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ST7FPNESS OP THE MULTI - BOLTED JOINT. 

2 	 PART II: JOITT DESIGN ALGORITHM . 
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ABSTRACT 

•To day designers. of the machine tools 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 design algorithms to calculate 
the vn.lue of the static stiffness of a fixed joint based on 

- the multi-bolted joint. This model has been developed in the 
first part of this paper.I3ased on the elements of this model 
will be deciding the proper algorithm which-can be used 	to 
calculate the static stiffness values.The comparison of calcu-
lated and experimental. results is also given.The proposed de-
sign algorithm and its computer program are now available to 
the designers. 

INTRODUCTION 

The precision of the machine tools are defined by both rigi-
dity of the parts of machine tool structure and joint stiff-
ness.Joints in machine tools accept complex loading and are 
loaded by overturning(bending) moment too.Joint deflection 
in machine tools derive mutual inclination of the contacting 
:coupled elements.Owing to these inclinntiona there appeares 
•elastic displacement of the cutting parts of the tools which 
are much greater than those in the joint interface .Therefore, 
the prindipal design criteria of the fixed joints are stiff- 
ness and damping. 

There are many publications of both fundamental and expert..• 
mental nature which are concerned with the design parameters 
affecting the characteristics of the fixed joints [1-2-3-4-5-6] 
The basie Work in these investigations are that modelling 
and testing of simple joint constructions to' derive some 
,experimental and theoritical relations. A totally reliable 
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mathematical models to evaluate the stiffness 'of the multi-
bolted joint have been recently developed.In this work a pro-
per design algorithm has been constructed based on the element 
of the multi-bolted joint.Tlie exactness of tbe calculated 
values are checked with the experimental data[4-7I The computer 
program of the constructed design algorithm has been carried 
out on computer KRS-4200. 

DESCRIPTION OF THE PROPOSED DESIGN ALGORITHM. 
Fig.1 represents the flow chart of the elements of the design 
algorithm.In the following are the discrption of the main 
algorithm in details : 

Data collection of the joint to be analysed. 
.These data can be summerized in the following; items: 

- the main dimensions of the flange(See Fig.2 ). hf1 ,hf2,  
e1 and e2 • 

- number of tightening bolts to be used n and its basis 
coordinate Xoi 1 Yoi • 

- material to be used for the bolts and flange. Es  , Efi, 
Ef2 ' FM and 	(YzUl. • 

- surface quality.  factors 0,e_ rind  m . 
- dimensions of the tightning bolts to be used ds  , As  
and P. . 

- 	the needed load factor 	V . 
- the bolt preload 

V• 
- the external loads on the ,joint interface Fx  , F 	F y 	z mX ' MY ' 	and M 	(See Fig. 3 ) 

-2- Checking the static joint safety stresses. 
The correct judgement of the maximum joint stresses may be 
decided by checking the high loaded bolt in the joint.This 
bolt may be defined as a bolt which has the maximum lot of the 
external loads affecting the joint interface F

B max.By this 

load and the load factor V could be rechncl: of the minimum 
cross section of the faatining holt to be used *The calcula-
toins are also made to the final checking of joint safety 
stresses 	6-  zul.' J z max. and 	over. (see Fig. 1 ) 

3-Determination of.the static stiffness of each bolt in the 
. joint. 
:According to the lot of each bolt in the joint from the exter-• 
nal loads the static stiffness can be calculated by an itera- ' 
tion cycle.It can be summerized in the following steps ; (See 
Fig.. 1 ) 

- calculation the resultnnt force on the flange or the mem-
bers to be jointed ( PR  ) 

- due to the linearization of the resultant force it can be 
calculate the static stiffness of the members to be joint-
ed ( CV  ) 

- the value of the non-linearized spring constant CV  ts to 

be used for calcutate the actual resultant force RR 



IMD-17I 1811 

r • • 	• 

!WCOND A . M. F.: . CONFERENCE 

R Moy 19H6 , 10 

r, 
- calculation the non-linear static stiffness C

V2 • 
- the limit of convergence of the iteration process has to 

be in the region 0 <:I.C.1, 4 about 1 e/. . 
- 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 9 and . the main coordinates of the joint X, , Y,. and , 	0 	 P̀ s 5- calculation of the static joint stiffness . 
Cx  , Cy  , Cz  , C %,,,x  , C (ty  , 	and C 

kl' Z - • •6- Summary of the results. They are : 
- diameter of the bolt to he used 	d 	. s 
- number of bolts to be used n . 
- elasticity modelus of bolt material E,. 
- coordinates of each bolt in the joint Xni ' Yni 

EXACTNESS 010  `NM I)ES IGN 
The exactness of the deairn algorithms cnjculations may be :checked by the comparison of the theoritical values and the 
.experimental results.Eecouse the stiffness value of a single bolted joint in usually affected with its external force it can be compared between the calculated and experimental values of both the external force PTI  and the normal deflection of 
each bolt in the joint. In this field the main experimental 
data have been developed by 	HULZ_(7) on the physical model of machine culumn and rZYK0WL;K1 141 . 

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

a- THE COMPARIC011 WITH 	EXPERIENT 
•The analysis of the static behaviour of a multi-bolted joint 
has been developed by _;1711IJLZ 171 on the culumn of the mill-
ing machine. Thin culumn has been fabricated from the steel 
sheets by the electric weldinr process with the original 
dimensions.Fir. 4 shown the main dimensions of the experimen, 
tal machine cultural .The aims of the experiment 	ware : Investigation of the effect of the vnine:; and directions of 
the external loads and the needed joint preload Pv  on the 
joint deflection behaviour. It has been developed by the pre loads 10 , 20 and 10 KIA for er!eh boll and the total ex-ternal force ( affected on the culumn in Z- direction ) 5,10 
and 15 KN . Fig. 5 illustrate the experimental and theoriti-el variation of the external load on each bolt either in the . 

- the bolt preload PV  . 
- the values of the external loadsFFPMM..and MZ • X' Y' Z' X' Y- the factors of the joint surface quality 	m . - the calculated static joint stiffness . 
Cx  , Cy  , Cz  , C rx  , C ,ey 	and C(ez  . 
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tension and comperision side of the joint.It is clear that, 
the maximum deflection values were an in the tension side also 
in the comprision side of the joint .The deviation between the 
experimental and theoritical values are not exceed than 5 % 

Fig. 6 shows the experimental and calculated - deflection of the 
maximum loaded bolt in the tension side of the joint.Also,the 
external load was affecting in Z-dirention. The tendenz of the 
curves show a progreaniv increane of the 	deflection values 
with the rise of the external load 	Fr, • 

It is clear al:10 that the difference between the experimental 
and the theoritical values are very :mall specially at high 
,joint pre Load. 
• 

b- THE COMPAPL;OU jITII IZYKOWSKY::1 FYPNRP.TET 

The IZYKOWSKI f; experiment ['1] ha:: been carried out to study 
the static deformation behaviour of four tpea• of culumn mod-
els.The modoln were fabrieatcd by weld in proesss.Fig. 7- a 
shows the structure model. 1-C which An faatened with the base 
by 12 bolts MS .The base was manufactured from steel 45 with 
dimensions 500 x 500 x 100 mm.The quality of the two contact 
surfaces was timidscraped( 3 ;;potty/ cm2 ) for the base.The 
bolts were tightened with a preload 10 ;12.5 and 15 KN. 

The external lead in X- direction was 30 !:1% Fib. 7 shows the 
comparison between the theoritical and experimental values of - 
the excess load in the bolt 1',, 	due to the external load.It 
is clear that the calculated vkfues of F 	are to agree - with 

BZ • the experimental renulLa either in tension or comprision side 
This meant also that the calculations of the design algorithm 
can be accepted . 

CONCLUSION 

The technical progress rtd Oevolopiw.nt of the machine tools 
enables designers,m►nufacturea,nsers of machine tools to aims 
at over incensing quul.tati.ve  and quantative efficiency of 
their machines . 

This paper present a powerful I. denirn algorithm which can 
lased to calculate the static joint stiffness is established . 
The algorithm considered the dosil n parameters of the multi-
bolted joint. A computer program ware built to calculat the 
values of the static joint stiffness. 

NOMEMCLATURE 

AK 	Contact area ( 	) 
As 	Tensile stress area of nerAv bolt ( mM.2 ) 
C2 	Stiffness of the bolt under external load ( N/ gum. ) 

C3 
	Stiffness of the members to be jointed under external 

I 	lnnA ( MI atm 	) 
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r, Colt 	Single- bolted joint stiffne ns (N//um.) 
CX 	Static shear stiffness of the mul ti-bolted joint in 

X-direction (N/Aum.) 
C 

	

Y 	Static shear stiffness of the multi-bolted joint in 
Y-direction (N//wn.) 

CZ 	Static tenn:ton stiffness of the multi-bolted joint in 
Z-direction (N/Aum.) 

Cfg 	Static turnover stiffness about X-direction(N.mhurad) 
C 	Static turnover stiffness about Ydirection(N.m/prad) 
C1Y 	Static torsion stiffne ss(N.m/prad) Tz ds 	Major bolt dinmeter(mm.) 

. E 	Modulus of elasticity of the material(N/mm.2  ) 
.f Rs Modulus of elasticity of the flange material(N/mm.2) 

	

'Hf 	Flange height(mm.) 

	

FR 	External tension load (N) 
P 

	

V 	Preload on bolt due to ti.gllenni.ng(f) 

	

.1111 	Max. elastic tension force of the bolt material(N) 

	

FR 	Resultant load on the members to be jointed (N) 
P . 
X,y,z Forces acting on the joint in X-,Y- and Z-direction(N) 

Ili py,z  Moments acting on the joint about X-, Y- and Z- direc- 
tion (N.m ) 

n Number of bolts in the joint 2  

	

R 	Constant after KTRSANOVA (mm. / IT) 

	

P 	Pitch of the thread (mm.) 
S 	Centeroid point of the multi-bolted joint. 

	

V 	Load factor 
X,Y,Z Main joint coordinates. 

,Xo'Yo'Zo Basis joint coordinates. .X ,Y ,Zn Neutral joint coordinates. xn yn 
1' i 	Coordinates of the bolt i in the joint w.r.t the 

main eoordi_neten, 
Xoi'Yoi Coordinates of the bolt i in the joint w.r.t the basin coordinates. 
Xni*Yni. Coordinates of the bolt i in the joint w.r.t the 

neutral coordinates. 
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