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The quality of large-dimension pieces of apparatus (LDA) is inseparably bound up with the exactness of 

their fabrication. A comparison of the standards for the fabrication of large-dimension apparatus with respect 

to domestic and foreign standards has shown that, at the present time, there are no generally accepted r'ecom ~- 

mendations for the value, the laws governing the variation, and the structure of the tolerance. The absence 

of specific recommendations makes it difficult to make a correct estimation of the factors which affect the 

exactness of the elements of the apparatus, which leads to a considerable volume of fitting work during assem- 

bly, and lowers the quality. In view of this, to assure high quality, the development of new methods for the 

calculation and standardization of the parameters of the elements of large-dimension apparatus and the toler- 

ances for them is of great importance. 

For welded, large-dimension apparatus, the width of the sheet-type billets is determined from the con- 

dition for its congruence with the height of the apparatus, and its length from the condition for the congruence 

with the diameter. The diameter and the height of large-dimension apparatus are given unambiguot~siy in the 

form of actual values, calculated taking account of the necessity of carrying out the engineering process with 

the highest efficiency and, for a given quality of the raw material and the final process (with the limitations 

imposed), they are constant~ 

The tolerances for welding of the joints are given by considerations of strength, engineering feasibility, 

and consistency with the exactness of parts of other joints. The tolerance for the length of the shells, making 

up the housing, is determined from a dimensional analysis. 

The selection of the length and width, as weil as the tolerances of the sheet billets of the butt-joints ef 

welded sheets, must be based on a guarantee of the high quality of the final article. 

The optimal length l of the sheet billets, entering into the welded sheet, must be selected from three 

conditions for the assurance of the economical fabrication of large-dimension apparatus: The nmmber of sheets 

making upthe expanded shell (with respect to the length} must be a whole number; the calculated length of the 

sheet part must be maximally close to the length of standardized sheets; the number of welded seams in the 
total sheet must be minimal. 

The optimal width h of a sheet-type billet for the height of the apparatus is calculated on the basis of 

minimization ef the cost of the housing Ch, made up of supplementary expenditures for the sheet material, 

arising as a result of an increase in the geometrical parameters of the sheet with respect to the base par~m .~ 
eters, and expenditures for its fabrication. 

The mathematical model for calculation of the optimal width of a sheet-type billet will have the form 

(C h = C  1 + C  2 + C3; 
(h ~ ho, 

w h e r e  C 1 = f(S, h); C 2 = f(h, S,  d ,  H); C 3 = f(S, h, d) is  the  c o s t ,  r e s p e c t i v e l y ,  of  the  s h e e t - t y p e  b i l l e t s  of the  
c y l i n d r i c a l  p a r t  of the  hous ing ,  the  f a b r i c a t i o n  of  the  c y l i n d r i c a l  p a r t  of the  hous ing ,  and the f a b r i c a t i o n  of  
the  bo t t om,  inc lud ing  e x p e n d i t u r e s  fo r  ma te r i a I~  H, d ,  and S a r e  the  he igh t ,  the  d i a m e t e r ,  and the wal l  t h i c k -  
n e s s  of the  hous ing ,  d e t e r m i n e d  d u r i n g  the  c o n s t r u c t i o n  s t a g e ,  s t a r t i n g  f r o m  the  func t iona l  d e s i g n a t i o n  of  the  
a p p a r a t u s ;  h 0 a r e  the  l i m i t a t i o n s  on the width  of the  s h e e t - t y p e  b i l l e t s ,  i m p o s e d  by the s t a n d a r d  d o c u m e n t a -  
t ion  f o r  the  mutua l  a r r a n g e m e n t  of t he  we lded  s e a m s  and the  g e o m e t r i c a l  d i m e n s i o n s  of  s t a n d a r d  s h e e t s .  

As a result of differentiation of the target function with respect to h and of equating the first derivative 

to zero, an equation is obtained for calculating the optimal width of a sheet of a billet: 
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h' (h --  2)-~ = ~ _ ~ %  ( I tO6. Sl S ~ ,,~a +6.44) (~+n/v~O_O_) 
7.59 C b. l0 -2  ~.o7 HO,O3 S y 

where k is the coeff ic ient  of the u t i l i za t ion  of the shee t  ma te r i a l ;  k b is a coeff ic ient  depending on the brand of 
s t ee l  (for c a r b o n -  and low-a l loy  s t ee l s  k b = 1; for  b ime ta l s  and h igh-a l loy  s tee l s  k b = 1.2); mp is the ave rage  
hour ly  pay of a worker ;  C b is the base  spec i f ic  cos t  of the sheet  ma te r i a l ;  H c a r e  the expendi tures  for  the con-  
tent  and opera t ion  of the equipment  (in % of the l abo r  requi rement ) ;  7 is the dens i ty  of the shee t  m a t e r i a l .  

With the a im of reducing the ca lcu la t ing  t ime ,  using this exp re s s ion  nomograms  have been developed for  
de t e rmin ing  the opt imal  width of shee t - type  b i l l e t s  made of s t ee l s  of var ious  b rands ,  depending on the th ick-  
ness  of the shee t ,  d i a m e t e r ,  and height of the housing. 

With fi t t ing of the shee t - t ype  b i l l e t s  into the whole welded shee t ,  the devia t ion  of the d imens ions  and the 
fo rm and s t r a igh tnes s  of the final sheet  must  be a s su red  within given l i m i t s .  The ca lcula t ion  of the t o l e r ances  
for  the shee t - t ype  pa r t s  must  be based  on functional and engineer ing  p r inc ip le s .  The functional p r inc ip le  a s -  
su re s  the r e l i a b i l i t y  of the welding and the s~rength of the butt jo in t s ,  while the engineer ing  pr inc ip le  a s s u r e s  
the economica l  fabr ica t ion  of the housing of the appara tus .  

In acco rdance  with the eng ineer ing  p r inc ip l e ,  an ana lys i s  was made of the actual  exac tness  of the work-  
ing of the shee t - type  b i l l e t s ,  the exac tness  of the l ay ing-out ,  the cutt ing,  and the machining of the edges for  
welding was a s s u r e d ,  and the mechan i sm of the development  of e r r o r s  with the format ion  of the shel l  f rom 
the final welded sheet  and the fi t t ing of the shee ts  into the final welded shee t  was es tab l i shed  [1]. 

To a s s u r e  compl iance  with the eng ineer ing  p r inc ip le ,  in se t t ing  up the s y s t e m  of t o l e r ances  with the ob-  
s e r v a n c e  of the s tandard  exac tnes s ,  as the r e su l t  of an ana lys i s  an a r r a n g e m e n t  of the shee ts  in the final we l -  

ded sheet  with leve l ing  and equal iza t ion  along the length of the shee t  was adopted.  

The max imal  gap A x between the j - th  and (j + l ) - t h  sheets  with n shee ts  in the final welded shee t  is 

= I h m, )T - -<h l  'P I + hT %'+, I. 

where  ~oj' and (Pj+l a r e  the e r r o r s  in the incl inat ion of the r igh t -  and lef t -hand s ides  of the sheet .  

The exac tness  of two shee ts  is a s s u r e d  if A x < T x {here T x is  the to l e rance  for  the welded gap). It is  

then requ i red  that  

Tx 
1 < 2 < T "  

The joining of two she l l s  is poss ib le  in the case  where the v e r t i c a l  gap Ay between the shee ts  being but t -  
welded does not exceed the welding gap Ty (i. e . ,  I Ayl < Ty). The d i f fe rence  of the p e r i m e t e r s  u of the two 
she l l s  d e t e r m i n e s  the value of the shif t  of the edges being but t -welded.  To a s s u r e  the r e l i a b i l i t y  of the a s s e m -  

bly and welding of the appa ra tu s ,  the following condit ion must  be sa t i s f ied :  

[ u , .+ , -u , ,  l<r~, 

where  T u = 27rT s is the al lowance for  the d i f fe rence  in the p e r i m e t e r s  of the two she l l s ;  Ts is the al lowance 

for  the shif t  of the edges being but t -welded.  

The l a t t e r  condit ion must  be sa t i s f i ed  with a ce r t a in  r e l i ab i l i t y :  1 - / 3 ,  where/3  = c~/(m - 1); 1 - c~ is the 

r e l i a b i l i t y  of the welding of a housing cons i s t ing  of m she l l s .  

Let the nominal  d i a m e t e r  of a she l l  u 0 = nl ; then 

tt  fl 

A,, t 1', A n ~t 0 0 - -  

/=i i=t 

Assuming that the values of A/j, ~pj', and (Pj+I are independent in the set and have a normal distribution, 
and giving for A u the mathematical expectation MI Aul = nhaq~/4Y and the dispersion 

D lhu I -----nc;~+ 0,5nh~(r$l,l--2Dx} 

{here r l , crop a r e  the m e a n - s q u a r e  devia t ions  of the e r r o r s  of the d imens ions  and form of a sheet ,  r e s p e c -  

t ive ly) ,  we obtain 

722 



7"  ) =,~(t) = i - g ,  

where ~,(t) is the integral of the probabil i t ies.  

Thus, f rom the given reliabil i ty of the assembly  of the whole housing, we determine the relat ionship 
between q)l and e~0 and the permiss ib le  shift of the edges of the butt-welded elements .  This relationship is 
used to select  the above-mentioned mean-square  deviations (taking account of the technology of the fabrication) 
by selection of their  optimal values. 

The allowance for the width of the sheet (the length of the shell) Th is determined by the method of equal 
allowances in one of the s tatements:  

determined 

stochast ic  (probability) 

! Tn k H -  

where T H is the allowance for the length of the housing of the apparatus;  T v is the allowance for  the value of 
the welding gap; A",  A' are  the values of the shrinkage of the welded seam,  calculated using the data of [2], 
respect ively  with the least  and grea tes t  permiss ib le  values of the welding gap; k h, k- H, k b, k A are coefficients 
of the dispers ion,  charac te r iz ing  the degree of difference between the determinat ion of the e r r o r  and a Gaus-  
sian determination.  

On the basis of the calculating method developed and the data of an investigation of the exactness ,  with 
respect  to functional and engineering c r i t e r i a ,  the following c r i te r ia  have been developed for s tandardizat ion 
of the sys tem of to lerances  for  sheet- type parts :  a) the basis of the sys tem (as the calculating dimension of 
sheet- type parts  there  were taken the basic pa ramete r s  of the internal sur faces ,  i . e . ,  the diameter ,  the pe r im-  
eter) ;  b) the location of the field of the allowance f or  sheet- type parts  is two-sided (with respec t  to the zero  
line); c) there  are  three standardized ser ies  of allowances: the f i rs t  se r ies  applies to two- layer  p a n s ,  the 
second to s ing le - layer  par ts ,  and the third to sheets  for  the fabrication of apparatus which do not have standard 
l imitations,  which a re  determined by agreement  between the designers  and the fabr ica tors  (the numerical  va-  
lues of the pa ramete r s  and allowances for sheets of the third se r ies  can be calculated using the method given 
above); d) se r ies  of allowances for  sheet- type details have been calculated and a re  given in tables for elements 
whose dimensions were determined at a t empera ture  of 20~ close to the tempera ture  of the working rooms 
of equipment-building plants. On the basis of the principles formulated,  a sys tem of allowances has been de-  
veloped, drawn up in the form of tables for a branch standard.  

The results  of the work were used in the VNiIPTkhimnefteapparatur  in the development of Guiding Tech-  
nicM Materials 26 -306 -79  "Housings of dimensionless  apparatus.  Technology, equipment, and f i t t ings,"  
which has been put into effect in plants of the branch as of July 1, 1979. 

The introduction of the calculating method and standardization of the pa ramete r s  and tolerances  for  
sheet- type parts  makes it possible to lower considerably the waste of sheet- type parts  mater ia l  (steel) with 
their  machining and the labor requirements  for fitting operations due to the use of the principle of in terchange-  
ability, as well as to inc rease  considerably the rel iabil i ty of a butt joint. The savings result ing f rom the 
introduction of the method set forth above in the leading plants of the branch is 151.2 thousand rubles per  year .  
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