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Abstract

For commercial vehicles, the lightweight of suspension systems will require improvement of de-
sign stress, which needs higher requirements on the performance of the raw materials-spring
steel. Combined with domestic spring steel smelting and industrialization levels, using Nb mi-
cro-alloying technology, and using fine grain strengthening and precipitation strengthening me-
thods, a new Nb-containing high-strength spring raw material LPD65 was developed. The tensile
strength can reach more than 1500 MPa. And the heat treatment properties, mechanical proper-
ties and fatigue properties of the new material LPD65 were studied. The result shows that the new
Nb-containing high-strength spring steel LPD65 meets the design requirements of lightweight leaf
springs for commercial vehicle suspension systems, and also meets the fatigue life requirements
of lightweight suspension leaf springs of OEM.
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HRER. SEENBRERWNGBEETIAKT, RKARTRMSSABR, BRI H RS
B, FFRHNEE KT 1500 MPaF R & Nb i BN R RILPD65, FHXHi R & Nb i iR B BN A1
FBILPD6SHIFACEERE . F22ERE. o5 HEREEAT AT L. LRI, FELSNbRRMENEMAILPD6S
HRHAEBRAGREEMMRERITHER, FANHEENEN NEELSERERTTHFHER.
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1. 5|

2019 “ELLK, BHEREMTF R, HhBERGREMNRALRESA . D E 2T E
R, ARG TR 3 A, JERAE 5 RN B s A TR 2 i
LEARE, AR 3 R, Aokt bRENTFENTEE R, SRR EL 3 FE. R
T AR VSR, RIFEEER AT R, Rl A 4G B R AT RN E D i EER
W% ) T R AR ERGR Y, [FRIE E E R TS R G mE o7 PR R R R [1] . B R G
BT IR B, W IREESR BT R 4 s, IR R F 2R B AL R G A b S S M R AR H T
BRI EER (2] S Y BEENE R S T A K, SRR LA S EOR, 38 I 4H o s A A AT HY
AL EERAR, JFRPUI KT 1500 MPa B & Nb i S 40 544 kL LPD65, JF X8 45 Nb i
FN R KL LPD65 [ EEVERE . J2EvERE . R ST MEREREATI (3] [4] [5]. WM HEB R RGR R
BT TR R, IRl 2 A WL o i B B AR S 57 77 i R [6] [7]

2. MBI AR Tk
2.1. EEEEESN LPD65 il

Fer R SR E N LPDB5 T EAL A i BETE LA 1, MRAEAR SACGE Bt oK, 1R 28 x 90 mm AL 1)
SREEAN AR, B TR RME SRR L FAAE BRI BE AR 57 1 BE AR T

Table 1. Chemical compositions of LPD65 (Wt%)
Fz 1. LPD65 LA i35 (Witd%)

C Si Mn Cr Mo Nb S P

0.40~0.50 0.70~1.10 0.8~1.20 0.7~1.20 <0.02 0.02~0.10 <0.003 <0.016

2.2. WEFE

LPD65 & TERE . fHH Q4 BEEibSGHA TS S Al Fl WDW-G AL HLF 7 e R iR 48 A1
RPTM B IS RN S22 B ] HR-15A B 5-3% FOHE B L1 ARk s e b B0 )5 78 i i g
J ) K AGFE ;] Nikon MAL00 74 441 4% & JEOLIEM-1400 AUE BT R4S, KB ARl H b BRI RE k47 41
gImgE; P ERHIsE RS, #F PSI200 BN UME 57 I LIEAT & 4298 57 1 S 3l % R

DOI: 10.12677/meng.2020.71006 36 NEE I


https://doi.org/10.12677/meng.2020.71006
http://creativecommons.org/licenses/by/4.0/

?%tff
o}
a4

3. R 578
3.1. ERS T

RN LPD65 A2 A I (5 2). HR WAL, AR5 IR R B om s A LPD65, HAb2E Rk
BB A AL A Ve ER,  HAA AL 0 R A AT, X R I Ak SR W AR R R SR, AT
DS BRAR A 72

Table 2. Chemical composition analysis of LPD65 (Wt%)
=2 SSRMEN LPD65 A 2 HT(Wit%)

v ae] c Si Mn Cr Mo Nb S P
1 0.49 0.7 0.9 0.90 0.013 0.025 0.002 0.015
2 0.52 0.75 1.0 0.85 0.011 0.026 0.001 0.014
3 0.53 0.8 1.2 1.00 0.012 0.028 0.001 0.013

3.2. hEEeat

B R AN LPD65 FALFE I IR ) S R R B SR AN 4 3 Fa. 7E 450°C + 20°C Bl K Y, B4R
PEE AT 1450 Mpa, Wik >30%, BiafkE >9%.

Table 3. Mechanical properties of LPD65 in the conventional heat treatment conditions
=3 SORMEN LPD65 MRALIE S F M AE

PSR B FIFERE
ok K fi] e AR iR B o IYSRLESE WIS A
i) IGERE(C)  AHAAR THEE(C) RP0.2 (N/mm?) Rm (N/mm?) A (%) Z (%)
880+ 20 W 450 + 20 >1350 >1450 >9 >30
1# 880 450 1356 1455 9 32
21 880 450 1358 1460 8.5 30
34 880 450 1352 1455 9 33

3.3. HAGH S ETMIRES R

Kl 1 s sa s LPD65 #VAbHE 5 (14 AHZHE, HANSU Bl KR R4, 456 IB3782-84 VFYLAREH
EN L K2 Rymnmai i) LPDE5 I IS I dl b FE IR, ARk GBIT6394-2002 4 J& ~F- 14 A B il 5
TP SRLRE N 10 Zh. 18] 3 N sRaf SN LPD65 HAAE T 5 414 HLBE(1000 f5) T30, 40 #r ml i sy
Al AR TES, HA LU A5 [ 4 Rymsaai 89 LPD65 #AKb 3 J5 414 Hi 5% (5000 %) I3, 113525
T PR [ KRR TS Hh, SREEY 50 73 A A D RIORE £ b mT 1, s i 28 LPD65 Zid #uih ¥ 2 5,
A SRAS LA B KR RARZAZR, SE&TeE, Rl Nb JTEmIIMA, JER T st BeRk i o ([ 4,
L A 5 i SR A S Ak, BEAS SRR RIS, FEAZASREATIE RS, i RE R Ak 4 (0 ] A A

SR P AATHAE A, X R T R AN LPD65 A i o B AR B R S W AR A S A

34. TZEMSHR

1 4 SETRRITEN LPD65 Ak i M IR B , ] 5 2 iR BN LPD65 A iz P 1 Hh 2k
M DR AN LPD65 B A B B , 78 4 RET AL iR N A0 F R AN R B RE SR A RHAE B I L K
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Figure 1. Tempered microstructure (500x)
1. B X HEHEZ(500%)

Figure 2. Grain size (100x%)
2. @RI (100x)

EHT= 8.00 KV Date ;29 Jul 2019
[ WD = 7.6 mm Mag= 250KX Time :10:06:41

Figure 3. SEM (1000x)
3. FA4ER A5 (1000%)

Figure 4. SEM (5000x)
4. 1R SRR (5000%)
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Table 4. The hardenability test of LPD65
7= 4. LPDG65 i (iR 3G K1

2 i A R B (mm) 2 4 6.0 8 10 12 14 16 18
fifi &£ (HRC) 60 60 60 59 58 57.5 57 56 55
60
59 |
(&)
£ s8-
~
i
% 57
i
56
55
o 2 4 6 8 10 12 14 16 18 20
P E S /mm
Figure 5. Hardenability curve of LPD65
5. FsEsB N LPD65 B MLk
35. AREFRE
P 6 A H] R B E LPD65 kil A 3 kAT 2 4ikge 4 R . &l 6 Wl
1) miRsR s LPD65 X I, 78 bx & 4k, HOGREeN /) 833 MPa, & 42K I 57 4 fir
72 80 FHIRAR HILWIRE, i KT FEFRER Y 10 3957 A dn, Hlohos wot R % Ay 100 51K
2) FrRIRE AN LPDE5 WA, fE TN B 4RI, BRI /) 900 MPa, & 48RRI 5T 5

firse 50 JTUCK IR, i KT L EORE 16 5K ST A mioRaf 34N LPD65 il iiE, 7&
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80/ K
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LR
Figure 6. The fatigue test results of leaf spring using LPD65
6. SIRMMEN LPD65 iNEIIR S S 2RISR
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FH T GRRIEFKAE, RIRIE M /7 1000 MPa, & 4RI 57 A i A 30 TR M IR, i KT
MU BRI 12 FIRES A maRsisied LPD65 i, 3P G200, SRR 5
1050MPa, & 4RI I A fr A 20 T UCK IR, et KT L) BRI 12 5 IR0 55 s s
FEN LPD65 MR 3, 7EEN) G AR &M, S OKIRER R 77 1100 MPa, £ 25095 57 A fir A 15 J5 IR
RHPWTRL, i KT EHL BRI 12 JJIRE S 5, FA 0T 98 97 R s

3) R EAN LPD65 A E, i KR8 N /) 1150 MPa, 4 3R 57 75 fin 2 12 3 0K B 2L,
WA LA R ML) 12 50055 75 e 2K, 1k BT I a4 e 7K T

4, 4Eip

1) WFHEE S Nb i 540 LPD65, & TR HZEm . BEAGE ™ .

2) FAE Nb s 4N LPD65 FAT R I i B BE 1tk BE ATV 1, KL B 5 B R KT 1450 MPa,
WEAR T AR AR DU 50 H b, S8R — DT A T 209, LIl s % KT 1500 MPa #& i1 H
Fro LPD65 H1 Nb JCHEMIININ, JTERL T mtEReRAC A E A, O # = AR ATHUAE A, 345 i
SRS B A R B

3) MBS Nb w540 LPD65, i & 280857 A dnth e, EEARIREG R ) 564, 957 7%
%I 100 JIRGIR Zdrs fEmI R 77 1150 MPa ikBe R ) 26440, & 308 57 Zan vl ik 2] 12 J3 RN, i
TAT M LR A K

SE 3k
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