastomeru w zakresie
0,5+5 m).
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ANALYSIS OF VON MISES HYPOTHESIS USEFULNESS FOR ADHESIVE
LAYER EFFORT ESTIMATE

Analiza przydatnosci hipotezy Hubera do oceny wytezenia spoin klejowych

Jan GODZIMIRSKI, Stawomir TKACZUK

Abstract: In the adhesive layer, uneven stress distribution and their complex state usually occur. Development of methodology for the analysis of
adhesive layer was an aim of the experimental studies and numerical calculations. Specimens with adhesive layers which were similar to each other
in terms of even distribution of stresses, were used in trials. This condition was met by using cylindrical oblique specimens consisting of two elements,
obtained by cutting symmetrically at an angle of 45 ° a cylinder with a diameter of 12 mm and a height of 20 mm and bonding them adhesively on the
cutting surfaces. The result of the experiment showed a greater than 2.26 to 2.92 strength of compressed specimens compared to stretched ones. It
allows to conclude that the Mises hypothesis cannot be directly used for analysis of the state of stresses in adhesive joints. Numerical calculations
were performed. For those, the model of the specimens was put under tension and compression with mean values of forces determined experimentally
for specimens bonded with Epidian 57 adhesive. Conclusions were allowed to be formulate by conducted trials and calculations. Structural adhesives
exhibit higher compressive strength rather than tensile strength. Consequently they exhibit indirect properties between metallic elastic plastics and brittle
ceramic bodies. The criterion for destroying an adhesive bond loaded temporarily may be that the von Mises stress exceeds the absolute value of the
tensile strength of the adhesive or compression. However it should be taken into account that those strengths have different values.

Keywords: adhesive joints, effort of adhesive layers, effort hypothesis

Streszczenie: W spoinach potgczen klejowych wystepuje zazwyczaj nieréwnomierny rozktad naprezen i ich ztozony stan. Celem prowadzonych
badan eksperymentalnych i obliczen numerycznych byto opracowanie metodyki analizy wytezenia spoin klejowych. W badaniach zastosowano takie
probki, w spoinach ktérych wystepuje zblizony do réwnomiernego rozktad naprezen. Warunek ten spetniajg probki cylindryczne sko$ne sktadajgce
sie z dwoch elementéw uzyskanych przez przeciecie walca o $rednicy 12 mm i wysokosci 20 mm, symetrycznie pod kagtem 450 i sklejenie ich na
powierzchniach ciecia. Przeprowadzony eksperyment wykazat wigkszg od 2,26 do 2,92 wytrzymatos$¢é probek sciskanych w poréwnaniu do rozcigganych,
co pozwala stwierdzi¢, ze hipoteza Misesa nie moze by¢ stosowana bezposrednio do analizy stanu wytezenia spoin klejowych. Przeprowadzono
obliczenia numeryczne, w ktérych model prébki obcigzono na rozcigganie i $ciskanie srednimi wartos$ciami sit wyznaczonych eksperymentalnie dla prébek
taczonych klejem Epidian 57. Przeprowadzone badania i obliczenia pozwolity sformutowa¢ wnioski. Kleje konstrukcyjne cechuje wigksza wytrzymatosé
na $ciskanie niz na rozcigganie, a wiec wykazujg one wiasciwosci posrednie pomiedzy metalicznymi ciatami sprezysto-plastycznymi i ceramicznymi
kruchymi. Kryterium zniszczenia spoiny klejowej obcigzonej doraznie moze by¢ przekroczenie przez naprezenia von Misesa bezwzglednej wartosci
wytrzymatosci kleju na rozcigganie lub na $ciskanie, ale nalezy uwzgledniac, ze te wytrzymatosci majg rézne wartosci

Stowa kluczowe: potaczenia klejowe, wytgzenie spoin klejowych, hipotezy wytezenia

Introduction a cause of low strengths of such joints. However, only the

finite element (FE) method enabled to determine complex

Adhesive bonding is a typical method of joining ap-
plied in numerous branches of industry [1, 3, 4]. Itis a par-
ticularly attractive technique of assemblance for applica-
tions, in which weight gain is at a premium, such as land
and air transport [9]. In adhesive layers there are complex
states of stress. Its distribution is usually uneven. Analy-
tical solutions for single lap joints have been developed
since 1938, when Volkersen analysed the shear-lag pro-
blem [13]. He ignored the bending moments applied to
the joint because of the eccentricity of the load. The first
solutions for peel stresses as well as for shear stresses
were created by Goland and Reissner [2]. Afterwards the-
ir theory was improvedde[5, 6, 16]. A great normal stress
concentration in adhesive layers of joints subjected to
peeling was pointed out by Jouwersma [10], Lamb [12],
Yurenka [15] and Gardon [7]. The stress concentration is

states of stress in adhesive layers. An attempt to apply
the FE method for stress analysis in the adhesive layer
was already undertaken in the year 1971 [14]. Nowadays
the FE method is often used for examining the strength
of the adhesive joints [8, 11].

Therefore calculations of adhesive joints strength
demand to determine adhesive layer effort according to
certain theory and a comparison of reduced stresses with
the adhesive strength. Conducted researches proved that
extensively used von Misses hypothesis is useful for me-
tallic materials. Moreover, the von Misses hypothesis is
also commonly and unquestioningly used for an analy-
ses of adhesive bonded joints. Numerous constructional
adhesives show indirect properties between an elastic-
plastic metal and a brittle body. Therefore, the adhesives
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show higher compression strength in comparison with
tensile strength. The von Misses hypothesis does not
reassert for a brittle body. Thus the von Misses theory
should be used deliberately for a strength analyses of
adhesive bonds.

Experimental research
In the trials, it was decided to use such specimens,

in which there is a similar to even distribution of
stresses. The numerical analysis demostrated that

this condition is met by cylindrical oblique specimens
consisting of two elements obtained by cutting
symmetrically at an angle of 45 ° a cylinder with
a diameter of 12 mm and a height of 20 mm, (Fig. 1)
and adhesively bonding them on the cutting surfaces
( Fig. 2).

Fig. 1. Elements of cylindrical skew specimens
Rys. 1. Elementy probek cylindrycznych skosnych

Fig. 2. Adhesively bonded cylindrical skew specimen for
compressive test and specimens after tensile test
Rys. 2. Sklejona prébka cylindryczna sko$na przeznaczona do

badan na Sciskanie oraz zerwana, obcigzona na rozcigganie

The prepared specimens were loaded by
compression and stretching. In order to stretch the
higher, specimens were adhesively bonded into
cylindrical brackets enabling axial-symmetrical fixing
them into the holders of the testing machine.

Parts of the specimens were made of aluminum

alloy AW 2017-T3 by spark erosion cutting the roller
elements. The adhesively bonded surfaces of the
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specimens were sandblasted, washed with gasoline
and dried before the adhesive was applied. During the
curing of the adhesive layers, the specimen’s elements
were placed in the matching holes of Teflon molds and
pressed together under load 10 N.

If the von Misses hypothesis is appropriate for
analyzing the stresses of adhesively bonded joints,
then the strength of tensile and compressed samples
should be similar. This requirement arise from the fact
that if tensile and compressed specimens have the
same value of force, there will be normal and tangential
stresses in the adhesive layers with the same absolute
value but with differed sign. After stretching the three
components of normal stresses are positive and
negative components under compression.

From the formula describing the reduced stresses
by the Mises hypothesis:

0y =\ol+02 40 ~0,0,-0,0,~0,0,+3(} +7} +77)

(1)
it follows that the value of reduced stresses should be
the same for positive and negative normal stresses if
these stresses have the same absolute value.

Experimental tests were conducted for four
adhesive and three epoxy: Epidian 57 / Z1, Poxipol
and Raychem and a cyanoacrylate Dragon. Three
pressed specimens and three stretched ones were
adhesively bonded together with each adhesive.
Specimens were tested in a Hung Ta HT-2402 testing
machine at a speed of 2 mm / min. Exemplary results
of tensile and compression tests are presented in Fig.
3, and the results of the tests are presented in Table 1.

FINI
12500
120004
11,500 4

[+ 12125 < 120930 « 116333« 5M5 + 4705+ 5pnim

0 05 1 15 2 25 3 35 AI [mm]
Fig. 3. Comparison of strength of compressed specimens (higher
strength) and stretched (lower strength) adhesively bonded with
adhesive Epidian57 / Z1

Rys. 3. Poréwnanie wytrzymatosci prébek $ciskanych (wigksza
wytrzymatos$€) i rozcigganych (mniejsza wytrzymatosc) klejonych
klejem Epidian57/21
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Table 1. Results of strength tests
Tabela 1. Wyniki badan wytrzymatosciowych

Adhesive Epidian 57/21 Poxipol Dragon Raychem
Loading (03 S (o3 S Cc S C
12125 | 5245 | 9623 | 4028 | 7777 | 2718 | 5713
Load 12058 | 4705 | 9157 | 4058 | 8263 | 2868 | 6083
capacity, N
11633 | 5802 | 9767 | 3227 | 6100 | 2892 | 6200
Average | 1059 | 5281 | es16 | 3771 | 7380 | 2726 | 5999
load, N

C — compressed specimens, S — stretched specimens

The results of experiment showed a greater
than 2.26 to 2.92 strength of compressed specimens
compared to stretched ones. This fact allows to
conclude that the Mises hypothesis cannot be applied
directly to analyze the state of stresses for adhesive
joints for all types of adhesively bonded joints or that
the strength of the compressed adhesives used for
trials is about 2.5 times larger than its tensile strength.

Numerical analysis

In order to perform numerical calculations, the
characteristics of o = o (¢) of Epidian57 / Z1 adhesive
were determined by tensile test of a dog bone specimen
with a length of 75 mm measuring base, casted from
this adhesive and compression test of a cylindrical
specimen with a diameter of 12 mm and a length of 25
mm. Using the extensometer 3542-025M-025-HT2, the
value of longitudinal elasticity modulus of the tested
adhesive E ~ 2000 MPa was estimated by means
of the measurement method. The curves obtained
experimentally were converted to real stress curves
- cross-sectional deformations of the adhesive were
also taken into account (Figure 4). The strength of
the compression adhesive was higher than the tensile
strength by about 36%.

o [MPa]

80

50-

o/
./

-0,05 0,p5

-40

-60-

80

Fig. 4 The curve of actual stress of Epidian 57 / Z1 adhesive
hardened at 600C in 1 hour
Rys. 4 Krzywa naprezen rzeczywistych kleju Epidian 57/Z1

utwardzanego w temperaturze 600C w czasie 1 godziny
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Numerical calculations were performed in Ansys
16.2 system using the model of the specimen which
was loaded with tension and compression with
mean values of forces determined experimentally for
specimens bonded with Epidian 57 adhesive. The
adhesive was molded as an elastic body with a module
E = 2000 MPa and a thickness of 0.1 mm. There was
a complex stress state in the adhesive layers, but
the stress tensor components and redused stresses
practically had a constant value on the surface of the
adhesive joint (Figures 5, 6, 7).

A:Static Structural

Equivalent Stress 2

Type: Equivalent (von-Mises) Stress
Unit MPa

10457 Max

77,089 Min

0,000 5,000 10,000 {raarrip
]

2500 7,500

Fig. 5. Distribution of Mises stresses in the adhesive layer of the
specimen compressed with 11939 N force

Rys. 5. Rozktad naprezen Hubera w spoinie klejowej probki
obcigzonej na $ciskanie sitg 11939 N

A:Static Structural
Shear Stress 2

Type: Shear StressY Plane)
Unit: MPa

e o

{53416 3

L5066 3
E 51 53004 9
42,943 Max
44,509 \ 5115

a4
48,102 |-53.000 3
48,920
5175
53,01

53,737 3
55,167

56,814 {5320 3
-58,66 Min
53,035 3

L5200

0,000 5,000
I

10,000 (mm)
]

2,500 7,500

Fig. 6. Distribution of shear stress Txy in the adhesive layer of the
specimen compressed with 11939 N force

Rys. 6. Rozktad naprezen stycznych 1xy w spoinie klejowej
probki obcigzonej na $ciskanie sitg 11939 N
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A: Static Structural
Masirmurn Principal Stress

Type: Maximum Principal Stress
Unit: MPa

25323 Max
21,971
18,51
15,115
1712
#3001
49082
15034
-18995
-5,3023 Min

0,000 5,000

10,000 {mm)
1

2,500 1500

Fig. 7. Distribution of the main maximum stresses in the adhesive
layer of the specimen compressed with 11939 N force

Rys. 7. Rozktad naprezen maksymalnych gtéwnych w spoinie
klejowej probki obcigzonej na sciskanie sitg 11939 N

Table 2 presents the mean values of stress tensor components
and values of reduced and main maximum stresses (ol) as well
as values of minimum stresses (olll) calculated for destructive
loads obtained in the tests: compression and stretching of
cylindrical oblique specimens adhesively bonded with Epidian
57.

Table 2. Stress tensor components and reduced stresses
calculated for adhesive layer of cylindrical skew joints adhesively
bonded with Epidian 57 / 21

Tabela 2. Sktadowe tensora naprezen i naprezenia zredukowane
obliczone dla spoin potgczen cylindrycznych skosnych klejonych

klejem Epidian 57/Z1

Specimen Compressed Tensioned
Loading, N 11939 5281
Stresses
o, -29,5 13
o, -52,5 23,2
9 -275 12,4
Tyz 53,1 23,3
Ty e 0 0
T 0 0
Oy 95 42,2
O 12,8 421
o/ -96 -5,6
Trax 54,2 24

The calculations showed, that in the case of
compression, von Misses stress is practically equal to
the absolute value of the main minimum stresses, and
in the case of stretching, the main maximum stresses.
The calculated main stresses are correspondingly
comparable with the tensile strength of the tested
adhesive and to a lesser extent compression.
Considering nonlinear adhesive properties described
in the curve shown in Fig. 4 in the calculation should
reduce the stress value oM. Such calculations were
possible to conduct for a maximum load not exceeding
9000 N. Therefore, the results of calculations in the
linear and nonlinear range were compared for this load
value (Figures 8 and 9).
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B: Liniowka
Equivalent Stress 2

Type: Equivalent (von-Mises)
Unit; MPa

Time: 1

2018-02-0408:47
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76,148
13,826
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4546
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]
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|

Fig. 8. Mises stress distribution in the adhesive layer of the
compression specimen at a load of 9,000 N calculated assuming
the nonlinear properties of the adhesive

Rys. 8. Rozktad naprezen Hubera w spoinie prébki Sciskanej
przy obcigzeniu 9000 N obliczony przy zatozeniu nieliniowych
wiasciwosci kleju

I Copy of NRCIDDOND,45

Equivalent Stress 2

Type: Equivalent ivon-hises) Stress

Unit; MPa

Tirne: L

2019-03-11 1037
69,622 Max
69,237
58,852
56,467 [
68,002
67,697
67312
66,927
66,541
66,156 Min

Fig. 9. Mises stress distribution in the adhesive layer of
the compression specimen at a load of 9,000 N calculated
considering the non-linear properties of the adhesive

Rys. 9. Rozktad naprezen Hubera w spoinie probki Sciskanej przy
obcigzeniu 9000 N obliczony przy uwzglednieniu nieliniowych
wiasciwosci kleju

Taking into account the nonlinear properties of
the adhesive resulted in a reduction in the maximum
narrative values by about 11% and a more even
distribution of stresses in the adhesive layer.

Conclusion

» Structural adhesives show higher compressive
strength than tensile strength, and thus they exhibit
indirect properties between metallic elastic-plastic
and brittle ceramic bodies.

» The values of reduced stresses calculated
according to the Mises hypothesis in adhesive
layers are close to the main maximum stress or
the main minimum stresses, but in the latter case
they differ by the sign.

 The normal stresses occurring in the joints of
the most popular overlapping joints are positive,
therefore the Mises reduced stress as well as the
main maximum stresses well characterize the effort
of such joints.
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* The criterion for destroying an adhesive bond
loaded temporarily may be that Mises's stress
exceeds the absolute value of the tensile strength
of the adhesive or compression strength, but it
must be considered that these strengths have
different values.

» Due to the higher compressive strength of
adhesives than tension one, adhesive joints
should be designed as much as possible so that
their stresses in the adhesive layer are negative
stresses.

REFERENCES

[11 Adams R.D., J. Comyn,W.C.Wake. 1997. “Structural
Adhesive Joint in Engineering”. London: Springer
Science & Business Media.

[2] Benson N.K. 1970. “Influence of stress distribution
on the strength of bonded joints”. Adhesion:
Fundamentals and Practice, Elsevier, Amsterdam.

[3] Cagle C.V. 1977. “Adhesive and Adhesive Bonding”.
Warsaw: WNT.

[4] da Silva L.F.M, A. Ochsner, R.D. Adams. 2011.
“Handbook of Adhesion Technology”. Springer,
Heidelberg.

[5] da Silva F.M. et. al. 2009. “Analytical models of
adhesively bonded joints — Part I: Literature survey”.
International Journal of Adhesion & Adhesive (29):
319-330.

[6] da Silva L.F.M. et. al. 2009. “Analytical models of
adhesively bonded joints — Part Il: Comparative
study”. International Journal of Adhesion & Adhesive
(29): 331-341.

[71 Gardon J.L. 1963. “Peel Adhesion. A theoretical
Analysis”. Journal of Applied Polymer Science (2):
643-666.

[8] Grant L.D.R., R.D. Adams, L.F.M. da Silva. 2009.
“Experimental and numerical analysis of single-lap
joints for the automotive industry”. International
Journal of Adhesion & Adhesive (29): 405-413.

[9] Higgins A. 2009. “Adhesive bonding of aircraft
structures”. International Journal of Adhesion &
Adhesive (20): 367-376.

[10] Jouwersma G. 1960. “On the Theory of Right-Angle
Peeling”. Journal of Applied Polymer Science (45):
253-255.

[11] Kumar S., P.C. Pandey. 2011. “Fatigue life prediction
of adhesively bonded single lap joints”. International
Journal of Adhesion & Adhesive (31): 43-47.

[12] Lamb G.E. 1961. “On the Theory of Peeling”. Journal
of Applied Polymer Science 51: 573-576.

[13] Volkersen O. 1938. “Luftfahrtforchung”, p. 15-41.

[14] Wooley G.R., D.R. Carver. 1971. “Stress
concentration factors for bonded lap joint”. Journal
of Aircraft (8): 17-20.

[15] Yurenka G.E. 1962. “Peel Testing of Adhesive
Bonded Metal”. Journal of Applied Polymer Science
(6): 136-144.

[16] Zhao X., R.D. Adams, L.F.M. da Silva. 2010. “A new
method for the determination of bending moments in
single lap joints”. International Journal of Adhesion &
Adhesive (30): 63-71.

prof. dr hab. Inz. Jan Godzimirski - Wojskowa Akademia
Techniczna, Wydziat Mechatroniki i Lotnictwa, ul. gen. S.
Kaliskiego 2, 00-908 Warszawa, e-mail: jan.godzimirski@
wat.edu.pl

dr inz. Stawomir Tkaczuk - Wojskowa Akademia
Techniczna, Wydziat Mechatroniki i Lotnictwa, ul. gen.
S. Kaliskiego 2, 00-908 Warszawa, e-mail: slawomir.
tkaczuk@wat.edu.pl

70.6t..s POLISH @ lwo

BCIENCE AND INDUSTRY IN A COUNTRY OF CHANGES

POLISH

SCIENCE AND INDUSTRY IN A COUNTRY OF CHANGES

A quarterly presenting scientific and technical progress in all areas of Polish science.
The magazine presents scientific and professional achievements of Polish scientists and
engineers working both in the country and abroad. "Polish Technical Review" popularizes the
progress of knowledge, achievements and contemporary problems, as well as the history
of technical concepts and achievements as well as the profiles of outstanding people of science
and technology.

The journal was published through 1964-1994 in four language versions — Russian,
German, French and English. Reactivated — after 25 years break — the quarterly publishes
articles in Polish and English.

PIOTR DRZEWIECK]
engineer, mechanical technician, industrialist, President of Warsaw

The authors of the articles are scientists from Polish and foreign research centers.

T L IS The magazine has international reach, it is available only in electronic version and open access.

ul. Ratuszowa 11, pok. 713,
00-950 Warszawa, skr. pocztowa 1004
22818 09 18, 22 818 98 32, fax 22 619 21 87,

We invite you to cooperation!
polishtechnical@sigma-not.pl, www.polishtechnical.com

PUBLISHER
Wydawnictwo Czasopism i Ksigzek Technicznych SIGMA-NOT Spétka z o0.0.
ul. Ratuszowa 11, 00-950 Warszawa, skr. pocztowa 1004
22 818 09 18, 22 818 98 32, fax 22 619 21 87, sekretariat@sigma-not.pl, www.sigma-not.pl

TECHNOLOGIA | AUTOMATYZACJA MONTAZU nr 2/2019 29



LOAD CAPACITY AND FATIGUE LIFE OF HYBRID JOINTS

Nosnos¢ i trwatos¢ zmeczeniowa pofaczen hybrydowych

Marek ROSKOWICZ, Jarostaw GASIOR

Abstract: The paper presents the results of experimental research the aim of which was to compare the load capacity and fatigue life of single-lap
joints of 2024-T3 aluminium alloy elements. The test specimens have been connected with adhesive bonding, mechanical fastening as well as by means
of hybrid joints (adhesive and screw joints). Specimens with 25 and 50 mm overlaps have been used in the tests and geometry of joints has been
modified by changing the mechanical fasteners location; mounted at 2 and 1 fastener hole diameter distance from overlap edge. It has been found that
the use of mechanical fasteners in hybrid joints is effective only if appropriate overlap length is used. What is more, it has been empirically proven that
the installation of mechanical fasteners in hybrid joints that are closer to the end of the overlap edge (less than the minimum recommended distance for
mechanical joints) is justified taking into account the load capacity and fatigue life.

Keywords: hybrid joints, load capacity of joints, fatigue life of hybrid joints

Streszczenie: W pracy zaprezentowano rezultaty badan wtasnych, ktérych celem byto poréwnanie no$nosci i trwato$ci zmeczeniowej potaczen
jednozaktadowych, w ktérych tgczono elementy wykonane ze stopu aluminium 2024-T3. Prébki do badan tgczono klejem, Srubami oraz w sposoéb
hybrydowy (klejowo-$rubowy). W badaniach zastosowano probki z zaktadkami o dtugosci 25 i 50 mm oraz z tgcznikami mechanicznymi montowanymi
w odlegtosci rownej dwém i jednej $rednicy Sruby. Stwierdzono, ze zastosowanie tagcznikéw mechanicznych w potgczeniach hybrydowych jest efektywne
pod warunkiem zastosowania odpowiedniej diugosci zaktadki. Udowodniono eksperymentalnie, ze w potgczeniach hybrydowych montaz tgcznikow

blizej korica krawedzi zaktadki (ponizej min. odlegtosci zalecanej dla potgczen mechanicznych) jest uzasadniony biorgc pod uwage kryterium no$nosci

potgczen i ich trwato$ci zmeczeniowe;j.

Stowa kluczowe: potaczenia hybrydowe, no$nos¢ potaczen, trwatosé zmeczeniowa potgczen hybrydowych.

Introduction

Hybrid joints as a combination of adhesive and
screw connections is an interesting alternative to
joining elements made of both metal and composite
materials. Research papers on hybrid connections
show that they exhibit better strength parameters
compared to mechanical or adhesive joints both in
static and durability range [4, 7, 8]. As the authors
of the paper [3] indicate, the reason for their greater
fatigue durability are smaller stress concentrations in
the vicinity of the holes.

Hybrid connections are also considered as joints
for which it is much easier to carry out the certification
process in air constructions compared to adhesive
connections [2]. Their application is recommended
by the FAA (Federal Aviation Administration). The use
of hybrid connections can also mean using a smaller
number of mechanical fasteners in the assembly node
[2, 9].

In aeronautical constructions, where thin-wall
elements are connected, the use of adhesive joints
is more effective, however this type of joints is
characterized by limited efficiency in transferring
complex load conditions causing "tearing off" at
the ends of the adhesive joint [5, 6]. Hence, the
simultaneous use of mechanical fasteners with

adhesive joints at the ends of adhesive overlaps
should significantly improve the resistance of hybrid
joints to this type of load cases. An important problem
in the effective use of hybrid joints is such construction
of the connection node, in which the optimal division of
loads between mechanical and adhesive connections
occurs [1].

The aim of the experimental tests was to compare
the load capacity and fatigue life of adhesive,
mechanical and hybrid joints in single-lap connections
of two different lap lengths. The quantitative influence
of a change in the distance between the installation
and the edge of the mechanical fasteners overlap with
the tested parameters was also analysed. In this way,
it was assessed whether the installation of fasteners
closer to the edge of the overlap produces positive
effects in terms of load capacity and fatigue life of
joints.

Research methodology

In experimental studies, single-lap joints were
used in which elements made of aluminium alloy,
series 2024-T3, were connected in an adhesive,
mechanical and hybrid manner. The jointed elements
were sheets 100 mm long, 25 mm wide and 2 mm
thick. Epidian 57/Z1 adhesive (mixed in 10: 1 mass
proportions) was used to prepare adhesion and hybrid

30

TECHNOLOGIA | AUTOMATYZACJA MONTAZU nr 2/2019



joints. Pressure during curing of adhesive joints was
equal to 0.96 MPa. The adhesive layer was hardened
in two stages, i.e. 24 hours at 20 °C and 8 hours at 80
°C. For the preparation of mechanical and hybrid joints,
fasteners in the form of steel screws: series 8.8, with
a diameter of @ 3mm BN-73/1112-03 were used. The
lengths of the threaded bolt parts are selected so that
no thread cuts are present in the mounting holes. The
surfaces of the elements for bonding were prepared
by degreasing them with acetone, sandblasting with
an electrocorundum with a grain diameter of F40 and
air pressure of 8 atmospheres and re-washing with
acetone. When, in the course of conducting endurance
tests, it turned out that the sandblasting of the surface
of the elements to be bonded has a negative impact on
the fatigue life of the joints, the sandblasting in hybrid
joints was replaced by roughening with abrasive paper
with a grain of P80 (abrasive grain size from 180 to 212
pm). The screws were installed halfway through the
width of the specimen in three different configurations
of the fastener's distance from the edge of the overlap.
The distance was measured by the diameter of the
holes for mechanical fasteners - hence the 2 or 1 hole
diameter (2D, 1D) was assumed for the needs of this
research paper. The bolts were mounted with a torque
of 2.2 Nm. In the case of hybrid joints, the bolts were
assembled before the adhesive hardened. In order
to obtain a uniform thickness of the adhesive layer,
spacer threads were used in both adhesive and hybrid
joints. Specimens with two following tab lengths were
tested: 25 and 50 mm. The specimens were subjected
to statical and fatigue loading with a ZD-10 testing
machine with a pulsator. Fatigue life test was carried
out in the range of cycle loads: 1.5 - 4.5 kN (average
cycle load 3 kN) with a frequency of 8 Hz and cycle
asymmetry factor of R = 0.33. The hybrid joint scheme
used in the research is presented in Fig.1.

adhesive layer

Fig. 1. Scheme of screw and adhesive joint prepared for the
needs of the research
Rys. 1. Schemat potgczenia srubowo — klejowego

przygotowanego do badan

In the first stage of the research, the load capacity
and fatigue life of adhesive, mechanical and hybrid
joints with an overlap length of 25 mm were compared.

In the second stage, joint strength and fatigue life
were also compared, however the length of the overlap
was increased to 50 mm. Moreover, at this stage,
the distance between installation of the mechanical
fasteners and the edge of the overlap was also
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changed, assessing the impact of such modifications
on the load capacity and fatigue life of the joints.

In order to determine the load capacity of joints, the
tests were carried out for five samples, while fatigue
life, due to the duration of tests, was determined for
three or four samples.

Results

The results obtained in empirical research for the
first stage are presented in Fig. 2 and in Table 1.
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Fig. 2. Comparison of load-bearing capacity of adhesive,
mechanical and hybrid joints (for two variants of surface
preparation)

Rys. 2. Poréwnanie nosnosci
mechanicznych i hybrydowych
przygotowania powierzchni)

potgczen adhezyjnych,
(dla dwéch wariantow

Table 1. Fatigue life of joints with 25 mm overlap and fasteners
installed at 2D distance from overlap edge

Tabela 1. Trwato$¢ zmeczeniowa potgczen o zaktadce 25 mm,
montaz tgcznikdw mechanicznych w odlegtosci 2D od krawedzi
zaktadki

Fatigue life [number of cycles]
No. A(_:Ih_esive Me_ct!anical Rou_gh_er_led
joints joints hybrid joints
1 120 80100 135200
2 300 155900 145000
3 50 143200 165550
Mean 157 126400 148583

The average load capacity of mechanical joints
compared to the adhesive ones was higher by more
than 50%. In hybrid joints with roughened elements,
there was practically no increase in the load capacity
of joints compared to mechanical joints, while slightly
higher load values were recorded for hybrid joints with
sandblasted elements, which is associated with higher
adhesion strength of the adhesive joint due to surface
sandblasting.

In terms of fatigue life, there was a big difference
between the durability of adhesive joints and the
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durability of other connections. The very low fatigue
life of adhesive joints can be explained by the high
value of the maximum cycle load - 4.5 kN - this is the
value that corresponds to almost 85% of the average
load capacity of this type of joints. The highest fatigue
life was characterized by hybrid joints with non-
sandblasted elements, in contrast to the durability of
hybrid joints, but with sandblasted elements. Their
durability was even lower than the fatigue life of
mechanical joints - although their load capacity was
the highest among all tested joints in this series. The
decrease in fatigue life of joints with sandblasted
elements should be explained by the very negative
influence of small structural notches that are formed
on the sandblasted surface. In this case, even the
presence of an adhesive layer did not eliminate this
negative phenomenon.

The results obtained in experimental research for
the second stage are presented in Fig. 3 and in Table
2.
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Fig. 3. Comparison of load-bearing capacity of adhesive,
mechanical and hybrid joints (for two variants of surface
preparation)
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mechanicznych i hybrydowych
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Table 2. Fatigue life of joints with 50 mm overlap and fasteners
installed at 2D distance from overlap edge
Tabela 2. Trwato$¢ zmeczeniowa potgczen o zaktadce 50 mm,

The double increase of the connection overlap
area resulted in an increase in the load-bearing
capacity of adhesive joints by approx. 35%, while the
load-bearing capacity of the mechanical connections
practically remained unchanged. The influence of
the surface preparation method on the load capacity
of hybrid joints was noticeable for such a length of
overlap — joints with sandblasted elements were
characterized by an increase in load capacity by 83%
compared to mechanical joints, whereas for joints
with non-sandblasted elements, the increase was
unnoticeable. The load-bearing capacity of adhesive
joints and mechanical joints was not much different,
much less than for joints with a 25 mm overlap.

Increasing the length of the overlap positively
affected the fatigue life of all types of joints, which
should be explained by the greater stiffness of joints
and, therefore, their lower susceptibility to secondary
bending moments. Surprising results were obtained
for hybrid joints with non-sanded elements, in which
there was a 7.5-fold increase in fatigue life — despite
the fact that their load capacity was significantly lower
than hybrid joints with sandblasted elements. Once
again, the low practical application of sandblasting
as a method of surface preparation for bonding in
the context of use of future joints under variable load
conditions was proven. In the case of sandblasted
hybrid joints, along with increasing the length of the
overlap, a proportional increase in fatigue life was
achieved (a double increase in the area of the adhesive
bonding surface). Due to the very negative impact of
sandblasting on the fatigue life of hybrid connections,
in the next stage of the research, it was decided to
abandon the sandblasting of components for the
preparation of hybrid specimens. The results of load
capacity and fatigue life obtained after modification of
mechanical and hybrid joints consisting in installation
of bolts closer to the edge of the overlap (distance 1D)
are presented in Fig. 4 and Table 3.
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4 12000 179200 1098500 Fig. 4. Comparison of load-bearing capacity of mechanical and
Mean 8200 162517 1108538 hybrid joints with 50 mm overlap, installation of fasteners at 1D
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distance from the overlap edge
Rys. 4. Poréwnanie nosnosci potgczen mechanicznych i hybry-
dowych o zaktadce 50 mm, montaz tgcznikéw w odlegtosci 1D
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Table 3. Fatigue life of joints with 50 mm overlap, fasteners
installed at 1D distance from the overlap edge; (* - test samples
were not damaged)

Tabela 3. Trwato$¢ zmeczeniowa potgczen o zaktadce 50
mm, montaz fgcznikow w odlegtosci 1D; (* - probki nie ulegty
zniszczeniu)

Fatigue life [numbers of cycles]
No. Mechanical joints
1 472600
2 281600
3 450500
4 NDA
Mean 401567

After modifying the installation of fasteners, the
load capacity of the mechanical joints dropped by about
20%, but because there was another mechanism in the
tests to damage the joint, the bolts were not sheared
and the joints were damaged as a result of exceeding
the permissible stress on surface pressures in the bolt
holes. In the case of hybrid joints after modification,
more than two-fold increase in the load capacity was
observed, which even exceeded the capacity of hybrid
joints with sandblasted elements and bolts installed at
2D distance.

Modification of the installation of the fastener
closer to the edge of the overlap turned out to be
a beneficial procedure in terms of their fatigue life. In
mechanical joints with a 50 mm overlap, the increase
of an average fatigue life doubled. Due to the small
distance of the wall of the hole from the edge of the
joined elements, there was also another form of fatigue
damage. Samples No. 1 and 3 of the mechanical joints
were damaged not in the critical section, but at the
edge of the overlap. Hybrid specimens No. 1 and No.
4 were not damaged during the tests. In sample No.
3 of the hybrid joints, after the tests, defects were
found at the ends of the overlap. Modification of the
fastener installation in the case of hybrid joints had
a significant impact on increasing their fatigue life. In
the case of two samples, at least a 25-fold increase in
the fatigue life of joints was noted (“at least”, because
the analysed joints were not damaged).

Conclusions

Based on the performed experimental tests, it was
found that:

» execution of hybrid joints using sandblasting with
the above parameters as a method of surface
preparation for bonding has a negative impact on
their fatigue life.

» the use of mechanical fasteners in a hybrid joints
is effective provided that appropriate length of the
overlap (in the author's own research it was 50
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mm) or the appropriate area of the bonded surface
is applied.

« otherwise, there is no effective division of the
load between the adhesive joint and mechanical
fasteners.

* in hybrid joints, the position of the mechanical
fastener at a distance equal to 1 bolt hole diameter
from the edge of the overlap (in mechanical
joints the recommended distance is equal to two
diameters) is justified. In static and fatigue tests, it
has been proven that this solution increased both
the load-bearing capacity and fatigue life of joints.
Nevertheless, in the case of mechanical joints
alone, reducing this distance is the wrong solution
— the fatigue life of the joints is reduced.
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THE INFLUENCE OF ADHESIVE TYPE AND SURFACE TREATMENT ON THE
STRENGTH OF C45 STEEL SHEETS ADHESIVE JOINTS

Wplyw rodzaju kleju i sposobu przygotowania powierzchni na wytrzymato$é
potfaczen klejowych blach ze stali C45

Anna RUDAWSKA, Izabela MITURSKA, Leszek SEMOTIUK

Abstract: The aim of the article was to present issues related to the determination of the impact of selected technological factors: the method of
surface treatment and the type of adhesive on the strength of adhesive joints made of C45 steel sheet. The surfaces of the analyzed steel sheet samples
were prepared by processing with four different abrasive papers: P120, P280, P320, P800. The sheet samples were bonded with three different epoxy
two-component adhesives: Epidian 57/PAC/100:80, Epidian 6/PAC/100:80 and Epidian 62/PAC/100:80, including one-step cure at room temperature of
24 + 2°C, with humidity 26 + 2%. After the curing process, strength tests of the adhesive joints were carried out on the Zwick / Roell 150 testing machine
in accordance with the PN-EN 1465 standard. It was noticed, among others, that the preferred surface treatment method was surface treatment with
the P280 abrasive tool, after which the adhesive joints showed the highest shear strength.

Keywords: adhesive joints, strength, C45 steel sheet

Streszczenie: Celem artykutu bylo przedstawienie zagadnien zwigzanych z okresleniem wptywu wybranych czynnikdw technologicznych: sposobu
przygotowania powierzchni oraz rodzaju kleju na wytrzymatosci potaczen klejowych wykonanych z blachy stalowej C45. Powierzchnie analizowanych
probek blachy stalowej zostaty przygotowane poprzez obrébke czterema réznymi papierami $ciernymi: P120, P280, P320, P800. Prébki blach zostaty
sklejone trzema réznymi klejami epoksydowymi dwusktadnikowymi: Epidian 57/PAC/100:80, Epidian 6/PAC/100:80 oraz Epidian 62/PAC/100:80,
uwzgledniajgc jednostopniowe utwardzanie w temperaturze pokojowej 24+2°C, przy wilgotnosci 26+2%. Po procesie utwardzania dokonano préb
wytrzymatosciowych potgczen klejowych na maszynie wytrzymatosciowej Zwick/Roell 150, zgodnie z normg PN-EN 1465. Zauwazono m.in., ze
korzystnym spos$réd badanych metod przygotowania powierzchni jest przygotowanie powierzchni $ciernym narzgedziem nasypowym P280, po ktérym
potgczenia klejowe wykazaty najwigkszg wytrzymatos$¢ na $cinanie.

Stowa kluczowe: potgczenie klejowe, wytrzymatos$¢, blacha stalowa C45

Introduction

There are numerous methods of bonding different
elements, e.g. parts of the machinery. They include:
bonding with screw joints, welding, riveting, soldering,
and pressure welding. It is of high importance to
use the methods that ensure obtaining the bonds of
the assumed properties without compromising the
construction’s characteristics, i.e.: dimensions, shape,
functionality, usability, reliability, aesthetics, modularity
or versatility.

Adhesive joints are one of the most often used
bonding methods in various constructions [1, 5] and
are categorised as permanent joints. Their most
prominent advantages include, among others [5]:
lighter weight of the whole construction, the possibility
of joining the elements made of both the same and
different materials and geometry, less elements used
in relation to other types of joints and a uniform stress
pattern thanks to the lack of holes on the surface that
often occur in case of different joints, e.g. bolted or
riveted ones. Apart from numerous advantages, the
adhesive joints and the bonding process itself also
have some disadvantages that need to be taken into

consideration, e.g.: the ageing process caused by,
among others, changeable weather conditions that
have considerable negative impact on the adhesive
joint’s strength [2, 3, 8] or the necessity of using
various, often time-consuming, surface treatment
methods in case of some materials [4, 11, 14]. As
a result, the elements’ bonding method may need to
be reanalysed or even changed.

Numerous factors have impact on the bonding
process and the properties of the adhesive joints.
They include: constructional, technological, material
and exploitation ones, which are subject to the
experimental tests, whose results are presented in
numerous works [3, 6, 7, 12, 13].

Taking into consideration the characteristics
of this method, as well as the factors impacting the
obtained joints’ strength, it is necessary to strive
for such an adhesive joint that will be characterised
by the appropriate strength and resistance to the
exploitation factors. It is determined by, among others,
the technological factors that, in case of the present
article, include the adhesive type and the joined
materials’ surface treatment.

34
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Experimental test method

The adhesive joints made of the C45 steel sheets
were used to conduct the experimental tests. The
surfaces of the analysed samples were prepared by
processing with use of four different abrasive paper
types. Then the samples were bonded with use of
three different adhesives. The strength tests of the
adhesive joints were carried out.

The joints used in the experimental tests were the
single-lap adhesive joints made of C45 steel sheet.
Figure 1 shows shape and dimensions of the analysed
joint.

100 mm

imm
1mm

i f

100 mm

25 mm
25 mm

Fig. 1. A single-lap adhesive joint made of C45 steel
Rys. 1. Potaczenie klejowe jednozaktadkowe blachy ze stali C45

The surfaces of the analysed samples were
prepared by mechanical working, specifically by
processing with four different abrasive papers: P120,
P280, P320 and P800. 30 rotary movements with
the abrasive papers of the aforementioned grit sizes
were performed on the surface of each sample. After
mechanical working the samples were degreased by
rubbing-through three times with use of acetone. The
drying time after degreasing was 2 minutes.

Three types of two-component epoxy adhesive
compounds (epoxy resin and curing agent), presented
in Table 1, were used to make the adhesive joints.

The Epidian 57 resin is an epoxy compound
obtained by modifying Epidian 5, which is a specially
selected saturated polyester resin. Epidian 6 is a multi-
use epoxy resin. Epidian 62 is a clear and viscous
epoxy resin, modified with an inactive yellowish diluent.
After being cured, the compound is of milk-white colour

and non-transparent. The aforementioned compounds
are used for, among others, making the adhesives for
bonding various construction materials, including the
steel elements.

The PAC curing agent is obtained by
polycondensation of polyamine with dimers of the fatty
acid methyl esters. The curing agent increases the
cured compound’s elasticity and its impact resistance.
However, it also decreases its hardness and resistance
to high temperature.

The basic parameters of the adhesive compounds’
ingredients were presented in the references [9, 10,
15].

In order to weigh the needed amount of all the
adhesive compounds’ ingredients, an electronic
balance (model OP-2, produced by FAWAG S.A.) with
the accuracy of 0.01 g was used. The ingredients were
mixed manually with use of a mechanical mixer at the
adhesive mixing station. The mixing speed was 460
rom and the mixing time was 2 minutes. A polymer
spatula was used to apply the adhesives mass.

The samples were bonded in the following
conditions: the temperature of 24+2°C and the
humidity of 26+2%. The adhesive joint's one-step
curing process, with use of pressure of 0.18 MPa, was
conducted in the same conditions. The strength tests
of the adhesive joints were carried out on the Zwick/
Roell 150 testing machine in accordance with the DIN
PN-EN 1465 [16] standard and with the cross-bar
moving at the speed of 5 mm/min.

8 joints were made for each joint variant and
adhesive type. In total 96 adhesive joints of the C45
steel sheets were made for the strength analysis.

Experimental tests’ results and analysis

When analysing the experimental tests’ results,
the extreme values for a specific batch of samples
were rejected. It was the case when the discrepancies
between the results were large. The primary objective
was to eliminate the specific values that were too low
or too high in relation to other values and that resulted

from the faults or defects, which occurred

during the bonding process. Then, the
arithmetic mean and the standard deviation
for each batch of samples were calculated.

Figure 2 shows the comparison of the
shear strength test results of the C45 sheet

Rodzaj Rodzaj Stosunek sktadnikow . .
Lo Lo Oznaczenie kleju
zywicy utwardzacza zywica: utwardzacz
Epidian 57 PAC 100:80 Epidian 57/PAC/100:80
Epidian 62 PAC 100:80 Epidian 62/PAC/100:80
Epidian 6 PAC 100:80 Epidian 6/PAC/100:80

adhesive joints made with use of three
different epoxy adhesives in relation to the

Table 1. Adhesive compounds
Tabela 1. Kompozycje klejowe
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Fig. 2. Comparison of the shear strength test results of the steel
sheet adhesive joints made with use of three different epoxy
adhesives in relation to the surface treatment method.

Rys. 2. Poréwnanie wynikow wytrzymatosci na $cinanie
potaczen klejowych blachy stalowej wykonanych za pomocag
trzech rodzajow klejéw epoksydowych ze wzgledu na sposob
przygotowania powierzchni

Based on the shear strength results (Fig. 2), it may
be observed that in case of the adhesive joints whose
surface was treated with the P120 abrasive paper, the
ones that showed the highest shear strength (11.30
MPa) were those made with the Epidian 62/PAC/100:80
epoxy adhesive. The lowest shear strength (8.16 MPa),
in turn, was obtained by the adhesive joints made with
use of the Epidian 6/PAC/100:80 epoxy adhesive.

When analysing the adhesive joints whose
surface was treated with the P280 abrasive paper, the
highest shear strength (15.21 MPa) was obtained by
those made with the Epidian 57/PAC/100:80 epoxy
adhesive. The lowest shear strength (8.18 MPa), in
turn, was obtained by the samples made with use of
the Epidian 6/PAC/100:80 epoxy adhesive. The shear
strength of the adhesive joints made with the Epidian
57/PAC/100:80 epoxy adhesive was higher than the
strength of the adhesive joints made with the Epidian
6/PAC/100:80 epoxy adhesive by 46%.

The shear strength tests’ results of the single-
lap adhesive joints made with three different epoxy
adhesives, whose surface was treated with the P320
abrasive paper, showed that the highest shear strength
(14.45 MPa) was obtained by those made with the
Epidian 57/PAC/100:80 epoxy adhesive. The lowest
shear strength (8.18 MPa), in turn, was obtained by
the adhesive joints made with use of the Epidian 6/
PAC/100:80 epoxy adhesive. The shear strength of the
adhesive joints made with the Epidian 6/PAC/100:80
epoxy adhesive was lower than the strength of the
adhesive joints made with the Epidian 57/PAC/100:80
epoxy adhesive by 45%.

When analysing the C45 steel adhesive joints,
whose surface was treated with the P800 abrasive
paper, the highest shear strength (11.00 MPa)
was obtained by those made with the Epidian 57/
PAC/100:80 epoxy adhesive. The lowest shear shear

strength (7.15 MPa), in turn, was obtained by the
samples made with use of the Epidian 6/PAC/100:80
epoxy adhesive. The shear strength of the adhesive
joints made with use of the Epidian 6/PAC/100:80
epoxy adhesive was lower than the shear strength of
the joints showing the highest strength value by 35%.

The adhesive joints made with use of the Epidian
6/PAC/100/80 epoxy adhesive showed that the highest
strength of 8.18 MPa was obtained by the joints whose
surfaces were treated with a coated abrasive with the
P280 grit, whereas the lowest strength was obtained
by the joints whose surfaces were treated with the
coated abrasive with the P800 grit. When analysing
the experimental tests’ results, it may be observed that
the strength of the joints whose surface was prepared
with the coated abrasive with the grit of P120 was
lower than the strength of the joints prepared with the
coated abrasive with the grit of P280 by only 0.25%.
The adhesive joints whose surface was prepared with
the abrasive paper P280, in turn, showed the strength
12.6% lower than the joints showing the highest
strength.

In case of the joints made with use of the Epidian
57/PAC/100:80 epoxy adhesive, the adhesive joints
characterised by the highest shear strength were
those whose surfaces were treated with the coated
abrasive with the P280 grit and amounted to 15.21
MPa. The lowest strength, in turn, was obtained by
the adhesive joints whose surfaces were treated with
the coated abrasive with the P800 grit and was equal
to 11.00 MPa. The shear strength of the joints whose
surface was prepared with the coated abrasive with
the grit of P280 was higher than the strength of the
joints prepared with the coated abrasive with the grit
of P800 by 27.7%.

When comparing the shear strength results of
the adhesive joints made with use of the Epidian 62/
PAC/100:80 epoxy adhesive, it may be observed that
the joints characterised by the highest trength were
those whose surfaces were treated with the coated
abrasive with the P120 grit and it was equal to 11.3
MPa. The lowest strength, in turn, was obtained by
the adhesive joints whose surfaces were treated with
the coated abrasive with the P800 grit and was equal
to 9.30 MPa. The shear strength of the joints whose
surface was prepared with the coated abrasive with
the grit of P120 was higher than the strength of the
joints prepared with the coated abrasive with the grit
of P320 by 30%.

When comparing the experimental tests’ results,
it may be stated that in case of the surfaces treated
with use of the P280, P320 and P800 abrasive papers,
higher strength was obtained by the adhesive joints
made with the Epidian 57/PAC/100:80 epoxy adhesive,
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whereas lower strength values were characteristic for
the joints made with the Epidian 6/PAC/100:80 epoxy
adhesive. In case of the surface prepared with the P120
abrasive paper, the highest strength was obtained
by the joints made with the Epidian 62/PAC/100:80
epoxy adhesive. Based on the graph above, it may
be also noticed that in case of each surface treatment
method presented herein, the lowest strength was
obtained by the adhesive joints made with the Epidian
6/PAC/100:80 epoxy adhesive.

Summary

Based on the experimental tests results described
herein it may be concluded that selection of a proper
abrasive tool has considerable impact on the joints’
strength. The experimental tests’ analysis shows that
for bonding the construction steel sheets, the best
surface treatment method among all the tested ones
is surface treatment with use of a coated abrasive
with the grit of P280. The adhesive joints that were
subject to mechanical processing with the P280
coated abrasive obtained the highest values of shear
strength. Also, the P320 coated abrasive was equally
effective in terms of surface treatment. Based on the
obtained test results it was stated that the surface
treatment method by means of mechanical processing
with use of a coated abrasive with the grit of P800
is the least effective as the results were not good
enough. Moreover, it was observed that among all the
epoxy adhesives used in the tests, the most effective
one was Epidian 57/PAC/100:80 epoxy adhesive, as
most samples made with it obtained the highest shear
strength results, regardless of the abrasive paper’s
grit used during the steel sheets’ surface treatment
process.

To conclude, it needs to be stated the mechanical
processing has massive impact on the strength of the
adhesive joints made of steel sheets. As far as the
abrasive paper’s grit size is concerned, the adhesive
joints’ strength is higher when using the paper with
coarse grit and much lower when using the fine-grit
paper. It results in more surface microroughness that
enables the adhesive to firmly stick to the surface.
However, it is also related to the adhesive type.
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1. Synchronous AR assembly assistance and
monitoring system based on ego-centric vision
Authors: Authors: Xuyue Yin, Xiumin Fan, Wenmin
Zhu, Rui Liui

Aiming at presenting an interaction-free assembly
assistance tool, the purpose of this paper is to propose
a synchronous augmented reality (AR) assembly
assistance and monitoring system. The system monitors
operator’s hands activity and process completeness
to recognize the assembly state, then display the AR
contents contextually.

An assembly behavior recognition method is
proposed based on gesture recognition. An assembly
completeness inspection method is proposed based
on SURF feature matching. Assembly state and AR
display state are solved by a novel sequential hybrid AR
display control strategy. A synchronous multi-channel AR
view output strategy is proposed based on QR matrix
decomposition.

A prototype system has been developed, and case
study is performed on an industrial product. Experiments
are performed to verify the feasibility, efficiency and
recognition accuracy of the proposed methods.

The proposed system assists users to perform
assembly tasks with automatic visual guidance and vision
monitoring, avoiding distractions caused by redundant
human—computer interactions.

All methods are integrated to work on only one head-
worn device, making the proposed system portable and
cheaper. The vision processing pipelines and the view
output channels are reconfigurable for customization.

2. Discriminative bit selection hashing in RGB-D
based object recognition for robot vision
Authors: Lin Feng, Yang Liu, Zan Li, Meng Zhang,
Feilong Wang, Shenglan Liu

TThe purpose of this paper is to promote the efficiency
of RGB-depth (RGB-D)-based object recognition in robot
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vision and find discriminative binary representations for
RGB-D based objects.

To promote the efficiency of RGB-D-based object
recognition in robot vision, this paper applies hashing
methods to RGB-D-based object recognition by utilizing
the approximate nearest neighbors (ANN) to vote
for the final result. To improve the object recognition
accuracy in robot vision, an “Encoding+Selection”
binary representation generation pattern is proposed.
“Encoding+Selection” pattern can generate more
discriminative binary representations for RGB-D-based
objects. Moreover, label information is utilized to enhance
the discrimination of each bit, which guarantees that the
most discriminative bits can be selected.

The experiment results validate that the ANN-based
voting recognition method is more efficient and effective
compared to traditional recognition method in RGB-D-
based object recognition for robot vision. Moreover, the
effectiveness of the proposed bit selection method is also
validated to be effective.

Hashing learning is applied to RGB-D-based object
recognition, which significantly promotes the recognition
efficiency for robot vision while maintaining high
recognition accuracy. Besides, the “Encoding+Selection”
pattern is utilized in the process of binary encoding,
which effectively enhances the discrimination of binary
representations for objects.

3. Robust task-space tracking for free-floating space
manipulators by cerebellar model articulation
controller
Authors: Liang Li, Ziyu Chen, Yaobing Wang,
Xiaodong Zhang, Ningfei Wang

The purpose of this paper is to solve the tracking
problem for free-floating space manipulators (FFSMs)
in task space with parameter uncertainties and external
disturbance.

Describing this extremely important issue at work,
a new, original research methodology and an approach
to effectively solve the problem were proposed.
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In this paper, the novel cerebellar model articulation
controller (CMAC) is designed with the feedback
controller. More precisely, the parameter uncertainties in
the FFSM are considered for achieving the robustness.

By using the dynamically equivalent model, the
CMAC can be designed and trained with the desired
performance, such that the prescribed trajectory can be
followed accordingly. The simulation results are presented
for illustrating the validity of the derived results.

Based on the designed CMAC, the tracking error
would be approaching zero by choosing appropriate
quantization level in CMAC and the corresponding
learning rules can be tuned online.

4. Solid riveting process optimization for the
reduction of key point distortions caused by
locating
Authors: Jun Ni, Wuxue Ding

This paper aims to provide a solid riveting process
planning for the reduction of practical locating-related
distortions.

Large-scale metrology firstly measures the
determinative coordinates for the locating-deviated
key points. lterative finite element (FE) analyses then
calculate the riveting-related key point distortions from
every rivet upsetting directions (UDs) and assembly
sequence. These key points on the actual assembly
contour and relative FE nodes yield two virtual planes.
Virtual plane manipulation adds the riveting distortions
into the locating-deviated coordinates. Finally, optimal
algorithm integrates the iterative FE analyses with virtual
plane manipulation.

Case studies validate that the virtual plane
manipulation coincides with the test well, and the
proposed method has good compensation of practical
locating distortion.

The optimized rivet UDs may be set in a chaotic
distribution, which may complicate the abundant riveting
operations and the assembly appearance. Therefore,
the use of automatic riveting systems can overcome the
operational complexity, and the industrial design of rivet
UD distribution will improve the assembly appearance.

The proposed method is the first to reduce the
determinative locating distortion by a novel and efficient
solid riveting process planning in detail, and the solid
riveting process designed is conservative and accurate
for practice.

5. Improved ant colony optimization algorithm and
its application to solve pipe routing design

Authors: Lei Wu, Xue Tian, Hongyan Wang, Qi Liu,
Wensheng Xiao

As a kind of NP-hard combinatorial optimization
problem, pipe routing design (PRD) is applied widely in
modern industries. In the offshore oil and gas industry,
a semi-submersible production platform is an important
equipment for oil exploitation and production. PRD is one
of the most key parts of the design of semi-submersible
platform. This study aims to present an improved ant
colony algorithm (IACO) to address PRD for the oil and
gas treatment system when designing a semi-submersible
production platform.

First, to simplify PRD problem, a novel mathematical
model is built according to real constraints and rules.
Then, IACO, which combines modified heuristic
function, mutation mechanism and dynamical parameter
mechanism, is introduced.

Based on a set of specific instances, experiments are
carried out, and the experimental results show that the
performance of IACO is better than that of two variants
of ACO, especially in terms of the convergence speed
and swarm diversity. Finally, IACO is used to solve PRD
for the oil and gas treatment system of semi-submersible
production platform. The simulation results, which include
nine pipe paths, demonstrate the practicality and high-
efficiency of IACO.

The main contribution of this study is the development
of method for solving PRD of a semi-submersible
production platform based on the novel mathematical
model and the proposed IACO.

6. Multi-objective multi-facility green manufacturing
closed-loop supply chain under uncertain
environment
Authors: Behzad Karimi, Amir Hossein Niknamfar,
Babak Hassan Gavyar, Majid Barzegar,

Ali Mohtashami

This paper aims to present a multi-objective multi-
facility model of green closed-loop supply chain (GCLSC)
under uncertain environment. In this model, the proposed
GCLSC considers three classes in case of the leading
chain and three classes in terms of the recursive chain.
The objectives are to maximize the total profit of the
GCLSC, satisfaction of demand, the satisfactions of
the customers and getting to the proper cost of the
consumers, distribution centers and recursive centers.

Then, this model is designed by considering several
products under several periods regarding the recovery
possibility of products. Finally, to evaluate the proposed
model, several numerical examples are randomly
designed and then solved using non-dominated sorting
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genetic algorithm and non-dominated ranking genetic
algorithm. Then, they are ranked by TOPSIS along with
analytical hierarchy process so-called analytic hierarchy
process-technique for order of preference by similarity to
ideal solution (AHP-TOPSIS).

The results indicated that non-dominated ranked
genetic algorithm (NRGA) algorithm outperforms non-
dominated sorting genetic algorithm (NSGA-II) algorithm
in terms of computation times. However, in other metrics,
any significant difference was not seen. At the end, to
rank the algorithms, a multi-criterion decision technique
was used. The obtained results of this method indicated
that NSGA-II had better performance than ones obtained
by NRGA.

7. Design and control of a climbing robot for
inspection of high mast lighting
Authors: Peng Li, Xingguang Duan, Guangli Sun,
Xiang Li, Yang Zhou, Yunhui Liu

This paper aims to develop a climbing robot to help
people inspect lamps of high-mast lighting.

The robot consists of driving mechanism, suspension
mechanism and compression mechanism. The driving
mechanism is realized by link chains and sprockets,
which are arranged opposite to each other, to form a dual
caterpillar mechanism. The compression mechanism
squeezes the caterpillar, and rubber feet “grasps” the steel
rope to generate enough adhesion forces. The suspension
mechanism is used to compensate the contraction or
extension of the chains. The robot is equipped with a DC
motor with a rated power of 250 W and a wireless module
to communicate with the operator’s console. The dynamic
model of the robot and the control strategy is derived, and
the stability of the controller is proofed.

The payload experiment shows the robot can afford
up to 3.7 times payload versus its own weight. Even when
the payload is 30 kg, the robot can maintain a speed of
the 1 m/s. The experiments also show that the tracking
error of the robot reaches zero.

The proposed moving mechanism has a high load/
weight ratio, which is a verified solution for the cable
inspection purpose.

8. An RFID and sensor technology-based warehouse
center: assessment of new model on a superstore
in China
Authors: Hao Liu, Zhong Yao, Li Zeng, Jing Luan

The purpose of this paper is to find out how the
existing warehouse mode can be changed and to solve
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the existing problems of warehouse management of
Yonghui Superstores.

This research puts forward construction of warehouse
center, which is based on radio frequency identification
(RFID) and sensor technology, then designs the
model for receiving, storage, operations management,
distribution and outbound to solve the existing problems
of warehouse management of Yonghui Superstores.

What technologies should be adopted to meet
storage requirements? How to monitor the storage
environment in real time and improve the operation and
management level of the warehouse? This study found
that building a warehouse center based on RFID and
sensor technology was a good solution.

This paper has designed and discussed the
warehouse center model based on RFID and sensor
technology, which provides a few references for the
actual investment and construction of a warehouse
center. In addition, the warehouse center model has
strong generalized applicability and could be widely used
in various enterprises.

This study takes Yonghui Superstores as a case
to analyze the problems of warehousing management
in detail and then designs a warehouse center based
on RFID and sensor technology. The study discusses
the location and distribution, software and hardware
selection, benefits evaluation, significances and return
on investment, which makes the warehouse center
model versatile, technically feasible and economically
applicable.

9. Variation analysis driven by small-sample data for
compliant aero-structure assembly
Authors: Biao Mei, Weidong Zhu, Yinglin Ke, Pengyu
Zheng

This paper aims to propose a variation analysis
method driven by small-sample data for compliant aero-
structure assembly. Assembly variation analysis generally
demands probability distributions of variation sources.
However, due to small production volume in aircraft
manufacturing, especially prototype manufacturing, the
probability distributions are hard to obtain, and only the
small-sample data of variation sources can be consulted.

First, a hybrid assembly variation model, integrating
rigid effects with flexibility, is constructed based on the
homogeneous transformation and elasticity mechanics.
Then, the bootstrap approach is introduced to estimate
a variation source based on small-sample data. The
influences of bootstrap parameters on the estimation
accuracy are analyzed to select suitable parameters for
acceptable estimation performance. Finally, the process
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of assembly variation analysis driven by small-sample
data is demonstrated.

A variation analysis method driven by small-sample
data, considering both rigid effects and flexibility, is
proposed for aero-structure assembly. The method
provides a good complement to traditional variation
analysis methods based on probability distributions of
variation sources.

With the proposed method, even if probability
distribution information of variation sources cannot be
obtained, accurate estimation of the assembly variation
could be achieved. The method is well suited for
aircraft assembly, especially in the stage of prototype
manufacturing.

10. A multiple rule-based genetic algorithm for cost-
oriented stochastic assembly line balancing
problem
Authors: Ahad Foroughi Hadi Gokgen

This research aims to address the cost-oriented
stochastic assembly line balancing problem (ALBP) and
propose a chance-constrained programming model.

The cost-oriented stochastic ALBP is solved for
small- to medium-sized problems. Owing to the non-
deterministic polynomial-time (NP)-hardness problem,
a multiple rule-based genetic algorithm (GA) is proposed
for large-scale problems.

The experimental results show that the proposed GA
has superior performance and efficiency compared to
the global optimum solutions obtained by the IBM ILOG
CPLEX optimization software.

To the best of the authors’ knowledge, only one study
has discussed the cost-oriented stochastic ALBP using
the new concept of cost. Owing to the NP-hard nature of
the problem, it was necessary to develop a heuristic or
meta-heuristic algorithm for large data sets; this research
paper contributes to filling this gap.

11. A hybrid artificial fish swam algorithm for
disassembly sequence planning considering
setup time
Authors: Jun Guo, Jingcheng Zhong, Yibing Li,
Baigang Du, Shunsheng Guo

To improve the efficiency of end-of-life product’s
disassembly process, this paper aims to propose
a disassembly sequence planning (DSP) method
to reduce additional efforts of removing parts when
considering the changes of disassembly directions and
tools.

The methodology has three parts. First, a disassembly
hybrid graph model (DHGM) was adopted to represent
disassembly operations and their precedence relations.
After representing the problem as DHGM, a new integer
programming model was suggested for the objective
of minimizing the total disassembly time. The objective
takes into account several criteria such as disassembly
tools change and the change of disassembly directions.
Finally, a novel hybrid approach with a chaotic mapping-
based hybrid algorithm of artificial fish swarm algorithm
(AFSA) and genetic algorithm (GA) was developed to find
an optimal or near-optimal disassembly sequence.

Numerical experiment with case study on end-of-
life product disassembly planning has been carried out
to demonstrate the effectiveness of the designed criteria
and the results exhibited that the developed algorithm
performs better than other relevant algorithms.

More complex case studies for DSP problems will
be introduced. The performance of the CAAFG algorithm
can be enhanced by improving the design of AFSA and
GA by combining them with other search techniques.

12. A new type of inner-side working head for

automatic drilling and riveting system

Authors: Junxia Jiang, Chen Bian, Yunbo Bi, Yinglin

Ke

TThe purpose of this paper is to design, analyze
and optimize a new type of inner-side working head for
automatic horizontal dual-machine cooperative drilling
and riveting system. The inner-side working head is the
key component of automatic drilling and riveting system,
and it is a challenge to design an inner-side working
head which must be stiffness and stable with a compact
structure to realize its functions.

According to the assembly structure features of large
aircraft panels and riveting process requirements, a new
type of inner-side working head is designed for pressure
riveting. The force condition of the inner-side working
head during the riveting process is analyzed and the
deformation model is established. Design optimization is
performed based on genetic algorithm and finite element
analysis. The optimized inner-side working head is tested
with automatic horizontal dual-machine cooperative
drilling and riveting system.

The deformation model provides the precision
compensation basis for control system. Application test
results show that the automatic drilling and riveting
system can realize assembly of large aircraft panel with
high efficiency and quality through the inner-side working
head.
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13. An improved hybrid flower pollination algorithm
for assembly sequence optimization
Authors: Atul Mishra, Sankha Deb

TAssembly sequence optimization is
a difficult combinatorial optimization problem having
to simultaneously satisfy various feasibility constraints
and optimization criteria. Applications of evolutionary
algorithms have shown a lot of promise in terms of lower
computational cost and time. But there remain challenges
like achieving global optimum in least number of iterations
with fast convergence speed, robustness/consistency in
finding global optimum, etc. With the above challenges
in mind, this study aims to propose an improved flower
pollination algorithm (FPA) and hybrid genetic algorithm
(GA)-FPA.

In view of slower convergence rate and more
computational time required by the previous discrete FPA,
this paper presents an improved hybrid FPA with different
representation scheme, initial population generation
strategy and modifications in local and global pollination
rules. Different optimization objectives are considered
like direction changes, tool changes, assembly stability,
base component location and feasibility. The parameter
settings of hybrid GA-FPA are also discussed.

The results, when compared with previous discrete
FPA and GA, memetic algorithm (MA), harmony search
and improved FPA (IFPA), the proposed hybrid GA-FPA
gives promising results with respect to higher global best
fitness and higher average fitness, faster convergence
(especially from the previously developed variant of FPA)
and most importantly improved robustness/consistency in
generating global optimum solutions.

It is anticipated that using the proposed approach,
assembly sequence planning can be accomplished
efficiently and consistently with reduced lead time for
process planning, making it cost-effective for industrial
applications.

14. An approach to generating the sequence of part
variant design based on information transfer
utility
Authors: Xinsheng Xu, Jing Lin, Ying Xiao, Jianzhe
Yu, Qing Liu, Jie Geng

TProduct variant design can only be achieved after
all its constituent parts have been implemented by variant
design. Itis necessary to plan the sequence of part variant
design reasonably. The product variant design process
involves a large amount of information transfer events
at the dimensional level. A reasonable product variant
design process needs to make full use of the information
transfer characters of parts to decrease the uncertainty
of product variant design process. The existing methods
of researching the product variant design process mainly
focus on resource constraint and activity logic. They are
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deficient, however, in information transfer resolution and
uncertainty management. This paper aims to address
these issues.

This paper identifies the number of dimension
transfer paths and the position of dimension locating
within a transfer path as being the key factors affecting
the information transfer role of dimension. Information
transfer utility is proposed to measure the information
transfer capability of dimensions and parts. Based on
these, a two-stage approach of generating the sequence
of part variant design based on information transfer utility
is proposed.

The uncertainty of dimension constraint network
is minimal during the product variant design process
when parts are implemented by variant design under the
sequence generated through a two-stage method based
on the information transfer utilities of parts, as does the
times of parameter transferring and iteration in dimension
constraint network.

15. Distributed adaptive fuzzy tracking algorithms for
multiple uncertain mechanical systems
Authors: Yanchao Sun, Liangliang Chen, Hongde Qin

This paper aims to investigate the distributed
coordinated fuzzy tracking problems for multiple
mechanical systems with nonlinear model uncertainties
under a directed communication topology.

The dynamic leader case is considered while only
a subset of the follower mechanical systems can obtain
the leader information. First, this paper approximates
the system uncertainties with finite fuzzy rules and
proposes a distributed adaptive tracking control scheme.
Then, this paper makes a detailed classification of the
system uncertainties and uses different fuzzy systems
to approximate different kinds of uncertainties. Further,
an improved distributed tracking strategy is proposed.
Closed-loop systems are investigated using graph
theory and Lyapunov theory. Numerical simulations are
performed to verify the effectiveness of the proposed
methods.

Compared with most existing literature, the proposed
distributed tracking algorithms use fuzzy control and
adaptive control techniques to cope with system nonlinear
uncertainties of multiple mechanical systems. Moreover,
the improved control strategy not only reduces fuzzy rules
but also has higher control accuracy.

The uncertainty of dimension constraint network
is minimal during the product variant design process
when parts are implemented by variant design under the
sequence generated through a two-stage method based
on the information transfer utilities of parts, as does the
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times of parameter transferring and iteration in dimension
constraint network.

16.A hybrid conjugated method for assembly
sequence generation and explode view generation
Authors: M.V.A. Raju Bahubalendruni, Anil Gulivindala,
Manish Kumar, Bibhuti Bhusan Biswal, Lakshumu
Naidu Annepu

The purpose of this paper is to develop an efficient
hybrid method that can collectively address assembly
sequence generation (ASG) and exploded view
generation (EVG) problem effectively. ASG is an act of
finding feasible collision free movement of components
of a mechanical product in accordance with the assembly
design. Although the execution of ASG is complex and
time-consuming in calculation, it is highly essential for
efficient manufacturing process.

In this paper, a unique ASG method has been
proposed and is further extended for EVG. The ASG
follows a deterministic approach to avoid redundant
data collection and calculation. The proposed method is
effectively applied on products which require such feasible
paths of disassembly other than canonical directions.

The method is capable of organizing the assembly
operations as linear or parallel progression of assembly
such that the assembly task is completed in minimum
number of stages. This result is further taken for EVG
and is found to be proven effective.

Assembly sequence planning (ASP) is performed
most of the times considering the geometric feasibility
along canonical axes without considering parallel
possibility of assembly operations. In this paper, the
proposed method is robust to address this issue.
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Exploded view generation considering feasible ASP is
also one of the novel approaches illustrated in this paper.

17. Modeling deviation propagation of compliant
assembly considering form defects based on
basic deviation fields
Authors: Yunyong Li, Yong Zhao, Haidong Yu, Xinmin
Lai

A new deviation propagation model considering
the form defects in compliant assembly process is
proposed. The purpose of this paper is to analyze the
deviation propagation by using the basic deviation fields.
In particular, each basic deviation field is defined with
a generalized compliance matrix of part.

First, the form defects of parts may be decomposed
into a linear combination of basic deviation fields, which are
constructed by the eigen-decomposition of the structure
stiffness of parts with ideal dimensions. Each basic
deviation field is defined with a generalized compliance
of part. Moreover, by analyzing the relationship between
the basic deviation fields before and after assembling
process, a new sensitive matrix is obtained in which each
value expresses the correlation of a basic deviation field
between the parts and the assembly.

This model may solve the deviation propagation
problems of compliant assembly with considering form
defects. Here, one case is used to illustrate the deviation
propagation in the assembly process. The results indicate
that the proposed method has higher accuracy than the
method of influence coefficient when the entire deviation
fields of parts are considered. Moreover, the numerical
results with the proposed method basically agree with the
experimental measurements.
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