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A b s t ra ct  
The article rep resents research co nclu sio ns o f  im-

p act resistance o f  cho sen ho t-w o rk  to o l steels:  
5 5 N iCrM o V7 ,   X 3 7 CrM o V5 -1,  lay ers p ad d ed  w ith F 8 -
12 ,  F-8 12 ,  U TO P-3 8  ro d s and  d u rab ility  lay o u t. The re-
search o f  imp act resistance w as co nd u cted  f o r to o l steel in 
the temp eratu re o f  2 0 ÷  6 00oC and  the research f o r p ad –
d ing  lay ers in the temp eratu re o f  2 0 ÷  2 5 0oC. 

K e y  w ords :  imp act resistance,  o b j ect p ro p erty ,  
p ad d ing  lay ers,  ho t-w o rk  f o rg ing  d ies,  w ear,  d u rab ility  

1 . I nt rodu ct ion. 
The g reat intensity  o f  w ear o f  to o ls u sed  f o r p lastic 

w o rk ing  d raw s mo re and  mo re attentio n to  p ro b lems o f  
to o l d u rab ility . This d u rab ility  g reatly  inf lu ences the q u al-
ity  and  co st o f  d ro p  f o rg ing s. 

The main materials u sed  in p ro d u ctio n o f  f o rg ing  
d ies are ho t-w o rk  to o l steels. Pad d ing  is o ne o f  the meth-
o d s o f  d ig nif y ing  and  mo d if icatio n the p ad d ed  lay er o f  
f o rg ing  to o ls in o rd er to  heig hten their d u rab ility  [ 1,  2 ,  3 ,  
4 ,  5 ] . A n alternative so lu tio n p ro p o sed  and  u sed  in 
“ G linik ”  f o rg e is the p ro d u ctio n o f  f o rg ing  d ies f ro m co n-
stru ctio n steels f o r hard ening  and  temp ering  and  p ad d ing  
o f  eng raving  su rf aces w ith the p ro p er material F-8 12 ,  F-
8 18 ,  U TO 3 8 . The p ro cesses o f  p ad d ing  ensu re the p o ssi-
b ility  o f  imp ro vement o f  u sag e valu es o f  w o rk  su rf aces o f  
f o rg ing  to o ls thro u g h the manu f actu ring  o f  the o u ter lay er 
w ith sp ecial ex p lo it characteristics. The main p ro b lem is 
the p ro p er cho ice o f  a chemical f o rmu la o f  the p ad d ing  
materials. B ecau se o f  the mu ltitu d e o f  co nd itio ns o f  f o rg -
ing  to o ls w o rk  and  the mu ltitu d e o f  mechanisms o f  w ear it 
is necessary  to  u se vario u s p ad d ing  materials even in o ne 
w o rk ing  eng raving . The characteristics o f  p ad d ed  lay ers 
enco mp ass the sco p e starting  w ith lay ers w ith g o o d  p las-
tic valu es,  tho se resistant to  ho t w ear thro u g h tho se resis-
tant to  crevices,  ab rasio n,  and  tho se resistant to  f issu res. 

The necessary  characteristics can b e achieved  thro u g h the 
cho ice o f  p ad d ing  materials w hich inclu d e the p ro p er co n-
tent o f  allo y  elements ( C,  Cr,  M o ,  M n,   N i,  W i Co ) . I t is 
su rmised  that the mo st p lastic lay er ( resistant to  crevices)  
sho u ld  inclu d e ca. 0, 10 – 0, 15 %  C,   Cr - 5  %  a i M o  – 4  %  
and  also  M n,  N i,  V i Si. The seco nd  k ind  o f  p ad d ed  lay er 
sho u ld  inclu d e o k . 0, 10 – 0, 15  %  C,  o k . 9 , 0 - 9 , 5  %  Cr,  
o k .  2 , 15  %  M o  and  M n,  N i,   Si. The third  k ind  inclu d es 
o k . 0.2 0 - 02 5  %  C,  o k . 10 %  Cr,  o k . 3 %  M o ,   o k . 1%  W 
and  M n,  N i,  Si. Thro u g h the p ro p er co nd u ctio n o f  the 
p ro cess o f  p ad d ing  and  the k eep ing  o f  the p ro p er co nd i-
tio ns d u ring  stress relief  annealing  the f o llo w ing  hard ness 
o f  lay ers o n d if f erent levels w as achieved :  o k . 3 5  – 4 0 
H R C,  4 0 – 4 5 H R C,  o raz  5 0 – 5 5 H R C. The accep ted  co n-
d itio ns are met b y  eg . ro d s U TO P 3 8 ,  F-8 12 ,  F-8 18 ,  
w hich w ere u sed  in p ro d u ctio n co nd itio ns,  mo d if ied  so me 
o f  the allo y  elements w ith the p ro d u cer. The d etailed  
characteristics o f  the ab o ve materials are g iven in tab le 2 . 

The article sho w s the resu lts o f  research o f  imp act 
resistance o f  cho sen ho t-w o rk  to o l steels:  5 5 N iCrM o V7 ,   
X 3 7 CrM o V5 -1,  lay ers p ad d ed  w ith ro d s F-8 12 ,  F-8 18 ,  
U TO P3 8  o n the b asis o f  co nstru ctio n steel 4 2 CrM o 4  f o r 
f o rg ing  d ies and  the d u rab ility  lay o u t in p ad d ed  lay ers. 

2 . R e s e a rch  m e t h odol y ,  a im  a nd s cop e  
The research w as co nd u cted  in o rd er to  ascertain 

the inf lu ence o f  temp eratu re o n imp act resistance f o r cho -
sen ho t-w o rk  to o l steels 5 5 N iCrM o V7 ,  3 7 CrM o V5 -1 and  
f o r lay ers f ro m materials ty p if ied  f o r p ad d ing  U TO P 3 8 ,  
F-12 ,  F- 8 18  and  f o r w o rk ing  ho t-w o rk  f o rg ing  d ies. The 
research also  ascertains the inf lu ence o f  allo y  elements 
w hich are d ecisive f o r to o l d u rab ility . The research w as 
co nd u cted  in co nd itio ns o n the verg e o f  real ( p ro d u ctio n)  
co nd itio ns o f  d ie w o rk . The characteristics o f  the re-
searched  materials are g iven in tab les 1,  2  and  3 . 

Table 1. Chemical composition and heat treatment of the researched hot-w ork  tool steels. 
Chemical co mp o sitio n,  %  Steel d esig natio n C M n Si P S Cr N i M o  V W 

5 5 N iCrM o V7  0, 5 2  0, 6 5  0, 19  0, 18  0, 02  0, 6 7  1, 4 5  0, 4 5  0, 05  - 
3 7 CrM o V5 -1 0, 3 4  0, 3 9  0, 9 1 0, 01 0, 02  4 , 6 2  0, 2 6  1, 2 5  0, 3 5  0, 01 
H eat treatment H R C hard ness af ter heat treatment  
5 5 N iCrM o V7  

H ard ening  
  8 6 00C 

D raw ing  b ack  
1)  4 6 0oC   
2 )    4 4 0oC 

4 6  - 4 9  

3 7 CrM o V5 -1 
H ard ening  
102 0oC 

D raw ing  b ack  
1)  5 5 0oC   
2 )  5 10oC 

5 0 - 5 3  

A naly sis o f  chemical co mp o sitio n:  sp ectral analy z er B A I R D  7 5 0FSQ  
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Table 2. Chemical composition of materials for pudding of forming dies engravings 
Chemical composition,  %  M aterial d esig nation  

C Si M n P S Cr M o N i V W T i 
U T O P38 0 , 15 0 , 35 0 , 90  - - 5, 0 5 4, 0  - 0 , 20  0 , 15 - 
F-812 0 , 10  0 , 5 0 , 70  - - 9, 65 2, 15 0 , 80  - - 0 , 20  
F-818 0 , 24 0 , 70  0 , 60  - - 10 , 0  3, 0 1 1, 70  0 , 25 1, 40  0 , 25 

H R C hard ness af ter pad d ing   Pad d ing  thick ness mm 
U T O P38 36 - 38 
F-812 42 - 44 
F-818 53 - 55 

8 - 10  ( 4 lay ers) 

Table 3 . Chemical composition and heat treatment of alloy  construction steel 4 2CrM o4  
Chemical composition,  %  Steel d esig nation C M n Si P S Cr N i M o V W 

42CrM o4 0 , 39 0 , 8 0 , 3 0 , 34 0 , 3 0 , 11 - 0 , 21 - - 
H eat treatment H R C hard ness af ter heat treatment 

H ard ening  
840 oC 

D raw ing  b ack  
 620 oC   33 - 36 

A naly sis of  chemical composition:  spectral analy z er B A I R D  750 FSQ �

I mpact resistance research w as cond u cted  in 
„ G linik ”  f or-g e located  in G orlice.  T est samples w ith 
M esnag er notches w ith d imensions 10 x 10 x 55 mm f rom 
hot-w ork  tool steels:  55N iCrM oV7,  37CrM oV5-1 w ere 
mad e on Char-py ’ s H ammer PS30  in the scope of  tem-
peratu res 20  ÷  60 0 oC.  T est samples w ith M esnag er not–
ches f rom pad d ing  lay ers:  U T O P38,  F12-12,  F-818 w ith 
d imensions 5x 5x 27, 5 mm w ere mad e on Charpy ’ s H am-
mer WPM  1, 5 in the scope of  temperatu res 20  ÷  250 oC 
accord ing  to PN -E N -10 0 45-1 in the I nstitu te of  M aterial 
E ng ineering  of  the Cracow  U niv ersity  of  T echnolog y .  
Fu rthermore the hard ness lay ou t H V 0 , 0 1  w as ascertained  in 
sing u lar pad d ing  lay ers,  the b ord er sphere and  the b ase 
material ( 42 CrM o4).  

3. Research results 
T he cond u cted  research of  impact resistance f or 

steels:  X 37CrM O V5-1,  55N iCrM oV-7 are show n in ta-
b les 4,  5 and  f ig u res 1,  2 and  the impact resistance of  test 
samples d raw n f rom pad d ing  lay ers:  U T O P38,  F12-12,  F-
818 are show n in tab le 6.  I n tab le 7 and  f ig u res 3,  4 the 
av erag e impact resistance is show n.  T he comparison of  
the relation b etw een K CU  impact resistance and  tempera-
tu re f or steels X 37CrM oV5-1 i 55N iCrM oV7 w ith impact 
resistance of  the test samples d raw n f rom pad d ing  lay ers:  
U T O P38,  F-818 and  F-812 is show n on f ig .  5 and  the 
hard ness lay ou t H V 0 , 1  in the f u nction of  d istance f rom the 
su rf ace of  pad d ed  lay er is show n in tab le 8 and  f ig u res 6,  
7 and  8.  
Table 4 . I mpact resistance of X 3 7 CrM oV 5 -1  steel in different tempera-
tures ( average values;  number of repetitions r =  2)  

N o.  t,   oC K CU ,  J / cm2 
1 20  40 , 0  
2 250  45, 5 
3 350  54, 5 
4 380  63, 0  
5 420  61, 5 
6 450  67, 0  
7 480  64, 5 
8 550  64, 0  
9 650  86, 5 

�

F ig. 1  The relation betw een impact resistance and temperature ( steel 
X 3 7 CrM oV 5 -1 )  

Table 5 . I mpact resistance of steel 5 5 N iCrM oV -7  in different tempera-
tures ( average values;  number of repetitions r =  2 - 5 )  

N o.  t,  oC K CU ,  J / cm2 
1 20  24, 5 
2 250  30 , 0  
3 350  31, 0  
4 450  28, 5 
5 50 0  31, 5 
6 550  39, 5 
7 60 0  63, 5 

�

F ig. 2 The relation betw een impact resistance and temperature ( steel 
5 5 N iCrM oV 7 )  
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Table 6. Impact resistance of samples drawn from padding layers 

Layer 
m at eri al  

Tem p erat u re,  
oC 

I m p ac t  res i s t an c e K CU ,  
J / c m 2 

20  4 , 8  ± 1, 0  U TO P 38  
25 0  19 , 2 ± 3, 2 
20  9 , 1 ± 2, 3 F-8 18  
25 0  13, 0  ± 1, 7  
20  21, 9  ± 7 , 7  F-8 12 
25 0  29 , 4  ± 4 , 3 

Th e res u l t s  o f  c o m p ari s o n  b et w een  t h e av erag e i m -
p ac t  res i s t an c es  i n  t em p erat u res  20 oC an d  25 0 oC g i v en  i n  
Tab l e 6  i s  s h o w n  i n  Tab l e 7 .  
Table 7 . R esu lts of comparison of av erage impact resistances in tem-
peratu res 2 0 o C  i 2 5 0 o C  (  =  0 , 1 )  

N o .  M at eri al  Tes t  t  o f  i m p o rt an c e o f  d i f f er-
en c es  

1 U TO P  38  t  =  8 , 30 5 * * *  >  t 0 , 1 ; 7  =  1, 8 9 5  
2 F-8 18  t  =  2, 10 0 *  <  t 0 , 1 ; 1 2 =  1, 7 8 2                                    
3 F-8 12 t  =  1, 9 8 6 *  >  t 0 , 1 ; 8  =  1, 8 6 0  
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�
Fig. 3  Impact resistance of samples drawn from padding layers ( t =  

2 0 º C ) :  1  - U TO P 3 8 ,   2  - F-8 1 8 ,  3  - F-8 1 2  

�
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�Fig. 4  Impact resistance of samples drawn from padding layers ( t =  
2 5 0 º C ) ; 1  - U TO P 3 8 , � 2  - F-8 1 8 ,  3  - F-8 1 2 .�

 

Fig. 5  C omparison of relations between K C U  impact resistance and 
temperatu re for steels X 3 7 C rM oV 5 -1  ( 1 )  i 5 5 N iC rM oV 7  ( 2 )  with  im-
pact resistance in 2 0 o C  i w 2 5 0 o C  of th e samples drawn from padding 

layers:  U TO P 3 8  ( 3 ) ,  F-8 1 8  ( 4 )  i F-8 1 2  ( 5 )  

 

Table 8 . R esu lts of research  of h ardness layou t H V 0 , 1  
H ard n es s  H V 0 , 1  M at eri al  

M ax .  M i n .  A t  s u rf ac e*  A v erag e  
U TO P 38  6 5 0  4 38  4 7 2 - 
F-8 12 7 0 4  4 7 9  5 0 8  - 
F-8 18  7 6 7  6 14  7 33 6 7 5  
S t eel  
4 2CrM o 4  
( b as e)  

- - - 36 7 * *  

*  I n  d ep t h  0 , 0 2 - 0 , 0 7  m m  
* *  8 6  %  res u l t s  o f  t h e m eas u rem en t s  are i n  s c o p e:   
30 0  <  H V 0 , 1  <  4 0 0  

�

�

Fig. 6 H ardness H V 0 , 1  in th e fu nction of distance from su rface of th e 
padding layer U TO P 3 8  and th e base ( steel 4 2 C rM o4 ) ;  g – th ick ness of 

padding layer 

 

 
Fig. 7  H ardness H V 0 , 1  in th e fu nction of distance from su rface of th e 
padding layer F-8 1 2  and th e base ( steel 4 2 C rM o4 ) ;  g – th ick ness of pad-

ding layer�
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Fig. 8 Hardness HV0,1 in t h e f u nc t io n o f  dist anc e f ro m  su rf ac e o f  t h e 
p adding l ay er F-81 8 and t h e b ase ( st eel  4 2 C rM o 4 ) ;  g – t h ic k ness o f  p ad-

ding l ay er�

Summary an d  c o n c l us i o n s  
The conducted research allowed to ascertain the 

im p act resistance of  chosen tool steels of  p adding  lay ers 
used in construction and p roduction p rocess of  f org ing  
dies.  The conditions in which the research was conducted 
( tem p eratures)  relate in ap p rox im ation to the conditions in 
which dies work .  The im p act resistance of  steel g rows si-
m ultaneously  with the g rowth of  tem p erature,  whereas the 
im p act resistance of  steel 3 7 C rM oV 5 -1  is g reater when 
com p ared to steel 5 5 N iC rM oV 7 .  A lso the p rog ress of  
v alues of  these p aram eters in relation to tem p erature of  
work  hav e a dif f erent character f or the analy sed ty p es of  
steel ( f ig .  1 ,  2 ) .  The com p arison of  im p act resistance v al-

ues shows that the g reatest im p act resistance which com es 
close to steel 5 5 N iC rM oV 7  is attrib uted to lay er F -81 2  
b oth in 2 0  as in 2 5 0 o C  and the lowest in 2 5 0 o C  to lay er F -
81 8.  The analy sis of  m icrohardness H V 0 , 1  lay out in cross 
sections of  the selected lay ers ( sing ular)  has shown that:  

– f or lay ers U TO P 3 8 and F -81 2  near the b order 
with the b ase a g rowth in m icrohardness to ca.  6 5 0  – 7 0 0 ,  
whereas near the surf ace these v alues are resp ectiv ely  4 7 2  
and 5 0 8 ( tab .  8,  f ig .  6  and 7 ) ;  

– in lay er U TO P 3 8 a decrease in m icrohardness in 
the m iddle z one can b e sp otted;  

– the m icrohardness of  lay er F -81 8 does not chang e 
with the distance f rom  the surf ace and its av erag e v alue is 
6 7 5  ( tab .  8 and f ig .  8) .  

The m icrohardness of  the b ase ( 4 2 C rM o4 )  is in-
cluded in all cases in the v alues b etween 3 0 0  – 4 0 0  ( av er-
ag e 3 6 7 ) .  The characteristics of  m icrohardness lay outs 
sp ecif ied ab ov e are in close relation to the m icrostructure 
of  p adding  lay ers.  

The research analy sis was used in p roduction con-
ditions in “ G linik ”  f org e,  where f org ing  dies f rom  con-
struction steel 4 2 C rM o4  with p added surf aces of  eng rav -
ing s in p lace of  traditional hot-work  tool steels are m ade.  
This allows to achiev e the p rop er hig h durab ility  of  dies 
with the sim ultaneous decrease in tool costs and direct 
costs.  
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