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Abstract 
 

Improvement of the TR crank shaft forging technology is the objective of the paper. New concept of forging of crank 
shafts is considered. Plastometric tests were performed for steels used for manufacturing of crank shafts and a rheological 
model for these steels was determined. This model was implemented in the finite element software and simulations of 
various variants of forging were performed. Results of simulations were used to select the best variant, which gives the 
lowest loses of the material and proper shape of the final product. Two technological parameters are selected as the opti-
mization variables. Finite element simulations of the forging process for various values of the selected parameters were 
performed. Optimization of the forging process is performed using the surface response methodology. Optimal forging 
parameters are given in the paper. 
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1. INTRODUCTION 

The technology of forging of crank shafts devel-
oped at the Metal Forming Institute in Poznan, Po-
land (TR method – following the name of the inven-
tor, Rut & Walczyk, 2000; 2002) is the subject of 
this paper. This technology gives very good results 
when shape of the shoulders of the crank is close to 
an ellipse. New constructions of crank shafts require 
large juts at the side of journals of main bearings. In 
consequence, machining of deep grooves in the 
stock material is needed. It is technologically incon-
venient and it leads to an increase of material waste, 
what causes an increase of the costs of manufactur-
ing. To avoid this inconvenience, additional forging 
operation is introduced. This is an unsymmetrical 
pre-upsetting of the stock material, which involves 
proper flow of the material needed to obtain required 
shape of the crank shoulders. There are several pos-

sible variants of this process and experimental 
analysis of all variants would be very costly. Thus, 
the objective of the project is design of the best forg-
ing technology, which gives the shape of the crank 
shaft closest to the ideal one. The finite element 
model of forging of crankshafts was developed and 
applied to simulate various technological variants. 
Surface response method is used to determine the 
best variant. 

2. FE MODEL 

FORGE finite element code is used for simula-
tion of forging of crank shaft. The model applied in 
this code is based on the Norton-Hoff constitutive 
law (Norton, 1929; Hoff, 1954) and is described in 
(Chenot & Bellet, 1992). This law is generally writ-
ten in the form of relationship between stress tensor 

() and the strain rate tensor (ε ): 
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stant in simulations. In the case of spacing of face 
die inserts, different initial setup causing various 
velocity of the tool is considered. Nine simulations 
were made for each scheme. Absolute value of per-
centage volume difference between obtained and 
ideal shape of the crankshaft is assumed as the ob-
jective function. Values of decision variables and 
obtained accuracy for L schemes are presented in 
table 3. The second order response surface (Myers & 
Montgomery, 1995) was constructed on the basis of 
simulations (Figure 4). 

Table 3. Values of the objective function  for L scheme, %. 

d1, mm 

d2, mm 
275 285 295 

1082 1.23 1.06 0.96 

1094 0.01 1.06 0.89 

1106 0.64 0.81 0.99 

 

 

 

Fig. 4. The second order response surface constructed on the 
basis of simulations for the L scheme. 

Since the obtained surface is concave, its mini-
mum is located on a boundary. In this case, optimal 
values of decision parameters were assumed d1 = 
275 mm and d2 = 1094 mm for bending tool dis-
placement during forging of the crank throw and 
initial spacing of face die inserts, respectively. 

Values of decision variables and obtained objec-
tive function for the scheme V are shown in table 4. 
The second order response surface was constructed 

similarly to the previous case and it is shown in fig-
ure 5. 

Table 4. Values of the objective function for V scheme, %. 

d1, mm 

d2, mm 
275 285 295 

1354 1.07 0.99 0.98 

1368 0.07 0.14 0.26 

1382 0.93 1.05 1.22 

 

 
 

 

Fig. 5. The second order response surface constructed on the 
basis of simulations for the V scheme. 

Unlike the previous case, surface is convex what 
allows determination of the minimum. Optimal val-
ues of decision parameters are d1 = 272.7 mm for 
bending tool displacement during forging of the 
crank throw and d2 = 1368.7 mm for the initial spac-
ing of the face die inserts. Results obtained in both 
cases suggest purposefulness of making additional 
simulations for bending tool displacement less then 
275 mm. 

Results of calculations of the strains distribution 
for the L scheme of the best technology (d1 = 275 
mm, d2 = 1094 mm) and for the non-optimal tech-
nology (d1 = 275 mm, d2 = 1082 mm) are shown in 
the Figure 6.  
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Fig. 6. Calculated distribution for L scheme of strains for the 
best technology d1 = 275 mm, d2 = 1094 mm (a) and for the 
decision parameters d1 = 275 mm, d2 = 1082 mm (b). 

5. CONCLUSIONS 

A concept of design of the best forging technol-
ogy for crankshafts is presented in the paper. By 
introduction of additional tools efficient forging of 
crankshafts with more complicated shapes of the 
crank webs is possible. The analysis performed in 
(Walczyk et al., 2010) has shown that resistance to 
forming connected with shaping of crank throws 
depends mainly on the degree of the constraint of the 
deformation zone. The largest resistance to deforma-
tion and, in consequence, the largest forces, are ob-
served in variant I, in which all tools are used. On 
the other hand, this variant gives the best accuracy 
of the shape of the products. Optimization of the 
technological parameters for the variant I was per-
formed in the present work and the following con-
clusions are drawn: 
– Two optimization variables are selected in the 

considered process, bending tool displacement 
during forging of the crank throw and initial 
spacing of face die inserts. 

– Finite element simulations allow generation of 
the data for the construction of the response sur-
face. The method based on this surface can be 

efficiently used for searching for the best forg-
ing technology. 

– Performer analysis has shown that the optimum 
for the L scheme is for d1 = 275 mm and d2 = 
1094 mm for bending tool displacement during 
forging of the crank throw and initial spacing of 
face die inserts. This minimum is located at the 
boundary of the searching domain.  

– The optimum for the V scheme is for d1 = 
272.7 mm and d2 = 1368.7 mm for bending tool 
displacement during forging of the crank throw 
and initial spacing of face die inserts. 
The general conclusion is that in the considered 

process of forging of crank shafts the sensitivity of 
the objective function with respect to the optimiza-
tion variables is low, see tables 3 and 4. Therefore, 
this paper should be considered more a presentation 
of the optimization methodology based on RSM then 
solving of the technological problem of forging. The 
robustness of the presented optimization approach 
will be examined in the near future. 
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WSPOMAGANE KOMPUTEROWO PROJEKTOWANIE 
NAJLEPSZEJ TECHNOLOGII KUCIA WAŁÓW 

KORBOWYCH METODĄ TR 

Streszczenie 
 
Celem pracy jest ulepszenie metody TR wykorzystywanej 

podczas kucia wałów korbowych. Wykonano próby plastome-
tryczne, dla wykorzystywanych do produkcji stali, w celu wy-
znaczenia parametrów modelu reologicznego. Zbudowany 
model został wykorzystany w symulacjach MES. Otrzymane 
rezultaty posłużyły do określenia najlepszych parametrów pro-
cesu kucia zapewniających najmniejszą stratę materiału oraz 
odpowiedni kształt wału. Za zmienne decyzyjne przyjęto dwa 
parametry. W ustalonych granicach zmienności parametrów 
optymalizacyjnych wykonano symulacje MES. Przedstawiono 
wyniki otrzymane metodą RSM. 
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