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PART II: JOINT DEGIGN  ALCORITHM
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ABSTRACT

"To day designers of the machine lools requires acceptable and ,

simple methods or tools which enable to achieve their works -
in minimum time and less effort. Therefore,this work is con- °
cerned with establishment of a desiyn algorithms to calculate
the value of Lhe static stiffness of a fixed Joint based on
the multi-bolted joint. This model has been developed in the
first part of this paper.Bascd on the elements of this model
will be deciding the proper alpgorithm which can be used to
calculate the gtatic stiffness values.The comparison of calcu-
lated and experimental results is nlso fiven.The proposed de-
sign algorithm and its computer program are now available to
the designers,

INTRCDUCTION

The precision of the mnchine lools are defined by both rigi-
dity of the parts of machine tool structurn and joint stiff-
ness,dJoints in machine tools uccept complex loading and are
loaded Ly overturning(bendiny:) moment too.Joint deflection

in machine lools derive mutuanl inclination of the contacting
.coupled elements.Owing to theue inclinntions there appeares -
-elastic diaplacement of the cutting pnrts of the tools which °
are much ;reater than those in the Joint interface .Therefore,
the principal design criterin of the fixed Joints are stiff-
nesgs and damping,

There are many publications of bhoth fundanental and experis
mental nature which are concerned with the design parameters
affecting the charecteristics of the fixed joints [1~2—3-4-5~Q
The basic work in these investipgations are that modelling
and teating of simple joint constructions to derive some

[gxperimentul and theoriticnl relations. A totally reliable
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mathematical models to evoluate the stiffness of the multi-
bolted joint have been recently developed.In this work a pro-
per design algorithin has been constructed based on the element
of the multi-bolted joint.lhe exnctness of the calculated
values are checked with the cxperimeninl data{4-7] The computer
program of the constructed degign algorithm lias been carried
out on computer KRS5-4200,

DESCRIPTTION Of THF PROPOSIED DESIGN ALGORITHM,
Fig.1 represents the flow chart of the clements of the design
algorithm.In the following are the discrption of the main
algorithm in detnils :
.7- Data collection of the joint to be analysed.
-These data can be summerized in the following itema:
- = the moin dimengion: of the flange(See Fig,?2 ). h

e and ey -

- number of tiphtening bolts to be used n and its basis

£1 Npos -

coordinnte Xoi v Y5 -
- material to be uved for the bLolts and flunge. Es ’ Ef1,
B

o PM and G

-

sul .
- surface quality factors o< and m .
- dimensions of the tighining bolts to be used ds s A_

<]
and P .

- the needed lond frnctor v o,

- the boll preload FV .

- the external londs on the Joint interface FK s 'y, , F
My » My, and B, (See Pig. 3 )
2- Checking Lhe static joint safety ntressesn.
The correct judgement of the maxirun Joint stresses may be
decided by checlkinis the high londed bolt in the joint.This
bolt may be defined as a bolt which hns the maximum lot of the
external loads affecling the joint interfnce FB M By this

load and the load factor V could be rechec) of the minimum
cross section of Lhe fanlining bolt to be uged .The calcula-—
toins are also made to the {ina) checking of joint safety

gtregses ( #) \ i (See Fig.
Youl.r Yy ey, and I yey, \HE€ Fig. 1

3-Determination of the static stiffness of each bolt in the

joint, s
‘According to the lot of ench bolt in the joint from the exter—
nal loads the static atiffuness cnn be calculnted by an itera- °
tion cygle.It can be swmmerized in the following steps : (See
Fig. 1

- calculation the resultnnt force on the flange or the mem-
bers to be Jolnted ( E}{ )

- due tp the linearization of the regultant force it can be
calculnte\the static stiffness of the members to te joint-
el
ed ( \./V J
- the value of the non-linearipyed spring, constant CV is to
be used for calculale the et resul tant force RR .
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- calculation the non-linear static stiffness CV2

; - the limit of convergence of the iteration process has to

o be in the region 0 < I.C.L £ about 1°, .

- the iteration process is considered to be converged when
the approximate solution for the static stiffness of the
members came into the mentioned convergence limit ,

4- Determination of the location of the centroid point 8 and
the main coordinates of the joint Key Y, and V’S

s

5= calculation of the static Joint stiffneas .

‘ Cx ¢ CY . CZ ’ C‘FX’ C‘TY i and CV‘Z-'
‘6- Summary of the resultsg, They are :
. = diameter of the bolt to be uned c]U i

- number of bolt:s to be used n .
- elasticity modelus of bolt material T .

(@)

- coordinates of each bolt in the Jjoint Xni ’ Yni .
- the bolt preload FV .
- the valuec of the external loads FX’FY’FZ'MX’MYand MZ .

- the factors of the joint surface quolity ee, m .
- the calculated static joint stiffness .

Cx s Oy + Cg s Cyx s Cyy and Cyp

EXACTNESS OF THE DESIGN ALCORITIHM

The exactness of the deaipn alporithms enlculations may be
‘checked by the comparison of the theoritical values and the
-experimental results.lecouse the stiffiess value of a single
bolted joint is usually afiected with its external force it
can be compared between the calculnted and experimental values
of both the external force T and the normal deflection of
each bolt in the joint. In th¥s field the main experimental
data have been developed by ©UCHULZ [7) on the physical model
of machine culumn and IZYXOWSET 1)

In the following are the discussion of the comarison between
the experimental and theoritical results

‘The analysis of the static behnviour of a multi-bolted joint
has been developed by SCHULZ [7]  on the culumn of the mill- -
ing machine.This culumm has been fabricated from the steel
sheets by the electric welding: process with the original
dimensions.Fig. 4 shows the main dimensions of the experimen-
tal muchine culuwmn .Mhe nima of the experiment ware

Investigution of the effect of Lhe values and directions of
the external loads and the nceded Joint preload FV on the

Joint deflection behaviour., Tt his been developed by the
preloads 10 , 20 and 30 KU for ench bolt and the total ex-
ternal force ( affected on the culumn in %- direction ) 5,10
and 15 KN , Fig, 5 illuatrate the experimental and theoriti-
EFI variation of the external lond on ench bolt either 4in +ha
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tension and comperision aide of Lhe joint,It is clear that,
the maximum de(lection values were na in the tension side alsc
in the comprision side of the joint .The deviation between the
experimental and theorilicnl values are not exceed than 5 %

Fig. 6 shows lhe expeorimental and calculated deflection of the
maximum loaded bolt in the tension side of the joint.Also,the
external load wag affecting in Z-direction. The tendenz of the
curves show n progresciv inerense ol Lhe deflection vulues
with the rise ol the externnl loud F;:; .

Tt is clear ulso that the difference between the experimental
and the theoritical volunes are very amall apecinlly at high
Joilnt preload.

. p)
b- TIUHE CORPARTON I T2YROWSKI: WY PURIVELT

The TZYKOWSKT'S experiment (4] hea: been carried out to study
the static deformalion behaviour of four tvpes of culumn mod-
els.The moldels were fabricoled by welding procesg,.l'ig. 7- a
shows the atruecture model 1-C which i fastened with the base
by 12 bolts M8 ."he banace was nanufactured from steel 45 with
dimensiong 500 x 500 x 100 mm.The qunlity of the two contact
gurface:s was hond acraped( 3 Spots/ em@ for the base.The
bolts were tightened with o prelond 10 ;12.5 and 15 KN,

The external load in ¥X- directicon wae 30 M, 'ip. 7 shows the
comparison between the theoritical and experimental values of
the excess load in lhe bolt I due to the external load.It
is clear that the calculnted viifues of I _ are to agree with

.
DR

the experimental resulls either in tenuion or comprision side «
This meant also that the calculalions of the design algorithm
can be accepted , '

CONCLUSION
The technical propgress vind developiienl of the machine tools
enables designera,manufactures,users of machine tools to aims

i
at over incensing qualtative aund quantntive efficiency of
their machines .

This paper preaent o powerfull desiyn algorithm which can
used to calculnte the stntic joint sliffness is established .
The algorithm considered the esign parameters of the multi-
bolted joint., A computer proprum  ware built Lo calculat the
values of the static joint gtiffrnicau.

NOWMDBKIC LATURT,

2
. Contact arecu ( mm." )

A
K 5
Aq Tensile stress nren of scex:w bolt (mm.© )
02 Stiffness of the bolt under external load ( N/ am. )
C3 Stiffness of the members to be joinlted under external

Tamad € NS asvs \ 1
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r 1
¢ single- bolted joint stiffness (N/ um,)
L g2V Static shear otiffness of the multi-bolted joint in
X X~direclion (N/ am.)
C Static shear stiffness of the multi-bolted joint in
T Y-direction (N/ nm,)
CZ Statie tension stiffness of the multi-bolted Jjoint in
Z-direction (N/ aum,) '
C? Stotic turnover atiffness about X-direction(N.m/urad)
c X Gtatic turnover stiffness about Y-direction(N.m/urad)
cfy static torsion stiffness(N.m/urad)
afz Major bolt diameter (mu.) o
L3 Modulus of elasticily of the material(N/mm.<) 5
:E? Modulus of eclanticity of Lhe flange material (N/mm.<)
Hy Flange helght (mm., )
FB Externnl tension load (N)
Fy Preload on bolt due to tighenning(l)
FM VMax. elastic lension force of the bolt material(N)
FR Resultunt load on the members to be Jointed (N)
FX;Y,Z Forces acting on the joint in ¥-,Y- and Z-direction(N)
MX .z Momenls acting on the joint about K=, Y- and Z- direc-
'21% tion (N.m ) .
n Humber of bolts in the joint 5
R Constant after KIRSAHOVA (mm.</ YN )
P Pitch of the thread (mm.)
S Centeroid point of the multi-bolted Joint.
\') Load factor
X,Y,Z Main joint coordinates.
_XO,YO,ZO Basis joint coordinates,
-Xn,Y ,Zn Neutral joint coordinntes.
'Xi,Y? Coordinates of the bolt i 1in the Joint w.r.t the
main coordinntes,
Xoi’Yni Coordinates of the bolt i in the Joint w.r.t the
’ bazis coordinantes.
ni'Yni Coordinates of the bolt i 1in the joint w.,r.t the
neutral coordinates.
?s Rotaution angle of Lhe main Joint coordinates(Grad)
¢ 'y Constants,
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