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AN ATTEMPT OF CLEARANCES COMPENSATION
IN ANGLE JOINTS OF WINDOWS IN SERIAL PRODUCTION

by Wieslaw Zakrzewski

Department of Machine Tools and Industrial Equipment
A. Cieszkowski Agricultural University of Poznan

Tested was accuracy of angle joints in windows in the industrial condition with the use of SPC method.
Elaborated and applied was also in production of windows the method of control of mean clearance of mor-
tices and tenons of joints. Control was achieved with the use of exchangeable washers under mills and writ-
ten in this purpose computer programme.
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INTRODUCTION

Article is devoted to problems of accuracy of dimensions of angle joints in the sy-
stem of windows “Eurofalz” DJ-68 produced accordingly to Technical Approval JTB
AT-15-2/948/98. Till to this time published articles (Staniszewska et al. 1994, 1996,
1998) from the range of dimensional accuracy of machining joints pertained only sin-
gle mortices and tenons applied in furniture industry for production of frame furniture.
However in joinery plants are used mainly double tenon-fork joints for assembly of
sills and window and door frames.

Till to this time considered single tenons of chairs were produces on the envelope
tenoning machines, and co-operating with them mortices on the drill-milling machi-
nes, while double tenon-mortice joints are produced mainly (in mass and multi-series
production) on two sides multiple spindle tenoning machines.

Diversity of presented in previous articles on single joints and considered in this
work double joints results not only from technological differences of their production,
but above all from the character of co-operation of elements of joints in both cases Sin-
gle mortices and tenons could be tolerated obtaining one clearance, while forks of an-
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gle joint are creating stiff system giving four clearances five co-operating surfaces. It
has been experimentally verified (Rybski 1976, Bieliniski and Korzeniowski 1979, Bi-
niek and Smardzewski 1987), that exactness of make of joints has considerable effect
on their strength in course of product service. The lack in till to this time literature of
elaboration’s solving problem of inspection and control with the mean clearance of an-
gle joints, and also existing in industry the need of its maintenance, caused that author
elaborated methods of inspection and control with their dimensional exactness, and
execution of verification in industrial conditions on the window produced accordingly
to the system “Eurofalz” DJ-68.

METHOD OF CONTROLLING OF MACHINING ACCURACY
OF ANGLE JOINTS

There, where on the given magnitude has influence many factors, and establishing
effect of each one separately is very difficult, we use statistical calculations. Observed
in the tests feature could have various values in dependence upon that what element of
given population is studied. Therefore we say that the given magnitude is variable. Va-
riability could have systematic course or at random. Systematic variability could be bet-
ter controlled and corrected, than the random one. Therefore it is very difficult to
establish theoretically effect of all factors on the value of studied feature so, that to fore-
cast effect. Therefore it is the best to determine practically joint effect of factors on the
value of feature (exactness of machining), that is in results of statistic study.

In case of tenon-mortice joint, the tested variable feature is clearance occurring be-
tween mortice and tenon. This clearance changes in limits from minimum value Ly,
through mean L, till to maximum value Ly, (Jezierski 1983). This interval of variabi-
lity of clearances is determined by symbol T, for observed fitting (index r) or Ty, (fit-
ting tolerance — index z) for allowable variability. The inspection of the exactness of
production of the series of elements provided for matching is based on comparison of
Tprand Ty, values, by calculation of indexes of qualitative ¢, ability, and on centring of
the process ¢y (PN-ISO 1994 Standard).

g = I >1
r
nr
L —L; Loy =L
c — 2_ zmax rsr 21 c s 2 y rsr Zmin 2 1
Pk Tpr lub Pk Tpr

where: L, e L min — clearances maximum and minimum of [itting,
L, & — mean clearance (observed).
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For the inspection and control of exactness of joints production was used elabora-
ted and presented in article (Zakrzewski and Staniszewska 1997/98) method of con-
trolling of the mean clearance. This method elaborated for single joints of mortices and
tenons (in chairs) has been modified, because considered window joint has co-opera-
ting simultaneously four mortices and four tenons. Angle joints were made on double
mortiser produced by the firm Celaschi with two sets for six mills each. One set is used
for mortising horizontal sills and second one for vertical (Fig. 1 and 2). Correction of
shape of the joints of the blunt tool was made till to this time by the steel washes 5 be-
ing between mills 2. Measurement was made with accuracy +£0.02 mm. Adjustment of
the tool was made then, when the observed dimension of tenons and mortices differed
from required at least on value £0.1 mm. This was caused by that the plant have had not
thinner distance washers than 0.1 mm, what practically enabled exact adjustment of
mills. During four hour work, tool becomes blunted, what results in change of dimen-
sions of fitted elements. Such changes are so small, that at the lack of thin washers
(with thickness below 0.1 mm) there is no possibility of proper their correction. Apply-
ing by the factory of the washers for rough correction of the effect of blunting of tool
on the shape of milled fork, contributed to invention to apply of such washers for con-
trolling of the mean clearance of mortices and tenons what increases probability of ob-
taining optimum fittings. However maintenance in course of machining assumed acc.
to “Instruction of joining of the sills in angles of wings and balcony doors” COBR of
Joinery in Wolomin (1986) of mean clearance L, & = —0.05 mm caused the need to use
washers in steps 0.01 mm.

For controlling of mean clearance were used washers in range of thickness
0.10+0.20 mm, in steps every 0.01 mm. Said washers were called “matching compensators”.

Controlling it is the continuos process based in this case on fitting of tenon thick-
ness and width of forks of vertical sills to the prior produced horizontal sills. In this
case are not essential so much values of tenons thickness and width of mortices, but
clearances which occur during fitting of horizontal and vertical sills.

The controlling process is divided into two stages. The first it is testing of forks of ho-
rizontal sills, because in the process they undergo tenoning process. For measurements
are taken three sills produced as the first ones. In each of them were measured with the
use of electronic calliper of TESA DIGIT CAL type, with accuracy of £0.01 mm in 3
places of two mortices and two tenons of joint elements. In such way were obtained nine
thickness dimensions for each two tenons, and nine dimensions of width for each of two
mortices. Then calculated were mean values and distribution of width of mortices and
thickness of tenon forks. Next sample (three sills) was taken after 45 min, this is the time
consumed for production of one transportation palette of horizontal sills.

The second stage that is preparation of the set of mills, to produce first palette of ve-
rtical sills, so that when matching with first palette of horizontal sills to obtain assumed
mean clearances in all fittings mortice—tenon described conventionally as aA, Bb, cC,
Dd. Small letters determine tenon thickness, and big letters width of mortice (Fig. 1
and 2). At that was adapted assumption, that condition of continuation of vertical sills
production is that the values of mean clearance L, ¢ will be not different from assumed
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Fig. 1. Set of mills for production of fork of the horizontal still.
I —spindle, 2 — mill, 3 — tightening nut, 4 — distance sleeve, 5 —adjustment washers, 6 — fork
Rys. 1. Zestaw frezéw do wykonania widlicy ramiaka poziomego
| - wrzeciono, 2 — frez, 3 — nakretka zaciskowa, 4 — tuleja dystansowa, 5 — podkladki regulujace,
6 —widlica
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Fig. 2. Set of mills for production of fork of the vertical still.
1 — spindle, 2 —mill, 3 - tightening nut, 4 — distance slceve, 5 — adjustment washers, 6 — fork
Rys. 2. Zestaw frezow do wykonania widlicy ramiaka pionowego
| —wrzeciono, 2 — frez, 3 — nakretka zaciskowa, 4 — tuleja dystansowa, 5 — podkladki regulujace,
6 —widlica

L, =-0.05 mm about not more than 0.02 mm for all four fittings (aA, Bb, cC, Dd). In
another case set of mills tenoning vertical sills is corrected by the washers 5 called co-
mpensators. This fitting of tool is repeated till all four fittings obtain assumed
mean clearance. Executed this fittings, tenoning machine works further 45 min till
about 250 horizontal sill are made, placed on one transportation trolley. Next part of
vertical sills sampled after 45 min is representing sills on the second trolley (provided
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Fig. 3. Last stage of action of the programme “Czop”
Rys. 3. Ostatni etap dzialania programu “Czop”

for matching with horizontal sills placed on the second trolley. Further proceeding is
analogical as for the first sample. Controlling process is repeated five times. At such
conduct it is important that the forks of vertical sills from e.g. third trolley were to be
matched with horizontal sills also from third trolley.

First stage of controlling it is passive testing of mortices and tenons of horizontal
sills, while second stage it is active interference into technological process for obtai-
ning assumed value of mean clearance. This active interference into process needed
measurements of mortices and tenons, calculations, and selection of thickness of com-
pensators. To avoid delays in production, was elaborated in Turbo-Pascal programme
and applied for controlling of clearances, named “Czop”, calculating results of measu-
rements for selector of machining compensators Aa, AB, Ac, AD (Fig. 2). This pro-
gramme suggests what changes are to be made in compensation of set of mills in aim to
obtain all four mean clearances of joint L, ; =— 0.05 mm. On Fig. 3 is shown the last
stage of programme action.

In resumption, were carried two series of studies of exactness of fitting of joints. In
first it was limited to passive inspection, based on measurements and calculations of
exactness of makings of fitting in course of technological process (Staniszewska and
Zakrzewski 1988, 1990, 1997). In second series, for verification of theoretical assump-
tions of controlling of the exactness of joint make, was used active control interfering
into technological process.

RESULTS

Results of passive control were graphically elaborated and presented on Fig. 4-7.
On the Fig. 8-11 are illustrated results of active control (controlling of the exactness).
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Fig .4. Results of inspection of the position of distribution of clearance
of fitting aA against tolerance area
Rys. 4. Wyniki kontroli polozenia rozrzutu luzu pasowania aA
wzgledem pola tolerancji
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Fig. 5. Results of inspection of the position of distribution of clearance
of fitting Bb against tolerance arca
Rys. 5. Wyniki kontroli potozenia rozrzutu luzu pasowania Bb
wzgledem pola tolerancji
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The clearance variation Interval [mm)
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Fig. 6. Results of inspection of the position of distribution of clearance
of fitting cC against tolerance area
Rys. 6. Wyniki kontroli polozenia rozrzutu luzu pasowania cC
wzgledem pola tolerancji
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Fig. 7. Results of inspection of the position of distribution of clearance
of fitting Dd against tolerance area
Rys. 7. Wyniki kontroli potozenia rozrzutu luzu pasowania Dd
wzgledem pola tolerancji



12 WIESLAW ZAKRZEWSKI

E
E 1%
=~
E =005
g-.E_ 1.00 =0.20 b
_5-:3 0.50 1
g§ 0.00 /
g 2 I T,.=05
EE £0.50 \ir |y
] T -
‘g§ 200 1 \Lzma=-0.30 IO
g N
T s

Q o 45 45 9 135 135" 180 180

Time of sampling [min]
Czas pobierania prébek [min]

[ 043 042 041 040 031 029 026 022 021
Crig - 040 044 038 032 034 026 027 021
Cas 088 044 037 042 031 023 027 0.17 022

Fig. 8. Results of controlling with mean clearance of fitting aA
Rys. 8. Wyniki sterowania luzem $rednim aA

The passive control gives only information on the state of exactness of the product
make, while active control improves it (Andrzejewski, Wieczorowski and Zurek 1993,
Greber 1997). On figures it is illustrated comparatively positions of clearances Ty, di-
spersion and fitting tolerance T,. Fitting tolerance was adopted on the base “Instruc-
tion of sills joining in the angles” of wings of windows and balcony doors” COBR
Joinery in Wolomin (1986).

From the comparison of diagrams Hi-Low on Fig. 4+7 and 811 distinctly results,
that application of active control considerably improves exactness of fitting in compari-
son with the till to this time state, what has shown rightness of theoretical assumptions.
On Fig. 4+7 mean clearance observed for all fittings and all times of samplings of joints
(aA, Bb, ¢C, Dd) considerably from wanted value L, i # L, ¢ =—0.05 mm. In every case
value of mean clearance L, 4 is greater than zero, that is L, & > L, &. Only for fittings Dd in
180 min of machining observed mean clearance is L, = 0.01 mm, that is differs from as-
sumed only about 0.06 mm. The highest uncentering of clearance is observed at the be-
ginning of machining, then in course of time lapse the value mean clearance diminishes,
with exception 45 min of machining in fittings ¢C, where is observed temporary increa-
se. This diminishing of mean clearance could be explained by consecutive blunting of
tools in course of cutting. Abrasion of angles and side cutting surfaces is causing increase
of tenons thickness and diminishing of the width of mortices as well in forks of horizon-
tal and vertical sills, what further is causing diminishing of clearances in fittings. This ef-
fect of blunting on fitting is double, because gives simultaneous increase of thickness of
tenons and diminishing of mortices width in both forks of joint.
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Fig. 9. Results of controlling with mean clearance of fitting Bb
Rys. 9. Wyniki sterowania luzem $rednim Bb
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Fig. 11. Results of controlling with mean clearance of fitting Dd
Rys. 11. Wyniki sterowania luzem $rednim Dd

On the Fig. 811 can be seen distinct improvement of exactness of fitting. The
main advantage which is achieved, that is centring, based on adoption of mean clearan-
ce observed to the assumed L, , = L, i = —=0.05 mm. However centring is to be made in
continuous way. On diagrams is determined time after mean clearance adjustment by
the marks ’, e.g. 0°, 45” etc. In 90 min of machining there was no need for adjustment,
therefore was only controlled mean clearance. On those diagrams it can ¢ seen similar-
ly as for passive control, mentioned above tendency for diminishing value of mean cle-
arance of fittings about 0.09 mm during 45 min of machine tool work. The highest
uncentering occurs after exchange of mills and starting up machine tool. Therefore ad-
justment in this time has highest importance.

From the observation of indexes ¢, (placed under diagrams) results, that in given
conditions of machining fitting is not able in quality, because form the beginning di-
stribution of clearances is higher from tolerance of fitting Ty, >T,,. This exactness of
variability of clearances Ty is so bad, that the index of quality ¢, balances from
0.21+0.95. This disqualifies quality of machining in case of assumption of fitting tole-
rance on the level T, =0.5, that is 3 class of exactness acc. BN-81/7140-11/1981.

In average at the beginning of machining, after the placing of sharpened set of tools, di-
stribution of clearances lies in 6 or 7 class of exactness, reaching in fourth hour of machi-
ning class 9. Fitting tolerance always certifies quality of fitting of series of elements, but in
industrial practice assumed exactness (T, = 0.05 mm) acc. to: “Instruction of joining sills
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in angles of wings and balcony doors™ COBR of Joinery in Wotomin (1986) is unrea-
chable. In lapse of time of machining this quality ability diminishes (increases distri-
bution of clearances), but centring, in given case, increases probability of obtaining
assumed mean clearance L; ¢ = -0.05 mm, deciding on fitting character.

CONCLUSIONS

—

Distribution of clearance overreaches fitting tolerance of studied joints Tp; > Ty

{c<1).

2. As results from carried experiments, prior to inspection and control of mean clea-
rance is stabilisation of range of variability of clearances.

3. Increase of exactness of fitting could be obtained through controlling its mean clea-
rance.

4. Controlling of mean clearance of fitting window sills joints is possible with the use
of compensators in form of washers stabilising distance of mills.

5. Carried out in production conditions verification study with the use of machining

. . ) . Tis &
compensers verified rightness of theoretical assumptions that ? is closer L, .

Received in September 1999
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PROBA KOMPENSACIJI LUZOW W ZLACZACH NAROZNYCH OKIEN
W PRODUKCII SERYINEJ

Streszczenic

Praca dotyczy zagadnienia wymiarowej dokladnoéci obrobki. Celem pracy byto opracowanic metody
kontroli i sterowania wymiarows dokladnoscia wykonania pasowania ziacz naroznych w systemie okien
typu ,.eurofalz” DJ-68 oraz przeprowadzenic weryfikacji w warunkach przemystowych. Jako metodg zas-
tosowano SKJ (Statystyczna Kontrolg Jakosei). Zakres badan ograniczono do dwoch serii pomiarowych.
W picrwszej serii skontrolowane doktadnoé¢ wykonania 1250 ramiakow pionowych i tylez poziomych
wyprodukowanych lacznie w szedciu godzinach. W drugiej serii prowadzono sterowanie dokladnosciy
wykonania réwniez 1250 ramiakow pionowych i tylez poziomych wyprodukowanych lacznie w szedciu
godzinach. Sterowanie prowadzono z uzyciem wymiennych podkladek (,.kompensatoréw™) i napisancgo
do tego celu programu komputerowego.

Na podstawie przeprowadzonych badan mozna sformulowac nastgpujace wnioski:

— rozrzut luzu przekracza tolerancje pasowania badanych ztacz Ty > T,

_ zwickszenie dokladnogci pasowania mozna otrzymaé poprzez sterowanic jego luzem $rednim,

— sprawa poprzedzajaca zagadnienie kontroli i sterowania luzem $rednim powinno by¢ ustabilizow-
anie przedziatlu zmiennosci luzdw,

— sterowanie luzem $rednim pasowania zlaczy ramiakow okiennych mozliwe jest z uzyciem kompen-
satoréw w postaci przekladek ustalajacych odleglosé frezow,

— przeprowadzone w warunkach produkcyjnych badanie weryfikacyjne z zastosowaniem kompensa-

torow obrobezych potwicrdzito stusznosé zalozen teoretyeznych ze 2 jest blizej L , .
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