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Improvement of Fatigue Strength of High Strength Hot Rolled Steel Sheet for Truck Frame Use

Kunikazu TOMITA, Tsuyoshi SHIOZAKI, Toshiaki URABE and Koichi OSAWA

Synopsis : Weight reduction of a truck body brings about increase of load capacity and diminution of fuel consumption. The weight reduction is feasible

in terms of the application of high strength steel sheet to body. Especially, the application to truck frame is important because it is heavy. The

required properties of steel sheet for truck frame use are press formability and fatigue strength. However, investigations on fatigue strength

are relatively few, and the value of fatigue strength is not sufficient. Therefore, the fatigue strength of high strength steel sheet for truck frame

use was investigated in this study.

The fatigue strength of steel sheet with scale is significant for truck frame use. It increases with the decrease in the surface roughness of

steel sheet. The fatigue strength of sheared edge is also important. It increases with the decrease in the roughness of sheared edge. In case of

the microstructure including pearlite and coarse carbides, these phases increase the roughness of sheared edge through the connection of

micro-voids arising around them. Accordingly, the reduction of these phases is significant for improving the fatigue strength of sheared edge.

Based on these findings, three types of the 780 MPa grade high strength hot rolled steel sheet were manufactured. From this result, it was

suggested that the effect of the roughness reduction on improving the fatigue strength was stable.

Key words: high strength low alloy steel; hot rolled product; fatigue; strength; truck frame.
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Fig. 1. Schematic illustration of truck frame.
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Fig. 2. Configuration of fatigue test specimen (mm).
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Fig. 3. Relationship between tensile strength and fatigue
strength of steel sheet now in use.
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Fig. 4. Effect of descaling and electropolishing on fatigue
strength of 780 MPa grade precipitation hardening
steel sheet (smooth type specimen).

b7y 2T Lo o FHERIE SR T HR OO 0 5T 5

650

LIS L L L B AL LB LA

L 2N 780MPa

\t=4 - 6mm

\

®
\

A ETRE REE

600
550
500
450

Smooth type
400

sl eeea b beesabonaabigg

TTTT T IT T[T T [T oI T T7TY

Fatigue strength, A o (MPa)

IUNN ETEERE FN TR EEE

10 15 20 25 30 35 40
Maximum wave height, Ry (&« m)

350

Fig. 5. Effect of maximum wave height of roughness
curve, Ry, on fatigue strength (smooth type speci-

men).

Fig. 6. Surfaces of the steel sheets having different scale roughness. (a): Ry=37 um and (b): Ry=12 ym.
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Table 1. Steel sheets used in fatigue test using machined
hole type specimen.

Steel Micro-— Thickness Tensile properties
structure (mm) | YS (MPa)] TS (MPa)] E! (%)
540PH F+P 6.0 458 569 31
| _590DP F+M 4.0 376 608 34
780PH F+P 45 749 832 19
F:Ferrite P:Pearlite M:Martensite

Table 2. Fatigue strength and crack initiation site (ma-
chined hole type specimen and punched hole type
specimen).

Fatigue strength, A o (MPa)
Machined hole] Punched hole
269
311
362

Crack initiation site
Machined hole| Punched hole
| Surface, 1/4t Center
212 " "
126 " "

Steel

540PH
590DP
780PH
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Fig. 7. Hardness, roughness and residual stress distribution throughout thickness on edge of punched hole.
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Fig. 8. Shapes of sheared edge and void distribution of the
punched holes. (a): 540 MPa grade precipitation
hardening steel sheet (t 6 mm, Ry 58 um, fatigue
strength 123 MPa) and (b): 590 MPa grade dual
phase steel sheet (t 4mm, Ry 22 um, fatigue
strength 212 MPa).
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Fig. 9. Configuration of bending fatigue test specimen
(mm).
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Fig. 10. Effect of maximum wave height of roughness
curve, Ry, on fatigue strength (punched hole type
specimen, bending fatigue test, F: ferrite, P:

pearlite, B: bainite).

Table 3. Chemical compositions and hot rolling conditions

of manufactured steel sheets.

Chemical compositions (wt%)

c Si_| Mn Others
0.11 1.9 Cr,Nb,Ti
005] 07 | 1.6 | P,CuNiTi 830 =100
009] 02 | 1.6 | CrMoNbV 850 470

FT : Finishing temperature  CT : Coiling temperature

Steel Hot rolling conditions
ET(C) | CT(°C)

860

0.1 550
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Table 4. Properties of manufactured steel sheets.

Steel Tensile properties Roughness, Ry (¢ m)
YS (MPa)] TS (MPa)| EI (%) | Surface | Punched hole
PH 730 822 23 12 34
DP 654 813 24 16 13 )
BS 693 790 20 12 30
Steel] Fatigue strength, A o (MPa)
Smooth type | Punched hole type
PH 640 | 210
DP 600 230
BS 640 210
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Fig. 11. Relationship between maximum wave height of

roughness curve, Ry, and fatigue strength
(punched hole type specimen, tensile fatigue test).
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