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Statistical Comparison of Fatigue Lives of Forged Ck45 Steel in Normalized,
Quenched and Tempered Condition with Those in Quenched and Tempered
Condition
A Zabett H. Heidari J. Baradaran

Abstract

A mmon process in auo-parts manacturing consists of forging, normalicig, quenching and
temporing. Normalizing ireaimen is usually_employed 1o improve machinabiliy of stecl, and 10
Tomogentse. and refine the microsructure. For simple parts prodction cost would be rediced if
ormiing stage swere climinated. In his paper, the effet of normalizing reaiment on fuigue [ife of &
uenched and tempered carbon steel has been studied. Smples were taken from forged, quenched and
{empered parts ai industrial conditions. Sty four futigue specimens were tested using a rolary bending
Jatigue machine (Re—1) a four diferent stress amplitudes between 500 and 600MPa. Results showed
minor effect of normalizing on microsiructure, hardness and tensile properties. However, specimens
mormalised afier forging indicated improved fatigue Iife a the same siress amplitude. Average futigue
o 508 516, 534 and 583MPa were 261000, 194000, 119000 and 54000 cycles respectively for
e el guenched and tempered samples and 209000, 133000, 101000 and 46000 cycles for quenchecd
oL tommered samples. Due fo variation of fatigue Iie results, Student's ¢est was employe o prove ary
mecninggid difference of tgue e for specimens with or without normlzing treaiment. Sudents Llest
s ofton used o determine if the averages of two samples are significanly differen. The test approed he
iforence with 95% confdence. Fatigue Ufeof normalized samples was estimated at least 18% higher
than the life of samples without normalizing.

Key Words Fatigue Life, Heat Treatment, Normalizing and Carbon Steel.
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Two-Sample T-Test and CI: hardness NQT, hardness QT

N Mean StDev  SE Mean
Hardness NQT 48 61.452 0.728 0.11
Hardness QT 48 60.308 0.647 0.093

Difference = mu (hardnessNQT _1) - mu (hardnessQT_1)

Estimate for difference: 1.14375

95% CI for difference: (0.86445, 1.42305)

T-Test of difference = 0 (vs not =): T-Value = 8.13 P-Value = 0.000 DF =92
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Stress Amplitude (MP3)
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s Amplind Ttest Resalts
Estimate for difference: 8383.75
583 MPa 95% CI for difference: (-6141.46, 22908.96)
T-Test of difference = 0 (vs not =): T-Value = 1.26 P-Value = 0232 DF = 12
Estimate for difference: 18152.8
534 MPa 95% CI for difference: (-23860.3, 60165.9)
T-Test of difference = 0 (vs not =): T-Value = 1.00 P-Value = 0348 DF =8
Estimate for difference: 56252.2
516 MPa 95% ClI for difference: (-31216.1, 143720.4)
T-Test of difference = 0 (vs not =): T-Value = 1.52 P-Value =0.172 DF =7
Estimate for difference: -52220.5
508 MPa 95% CI for difference:  (-115831.0, 11390.0)
“T-Test of difference = 0 (vs not =) T-Value =171 P-Value=0.103 DF=21
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Histogram of ~QT_1, vNQT_1
Normal
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Two-Sample T-Test and CI: QT_normalized, NQT_normalized

N Mean StDev SE Mean
~QT_1 30 45616 13607 2484
~NQT_1 34 54010 15516 2661

Estimate for difference: -8393.37
95% CI for difference: (-15672.67,-1114.07)

T-Test of difference = 0 (vs not =): T-Value = -2.31 P-Value = 0.025 DF =61
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