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Process Design of Seat Rail in Automobile by the Advanced High
Strength Steel of DP780
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(Recetved January 7, 2008)

Abstract

The control of springback is very important in sheet metal forming since springback affects the dimensional inaccuracy
of product. The object of this study is to design the manufacturing process for the improvement of the performance of seat
rail by DP780. The influence of process variables such as bend angle and pad force on the springback has been firstly
investigated through the comparison between the results of FE-analysis and trial out for initial design based on designer’s
experience. The process variables of the initial design have been modified in order to improve the dimensional accuracy of
seat rail from the prediction of springback by FE-analysis. It was shown from experiment that the improved design
satistied the required specifications such as the dimensional accuracy and the strength of seat rail
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(a) seat

(b) seat rail

Fig. 1 Seat and seat rail in automobile
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(a) seat rail (b) lower rail

Fig. 2 Important parts of seat rail



DP780 =149 @S o] &3 A58 AEHAY A4 A4

T AAAN d¥HP FEo] Fig. 29 C & Z AE37] 3k 98°9 7% 533 (overbending) S
o | F=m, 4-*—?“011*1 AHE HFEL Fig 29 it 1 A3 Axguwion 93te] §3Q A3
B F&° gt =3 5 FAL Fig. 209 A Ao 7.78°7F 3| o] HOA 902202 oY
FEE A¥se FAHlL, 6 FAHL 1 THINA N1, A= 6.13°7}F ﬁlﬂol % o] Table 2
AEIRAYE B8-S IA HXE= 34 sgsin oA}t 7ol 91.87°2 AP EHAUT FIT LA T

ANEAE ZHAA 134E ALstas A~z

Punch 77 2AEo] 20% Eu A5s BT 4 rh

ol
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Table 1 Mechanical properties of AHSS
Material . K YS TS .
(a) upper rail (b) lower rail Properties (MPa) | (MPa) | (MPa)

Fig. 3 Restriking processes of upper and lower rail DP600 0.175 969 439 589 1.020
DP780 0.133 1177 514 786 0.880

3.2 3l A EHH &5
AEHNA AZEYOIEE LS-Dyna & AME31Y

O QY o mlAAE m L 0.125, WA L Table 2 Results of FEA and T/O for forming process

of lower rail

T lm/sec, HHEHL 9ton &2 g1, FIHRE o}

°]9] & A(mesh) = 5 7] ©] L_Q.i Ea% 3kt Process ] 2 3 4 5

AAe 84 A7le HAFHem odEHE 4 A Bend Angle(°) o8 | 465 | 76.5 | 6l 91

(Adaptive mesh level )& & &3l FIHRE F123)

Helbd ¢ JdES 27 718 AAsG 7). Die Radius(mm) 10 | 26 | 26 | 25 | 15
2399 Fe 24X T A8 ABA

S -?—533}'93;9_131, 7 AAE Table 1 o e Requirement(°) 90 45 75 60 90

T} DP600 o ¥[3}e] DP780 o] B9} o147} FEA{90.22|43.43 | 69.98 | 58.05 | 89.5

=7F A JdEg I, 7HEAE ASE A e Measurement(°)

%ok DP600 ol H]3le] DP780 o] FE7}I Q) o] T/O| 91.87 | 43.76 | 70.25 | 58.50 | 89.60

70]_57} =7l Ulﬂ-?*oﬂ }‘15""-’4‘1110] =7 L]-E]—IJ—U% FEA| 7.78 | 3.07 | 652 | 2.95 1.50

YA FFE, FY FEUAF] E4F 2 Springback(®) . . . . |

‘IE“‘“’] AA LJrE}Ur-‘E 73 g o] 9}3}[8-9]. T/O| 6.13 | 274 | 625 | 2.50 | 1.40

Error(%) 269 | 12.0 | 43 18 7.14

! I } I 1 ]
Process 1 Process 2 Process 3 Process 4 Process 5 Process 6

Fig. 4 Multi-stage foming process of lower rail (except piercing, blanking and restriking)
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Table 3 Comparison between results of FEA and
T/O for required dimension

Part of Fig. 2(b) L] 13 R
, , Angle | Length | Angle | Length | Radius
Dimension . .
(°) | (mm) | () | (mm) | (mm)
: 13.36
Requirement 20.50 2.60
90 120 (£
(Tolerance) (+0.2) (+0.15)
0.25)
FEA|89.50| 20.68 {114.98| 12.66 2.83
Measurement
T/0|89.60| 20.66 [115.25] 12.67 2.81
Related

5 2,3,4 2,3

b

forming process
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Table 4 Improved design I in lower rail

Process 3 4 5
Requirement(°) 75 60 90
Bend Angle(®) 82 62.5 91.5

Result(°) 75.12 59.91 90.08
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DP780 x=xgd A3 ol &3 Asa8 AEHLY 4354 24

___ Table S Influence of pad force on springback =3k DP780°] DP600C.Z A3 A|E(1180kgh)ol
i N = El 7} 0 O ol 2= o]

Process Springback Pad Force(ton) st} dlelRAdisr dids] Feaw O 5 %

o, el ARt TE ANEHYLY] AUE o

(Bend Angle) Requirement(°) R 9 10 ArEdHoA QF7|ELe BRE HEI}Le 2 £

(o]
AR

3(82) 7 830 | 688 | 6.81

Table 7 Die set for manufacturing of seat rail by
improved design II

Table 6 Inl!goved design II in lower rail

Process Open Close
Process 3 4 5

Bend Angle(®) 82 62.5 91.5

Pad Force(ton) 10 9 9

Angle(®) 75.19 59.91 90.08

Result

Radius(mm)  2.70

5. 4834 NHEy 45 ¥ 1E

gt ANEHLA AEF AF
FAEE Table 791 “HERH AT
4‘8}9&“‘4 TiCN —‘-’-'EJX%E'J“}

A A 5’57%1011 A 235k *1?‘_:1**@“ 5
X2 Q] =Wl A Table 89

& F Ao AFAY FEAIL AlY AEd
olgddle HFEFE FA3 At Fig. 634 %
gHol2dE S 3 3. dHolgAg e

SHE-HYS 60cm £02 Hddle AdAZ] &,
AFARAT FASHA R de LAGA 7 AL A
FH e AFHS 713} o]2REH AEH A9 Fig. 5 Lower rail manufactured by improved design
o] ojgd wf, Hd IFE AT & Ao

ox o 9 0 3o

7]7@}&” H%‘qo sl WA “?F_E'j f}l?"aﬂ%% Table 8 Comparison between FEA and experiment
A2y AL st gield 4¥& 89l for improved design II

o}, Fig. 72 ¢ o]%/“iﬁoﬂfd ANEHYLS AYE i .
LHERH A 3)o q‘ SR Y ulgRor HA part Dimension Tolerance Pesten®
HEg e dozl :16‘_01] 2y X ol W3lo] doji}x Fig.2(b) FEA Exp
4FHo2 #Ydo] o|gS s Avk wHolgA

_>r'_,

2

oA Hstzs = 935}lead Table 991 LFEFUIQL T} L1 20.50 +0.20 20.52 | 20.52
NEAFEL 1sskef 7F SHHA 0T, ALY 7

AAA D& AL3 ANEHLS dHold dF&

1467kgf 2 QX< 1400kef K.t} A vebgoh R 2.60 +0.15 270 | 2.69

L3 13.36 +0.25 1335 | 13.35

st AMIIE 88 X|/H 17 M3=, 20083/201



Product Section Test

Upper

Lower

i

Fig. 6 Test of section breakaway

R e

(a) mounting (b) curling the

side wall

(c) section
the specimen breakaway
Fig. 7 Deformation of seat rail under section breakaway

test

Table 9 Max. load obtained from section breakaway
test for various design conditions

Condition Max. load(kgf)

Requirement 1400

Initial Design 1158

Improved Design 11 1467
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