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Abstract

Energy shortage has become a prominent problem restricting the sustainable development of
China’s automobile industry. Considering the social and economic benefits, low energy consump-
tion and low emissions of automobiles is the ultimate demand for the development of a conserva-
tion-minded society. Lightweight technology is an important means of energy saving for heavy ve-
hicles. The heavy duty vehicle adopts the small piece cross section leaf spring, which can reduce
the 30% to 50% of the spring assembly’s quality. Because the weight of leaf spring is inversely
proportional to the square of the designed full load static stress, it is the most effective way to
realize the lightweight of leaf spring to develop materials with higher toughness and improve the
designed full load static stress of leaf spring. The increase of static stress at full load in the design
of leaf springs puts forward higher requirements for materials and manufacturing technology.
This paper mainly expounds the fatigue performance research and application of the Nio-
bium-containing leaf spring material, including its technical scheme, material trial-production and
performance test, material structure and strengthening-toughening mechanism, etc. It is mainly
verified by the bench test and road test of leaf springs. The results show that the Nb-containing
materials have high strength, high plasticity and good rolling property, and become another good
material for heavy-duty truck less leaf spring materials.

Keywords

Niobium Leaf Spring Materials, Material Design, Mechanical Properties, Process Properties,
Fatigue Properties

AR RES RS A

£1%, TRE, Lisx, T A, :ER, $AE, 4 ok, AER, IXF

AR EMHAFERARB D AR A, IR
Email: qlf_126@126.com

Wk HEA: 20184F11H12H; S HE: 20184F11H23H; &A1 HEY: 20184F11H30H

XESH: ®E, TERE, TRE, TR, XMEE, #kkE, Ak, R, EXE. SRREMRE S TR S
MNA]. ¥4 1, 2018, 5(4): 145-151. DOI: 10.12677/meng.2018.54020


http://www.hanspub.org/journal/meng
https://doi.org/10.12677/meng.2018.54020
https://doi.org/10.12677/meng.2018.54020
http://www.hanspub.org

o
B}
a8

m =

REIRAE SR B AR AR ENRE AT R R RIR M, BRAM LM MAET M, KEEHE.
RHBERER AR SR BRAREAT R REUEARERNRETRNEETR. EAREXRAR
B /D AR TR BB R H B R R 30%~50%. BTHAR HE 1 E & 5 THEERE S P
TR, FFRIIMEEREAE, REMRERRRNRITRREN ), BRI EREELRE RN
o WRHERBIHERILL A KRR, NXAPEAE T 2R T ERmAER AEEEREHR
BMREART R, MR S RE, MRRAREH SEIMBESRT M ASNA, 8
HEEDARNERGERABRIE. BIRIESS, SEMBEFOREE. mEMMN REFHALE, R
NERREMD A EEH N —HEM.

K
HRAREARL, PR, EiRE, TEMeE, R

Copyright © 2018 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

WEFEE R, 7 R % T P 10%, JHFE(E BRI 4%~6%, TIRZERE % A EHER
5%~7%. Ik, WA ER RS TALME T 2IREIR DL — 0 RS i A R UL LR AR
HArE R ETT AR RIEH R, AREEEN, BNV AN 5 R 2878 125 Tl F.

BN R AR T mak s, EE S = o A A R A R R . AR R TR R K R
PRI . & St L 32 B A SR FIAT ARt A, HEURM BRI — e B MEEE TR,
SEATEHIELHI IS EA R, SRR B HSURIE SR, ISR A R R, (H TN
REASL, AR s EE AT MBS &R, AT Rk R
EEAR, MTHRESREE, BT H AR BAN IR, SO, (R IPERS 25 TR D1 IR 4N

SEEENEEATL TSGR, RARBERAM S S HAR, g f i b s ig s, JFR
Prhiag g 1500 MPa 457 &2 1700 MPa PA -2 PR ZE MR 38 FH AN . it Nb % BR PG4 745 4 (1 R 52 A0 BHLIE A
Fl, Fesranteiibn, $RESREREIME; FIF Nb. Vo FH1E B FAA IR AR (KR R A B FAR -k R AR A AR 1L
TR AR RS 2 JE T B NbC. NBN(C). VC Al VN(C)Z8 K ZRL T HITTE SRAAE T, KR B 2 o B K~
[1] [2] MEHE Nb MEMIFRITE & F PR S, RS2 i IRVE (N /16, REZ5Z 12 J5RLL BN A
TEIRT A IR s[RI 28 3 0P AR S 3 25 A AR A, Re s 5 B v FH 29 R 1 1 o

2. PAEHIE R AT A
2.1. BEMRHIE

M B E B S B WA 1, %R E NS g ] R A RS R 50CTV . #HAR 7 R
SLFRIE R AR A 5 4PN, 5 AR (26 x 90 mm, 28 x 90 mm, 31 x 90 mm, 33 x 90 mm, 37 x 90 mm),
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Table 1. Chemical compositions of the new material (Wt%)

= 1. IR E BRI (Wt%)

C Si Mn Cr \% Nb S P

0.45/0.55 0.10/0.40 0.7/1.20 0.5/1.50 0.05/0.15 0.02/0.12 <0.020 <0.020

2.2. REWFHE

FMERAHRTE S, 8 LC-8 BYURRAER 73 BT SR WU 4 R 27 et s FRASE 455 QRN R 405 152 4% %o 4 el
PAE BT IR 8 WDW-G 24 B 75 Be B AR S AL 0B AR AR B2 5 R ) 1k B A
F HR-15A B15- 3 PR FE 1A I AR HAARE R 31 5 40 IO 22 1] KA E ;. ] Nikon MA100 28 434 2
Bi )X JEOLJEM-1400 AYiZ i HL5, ST A4 kL b KRR gAT 2 5L, 7 ikl 58 il fs A PSJ200 A2
WUAREE 55 IR L HEAT & S0 57 150 S B 50 3] [4].

3. BR 51118
3.1. ERS SR

FHER 3 b 2 (0 S R BT RS2 R T 2)e FRAR TN, AL R I & AR b 22 i 0 B i
Bk, AR ICR AR 5], X FE B AR T R R R, AR B A SR A 1
TSR

Table 2. Chemical composition analysis of the new material (Wt%)

7 2. FIMRMEE R 2T (Wi%)

a2 C S P Mn Si Cr \% Nb
1 0.49 0.007 0.011 0.93 0.33 1.15 0.07 0.06
2 0.52 0.005 0.009 0.94 0.31 1.08 0.08 0.07
3 0.53 0.007 0.010 1.00 0.32 1.10 0.06 0.06

3.2. I MEESHT

3 PR NSRS 1 ) R ER . 7R 410°C £ SO°CHIEIKTEREN, HRIEERE N
1550~1750 Mpa, WiHURAE R >32%, WiEHEE >9%.

Table 3. Mechanical properties of new materials in the conventional heat treatment conditions

3. FIMRESAARLIBE G T hF MR

A FRE B IR
K [EPI JE ARG Hrhr WrE s WA
INFERE(C) B R IR (C) Rpo2 (N/mn?) R,, (N/mm?) A (%) Z (%)
860 + 20 i 41050 >1350 >1500 >9 >32

PACH )G, SHRMEIISGE J1F MR NER 4 iR, PLBIRE 1540~1624 MPa, W46 43%, A
B R A A, R BIEAR T BT,
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Table 4. Mechanical properties after heat treatment optimizing
4. MABRLIBEN R

L) UL (Mpa) T T L4525 (%)
1 1540 41
2 1580 40
3 1624 42

3.3. ARG SEFLNES Hr

KL e R 2 i ORI BL K B AR, VBN B KR Rk, 455 TB3782-84 PFAUARHEF
EN 1 G, B2 RERZ ST, K3 Oy ERER . SHERORL, T Nb SEIc R, AR
FEAHAR TR b 5 T R v i BE B AL R R . AT ARAHZUE Ny 5], SRLSE g/ 25 B iR, XAl
USSR 15 BB MR AR et o B AN AIE B R S 7 A R B A

Figure 1. Tempered Microstructure (500x)
Bl 1. ElA&HHLELR(500%)

Figure 2. Decarburization layer (100x)
2. BRE(100%)

Figure 3. Grain size (100x)
3. BERIE(100%)

DOI: 10.12677/meng.2018.54020 148 B4e TR


https://doi.org/10.12677/meng.2018.54020

?%&f
B}
a8

34. T

VEREPE . SR A O KR EE D 55~60 HRC .

WETE. 4% 5 RSP AR s E I Bt Ve R 2k W 4.
Table 5. The harden ability test of new material
= 5. IR RImEIE I HE

2t AR B B (mm) 1.5 3.0 6.0 9 12 15 18 21 24 27
fifl £ (HRC) 60 60 60 59 58 58 57 55 55 53

61
60 | 0‘7-\
59 |

ol \\
57 |

56
55
54
53
52

il (HRO)

0 3 6 9 12 15 18 21 24 27 30
FARIGIEE (mm)

Figure 4. Harden ability curve of new material

B 4. A Ria0EE Lk

EBIE IR, 26 90 mm N ELBIN A IAY, KI5 OIAIBEIEA, % 55-60 HRC. %

6 72 37 x 90 mm Jid 4N EL A K IIRIG 45 R, RITAEE 58 HRC, VR 12 mm K, F#E4 56 HRC.
TR . BRI P B, 30 mm BB BRI E R KT 0.2 mm, 4RI /b 4 9

RN A 55 M R

Table 6. The oil quenching test of 37 mm thickness steel

7 6.37 mm BERINEERENRIEER

22 P B (mm) 1.5 3.0 6.0 9 12 15 18
fifl £ (HRC) 58 57 59 58 56 55 55

3.5. BREFRE

T RGN BORFRERE 19 6 B3 57 IS TR EER, R PPUr AR R SR P e 5 B IK T
L SRR SR bR . IR AR TR (10 2 ZER OB AR DT W R, IR AR 1 65 4 57 6 7 i 5 S BR
A 1 A7 iy AT 4 AR RN R SC R, PR 5 ARG T VA R PR AR s B B A 6 77 7 o AR SR VTN
R ) & S 55 75 il R A 8~15 JTIRZMA], R FIE H A4 AR ) i AT (5] (6] (7] (8]

N BB R B 55 2 1 B BRI AR T, BT R S ARG 2 1 KAy B )y 650 +
350 MPa I, J 55 AF i > 12 J3K. it H Al E P RADRHIT A2 AR 3 KT R £ 2AE 8~15 T3 Ko

EHEH R ZON IR LR 15 W] AR R N D AR R, AR A D R S R TT 650 + 350
MPa 51 FREATIRIE. 4 8 R E PR B I3 G AU 57 IR R, (S AR A 1 2D 7 3% 57
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TREE, SRR RS R 55 A ot R E F R AR S TS B EOK . SRS ek b i
6 25 7 WA AR AT B, SRR SR (KR 57 VR REIA B T AN B AR AR

Table 7. The fatigue test standard of leaf spring
=7 AERGEE AR F R E

BOR b FORRK 71 (Mpa) SEA R YHT ) G
AU I A R 813 =8 &
(JB 4046-85) 902 >4 B

Table 8. The fatigue test results of leaf spring using new material

8. IR D R ENEREFS SR

WS 9% 55 7 i (JIIK) #E
1 30 NG
2 30 AW
3 30 MW
4 18.6 eI LG b L TE
5 30 NG

HR, SRR 1 /0 AR g 5 3 A ORE I 1 T B i 1

LRIk, S HeM VD B G 2R 5T R A i T BOR R AEA IR AR, TR B AR KR,
Xhr b R E AR ERTEBCEROR ERUGRBE R. Zead a6 B R e 57 7 i ik, RS He A
BUTAE BRG0P AT S ) AT, Xt R PR AR S A RHEOR R

4. &5t

1) BB T R T HBR AR AR R B S R B A R, e SR Y R SR A RS
LPD50.

2) msRSE . EE VRN R TR SRR R R B R, SR B YERE . P
BJE 1550~1750 MPa, WrTHIWC4i 3 40%, Wifk/ZIR/NT 0.20 mm. 5RA-5 0402 SREM R} 32 AR 55 07
], FEESREM RN T2 MR SR N EE AR, REEEM R AR, A RN A
OIS T R LA VR IR AR, W1 60Si2MnA. S0CrVA. 55SiMnVB 4§, X KIE
FEE R VR ZE AR B0 ol AN PRI R R LA E

3) SR EAGR D 3 G AR 55 A e R R PR B R RS, %R R B e A
B R85 A EANR ER BRIk, SEMRMR R T HANRED BB . E ek
O T R/RIARRERMEG F0 K8, 17T i A EB R, R IERER MRS =K
&,

EEUH
ARG P E N R S V.
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