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CAPITAL CORPORATION An arrangement for straightening a bent crankshaft is pro 
CIMS 483_02_19 vided. In a crankshaft manufacturing process, a hardened 
800 CHRYSLER DR EAST crankshaft is measured and compared to reference tolerance 
AUBURN HILLS’ MI 483264757 (Us) speci?cations. If the crankshaft is determined to be out 

tolerance, data identifying the out of tolerance location and 
(21) APPL No. 10/685,766 quantity is generated and the crankshaft is selectively induc 

tion rehardened in predetermined areas as a function of the 
(22) Filed; ()CL 15, 2003 measurement data to remedy the out of tolerance condition. 

The crankshaft is then remeasured and the process repeated 
Publication Classi?cation until the crankshaft is Within the reference tolerance speci 

?cations. The results can be logged to facilitate matching of 
(51) Int. Cl.7 .............................. .. B21D 1/00; B21D 3/16 subsequent detected out of tolerance conditions. 
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ARRANGEMENT FOR CRANKSHAFT 
STRAIGHTENING 

FIELD OF THE INVENTION 

[0001] The present invention relates in general to manu 
facturing of a crankshaft for an internal combustion engine. 
More speci?cally, the present invention relates to an 
arrangement for straightening out of tolerance crankshafts. 

BACKGROUND OF THE INVENTION 

[0002] A typical automotive crankshaft for an internal 
combustion engine includes a plurality transition radii or 
corner areas located along various points of the crankshaft 
periphery such as among the transitions betWeen counter 
Weights, crankpins and main journals. These corner or 
transition radii areas are knoWn as ?llets and, under engine 
loads, may act as stress risers. If these stress risers are not 
properly treated, they can result in cracking of the crank 
shaft. Therefore, a hardening process is typically used for 
automotive crankshafts to deform these ?llets and thereby 
increase the strength characteristics of these particular 
regions. As is knoWn in the art, tWo commonly used hard 
ening processes are ?llet rolling and induction hardening. 
Although these hardening processes are necessary to 
increase the fatigue strength and thus the durability of the 
crankshaft, these processes can result in distortion of the 
crankshaft beyond the dimensional speci?cations required 
for today’s automotive engines. More speci?cally, With 
induction hardening, residual stresses are created in the 
crankshaft that can result in bending and distorting the 
crankshaft. As a result, a certain percentage of crankshafts 
intended for the automotive industry are bent during the 
manufacturing process and are therefore not usable and 
scrapped. 
[0003] Thus, there is a need for a process to reduce 
crankshaft scrap inherent in today’s automotive crankshaft 
manufacturing processes. 

SUMMARY OF THE INVENTION 

[0004] Accordingly, the present invention provides an 
arrangement for straightening an out of tolerance crankshaft 
after hardening. In accordance With one aspect of the present 
invention, a process is provided for straightening a bent 
crankshaft after hardening that includes generating data 
indicative of a condition of crankshaft straightness. The data 
is then compared to a predetermined tolerance speci?cation 
to detect an out of tolerance condition. In response to a 
detected out of tolerance condition, data is generated indica 
tive of location and quantity of the out of tolerance condi 
tion. The crankshaft is then selectively rehardened as a 
function of the data indicative of location and quantity of the 
out of tolerance condition to remedy the detected out of 
tolerance condition. 

[0005] In accordance With another aspect of the present 
invention, a system is provided for straightening a bent 
crankshaft after hardening. The system includes a process 
ing station With a hardening system and a measuring system. 
A controller is arranged to receive information from the 
measuring system and provide instructions as a function of 
the measurement data to the hardening system to selectively 
reharden the crankshaft to remedy an out of tolerance 
condition. 
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[0006] In accordance With yet another aspect of this inven 
tion, residual stresses resulting from the induction hardening 
process are used to selectively induction reharden the crank 
shaft in strategic areas to offset bending that occurred during 
the typical induction hardening process of the ?llet region 
areas. 

[0007] Additional bene?ts and advantages of the present 
invention Will become apparent to those skilled in the art to 
Which this invention relates from a reading of the subsequent 
description of the preferred embodiment and the appended 
claims, taken in conjunction With the accompanying draW 
1ngs. 

BREIF DESCRIPTION OF THE DRAWINGS 

[0008] Other aspects, features, and advantages of the 
present invention Will become more fully apparent from the 
folloWing detailed description of the preferred embodiment, 
the appended claims, and in the accompanying draWings in 
Which: 

[0009] FIG. 1 illustrates a schematic of a system for 
crankshaft straightening in accordance With the present 
invention; and 

[0010] FIG. 2 illustrates a ?oWchart of a methodology for 
crankshaft straightening in accordance With the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMIENT 

[0011] Referring noW to the draWings, FIG. 1 illustrates 
an exemplary embodiment of a system for straightening an 
out of tolerance crankshaft in accordance With the present 
invention. The system represented in FIG. 1 Would typically 
be used in a manufacturing assembly line. Station 10 
includes a ?Xture 15 for securing a crankshaft in preparation 
for hardening and measuring. Station 10 also includes a 
typical crankshaft measuring apparatus 20 capable of mea 
suring straightness and detecting bent or Warped crankshafts 
and a typical induction hardening apparatus 30 including 
multi-aXis electromagnetic induction hardening heads 40. 

[0012] The crankshaft is induction hardened in the ?llet 
region areas using the induction hardening apparatus 30 in 
accordance With knoWn principles. The crankshaft is then 
measured using measuring apparatus 20. During the mea 
suring process, measurement data 50 is generated and stored 
for a comparison to reference tolerance speci?cations. If the 
measurement data falls Within an acceptable tolerance speci 
?cation range, controller 60 alloWs for release of the crank 
shaft from station 10 to be transported to a neXt station in the 
crankshaft manufacturing line. If the measurement data does 
not fall Within the acceptable tolerance speci?cation range, 
controller 60 directs station 10 to retain the crankshaft for 
selective induction rehardening to remedy an out of toler 
ance condition. 

[0013] In the selective induction rehardening process, the 
controller 60 sends rehardening control data 70 to the 
hardening system 30. The control data 70 includes prede 
termined rehardening parameters for use by hardening sys 
tem 30 to selectively induction reharden the crankshaft to 
remedy the out of tolerance condition. More speci?cally, 
upon receiving measurement data indicative of location and 
quantity of the out of tolerance condition, controller 60 Will 
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match this measurement data to predetermined rehardening 
parameters correlated to the location and quantity of the out 
of tolerance condition. 

[0014] Controller 60 contains these predetermined rehard 
ening parameters as Well as a conventional algorithm that 
provides for controller 60 to continuously collect and store 
in memory 80 empirical data results from testing, experi 
mentation, and actual production manufacturing of out of 
tolerance crankshafts in the selective induction rehardening 
process. Thus, memory 80 is continuously populated With 
measurement data indicative of an out of tolerance condi 
tion, the resultant rehardening parameters selected for use in 
the corresponding selective rehardening process, and 
Whether the selected rehardening parameters Were success 
ful in remedying the out of tolerance condition. 

[0015] Upon selectively rehardening the crankshaft, the 
measurement apparatus 20 measures the crankshaft and 
compares it to the reference tolerance speci?cations. If the 
measurement data falls Within the acceptable tolerance 
speci?cation range, controller 60 alloWs for release of the 
crankshaft from station 10 to be transported to a neXt station 
in the crankshaft manufacturing line. If the measurement 
data does not fall Within the acceptable tolerance speci?ca 
tion range, controller 60 directs station 10 to again retain the 
crankshaft for selective induction rehardening to remedy the 
out of tolerance condition. 

[0016] Referring noW to FIG. 2, a methodology for 
straightening an out of tolerance crankshaft is illustrated in 
accordance With the present invention. In the exemplary 
embodiment, step 100 involves induction hardening the 
crankshaft in the ?llet region. Step 110 involves measuring 
the crankshaft after the induction hardening process. Step 
120 involves comparing the measurement data of step 110 to 
reference tolerance speci?cations. Step 130 is the neXt step 
and involves determining if the measurement data is Within 
the reference tolerance speci?cations. 

[0017] If the result of step 130 is “YES”, the crankshaft 
Was not distorted during the induction hardening of the ?llet 
region in step 100 and the method continues to step 150 
Where the crankshaft leaves station 10 and proceeds to the 
neXt processing station. 

[0018] If the result of step 130 is “NO”, the crankshaft is 
distorted beyond the tolerance speci?cations and the method 
proceeds to step 170 Where the controller determines data 
indicative of location and quantity of the out of tolerance 
condition. In step 180, memory is accessed Where predeter 
mined sets of rehardening parameters are stored. These 
parameters are correlated to data indicative of a particular 
location and quantity of out of tolerance condition. In step 
190, a set of rehardening parameters correlated to the 
measurement data indicative of the particular location and 
quantity of the out of tolerance condition is identi?ed. In 
step 200, the identi?ed set for rehardening parameters is sent 
to the hardening system as instructions for selectively induc 
tion rehardening the crankshaft. 

[0019] In step 210, the bent crankshaft is then selectively 
induction rehardened based on the data and instructions sent 
to the hardening system from step 200. The crankshaft is 
then remeasured in step 220 and compared to reference 
tolerance speci?cations in step 230. The method then returns 
to step 130 and repeats the process until the crankshaft is 
determined to be Within the reference tolerance speci?ca 
tions. 
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[0020] The foregoing description constitutes the embodi 
ments devised by the inventors for practicing the invention. 
It is apparent, hoWever, that the invention is susceptible to 
modi?cation, variation, and change that Will become obvi 
ous to those skilled in the art such as using different methods 
and processes for hardening the crankshafts. Inasmuch as the 
foregoing description is intended to enable one skilled in the 
pertinent art to practice the invention, it should not be 
construed to be limited thereby but should be construed to 
include such aforementioned obvious variations and be 
limited only by the proper scope or fair meaning of the 
accompanying claims. 

What is claimed is: 
1. A process for straightening a bent crankshaft after 

hardening, the process comprising: 

generating data indicative of a condition of crankshaft 
straightness; 

comparing the data to a predetermined tolerance speci? 
cation to detect an out of tolerance condition; 

in response to a detected out of tolerance condition, 
generating data indicative of location and quantity of 
the out of tolerance condition; and 

selectively rehardening the crankshaft as a function of the 
data indicative of location and quantity of the out of 
tolerance condition to remedy the detected out of 
tolerance condition. 

2. The process of claim 1, Wherein selectively rehardening 
the crankshaft further comprises: 

accessing a plurality of predetermined sets of rehardening 
parameters to identify a set of rehardening parameters 
correlated to the location and quantity of the out of 
tolerance condition; and 

applying these identi?ed predetermined parameters in the 
selective rehardening process. 

3. The process of claim 1, further comprising: 

measuring the rehardened crankshaft to detect any out of 
tolerance condition; 

if an out of tolerance condition is detected, applying a set 
of predetermined rehardening parameters correlated to 
the neWly detected out of tolerance condition; and 

logging information regarding unsuccessful rehardening 
attempt as historical record for use in correlating sub 
sequent out of tolerance conditions. 

4. The process of claim 1, further comprising: 

measuring the rehardened crankshaft to detect any out of 
tolerance condition; and 

if an out of tolerance condition is not detected, log 
information regarding successful rehardening attempt 
as historical record for use in correlating subsequent 
out of tolerance conditions. 

5. The process of claim 1, Wherein selectively rehardening 
the crankshaft comprises selectively induction rehardening 
the crankshaft. 

6. A system for straightening a bent crankshaft after 
hardening, the system comprising: 

a processing station including a hardening apparatus and 
a measurement apparatus; and 
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a controller coupled to the hardening apparatus and the 
measuring apparatus, Wherein the controller is arranged 
to receive data from the measurement apparatus, com 
pare the measurement data to predetermined tolerance 
speci?cations to detect an out of tolerance condition, 
and control operation of the hardening apparatus as a 
function of the data to selectively reharden the crank 
shaft to remedy an out of tolerance condition. 

7. The system of claim 6, Wherein the controller is further 
arranged to: 

instruct the measurement apparatus to measure the rehard 
ened crankshaft; 

detect any out of tolerance condition as a result of the 

measurement; 

if an out of tolerance condition is detected, apply a set of 
predetermined rehardening parameters correlated to the 
neWly detected out of tolerance condition; and 

log information regarding unsuccessful rehardening 
attempt as historical record for use in correlating sub 
sequent out of tolerance conditions. 

8. The system of claim 6, Wherein the controller is further 
arranged to: 
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instruct the measurement apparatus to measure the rehard 

ened crankshaft; 

detect any out of tolerance condition as a result of the 

measurement; and 

if an out of tolerance condition is not detected, log 
information regarding successful rehardening attempt 
as historical record for use in correlating subsequent 
out of tolerance conditions. 

9. The system of claim 6, Wherein the controller is 
arranged to correlate the received measurement data to a 
plurality of sets of predetermined rehardening parameters to 
identify a set of rehardening parameters correlated to the 
location and quantity of the out of tolerance condition, and 
apply the identi?ed predetermined parameters as instruc 
tions for the hardening system to use in the selective 
rehardening process. 

10. The system of claim 6, Wherein selectively reharden 
ing the crankshaft comprises selectively induction rehard 
ening the crankshaft. 


