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Abstract

During the driving process of a vehicle, the frame not only bears various loads and moments, but
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also continuously vibrates due to internal and road excitation, which puts high requirements on
the stiffness, strength, and vibration characteristics of the frame itself. This article uses finite ele-
ment analysis method to analyze the stiffness, strength, and vibration modes of two medium-sized
truck frames. Based on two existing mid size truck frames, finite element models were established
for each frame. Subsequently, modal analysis was conducted on the two frames, and the first six
modal frequencies and vibration modes were extracted separately. A strength analysis was con-
ducted on two frames based on four common operating conditions during car driving. The calcula-
tion methods for the bending and torsional stiffness of the frame were introduced, and based on
this method, the bending and torsional stiffness of two frames was calculated. Based on the analy-
sis results of strength and stiffness, improvement plans were proposed. Finally, the improvement
effect of the two frames was verified by finite element method, and the improvement results were
reasonable after inspection.
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Table 1. Main parameters of the frame

®1L ERERSBY

ZEan K/mm Bi/mm & /mm AR /mm SR kg
B A 5600 860 427 3390 408
EZEB 5968 842 328 3398 473

Figure 1. Finite element model of frame A

B 1 FRABRTERE

Figure 2. Finite element model of frame B

[E 2. &% B AR TIHER

MBI E: TERI WG 2 BT B BB RS, T 5 928 S WA B AR B RE, 4222 B A4
BH R AN 2.1E5 MPa, %%y 7.85E—6 kg/mm?®, JHFAEL )Y 0.3, FRWES BN E 2 Fin.

Table 2. Two car plate thickness parameters

*2. MRERESH

A R JE B Imm B R4 JEEE/mm
PG 8 PG 8
i 6 g 6
oy 8 oy 6
R 8 Eost; ¢y 6
ERIl 8 EHI ¢ 6
TRk ¢ s 8 BRI 6
EYAN T E s 8 R 6
eSS a Y 8 BB 6
B 22 e S B 10 e s 10

MRS 228 A TR B 259,263, 1 mi BN 264,767, /NS RSN 1.4 mm, 5 KRS
9.4 mm; ZEZ8 B 1M EE A 326,418, 15 55 A 331,507, S/ R SEA 1.9 mm, F AR SR 11 mm.
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PSR AE R 2R A PE[6], AR — BB AR . IRA 52 R OUER R R, BRI 4228 5
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FHB I WUPMRESHR TR A, HRBESIRIRT R A, PERAET 5 SR 3

Table 3. Natural frequency and vibration mode of the frame mode

® 3. FRESE AR RRE

B A R Hi A (Hz) IR FZBHIK B (Hz) PR

— s 8.1 HEARE) —Ririas 9.4 HEREN
BB 26.5 i RE s 22.0 RN
=B 36.0 = RE) =S 33.1 i ARBN
L[5 412 = RS DUBT s 418 = RB
Tt 474 BHAAIRS TR 46.1 TR
AR 58.2 BERLES R 5h AR 53.6 T IR

3.2. FEGRE O

ERAEEAIBAT IR T, ARSI LA ROR BN & B AR #inr, 2 012 T3 BARMI[T]. ASCEEAE
T YA AT A E A IR

1) W T

WECLOUN, R EZEANRIET UL B R E ), AN A FRE BN E ), A%
BT RN NLE 4 PR

Table 4. Load capacity of the frame
T4 ERIYRE

ZH R 2R [T 5 By LN &
FHA 600 kg 800 kg 4000 kg
B 600 kg 850 kg 4500 kg
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3) RS T UM E T

TR T R s BT AN, A S22 Ao 2 2 00 1) 38 5ok 2 506 A BT R S (L 1 S5 ) 1)
JIE, R S A T . R A I R AN 9]:

R IR BN () 2 A2

P,>2F 2
P, WURENMEZ B 11; F, S I AR B A )
F, =Gy 3)

w ARCIR MR A R %, W E 1.0
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4) I T

L T2 B T e R — 2, R TRRIAE, MERERRAEMMAY, 5852771
K[10].

3.3. MM AGERS

ARSI AR A FIZELE B AE ORI 1) ) AN 00 N HEAT A BROTEE R SR AR, e rb B R 1) T
AR . EAE QAR =ATT R E B, 2RO L R M s 5 i, AR W
AT S E B, AR OARER TP E B, HETHARNT: ZRf QR =105 [
ZEHE, ek L R A S R, AR O 2R AN [ T3 E B, AR RO R
P A E B

1) HRMFE ) O AT e R ARIETT A RS RIS 30 T OS2 B 7 il an ] 3 A
4 Fas, N AT Byl an i 5 M 6 Brs. m1E 3 s 4 w45, s R ) oL 458 A e KA
BN L1mm, £ B KA RN 7.0 mm, AREESCER[11] 25K, 08 42 505 K% f B R0 /T 10 mm,
TI8 B ARV R A SR MERRIE . H1 5] 5 ANIA 6 W4T, 2208 A S KR AEAE Ja BB 2 SO S VB AL,
RAOKIEW N /1749 193 MPa, (R THARUEIRGRE; 7258 B KN /708 879 MPa, i TAPRHE AR,
BLO T2 A BB 2, 00 B s T AN B . S KM ) 0 0L 2258 B s RN A Az 1
B ROR S P RERAL, ALK ZENR )0 879 MPa, AR E IR . FI4h, JE AR 2 ()
IR S A A BB AR ZE TR /)0 810 MPa, i HI AR IRSEEE, Ml SRIX PN Vi 22 4 ik
JEAGH, AR, 7 XA AL T AL -

2) I TH AR MRS B WG S LS LA = I ol an 1] 7 AAL 8 Fow, REA oA o
P73 an B 9 A1E] 10 Fras.

HIE1 7 AN1E 8 W4T, HHECTOL R 448 A S KA RN 2.0 mm, 428 B i KAZTE RN 2.0 mm, R4E
SCHR[LL)ZER, PR R R 400 KA thHR @ % /N T 10 mm, W2 TH 2k, i 9 Ms 10 W13, EHARK
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KRNI R AL — R E R G NRATHRAL, S KOKZERTN /179 366 MPa; A28 B i KB A R AE 55 =1
RGYRAZFAL, R ROKIEWR 79 200 MPa, 33/ TAPRLE IRGREE, 12 L0 F 42485 B vt & B
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Figure 3. Maximum lateral force working condition displacement of frame A
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Figure 4. Maximum lateral force working condition displacement of frame B

4. ER B mRAMERD IR

m 1.930E+02
l 1.715E+02

1.501E+02
— 1.286E+02
= 1.072E+02
h 8.577E+01

6.432E+01
4.288E+01
2.144E+01
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Figure 5. Stress distribution under maximum lateral force condition of frame A

5 ZERARKMEAALRAN NS

8.791E+02
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Figure 6. Stress distribution under maximum lateral force condition of frame B
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m 2.019E+00
l 1.901E+00
1.783E+00
— 1.666E+00
E 1.548E+00
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Grids 473074

Figure 7. Frame A torsion condition displacement

B 7. =R ARG

m 2.043E+00
l 1.879E+00

1.715E+00
— 1.551E+00
— 1.387E+00
i— 1.223E+00

1.059E+00
8.948E-01
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5.668E-01

Max = 2.043E+00
Grids 366609

Figure 8. Frame B torsion condition displacement
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m 3.660E+02
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2.847E+02
— 2.440E+02
T 2.034E+02
n 1.627E+02

1.220E+02
8.134E+01
4.067E+01
1.428E-13

Max = 3.660E+02
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Figure 9. Stress distribution under torsional working condition of frame A
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m 2.004E+02
l 1.781E+02

1.558E+02
— 1.336E+02
= 1.113E+02
[ 8.905E+01

6.679E+01
I 4.453E+01

2.226E+01
8.162E-14

Max = 2.004E+02
2D 277155

Figure 10. Stress distribution under torsional working condition of frame B
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SRR ECE PR AT R, AN AT R0 1 i AL NI

1) R T

VR 2R 50 T AN R — R 1T SR 2K, 2 TR 9 oy (1) T () 2 8, FEPE R O At — "6 B 1) T (R 24T
ffiz F= A AR [12].

P20 il W B TSR A N

a F
Cy=El= (4)
A, FARFE R EGE, 0O Ny afUFMhEE, Sahlyms fARTREREE, Ak m. 2 NI A —
e AT E A XN
K, = 5)

max

K f o o AN SO

LR —MRIEN, 5 Rk U s B0, TR 005 SR A R s ol M B R IA =

2) NI EETH

VRNV AR, LRI A B BikkTEMAIFE, 78 C. D Abjhn—xt B E Ly
FAH ) T, s A 11 fros .

Figure 11. Schematic diagram for calculating
the torsional stiffness of the frame
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HUEE R EE 5 A RON:
T FL
<=0
A, KONHIEERIRE, BRI Nm/es T A5 0 N .
H T HIEE M SHIEE A R 22RO R, MO HIEFE #m (B AR B0 50 B, (8w HU RIS 3 BUA
3000 N-m, IXFERERERUE AL 25 B RS R, O] 38 G DR A 8 o e e A PR i 7= A i 22 [13] .

4.2. MIESHES R

421 ERABESER

S RIS A D HRIE S A58 B HY, (BRI /N T 228 B, WM gl it 4
WA K, W& SRERAE MY, R BTSSR, AR T LR 7T, st
ZEA A (R R R AT gt

(6)
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X, 4L B A MURALE LR A SR BRI AL B R, 1AM NI EEA R, (H
TELRK AT B [ E 1R, AN BT O, AR 0I5 A P it o 248 A B KA TR AL B T 2R AR i i
A PR 7R 28 A BT RE GRE S AT G, R 2 i A A SRR SRR LR BB
BERGE HOACE T 2 2 S B VA K B =R e B S R I G 0 109% J5 BT (R B — AN AR A SR FE R, HAt R
PREFERES), FEbESER, IRAF R NI FEXT &N S5 B BRI B AE itk DA R AR Ak e
KA .

O A TR R PR AL A R NI BE R ok, 35 =Rk, ot JUAS 8 2 AR AL,
XTZELE A L NIFE JUT- A 520, SOE s 55 TR RRN 28 = RE R kA7 etk #4238 R JEEH 8 mm 3
nE] 14 mm, 5 =BC2)EEH 8 mm H N3] 12 mm.

o PR RAEEL A G IRTER L NI EREAY), 188U HEPRMAZA PR oo, TR RS ot
JE RS A KR T8 57.5 mm, LG BT B KR T & 72.4 mm K T 21%, ZE 48 7% W FE H 728.4Nm/°
$EFH 4 833.3 Nm/°, HIFENIFESETH T 14.4%, oiltfa e = B 12 fis.

m 5.751E+01

l 4.487E+01
3.224E+01 o
— 1.961E+01
— 6.976E+00
B s es6ev00 - (Y },_w,
-1.829E+01 / ; s .
30026401 ‘
-4.355E+01 3

-5.619E+01

Max = 5.751E+01
Grids 473079

Figurel2. Improved frame A torsional stiffness displacement cloud map
B 12. MitEELE A AERIENBEE

UEAh, W42 A S 5448 B 45 HANE, A0 B NS RS A A SE OB, 2L B 1Y
HEEWIRRKSETH, BT RN B SATEL W, St R BUEEATIAG, EARJE A BT IR N
JE, O I R B I B AT 3 4 et

422 ERBYHFE

o = B R NSRS O 1) TR R 2R B AR % T T RS YR B A K SR N )
ILE] 879 MPa, J& bR 5 %25 SO AR 5 A AR 0 K ZE 18 7738 21 810 MPa, ¥ H T4 kHE
IRAEIE, 28 B MU PIANIAL BT 2 M EAN ST, AR, 70X A Ak 47 ot

BN S R AR, RN AT AR 0 22 2 FLJE Bl 00 A i m e i
WEE IR, ERAREEE N 6 mm, ¥IKHn/E % 8 mm.,

T T FASELE B A PRITAE R (R R M ) 3 ), B SUS R AZA FRCEAS, THRRE
BEFESE B MK ETLE N 5.3 mm, HWEBUHEATHRARZILE 7 mm KT 24%, SulkEiif = Bk 13
FiRs ROKRZERTR 324 560 MPa,  H ek BT e AOK ZE /T Y. /) 879 MPa F#K T 36%, Buidk G N )i =
BN 14 s .
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ARSI A FRITTTER PR BT A 2R BIHEAT TS oM B A AT LU RIEE /)b, JR 7 4528
B A GS I, I IEE S 25 M R SO AR R ABOHRF & ER . BRI AE T - 1) BT A TR,
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Figure 13. Displacement diagram of improved frame B
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Figure 14. Maximum lateral force working condition stress cloud map
of improved frame B
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