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Pa ge 141 .

?F?RCT OF SIZE AND SHAPE 0? SPECIM ENS ON THE FATIGUE LIM IT.

I. A. Oding.

1. Introduct ion.

Into 1929— 1930 Peterson (1 , 2] pu b lis hed h is inv est iga t ion s of

fatigue of metals , .anufactured above the specimen /samples whose

diameter considerably differed ftom the diameters of the

specimen/samples , which were being usually used for this purpose. The

resu lts of t hese investigations shoved that with an increase in the

diamete r the l imit  of the fatigue of specimen/samples des :ends, in

particular in those of the., th e form which causes stress

I
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concentra t ion.  This  unexpec ted  conclusion/ der ivat ion to v e r y  h igh

degree complicated even without that the complex problem of the

fatigue of metals. The numerous result s of invest igations in fatig ue

of metals of small specimen/samples of those accumulated by that

~iae , were placea in doub t , since to t h e  mechan ica l  engineers  it

became difficultly of estimating the fatigue strength of its parts

whose size/dimensions usually consider a bl y differed fro. the

size/dimensions of the specimen/samples , in which were pr oduced value

determinations of the fatigue limits .

The f u r t h e r  research done by d i f f e r e n t  researchers, c o n f i r m e d

th e  conclusion/der iva t ions  of Peterson . a n d  scale fac tor  even to

larger  degree it r i v e t e d  to themselves  a t tent ion. It was

es tab l i sh/ ins ta l l ed  t h a t  wi th  an inc rease in the d i ame te r  of

specimen/ samples  t he  f a t i g u e  l imi t  f a l l s  not only of the

specimen/ samples whose  f o r m  causes stress concentration , but also of

smooth specimen/ sa m ples, true, to a lesser degree. However ,

conc lus ion/ der iva t ions  f rom these inves t iga t ions, co inciz l ing  in a

qualitative respe :t , considerably diverged in quantitative readings.

Wh ile in th e ex pe r imen ts of ?aul h a ber [ 3 ] an in crea se in the

diameter of specimen/samples from 7.5 to 27.3 mm gave a reduct ion in

the fatigue li.it for specimen/samples withou t groove to 5.S—15.5o/o,

and for notch test bars — to 33— 39o/o, in the experiments of Peterson

0-I--. -—- —
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and Wahl r u l  fo r  no tc h test bars t h i s  reduct ion  was obta ined  w i t h i n

limits of 10—20o/o , true, wit h an increase in the diameter of

specimen/samples from 5 to 50 mm . An even larger reduct ion is

ind ica ted  by L~~hv f S , 6), n a m e l y  to 35o/o wi th  an increase in

t h e  d iamet er of specimen/ sample f r o m  10 to 300 mm.

Pete rson f 7) ,  i n v e s t i g a t i n g  smooth  specimen/ samples , f o u n d  an

i n s i g n i f i c a n t  r e d u c t i o n  in the  f a t i g ue  l imi t  with an increase in the

diameter of specimen/samples. Howe ver, in specimen/samples with cross

bores the fatigue limit for a carbon steel with O .145o/o of carbon

fell by 14.0—20o/o, and for steel with 0.57o/o of carbon - by

29.5—33o/o with an increase in the diamet er of specimen/sample s from

S t o 16 mm.

These investigations were produced during symmetrical cyc le to

bend. Also during symmetrical cycle, hut on twisting, scal e factor

was investigated by Maylander (81.

Page 1142.

For c h r o m e— t u n g s t e n  steel wi th  an increase in the  d iameter  of

spec imen/ samples  f rom 114 to 45 mm it was  establ ished tha t  a reduct ion

in t h e  fa t igue l i m i t  reaches 29o/o, whereupon  the greatest  red uction

in this case was establish/installed for smoot h specimen/samples with

_________  -
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cross bores (280/0) . Smaller reduction for specimen/sample s with

keyways (214o/o), by fillets (220/0) and by oblong holes (210/0).

The analysis of the investigations indicated , quantitative

resu lts of which considerably differ from each other, all the same

makes it possible to remove the following conclusions of the

g o o d — q u a l i t y  cha rac t e r :

~,) the reduct ion in the fatigue limi t under the effect of scale

factor in some cases was determined in very noticeable dimensions,

and in others was little noticeable;

b) w i t h  an increase in the unhomogeneity of stress distribution ~by

increase in the v o l t a g e  g r a d i e n t )  the  ef fec t iveness  of sca le f a c t o r

grow/rises ; by o ther  owls , sca le factor  c losely related wi th the  for.

factor of article (groove, fillets, keyways and to that simila r

forms , calling stress concentration) ;

C) with the *anifestat ion of scale efficiency factor its is

la rge d u r i n g  a c h an g e  in the  d iameter  of specimen/ samples  f rom S to

~O am ;  wi t h a f u r t h e r  increase in the d iamete r of specimen/ samples

the  e ffect  of scale factor ex t ingui shes ;

d) t h e quality of material (the tensile figure, damping) ,

- 
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w i t h o u t  be ing  sole f a c t o r , all t he sa m e it bas a n ot icea ble e f f e c t on

t h e  v a l u e  of t h e  af f e c t i v e n e s s  of the  la t ter .

Thes e conc lu s ion/ de r iva t i ons  not on ly  did not ach ieve  t h e

purpose of scale factor in the problem of the  f a t i g u e  of m e t a l s , but ,

on t h e  c o n t r a r y ,  to  e x t r e m e l y  h i gh de gree they  compl ica ted  the

co n d i t i o n s  of t h e  stop of thi s  t a sk :  even the y beg an to  doubt  the

usefulness of the investigations of the fatigue of metals produced

above specimen/sa m ples with small (5—15 mm) diameters.

I 1~ is not  n~ :essa ry ,  of course , to doubt  the usefu lness  of such

mach ines , w h i c h  m a k e  i t  possible to  experience/test  the wh ole

axle/a xes of r a i l r o ad  cars or cell/elements of the cons t ruc t ions,

about  w h i ch it is i m p a r t e d  in t h e  art icles of academician I. B a r d i n

( 9 ) ,  Tepli n ( 101,  Ho rger  and  N e i f e r t  ( 1 1) ,  T i m k i n  ( 1 2 , 13) a nd

others. However , to consider that only by similar testing machines ,

which make it possible to experience/test large specimen/samples, one

should solve the probl em of the fatigu e of metals, from our point of

view wou ld be extremely faulty. More correct way is to

reveal/detect/expose the true reasons, which cause the red uction of

th~ fatigue limit w ith increase in the size/d imensions of

specimen/samples and , being guided by them , to correct test results.

obta ined  above small specimen/samples. This way will not lead us to

ris, in pr ice even withou t that the expensive investigations of the

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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resistivit y of the metals of fatigue , but furthermore , it will make

it possible more a c c u r a t e l y  to solve a n d  e n t i r e  problem of f a t i g u e

meta l s  wh ose  u r g e n c y  for  mechanica l engineers  is c o m p l e t e l y  obvious.

2. Causes of scale fac tor .

By c o m p a r i n g  the  op in ion s of t h e  d i f f e r e n t  researchers, it is

possible to see that the reason for a red uc t ion  in  the f a t i g ue

strength with an increase in the diameter of specimen/sample the

different researchers explain differently. Now are marked out five

basic reasons, by whic h the y are tried to explain the causes of the

scale factor :

a) quality is material ,

b) vo l t age  g r a d i e n t ,

c) the  u n h o m o g e n e i t y  of i n t e n s i t y/ s t r e n g t h  and mechan ical

properties of microvolumes basted (statistical theory of strength)

d) the  total e f f ec t  of d a m p i n g  and gra in  size of m e t a l ,

I
_ _ _ _ _ _ _  
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e) ‘echnology (mode/conditions of cutting) of the prepa ration of

specimen/samples.

Let us ~xamine each of the causes indicated individua lly.

ra ge 1143.

O u a l i t y  of m a t e r i a l .

It is known that the numerous types of steel, in particular special

steel, extremel y sensitive change their mechanica l properties even

vi1~h com pa ratively sensitive they change their mechanic al properties

even during comparatively insignificant changes in the conditions of

heat treatment. In particular is sensitiv e in this respect the

fatigue limit. . For example, Pomp and Hem pel (1141 impart that

chrome—molybdenum steel (0.31 C; 0.96 Cf r ;  0.23 Mo) in rods 20 and in

diameter 60 mm after the oil quenching with one and the sa me

temperature and after ident ical tempering it showed identical

time/temporary resistance to tearing both for the rods 20 mm in

diameter (~ = 92.2 kgf/mm 2) and for rods 60 mm in diameter (. = 91.7

kgf/a.2). The limits of fatigue with bend , determined in

specimen/samples 7.32 mm in diameter , reveal/detect/exposed already

-~~
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noticeaale difference (Table 1).

It is inter~ sting that of smooth specimen/samples the fat igue

limit render/showed above of rod 20 mm in diameter , of notch test

bars the fatigue limits they coincided , and of specimen/sa mples with

cross bore , the highe r fatigue limit was determined at rod 60 mm in

diameter. Let us note that the axle/axis of the specimen/samples , cut

out f r o m  rod 20 m m in d i ame te r , coi ncided wit h the ax l e/ ax i s  of rod.

The axle/axis of the specimen/samples, cut out from rod 60 mm in

diameter , was furnished approximately in 7 mm from the surface of

rod.

These data show that even the unifor m heat treatment , but

manufactured abov e the rods (or articles) of different

size/dimensi ons can lead to a noticeable difference in the values of

the fatigu e limits , without changing in this case the indices of

static strength. It is possible that in some investigation s, which

reveal/detect scale f ac to r , this  f a c t  had a value , si nce f r e q u e n t l y

technolog y of m a n u f a c t u r e  of t h e  i n i t i a l  m a t e r i a l , selected fo r

in ves t igat ion , is described v e r y  incomple te ly .  Recall that the

se n s i t iv i ty  to h e a t  t r e a t m e n t  is especially great of special steels,

and namely for these types of steel scale factor was developed most

effectively. 

~~- — —~--- ~~ -—— — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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However , we assume that to consider this reason as only or

decisive wou ld be er roneously .  The sof t  carbonic  types of stee l does

not m a n i f e s t  so not iceable  a s ens it i v i t y  to changes in heat  t r ea tmen t

condit ions , and never the less  scale fac tor  is develope d in them

so metime s by very noticeable form .  F u r t h e r m o r e, in a serie s of works

and wi th  special steel the  procedure of s t u d y  was develope d so tha t

the effect of changes in the  condi t ions  of heat t r ea tmen t  they should

consider in them exception/elimination.

The sensitivity of steel to insignificant changes in the

conditions of heat treatment should not be disregarded dur ing the

analysis of the reason s, which give rise to scale factor, but it and

one ought not to assign the exceptional and decisive importance.

-- ~II~T
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Table 1.
— 

o6pLip~ ~‘~~~2o ~~M 
~~~~~~~

• (~~ •
/

• 51.0 47.0 1.09
C s~nouco~ . (.‘l) . 23.0 25.0 1.00
C floflepe~ H~~~ omcp.

• . . (•r,)• 273 31.0 0.89

Key: (1). Specim9n/samples. (2). kgf/m aa. (3). Smooth. (‘4) . With

groove. (5). With cross bore.

Pa ge 141$ .

Stress differential.

The supporters of assumpt ion about the preferred effect of

stress gradient determine the role of the latter of themes by the

fac t tha t with equal voltage/stresses on surface layer of

specimen/sample with larger diame ter the voltage gradient will be

less, an d conseq uen tly ,  mus t decrease the effectiveness “lifting

I 
___ 

_________________
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forces”, which will be the greater , the sharper chan~je in stress over

the section/cut of specimen/sample. It is natural tha t with increase

in the diameter of specimen/sample the voltage gradient is decreased ;

is decreased the effectiveness “lifting forces” and , t h e r e fore , must

be decreased the value of the fatigue limit.

In notch test bars, the effectiveness of the effect of the

diameter of specimen/samples on the fatigue limit is considera bly

hiqher than in smooth specimen/samples. But since in notch test bars,

as a result of the stress concentration , change in the voltage

gradien t  it is more  t h a n  of smooth spec imen/ samples , a la r ger

reduct ion in t h e  f a t i g u e  l imit  in notc h test bars finds he re a good

e x p l a n a t io n in the  fac tor  of vol tage grad ient.

By this voltage gradient Koontz t 1SJ it exp la ins  an increase in

the yield points and fatigue of notch test bars, but Afan as’y ev ( 16 )

— the difference between the theoretical and real stress

concentration factors during testing on got tired notch test bars.

I do not divide this hypothes is, since difficu lt to present the

mechanism of the action/e f f ect of these “lif ting forces”. Why the

la yer of g ra ins  of met al , which experience /test elastic deformation ,

mus t pr eve nt th e course of plast ic d eform a tion the a djacen t layer of

grains , st raine d be yon d elast ic l imi t , to me it is incomprehensible.

-

-s- 
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And , even Allow/assuming this effect , it is difficult to answe r the

question, why the uniformly strong met als which have ident ical

hardness, the equal tensile figures and elastic properties,

completely differently react to the presence of groove and the scale

factor.

Therefore I assume that one should hardly consider consider the

stress differential as reason, which gives EiSE to scale factor.

Static theor y of s t rength. .

Rec ent ly  some researchers solved the problem of the  b r i t t l e  and

fatigue strength of metals, and together with it and the task of

scale factor with the aid of statistical theory. . The first attempt

at the quantitative solution to this question by statistical method

belon gs to Weibu ll (17). Then by this solution was occupied Kontorova

( 181, theory of w h om i t was mo dernized in wor k by K on t orova an d

Fenkel’  ( 1 9 ) .  If t h e  a u t h o r s  of the works ind ica ted  re la te  the ir

conclusion/derivations to the brittle strength of real cry stals ,

without being stopped in this case directly on fatigue strength , t hen

in the work of A f a n a s’yev (21 , 22], w hich is t he develo pmen t of

Orowan ’s wor k ( 20 ], statist ica l theor y is utilize d for the

direct/straight solution to the prob lem of fatigu e strengt h.
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The authors of the statistical theor y of strengt h construct

their conclusi on/d erivations exclusively on the unhomogeneity of

intensity/strength and mechanical properties of the microv olumes of

me tal, being given relationships between the size/dimensions of this

unhomogen eity and using for quantitative solution during position of

theory  of p robab i l i ty .

Page 145.

This new m e t h o d  of t h e  solut ion to t h e  problem of t h e  s t r eng th

of metals indisputably must play very large role. It can be come ver y

power fu l  imp lement in the hands of the researcher—metallog raphers and

e x p l a i n  many facts, wh ich without this method can remain t hose which

were not explained or even not detected. Even now qualitativel y the

resu lt s of pointel out above studies coincide wit h a series of

ex p e r i m e n t a l  da ta ;  t h e i r  conclusion/derivat ions show t h a t  the f a t i g u e

st rength mus t  be decreased with an increase in the size/dimensions of

specimen/ samples , wi t h an increase in the size/dimensions not only

cross section , but also length .  The effec t of the l a t t e r  on the

f a t i g ue  l im i t  up t o  n o w  ex p e r i m e n t a l l y  s t i l l  not was s tudied.

However , ii is necessary to war n , that  t h e  a t tempt  to explain

___________________________________________________________________ - ~~~~~
.
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the generation of scale factor one only  b y u n h o m og enei t y o f

i n t e n s i t y / s t r e n g t h  and mechanical  propert ies  of the microvo l um es of

metal can lead to false results. Therefore the comparison of the

conclusion/derivations of the statistical theory of strength with the

results of the experimental data, the procedure of which was not free

from the effect of other factors, not t aken  i n to  account b y

s ta t i s t ica l  th e o r y ,  it cannot  be conv inc ing ly  even d u r i n g  the very

good coincidence of the  resul ts  of these ex p e r i m e n t s  wi th  the  type s

of statistical theory.

Right ly to existence t hey have  t h e  only such hy pothes es , whic h ,

in the  f i r s t  place , do not place the researchers on fa lse  way and , in

the second place, the y do not blunt , but, on t he con tra ry ,  they

sharpen the attention of the researchers to the different factors,

which are powerfu l  of h av in g one value or the other in the solution

of this problem.

Wow difficult even from the available data to establish/install

quantitative effect of the unhomogeneit y of the mechanica l properties

of the microvolu .es of metals in the task of scale factor in the

prob lem of fa tigu e of metals. For this is required the new

inves t igations, carr ied out t ak ing  in to  account  other nume rous

reasons, which g ive  rise to scale factor.  Only  a f ter  th is  it wi l l  be

possible to  establ ish does encompass statistical theory

-

•• - 
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quant i t at i v e l y  mos t i m p o r t a n t  reasons.

The e f fec t  of cyc l i c  viscosity and m e t a l  g r a i n  size

One of the reasons , which give rise to scale factor, Oding (23]

counts t h e  to ta l  e f f e c t  of the cyclic duct i l i ty/toughness/v isc osit y

and gra in  sizes it basted . This theory  can be b r ie f ly presented  as

follows. D u r i n g  a nonuniform distribution of voltage/stress the most

strained soya of metal experience/test elasto— plastic strain , if, of

course, load causes stress, equal or larger than the fatig ue limit.

Thickness r—p the elasto—plastic deformed layer (Fig. 1) with

the load , whic h causes the voltage/stress, equal to the limit of

fatigue (for example, for the case of twisting), depends on the

values: 1) cyc l ic  duc t i l i ty/toughness/v i scos i ty ,  i.e., the widtb T. ,

The hysteresis loop measured d u r i n g  the f i r s t  cycles, 2) modu lus  of

sh ea r G even 3) the  l i m i t  of f a t i g u e  wi th  pure  shear ~ ,:

Pl,~~~ r •  
~~~~~~~~~~~ 

(1)

• These values do not depend on the size/dimension of

- 

specimen/sample , an d therefore the fatigue limit during twisting i~~
’

— 

(Fig. 1) 

_____________ 
_ _ _ ______ ~~~~~ — 
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r ’z-
(2)

also mus t not depend on the Size/ dimensio n of specimen/sample.

Page 1146.

However , the computed value p. is inaccurat e (theoretica l) on

the strength of the following considerations. Plastic ieforiation ,

unlike the elastic , is spread completely to the whole grain. It is

not possible to itself to prQsent part of one grain the plastically

deformed zone, strictly speaking, will not be equal to dif ference

(r—p~), will be more its not va lue , approxi m a t e l y  equa l or to  the

smallest diameter of grain ~r. On the strengt h of this, the fatigue

limit during twisting will be determined equa l not to value ~.
‘ a to

larger valu e ~,. The latter depends on the size/dimension of

speci.en/sample, since equation (2) will be rewritten now in the

fo l lowing  form :

~ [4/ 3— 13 ~~ (3)

and in it term wi l l  depend not o n l y  on relation ~Jr, the not
reflecting scale fac tor , but also the ratio ar/r, wh ich reflec ts th is

factor . With  an  increase in the  radius of specimen/sample the

last/ lat ter  re la t ion  w i l l  be dec reased , since for the
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assigned/prescribed material 6r = const .  Consequent ly ,  w il l  decrease

value ç’ .

Easy to see t h a t  if the  s ize/ dimension of t ransverse  of g r a i n  is

commensu rab l e  about  by the th ickness  of t h e  plast ically de fo rmed

layer  of specimen/sample, then grain size has a noticeable effect on

the value of the fatigue limit. Consequently, those metals which have

low damping and coarse grain, more effective develop scale fac tor

than metals with larger damping and small grain.

These conclusion/derivations will agree well wit h the results of

ex periment s, just as the quantitative side of this theory.

Fur thermore , this theory very well elucidates, wh y wi th an inc rease

in the  vol tage g rad ien t is reinforced the e f fect iveness  of scale

factor, since an increase in the voltage gradient , a feast other

equal condi t ions, leads to decrea se in the thickness  of the

elast ic— plasticall y d e f o r m e d  layer .

The presence of the plastically deformed layer , and together

w i t h  it and the  r e d u c t i o n  of ce i l ing vol tage  wi th  a he terogeneous

distr ibution of t h e  l a t t e r  is disproved in  the conclusions of the

works of Shaal (211 ]. Together with this, as a result, mu st also be

confirmed the theory of the generation of scale factor outline d

above. However , it seems to us that the conclusion/derivations of
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Shaal are groundless. It measured the stress level on of channels

with X—ray photog raphic method at stat ic and cyclic twisting greasy

and duralumin specimen/samples. In this case to them it was

establ ished t h a t  t h e  ce i l ing  vol tage  was  not quenched up to st ress

that caused a breakage in the specimen/sample. Strictly speaking, a

reduct ion in the ceiling voltage them is reveal/detected, since with

a specimen/sample of diameter 2r = 24.2 mm radius f i l l e t s  p t =

1.75 mm the stress concentration factor to them was ~~=1.28,

establish/installed equa l to ;=1.65, instead of the theoretica l

according to the data of Oding (25), ;=L50, on the data of Tum and

Hautse 126 1, and ;~~1.35, according to the calculation according to

the  t heory of Zonn tag  (27 ).

FIgure 1.

I I

0

Paqe 1147.

But even in such a case, when X—ray analysis did not reveal/detect
reduct ion ceiljn~ vol tages, could not be negated the presence of
plastic deformation in separate grains, since the presence in the
•lssto—plastjc deformed layer of the grains, deformed by purely

_ _  _ _ _ _ _ _ _ _ _ _ _ _  

b • - 
____________________
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elastic, must f i n d  i ts re f l ec t ion  on X—ra y p h o t o g r a p h .  C o n se q u e n t l y ,
j t cannot  be c o u n t e d  t h a t  by the works of Shaal proved generally the

absence of the plastically deformed grain and elastic—plastic

deformed layer of metal , but together wit h it and the absence of

reduct ion ce i l i ng  voltages.

Technology of the manufacture of specimen/Eamples.

The great effect , exerted by technology of the manu fa cture of

specimen/samples to the fatigue strength, was still reveal/detected

into 1911 researchers Eden , Rose and Cunningham (28 ], in which it was

for the first time shown , which even insignificant flaw/defects on

the surface of specimen/sample in the form of small scratche s very is

noficeably reduce the fatigue limit even of the soft types of steel.

This phenomenon intensely studied , but it is necessary,

unfortunately, to state tha t with the solution of this task was

extremely narrowel . Instead of the analysis of wide task — the effect

of the mode/conditions of cutting in fatigue strength, actually the

analysis cam e to research on the effect of surface condition on

fatigue strength. But meanwhile the number of experiments shoved that

th e  machin ing in t roduces  very substantial  changes in  t h e  properties

- 

.--..______p _ — ____- — — — ------ ----
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of surface layer of article, which the y cannot but be reflected in

the indices of fatigue strength. For example , Rutnan [29) showed that

with turning processing in article appear the residua l stresses whose

value and sign can fluctuate in very considerable size/dimensions..

Analogous results report Khenrikse n [30), which investigated the

res idua l  stresses , w h i c h  we re be ing  recei ved w i t h  pla n ing .

The presence of peening in the surface layer of article after

machining by proved magnetic measurements in the work of Dding [31 )

and by X — r a y  ana lys i s  in the work  of Serge yev ( 3 2 ) ,  a nd also by  th~

i n v e s t i g a t i o n s  of Sel isskiy  (33) and of Kravchenko , Selinsskiy and

Tyul enev  ( 314 J.

Finally, the effect of surface peening from machining on the

limit of f a t igue of steel studied Sh e v a n d i n  ~aganov ich  1 35 ], and also

Leyensetter (36), which showed tha t with a change in the

mode/conditions of cutting the fatigue limit can be changed by very

noticeable form.

All  these i nves t i ga t i ons  indicate  tha t  m a c h i n i n g  me ta l s  by ch ip

removal is not a process, which only imparts to article the specific

size/dimensi ons and form.  On the contrary, this process just as heat

treatment and hot machining, ha s a very  power f u l  effec t on pro per ties

it basted , more precise to the properties of surface  layer. But since 

-- I- .- -.

~~~~~

-_ _ _  _ _ _ _  - 
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the latter in the majority of cases it caus€s the fat igue strength of

article, obviously that the mode/conditions of cutting, incl uding

here speed and the depth of cutting, supply,feed, the geometry of

cutting tool , etc., must have a very essential effect on fatigue

strength.

Effect, exerted to me ’al by machining, very complex. In the

process of removal/taking the spokesha ves cccur at least three

phenomena on surface layer , which in sum cause at least eight

factors, which affect the limit of the fatigue of metals, increasing

or after reducing it.

Page 148.

These phenomena are  the  fo l lowing:

a) the plastic def orm ation of su r f a c e  layer,

b) h e a t i n g  s u r f a c e  layer ,

C) the formation of relief on sur face .

a) the pl astic d e f o r m ation of sur face layer inclu des three

factors (see Table 2), that influence the limit of fatigue : the
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degree of peening a~ , the depth of work—hardened layer 
~~~~~
, the va lue

of residua l stresses y
~~~.

With an increase in the degree of peening it is possible,

according to the available numerous results of investigations (see,

fo r e x a m p l e  O d ing ,  Yef remov [37]) , to assume tha t  the f a t i g u e  l imi t

is increased .

A n increase in  t h e  th ickness  of w o r k — h a r d e n e d  soya mus t  lead

also to an increase in the limit of fatigue with bend and twisting

until the thickness of that work—hardened layer exceed s the thickness

of the elastic—plastically deformed layer , caused by cyclic stress.

The further thickening of work—hardened soya must not be reflected in

the value of the limit of fatigue at bend and twisting.

An increase in the fat igue limits by factors ~ and ~ in Table 2

is reflect ed by rifleman/pointers, directed upward.

the residual stresses, caused by surface peening, are those

compressive on surface and stretching to the center of

specimen/sample. They create asymmetrical cycle (with the acting

symmetrica l cycle) , mean voltage/stress of which is the compression

stress.

-~~~~~~ T~~~
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If tangential and axial residual surface stresses of cylindrica l

specimen/sam ple are equal , then they do not increase the value of the

fatigue limit during twisting, since it is known that the bilatera l

compression in surface layer does not prod uce an increase in shearing

stresses on shear planes. With the inequality of tangentia l and

longitudinal stresses the residual stresses will lead to an amplitude

re d uc t ion  of stress d u r i n g  t w i s t i n g ,  and  t h e r e f o r e the  l imi t  of

fatigue during twisting will descend.

The presence of tensile average stress in the center of

specimen/sample must lead also to a reduction in the fatig ue limit

with elongation - compression.

~ he limit of fatigue wit h bend can be increased and can be

reduced , since it is known that the coapressiv€ average stress with

bend it can increase and decre se t~e a mplitude of stress.

b) heating surface layer includes three factors (see Table 2)

that influence the limit of fatigue; m~ — the value of res id ua l

stresses, 
~~2 - the degree of aging; r~. the degree of softening .

The residual stresses, which can arise due to excessive heating

surface soya, will be those which stretch from surface and those

compressive in the center of specimen/sample. Consequently, they form

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—.--- 
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I
asymmetric cycle (during the symmetrical acting cycle) wit h tensile

average st ress , which  mus t  lea d to a reduct ion  in the  ampl i tud e of

stress and , therefore , to a reduct ion in the determined fatigue

limits wit h elongation — compression, ben d and twisting .

The aging surface work—hardened soya , unavoidable dur ing the

average heatings, must , as a r u l e, lea d to an increase in the fatigue

lim its.

Higher beatings lead to softening the w o r k — h a r d e n e d  soya , which

will invol ve a reduction in the fatigue limits.

c) the formation of relief on the machined surface will entail a

reduct ion in the limits of fatigue and themes to larger degree , than

more a3 — the dept h of the traces of cutter, 
~~ 

— the sharpness of

the traces of cutter.

____ - _-
~~1 - 

---— — — —.-- -, - , - - ~1•’~~ 
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Page 149.

From that which was presented it is evident that the treatment

by chip removal gives rise to large numbe r, the factors, one part of

wh ich prod uces increase in the fatigue limits , an d ano ther — a

reduct ion in these strength characteristics.

It is interesting to explain , which effect have the parameters,

wh ich determine the mode/conditions of cutting, in the effectiveness

of that or different of eight of examined factors.

For the paraleters , which det ermine the mode/conditions of

cutting, let us accept speed and the dept h of cutting and supply/feed

H (leaving a side the geometry of cutting tool, condition of cooling,

etc.).

The effect ~f these parameters on the factors, which affect the

value of the fatigue limits, is studied very little. It is possible

to state/establish even that the effect of cutter on the surface of

workpiece almost in no way was studied . Therefore to the given in

Table 2a data one should relate as the first attempt to examine this

extremely urgent question.

L 
_ 

_ _ _ _ _  _ _ _ _ _ _-T — —--_ -  - -

~
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Let us examine first of all the effect, exerted by the

parameters of the mode/conditions of cutting in plastic deformation.

Accordin g to the results of the investigation of Kravchenko ,

Sel isskiy  and  Seal f 34 ), it is possible to count that an increase in

the  c u t t i n g  speed leads to decrease in the thickness of w o r k — h a r de ned

layer  (f ~~) of workp iece .  An increase in t he  s u p p l y/ f e e d  and de pth

leads to opposite resu l t s  — th ickness  of the layer  is increa sed.

About the effect of these parameters of the mode/conditions of

cutting in the degree of peening I it could not find indications in

the literature , but it is possible to assume that the degr ee of

peening (a 1) and, consequently, also value of residual stresses (ye)

will be changed in the same direction that i the thickness of the

wo r k — h a r d e n e d  l aye r .

On h e a t i n g  s u r f a c e  layer depending on the parameters  of

conditions of cutting very interesting data are acquired in the

investigations of Oding (38 ).

- —~~~~~~~~~~~~ — - - 
- -

‘~~ 1 - - - --~~~~~~ a.. - -  
~~~~- -
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Table 2. Factors of cutting, which affect the fatigue limit.

(I) 
— 

(.~
) 

_ _ _ _ _ _ _ _ _ _ _ _ _B.ASMM. Ilpi pc~ aiiu. I øaklopN . *Mi~~io~~ ne Hi se*ii- 
flpeAeAN ycTKAOCTH

I ~~~~~ flpe AeAo. yCTiA O~ yR I ~ aCTi*~~- ~~ / (~TK
________________________ r c*.y.e

(r
(2) ~ i Cie ne,n. MKKAKIIK (

~1s) fl*ac,u,,ecw Ae$op- ~~ TOAq~UIIi uSK*eU*iMorO

y~ BeAPI IU KH. OCTI TO ~~~~I1
Hanp**e.wI 4, 4,

Hurpei 
~~ Be qi~,~ OCTKTOqHWZ (/2) 4, 4, 4,

nOiepiMocT.o- 
~2 Cyeneia C7$P~~HMI 1’ ttO
~~, C~ene.~ p.3MM r ~ e*fli 4, 4, 4,

~~f~~)( i f) 
~~, CAe4Oi pesu. 4, 4, 4,.) P.~~. flOiepzHocT~ ~~, OCTpOT* c~ e oi  pe3~~a 4, 4

(‘I) (,c)$ øaiTOp flO ibIW aeT flpPA eA yCTKA OCTR 4 ~I~axTop noPut *aeT npe~ e.~ yc~a.&oc~~

key: (1). Phenomena with cutting. (2). Factors, which affect the

value of fatigue limits. (3). Fatigue limits. (4). elongation is

compression. (5) . bend. (6) . twis t ing .  (7) . Plastic d e f o r m a t io n .  (8) .

Degree of peening. (9) . Thick n ess of w o r k — h a r d e n e d  soya. (10) .  Value

p
- - — 
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of residua l stresses. (11). Heat in g surface layer. (12). Value of

residual stress. (13). Degree of aging. (14). Degree of so ftening.

(13). Relief of surface. (16). Depth of the  traces of c u t t e r .  ( 17) .

Sharpness of the ‘races of cutter . (18). Factor increases the fatigue

limit . (19). Fact~ r reduces the fatigue limit.

Page 150.

It found  t h a t  w i t h  an increase in the  speed of cutting and rate of

feed the t e m p e r a t u r e  on the  sur face  of vorkpiece  is decreased. Wit h

an increase in the depth of cutting the temperature on the sur face of

workpiece  is increased. These results make it possible to come to the

conclusion that with an increase in the cutting speed and supply/feed

will reduce the value of resid ua l stresses, the degree of agin g and

the degree of s of t e n i n g . W i t h  an increase in t he  depth of c u t t i n g  the

effectiveness of these factors, on the contrary, will be increased.

Fi n a l l y ,  it is possible to consider t hat the purity/finish

(quality) of the surface will be improved with an increase in the

cu t t ing  spee d and to deteriorate wit h an increase in supp ly/ f eed  and

dept h of cu t t ing .

The g iven v ery  short and f a r  incomplete analysis shows tha t  the

• -~~~~~ 
-
~ 

— - — - ~—
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mode/conditions of processing metals as chip reioval has great effect

on the fatigue strength of metals and must play the significant role

in the question concerning scale factor. By no means it is

indifferent , as are ~‘ade specimen /samples, since even during the

co mple te ly  i d e n t i c a l  mode/ condi tions  of c u t t i n g  t h e  effect  of the

la t ter  wi l l  be d i f f e r e n t , if in one ca se tu rned  specimen/ sampl es 5 mm

in diameter , a v drugori diametrom 50 or 100 mm . Completely different

w i l l  be also e f f e c t  f rom t ha t  w o r k — h a r d e n e d  soya by th ickness, for

example , 0.5 mm , if in one case specimen/sample has diameter of 5 mm ,

and in other 50 mm .

But i~ is possible wit h large improvement to confirm wh ich in

the malority of studies of fatigue of metals either entirely or is

very small amount of attent ion turned to the meth ods of the

m a n u f a c t u r e of specimen/ samples , if we exclude from this concept the

q u a l i t y of surface from the view point of its relief.

I assume that this factor , perhaps, is most effective of all

ot her fact ors, which  g ive  rise to scale fac to r .

3. Expe r imen ta l i n v e s t i g a t i o n  of scale factor .

- 
—-____ _  - _ _  

£S
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For the  purpose of the  d e t e r mi n a t i o n  of t h e  e f fec t iveness of

that or different of the reasons, that gives rise to scale factor, us

was undertaken one , but still not the final study , prelimina ry

results of which are set forth below.

As material served structural steel of brand 30 v the normalized

state (C 0.290/0, Mn 0.59o/o, Si 0.200/0, S 0.05o/o, P 0.03o/o),

me~ hanical properties of which : yield point 36.6 kgf/maz, the tensile

figure 62.0 kgf/mm z, elongation per unit length (s,) 22.70/0 , the

compression of the area of cross section 1111o/o, Brinell hardness 156.
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Table 2a. Effect of t h e  parameters of the mode/condit ions of c u t t i n g

in the factors, wh ich affect the value of limits of fatigue.

fl.puietpii 
~~~~~~~~ 

IIAKCT. Ai$OPI~*WI~ H~~ .

~~1 ~~1 Ti C2 f 5~ ~. ., s,
Csspocm p.iavwi . • • (v . 

~ ~ 4 4 4, 4 4 4
flo~.it I Y . . .  ~ $ 4 4 4 ~ $
rA,GKKI pesauiKi • • (V~ . . ~ $ f $ $ f

(4k) (9) —_______

— yeeA.~ euue U*paMe?pa pesa~~ea 4, — y KeAcqeRie flapa MeT p. pe3a.I.1
noiiimae , 2. 5. yMeHbwae y 2, 5, y

key: (1). Parameters of the mode/conditions of cutting. ( 2 ) .  Layer .

deformat ion. ( 3 ) .  Hea t ing .  . (L I) . Relief .  (5). Cutting speed . (6).

Supply/feed. (7). Depth of cutting. (8). an increase in the parame ter

of c u t t i ng  increases  a , 8. ~. (9). an increase in the  paramete r  of

c u t t i n g  decr eases a , 
~~~, y.

Page 151.

The m i c r o a n a l y s i s  of the longi tudina l and cross sections did not

reveal/detect any peculiarity or flaws in this steel. From flanges of

I -L

-Ii
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steel are made two series of spec imen/samples for fatigue test during

symmet r i ca l t w i s t i n g  in the elec t romagnet ic  m a c h i n e  of eng. V. K.

Dobrer ’s system. In each series were the specimen/samples of three

groups of d i f f e r e n t  d iameters  (6 , 10 a nd 13 m m ) .

The specimen/samples of both series were formed on strictly

established/installed mode/conditions, namely : cutting speed 15

i/mm , the  depth of cutting 1 mm , supply/feed 0.5 mm—revs.

In order to eliminate the effect of surface condition on the

limit of fatigue (but surface after the treatment indicated was

obtained roughly) , specimen/sample s additionally they were subjected

to the removal of one additional chip during the mode/conditions:

c u t t i n g  speed 15 a/mm , the depth of cutting 0.15 mm , supp ly/ f eed

0. 05 m m — r e v s .

By this re—treatment were eliminated the surface traces of the

preceding/previous t r ea tment .  Then the  samples of the f i r s t  series

were subjected to t r i m m i n g  small emery  cloth , as a result of which

surface was obtained sufficiently pure/clean.

The specimen/ samples  of the  secon d series af te r  addit iona l

t rea tment  were tem pered in v acuum (pressure 0 .01 •ercury co lumns)  at

by 600°, 3-hour h o l d i n g  a f te r  heat ing. The target/purpose of this

- 

- 
~~~~

— - • - - .
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op era t ion  consisted in t h e  remova l of residua l stresses a n d  peen ing ,

obtained as a result of machining. After th i s  operation t he

specimen/sampl ?s of ‘he second series wer e cleaned by emer y cloth

analogous with the specimen/samples of the first series.

The det ermination of the limits of fatigue was manufact ured by

the method of selector on base 8 million cycles.. The results of these

tests are given in Table 3 and in Fig. 2. They make it possible to

make the following conclusions:

1) scale factor was revealed only of the specimen/samples , not

to tempered;

2) scale fact or in no way was revealed in the specimen/samples,

to tempered. This can he explained comparatively small grain they

became, obtained after standardization , and high cyclic

ductility/to ughness/viscosity of tested steel, since it is known that

the carbon steel with content of 0.3—0.350/0 of carbon possesses ver y

high cyclic ductility/toughness/viscosity.

Consequently, of f ive reasons, which give rise to sca le factor,

in these tests they were not revealed : a) the quality of material , b)

the voltage gradient , c) the unho.ogeneit y of the •echanical

properties of the microvolumes of metal (static theory of strength).

• —
‘ 

• - —
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Fig. 2.

Key: (1). kgf/.a2. (2). Without temper ing. (3). With tempering. ( I s ) .

Diameter of specimen/samples.

Page 152.

The effectiveness of technologica l reason is revealed according

to these results completely distinctly. To assume that the tempering

could cause at least small decarbonization surface soya of

.•

~ 

~1 -~ 
— -
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specimen/sampi~ s, does not feel, since even in this case scale factor

must be revealed at the tempered specimen/samples, since the

conditions of tempering for all specimen/samples were strictly

ident ical.

The results of these tests also not contradict the hypothesis of

the total effect of damping ar~fi grain sizes of metal, since, as noted

above, this steel possessed snail grain and high cyclic

ductil ity/toughness/viscosity .

The following stage of investigat ions led us to even more

interest ing results. Unlike the first, in these investigations was

determined the fatigue limit with symmetrical bending on base 10

million cycles, for which they were used two machines — the firm of

Schenk and his own. manufacture of the same system. Steel was chose n

again car bonic , but with the sma ller carbon content, than in the

first, for the purpose of a reduction in cyclic

4uctility/toughness/viscosity. Its chemical composition: C. 0. 160/0,

~n 0.550/0 , Si — t races, S 0.0520/c, P 0.038o,o.

Steel was subj ected to standa rd ization , whereupon for the f i r s t

th ree series of specimen/samples (Table 14) s t andard iza t ion  was

manufactured for the purpose of obtaining s.all grain, and for the

subsequent three series standardizat ion was produced with

$
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superheating for the purpose of obtaining coarse grain.

~icrophotography/aicrophotographs of steel in both states are

represented in Fig. 3 and 14•

Prom both groups became were made cylindrical samples of 6, 10

and 13 mm in diameter in the identical parameters of the cutting :

cutting speed v = 20—22.5 rn/mm ., supply/feed 0.05 mm—revs the depth

of cutting 0.5 mm; the surface of specimen/samples was cleaned by

small emer y cloth. In such type of specimens (series III and IV) were

subjected to fatigue test..

~~~~~~~~,‘~~I
- ~ ‘J
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Table 3. The results of fatigue test during symmet rical twisting

became 30 in s.oot h specimen/ samples 6. 10 and in diameter  13 m m .

I’  (.3)

flpeAeA Y CT AOcTPL ~ ’/~,, Icr/Mi.
O6ps6oT.* P

d = 6 M M  d=1O ,eii~ d~~ 13~~~

Sea oln ’.cica . . . 173 17.0 16.3

C o r uv f K o M . • .  . 1(.0 16.0 16.0

Key: (1). Treatment. (2). Limit of fatigu e kgf/am 2. (3). Without

tempering. ( 14) .  With tempering.

Page 153.

For series I, II, IV and V, the specimen/samples were made with

groove. The radiu s of rounding p and the depth of groove were

accepted equal to one by the tenth from the radius of specimen/sample

in its fine/’hinnest part , i.e., p = t = 0.lr.

G roove was prepared at the following cutting speeds:

LAC ~ JSfI*STpI d 6 ~~ C~~~POCTh pe)a.R2 V 13 M~~ IIU

— drn10 — v=1I _

— . d — 13 . _ , = 2.8 .

Key: (1) . for a d i ame te r .  (2) . cu t ting  speed. (3). a/mm .
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Supp ly/ f ee d was  m a n u f a c t u r e d  by hand , very  low va lue , to

establ ish which f o r  us did not manage .

After these operations the specimen/samples of series I and LV

were tested to fatigue. The specimen/sa mples of series II and V

underwent  even additional tempering at 580_6000 during 3 hours.

Tem pering was manufactured in specially designed by eng. A. S.

Nichealson box w i t h  double  ca p/cover. Between case lids sp ur t  out pig

iron drinking fountains , which prevent the penetration of atmospheric

oxygen  i n to  t h a t  p a r t  of the  box , into w h i c h  are placed t h e

specimen/samples. With this tempering, which has larger conv enience

in com par ison wi th  re laxa t ion  in vacuum , the  surface of

specimen/samples i t  acquires b lue  te m per color.

In order to be convinced in the absence of decarbonization they

began from the surface of specimen/samples with this method of

temper ing, we took us ing the method of Shevaldin  and Kaganovic h ( 3 5)

hardness measurement of the surface of some specimen/samples

accord ing to Vic kers f~ ast to the different value of load, one of

such measurements it is given in Table 5. It testifies to the

full/total/complete absence of decarbonization of surface layer of

specimen/samples. Actually, if this decar bonization occurred, then

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - 
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readings of hardn ?ss with load of 1.0 kg. must be less tha n reading

hardness wit h load 5 kg. This is not observed . A reduction in the

hardness with large loads of 20 and 50 kg. is explained by additio nal

deformation it basted at the place of impression, since the

indenta t ion of diamond pyramids was manufactured to the cylindrica l

surface of specimen/sample.

Establish/installing during the manu facture of groove hig h

cutting spee d for specimen/samples wit h a small diameter and lower

speed for specimens with large dia meter, we they were guided by the

following considerations .

~ 
.~ L4 ‘

~~~~~~~~~

Pig. .

Psg. 13*.
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-
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Simple observa t ion  in the  shop, w h i c h  prepares specimen/ sample s f o r

f a t i g u e  test , made it possible to es tabl i sh  t h a t , as a r u l e ,

specimen/samples with larger d iamete r  are machined by turners at high

cutting speeds, than specimen/samples wit h smaller diamete rs.

Therefore, after suspecting, that the cutting speed can be the real

factor , wh ich lowers  t he  f a t i g u e  l imi t  of specimen/ samples w i t h  large

diameter , was decided to artificia l to change the routine of the

manufacture of specimen/samples. Our suspicions justified. Being

turned to these Fig. 5 and 6 and Table 4, it is possible to make the

following conclusions:

1. Scale factor was not revealed in the smooth specimen/samples,

not equ ipped with groove. This result is located in

full/total/complet e coordination with the results of Peterson’s

indicated studies. Taking into consideration that the transition from

cylindrica l part to the knob/caps of specimen/samples was done wit h

the aid of fillets whose radius was accepted equa l to

(s )Aiuu o6pa’s j~o. ~IIaMeTpov d . r  6 w~ r,- = 6 uu— — d— = 10 — r,=1O —— — — d 13 — r, — 13 •

Key: (1). for specimen/samples by diameter.

it is possible to count that for the articles made of low— carbon

•~~~~~~~ 
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s~eel, which have similar fillets, the scale factor is not developed ,

if specime n/samples are made wit h t h e  identical mode/conditions of

cutt ing.

2. Scale factor very sharply appeared in untempered a fter

mechanical processing of specimen/samples , equipped wit h g roove, in

particular of the specimen/samp les of those normalized to small

qrai n.

Table 4. Test results for fatigue with symmetrica l cycle for the

bending of steal 15 in smooth notch test bars 6, 10 and in dia meter

13 mm.

(1 ~) 
(2. ) (3~~ (t4 

~ ç 
¶IpeAeA 7CT&AOCTS

Cspim. j~
ot asa Tepitiw.ecea. O6ps6onc. nocepaRocta - 

(- xrlanss

d=r 6 u~ d=~10vuj d = 13 u~
(5 ’ ,) .  

- 

(~~
i )  ~~

- çY)
I C .ti~oaaoI Hopua.i~.3.Uaa Meu~ w i. o6pa6oTica 6ea

ua ue~~~oe~~ep.o \ OTUYCK$ 9.0 10.0 13.3
11 To ~e ~~ To =. ~Me,aas~. o6pa6oTaa

C OTU7CKOM 12.0 — 12.0III rA.~kNm - CX&MH ~~. OGpaG OTPCa
$ 6ea OTDJ Ck$ 22.0 21.5 22.0

IV C-,,gToqx o i To a. 11.8 — 13.2

~~~~ H0pua3u3. w.a (1°)V To a. ii. ~pyn.o. Mexa~is. o6ps6oTaa -

aepRo C OTO 7CKO M 12.5 — 12.2
VI rAl .. al Mez.iaMui. o6pa6oTe& a

6e, oyuycac. — — 21.0

Key: (1) . Series. (2). Form of specimen/samples. (3). Heat treatment.

(Is) .. Surface treatment. (5). Fatigue limit kgf/.mZ. (6). Wit h groove.

(7). Standardization to small grain. (8). Mech. treatment without

tempering. (9). The same. (10). flech. treatment with tempe ring. (11).

Smooth. (12). Wormalization to coarse grain.

~ 

~~~~~~~~~~~~~~~~ - ~~~~ -~~. 5~S

,___. _
s ~~~~~~~~~~~~~~~



DOC = 77126402 P A G E

Table 5. Pickers hardnesses after the tem pering of steel 15 at

580—600° d u r i n g  3 hours  in box wi th  double ca p/co ver.

Ct\~iarj r~,~~~~~~~~~ 

~ 
50

I 124 127 122 108 1%
II 126 126 123 107 107
III - 127 124 122 108 109 

125 124 124 108 106

(3)
Cp. ~iHaqeH.e Tii~~~AOCTN 125 125 123 103 107

Key: (1). ~easurement. (2). Load , kg. (3) . Comp. hardness  value.

Pa ge 155.

However , t h e  man i f e s t a t i on  of scale facto r in th is  case is directed

to opposite side in comparison with previously established/installed

direction of another study. Namely, in our investigat ions the fa tigue

limit was not lowered, but on the con t rary ,  it was raised with an

increase in the diameter of specimen/samples.

3. In the tempered specimen/samples, equipped with gr oove, scale

factor was not rev ealed at steel, normalized to small grain, and very

weakly it was revealed at steel with coarse grain, whereupon — in

common direction, i.e., the fatigue limit was lowered at

specimen/samples with large diameter. Consequently, the theory, wh ich

allow/assumes the gene ration of scale factor as a result of the tota l

• effect of damping and grain size, found in th ese experiments its

r.flectj os. Iffe:t , t r u t h  was obtained i n s ign i f i c an t l y ,  but also

- - - S 
- - -
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difference in t h~ grain size of steel also was largest. The

effect iveness of t h e  manifesta tion of scale facto r here it was

revealed in all by the value of order 4—50/0. But simple calcu lations

ma ke it po ssible to establish t hat the effectiveness of the total

effect of damping and grain size on scale factor can reach in the

most f avo rab le  cases of 10—1So/o.

4. Technolojical factor was revealed in these studies especia lly

effectively. It even in state to invert of a change of the values of

the limits of fatigue, increasing the latter in specimen/sampl es with

large diameter and lowering them in specimen/samples with a small

diamet er. That this result is obtained as a result of the effect of

technologi cal factors, testifies that fact that the tempered

specimen/samples not lead to scale factor or revealed it in reverse

direct ion. Consequently, scale factor in that sense, kA it it is

accepted to now understand , it can be developed with very

insignificant effectiveness as a result of the total effect of

damping and grain size of metal. Considerably greater effectiveness

is developed by technolog ical fac tor, and the observed by the

different researchers considerable decrease in the values of the

fatigue limits with an increase in the diameter of specimen/samples

one should , a p p a r e n t l y  relate not because of scale factor , and

because of the technological fac tor, not taken into accoun t in their

studies.

_ _ _ _ _ _ _  
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key: (1). kgf/mm 2. (2). Without groove. (3). W ithout tempering. (4).

With tempering. (5)’. With groove. (6). Diameter of specimen/sample.
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Key: (1) . kgf/mm 2. (2) . Without groove. (3). Without rest. (4) . With
groove. (5). With tempering. (6). Diameter of specimen/sample.

Page 156.

5. According to the obtained resu lts of studies could not be

established any effect on the gener ation of the scale factor of

qualit y of material, vol tage g rad ien t  and unhomogene i ty  of the

mechanical properties of the •icrovolumes of metal (statistica l

theory of strength). If simila r effect the reasons indicated have,

then effectiveness its is less than that accuracy/precision, w i th

wh ich we establish/installed the values of the limits of fatigue (0.3

kgf/mm Z).

6. Cold working of metals by chip removal has a very effective

eff ect on the value of the fat igue limits, and, therefore, it cannot

be already considered as operation, which impar t s  to metal  the onl y

—
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corresponding size/dimensions and fo rm.  I t  is also the D p e r a t i o n ,

whic h impa rts to article the determined properties (fatigue

strength). It is necessary therefore to study effect on the fatigue

st rength  of all f ac to r s  causing the  mod e/ condi t ions  of c u t t i n g , in

order to obtain possibility to establish/install not only

economical ly  a d v a n t a g e o u s  mode/conditions, but  also the

mode/conditions, which impart to article highest strength.
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