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RESEARCH ON LIGHTWEIGHTING OF AUTOMOBILE REAR
TAILGATE STRUCTURE WITH LONG GLASS FIBER
REINFORCED POLYPROPYLENE COMPOSITES

ABSTRACT

The rear tailgate, as a large opening and closing part in a car, is not only a
major indicator of appearance and driving safety, but also an important part of the
lightweighting of the whole vehicle. Traditional automotive rear tailgate inner and
outer panels are mostly sheet metal stamping, subject to technological constraints
of the appearance of a single, and with the formation of components of the
assembly process is more complex, not conducive to the development of
integration and lightweight. The high performance reinforced polypropylene has
stable mechanical properties after solidification, meets the requirements of safety
indicators, easy to mould, and is increasingly common in the choice of materials
for automotive parts. In order to further explore the safety of plastic applications,
this paper chooses long glass fiber reinforced polypropylene as the material to
achieve the structural lightweight design of the rear tailgate of a car by replacing
steel with plastic. The following work was mainly carried out:

(1) Through the tensile test on different strain rates, different temperatures
and strain rate - temperature coupling under the action of long glass fiber
reinforced polypropylene composites tensile test, observation of tensile strength,
fracture stress, and sample fracture morphology change rule. The results showed

that the tensile strength and tensile breaking stress increased gradually with the
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increase of strain rate and decreased gradually with the increase of temperature.
The coupling effect produces a superposition of tensile strength and tensile
breaking stress, with the former being more affected by strain rate and the latter
being more significantly affected by temperature at low temperatures. The main
form of fiber damage is pull-out at low strain rates and breakage at high strain
rates. Comparison of the tensile strength and tensile breaking stress of long glass
fiber reinforced polypropylene composites with contents of 40% and 60%
respectively were found to be not much different at different working conditions.

(2) Long glass fiber reinforced polypropylene composites with a content of
40% were selected as the material to construct the three-dimensional
mathematical model of the rear tailgate of a certain car. The finite element method
1s used to simulate and analysis the modal and static characteristics of the rear
tailgate. The results show that the first six orders of modal frequencies of the rear
tailgate of this car are 29.41Hz, 40.90Hz, 52.66Hz, 58.90Hz, 60.77Hz and
69.90Hz, which are higher than the set value of 25.00Hz, and the resonance
phenomenon can be avoided to satisfy the requirements of working conditions.
Under the set load of working conditions, the rear tailgate torsion, bending,
transverse and different installation point stiffnesses are all higher than the set
values, which meet the static performance index. Meanwhile, the torsional
stiffness 1s closer to the set value, indicating that the lightweight design of the
sample can be further optimized.

(3) The variable density method is used to construct a mathematical model
of the rear tailgate of the car, determine the optimization parameters, and carry
out the topology optimization for single working condition. Using the idea of
topology optimization, introduce the weighting factor to establish the rear tailgate
multi-condition topology optimization model, and analysis the optimization

results. Reconstruct the rear tailgate geometry model to achieve lightweight
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design. The results show that the topology-optimized rear tailgate weighs only
13.51 kg, which is 1.89 kg less than the pre-optimized one, and the weight
reduction rate reaches 9.8%. The modal performance and torsional stiffness of the
optimized rear tailgate have been improved significantly.

(4) A gantry servo universal material testing machine is used to carry out
mechanical property tests on the rear tailgate samples of a certain model of
automobile, and analysis the influence of rear tailgate torsion, bending, transverse
and different mounting point loads on the deformation law under the loading
condition. And compare the stiffness values obtained from the experiment with
the simulation results. It can be seen that the mechanical performance indexes of
the rear tailgate stiffness at different locations meet the set value of the enterprise,
and there is no obvious deformation and cracking. The test results are close to the
optimization simulation results, which verifies the feasibility and reliability of the
lightweight design of the long glass fiber reinforced polypropylene rear tailgate
structure.

Wang Qiaoyu (Mechanical)
Supervised by Wang Jianbing
KEY WORDS: Automobile rear door; long glass fiber reinforced polypropylene;

multi-condition topology optimization; lightweight
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AR BRI R AR B0 0.22mmAI0.20mm, i R 1T R Ak e KA I B R A T it N K A 1) 2%
MR AL E, AT 2 R A A A 73 53] 791363.63N/mm A 1428.57N/mm,  £F
Ehrit, RIS RIS sz e 4 Bl R 25K o

3.6 KB/

AR MR VRS R TA BRI A AR, BN TIREE R
A MRTTE B GEAT J UM B, ARG FEHE. ARSIt 8 SRS BAR RS . B S8 i
RERRIIARITHT AR, FR3EAT 7RI B RE R A R oo 70 #r 5 PR, alid
Optistruct=K fif 3+ i Hyperview s &b 3 45 545 B, BT RIRT/SHMREAS . FHRLNIEE . 25 NI
BIPRS00 2228 RN BE o 43T 22208 R BE L B 22 sl IR o T 22 2 W E AN 22
PRz 3 r M B A2 K HLIE AT it 23 )
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PAT BREINHZ THIMIL

413515

VRZEAESERRE RIS, 523 % AR B0 BRI NN 258 2 R 3R & e,
AR LRI E ORI . KA R G 2 A MRNR 45 R T e 2 & L
DL VR SR N, FREEAT S A et S B — APl R . AR R T AR R )\ A
THLHEAT T & B MBI, T e R R R 5, R 2 Ut
(ECEINIR &R i

ANSY SER AP FC R F 7 8L TR s RN e 207 (4 2 R, A B S ANSY'S
Workbench-5 Hyperworks 4, #4517 3C )\ L gk T 8 Tl 5 2 Tl itl . [,
RIS = EE SOt AR BRI AR RN, ISR G R T TEAT T REX EE 7

4.2 FREITRZ TRHmIMLL

4.2.1 ANSYS RIMRILN 4B

ANSY SEAF 2 H1 35 E ANSY S22 7 T A 1 — K B A BROcH A, AT EAT 4514
WAL WREN 1% Wi ZREEZ N RE, RAAHRIETER . IR
HBoR SEIEURE 3L 52 DL RO K 2 B0 SN D SO S5 AR 2, B RTEEAR 2 ATk
JiZ i . ANSYS Workbench V- & BB R ML G B R 77, F8 B4R o TR
RESEIFIEFR MR, HAEAHRIAARZ, HAndh A BEens PG f 1 & 451
FETUATEARDN, R ) J5 I B [ 45 M AT R s AL BRI 7L, AR S bm i i 5 R 1] —
B9 AT 2R 0 I FEE A2 i R ARAIE , 38 3E ANSY'S Workbench {47 24N B T iR 22 Tl dh $ME
o tir, WG b 48 SRR IR 1Y 5 R T TR A

HMEfL (topology optimization) &5 HMLALF & W T k2 —, WRIEL € 2R
Sifabr, 1RSI BTN T SRR B o AT RITESS & Vit X, DR B s
BRICLCLERER 4y, SEBLR NG M B AR F AR, DGR RTHR R AP RS, S ML
1% HARECR RT3 B TR MR 2 Tl dn b Ak o F b S 0 H M A AR 3 — 20
B A PR AT SRR AR RS — T A FEAM IR T i e R b . 2 TR AN il 25
ZA TN, G TR M R IR . SRAMRALIE SR T 2R BT 40 s 26
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B AL MR AL A SR S M P MR . B HUA S M PR IR AR e SR 45 4 B,
T AP B BT A, AT B A A, S B VA 9 1) 5 VR I B A T AR, B
ZAFBVRAEIMUCEE R, R R RS, ERREWTH —ERmRME. %
SRS AMIAL T VB AR R - TR AN BT AR R R A R SR &, SR e )
KA, PR A AR MR e AR R, AR . BT, SRR MK
JREUREA, REME MRS A TRE M R AR B EVE . YA vk Wik R, K
ETTVEEHA S TSR AMA , Horh A2 FEvE B T AR . BUE AL v 5
SEIIR AL RmIMEA TR R PH RS iR BRI A — . RN R
B B G5 REE FE S MR B S HON RO R, 8% B A G FEITE 0, 1] X [H]
N, e NI pR BRI R B S B IR IMIUCRAR B I 4-1 0, BB IR

(1) FNJEEAY,

(2) GESLA MRICHER, & SUEEH I . 52 A PR O R () 4 57 75 1 58 F e A It e
SUMPRMERE, W B IR FEANSYS Workbench B F T4 FMILAL ) B 70 3K 70 f 4
FEHLIG (shell93) « —4ESEiA i 0 (PLANCE2FIPLANCES2) = #EsLfk ¥t (SOLID92
FSOLIDY5) .

(3) B ERA I AR H ARk B 1 #4544 P AL R X 80 5 E A ) X
I DA K B AR ML ER 2 T HR AL AR AL B Ak H AR B8 o B AR R e ME
KPR/ ML

(4) BEmRNLHR.

(5) SERAR M T EIF BB ML o RE O B A = B R B 45
R, BT oM NMBRA RN 7, T LR A EMR R 55 o
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()

TN T
i 5 A

BUEWRTHE R, 2R
AT L H b e KL

=
W
=
i3
=

PRSI IE AR A

LR R AR

o )

Kl 4-1 HMELIRAE

il P AR VR AT S AT B, B/ NR O AR a1l A 50N
c=p0
c=F'U (4-1)
F =KU
A, CREMINAZRE: BRRETTRSN) U MBI F RSN 6 2T RAL
B KENIEREE.
ZREAAN:

2
&

S,

c=U'KU (4-2)
SIANSIMPHLAY, 4388 T UL MR B A KON

N
minc(p)=UTKU =>"(p)" ulkyu,
-1

N
2Ver (4-3)
-1 <

subject to vy T

0 0

ngmin Spgpmaxgl
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e, c(p) p A BINEHIT R THI B, N O TREG K, 9 eI
FERE; u NI EALRE . SAMERRY L VL VORI AR RT AR Ak e AR AR AN
TG p NITREIRE L pra AMEET B BERRKAG s o IAERERE S 5 AR /ME
P ONTETI T, @GO TI2<p<6, A3H Fp=3.

AR 45 3 2 TR MR R

2@ =1 (4-4)

subject to v <n

OSIomin Spgpmax Sl

Ref, DN TREG NN TRENG o, p. c™ . ™ 4RI TR FHBE
FIT BORMERT R . AR BRSO . A o6 B A

4.2.2 BT RARIMUL R

A SCRAE AV Ja R T4 i TH 285K, #EANSY'S Workbench & A Ja 2 1756
YRR, AR, WOE 5 R T AR BB T R X O A X, s R
1AM ISR A T ZRAT LT, Bk, R e X e AR Xk, BRAN R 2440
FMRAL R X 2

REAT AR AMRAL S AT, B B e R e F b o HA 2B el ME CBRE5 4 AR B e/,
FEHN, 5 RIIGMINIE SRy B AR R SRR R B0 B Lt dh MR A e L,
H FREE 05, B4 E MR IR 46 A0 A B 50%.  1%ARVEUE & 501K
EACKERE Y5 N 5x107™, FETIAFIEELS. FHIMU TR R\ TH iR iMLik
=Kt E4-2~154-9, EPR G XS R 0.6-1.0, RN IRBE AR S) .
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T: Topology Optimization S: Topology Optimization
Topology Density Topology Density

Typ: Topologiadichte Typ: Topologiedichte

Anzahl der Iterationan: 15 Anzahl der Iterationen: 12
2023112729 1543 202312129 1544

[ entiernen 00 bis0.4) [ ertfemen 0O bis04)
[ Grenzwert 04 bis0.6) [Jcrenzwet 04bis08)
[ sebehatten D6 bis 10) [ scibehalten 0.6 bis 10)

va ® i [
000 700.00 (mem) 000 80000 (mm)

40000

35000

K 4-2 R R AL K Kl 4-3 25 A EE KR 4L AL 1

Q: Topology Optimization

R: Topology Optimization

Topology Density Topology Density

Typ: Topologiedichte Typ: Topologiedichte

Anzahl der Iterationen 15 Anzahl der Iterationen: 6
2023/12/29 1548

2023/12/29 1545

[l ertfernen RO bis04) [ entiemen 00 bis0.4)
[ Grenzwert 0.4 bis0.6) [0 Grenzwert D4 biz0.6)
[ 8eibehatten 0.6 bis 10) [ Beibehatten 06 bis 10)

2 ¥

. .
000 80000 (mm) 000 80000 (mm)

40000 40000

P 4-4 BEIAIEE FAIL AL E Kl 4-5 BIBE 2% NI B R A4

0

©O: Topology Optimization

P: Topology Optimization

Topology Density Topology Density

Typ: Topologiedichte Typ: Topologiedichte

Anzahl der lterationen: 6 Anzahl der Iterationen: 11
2023712129 1546

202312729 1546
[ Ertiernen 00 bis04)

[l eotiernen 00 bis04)
[ Grenzwert 04 bis0.6) [Jcrenzwert n4abis0g
[ Beibehatten 0.6 bis 10) [ eeibehalten 0.6 bis 10)

¥ic @ h.I
Y 000 80000 (mm)
000 80000 (mm)
20000

40000

Kl 4-6 FEAT 2% NI B AR SN AL I P 4-7 BINIE RFh ML

|

45



S W YN R VAT

. L
000 80000 (mm) 000 80000 (mm)

40000 40000

4-8 JRITHIEZ s FMLi & 4-9 G PRI L AR ML

AR T 545 SR 4-2~ - 4-9 W8, AN WIE T I RV 2R G R T N AR G5 W 5%
MEV R o L A [ 4-2 0 B 4-AFR B i W ) e 4% E A% Tk A . (B2 1K14-3. (K145,
4-6. [E4-7. El4-8FRIE4-91 25 T BB I S IARL 5B, B & % H L0 R B RERR
E, (ARG SEPR. B, MR ERIT#T 2 TOh M it 2 a7 211 .

4.2.3 Z T mIMUL DR

H B O M B BN B, RS SEbRs I R 2 oL, o it BN
FEIRERRENT, 26 DBV Lot AT 2 THU i R R IMEL Bt . 4.2.279 5 BLs%
H LR O SRR MR B AR, T2 o0 H R A A o & 0L A I EE R 2
AR, AT RIS AT TR, AR SIABCE R A, @l 2 AT
() A AR s BT B AR . 22 TOUER RIS SMEAL BRI IR MR el ML, @ Ar i ey
LSCYSF

(4-5)

subjectto=< V,
0<X, <1, i=1---,M

Hr: C, (X)) AZ LHMEEHERE, M AR EENEE, o A% LI
IR ¢ AFIATIIIZRE, V(X)) AIALE S RA AR SR, &, NN

TAENAS . HAT, BUE B F RN E, BHBEAW =0, 0,,0,,0,, 0, 05, 0,0, ],
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AN\ Fp o0 T BB A Y, FithdE AW =[1/8,1/8,1/8,1/8,1/8,1/8,1/8,1/8] .
Z T RIFAMEA T 2L TUGEA, B 8 R IUSICRAS - $h 445 R El4-10
Fis, WTLEH, JFRITABRIEIE T 50 8O EWI IR 1A% T A F R TR R

4
g
000 60000 (mm)
L SE—

40000

[ 4-10 & THUI ML R
4.3 RERINRtS 57t

431 EERREIMER

IS FT IR ML = 25 ST RV ZE S5 R T D5 R R R 00 23 A7 185 015 A 1) A2 32
%, USSR, FHRESRECATIANTE B IIHEALFEM . HiEREN
SR T YOI T B, DA A B e B FLMO A e B f LA, 3825 A P i
RESR LRI T LKA BIR ARG BRI, anlE4-11.

(a) JERIHMH (b) Ja I IETH
K 4-11 EEJe )R LR

ARG B 2 BRI R J5 R T8 B h13.51kg, 5 AR H 514.98kgH L, ks
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71.89kg, I HE ZI£%$9.8%.

432 EERRIMES T

RBGAIE TS DR H AR5 IR G R T TR B AR A T 2R, @I B RORA
TEJG R T IR K 0 ) e R I o AR 1T SO PROCEIAL g 57 07 725, [RIRERESLAR AL S
REERITE RO, HEARM SRR RIRTSHARsRRAL. A5 48
HIRT P EES = B I 4-120R, 5 R IITIUAGHT 5 BIRESXS EE 4 R an3k4-1 R .

Plot 1 Contour Plot 1

Eg Mo (M a) Subcase 1 (model): Mode 1 - F = 3.643008E+01 : Frame 0 Eigen Mode{Mag) Subcase 1 (model) ; Mode 2 - F =4.449471E+01 : Frame 0
Analysis syster Analysis system

21446401 1.537E+01
[ 1.905E+01 [ 1367E401

1.667E+01 1.196E401

— 14208401 — 1.0256+01
— 1491E+01

= 95278400

— 8541E+00
. 68336400

7.145E+00 5.125E+00
4764E400 3.416E+00
2.382E+00 1.708E+00
0.000E+00 0.000E+00

Max = 2.144E+01 Max = 1.537E+01

Grids 142156 Grids 141454
Min = 0.000E+00 Min = 0.000E+00
Grids 545683 Grids 545683

J oy
VAR

(b) B

() s

Contour Plot 1 Contour Plot 1

Eigen M de(Mag) Subcase 1 (model) : Mode 3 - F = 5,146537E+01 : Frame 0 Eg M de(Mag) Subcase 1 (model) : Mode 4 - F = 5.734023E+01 : Frame 0
Analysis system nalysis system
5.887E+01 8.007E+01
[ 52336401 [ 7.118E+01
45796401 6.2286+01
— 3.925E+01 — 53386401

— 3271E+01
o 2616E+01

19626401
1.308E+01
6.541E+00
0.000E+00

Max = 5.887E+01
Grids 158016
Min = 0,000E+00
Grids 545683

#

(c) —Fiids

48

— 44486401
. 3.550E+01

2.669E+01
1.779E+01
8.897E+00
0.000E+00

Max = 8.007E+01
Grids 158010
Min = 0.000E+00
Grids 545683

(d) VB
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of
Subcase 1 (model): Mode 5 - F = 6.196699E+01 : Frame 0 Eigen Mode{Ma( Subcase 1 (model) : Mode 6 - F =7.237169E+01 : Frame 0

(e) TLFMHZS GIPAYIEEES
4-12 fRALJE R R TR NS = K
R 4-1 J5 R IR HT A T NS H R

ST DLALHT A 4% (Hz) DL 545 455 (Hz)
1 29.41 36.43
2 40.90 44.49
3 52.66 51.47
4 58.90 57.34
5 60.77 61.97
6 69.90 72.37

R B 4-1280%4-100 50, ARAE AT SR BURBUE R, AL EIRF R RITH— iS5
B 7 BORIE G, TR ORI AEAT B A v 36 G DA 5 ] P 6 ol O LR R

433 EEBRITB#NES

Z M3 AN FIFE B B L2R 5 80, 5281 \ADRIERE = B E4-137s, Ja R
il fIBh 772 VR REXS F Al RANRA-2R . ATRL, ARALRT R VR 5 RIS MR RE 1 &
WAESRAE . AR RS R R T79.8%, HErNIFEVERETF RIS, 3 LM B 1 6
Xt EC AL RTS8 ) B89 A2 X R PR RE AR B 5 B0 (R v it pm e, DAL A i it
A3,
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Contour Plot
Displacement(Mag)
Analysis system

[ 98536400

Subcase 3 (force1) : Static Analysis : Frame 0

87506400
7.664E+400
65606400
5.474E400
4379€400
32846400
21906400
1.095€400
0.000E400

Max = 9.853£+00
Grids 141473
Min = 0.000E+00
Grids 709354

(a) LRI RARE =K

=1
Subcase 5 (force3) : Static Analysis : Frame 0

12746400
11326400
0.905€ 01
2400601
707501
5.6606-01
2245601
2330601
1415601
2604E15

Max = 12746400
Grids 91293

Min = 2604615
Grids 2498696

Static Max. Value - 127

(c) REmINIEERIALAS 2 ]

Cantour P 1
Displacement(Mag) Subcase 7{forces) : Static Analysis : Frame 0
Analysis system
1623601
I 1443601
1263601
= 1082E-01
= ao13e02
= 7msenz
5411602
3603602
1804602
00008400
Max = 1623601
Grids 3452
Min = 0.000€+00
Grids 50810

013
ic Max. Value = 016

B’I

%A

(e) HEFF22 s WL

50

Contour Plot
Displacement(Mag)
Analysis system

[ 26486400

Subcase 4 (force2) : Static Analysis : Frame 0

23536400
20506400
1.765€+00
1471€400
11776400
8825601
5.884E-01
2942601
0.000€400

Max = 2.648E+00
Grids 142163
Min = 0.000E+00
Grids 709356

(b) & NI EE RIS 2 B

Contour Plot
Displacement(Mag)
Analysis system

[ 2.760E-01

11
Subcase 6 (forced) : Static Analysis : Frame 0

2.4626-01
2454601
1.846€-01
1538601
1231601
9231E-02
6154602
3077602
0.000€400

Max = 2.769€-01
Grids 19113
Min = 0.000E+00
Grids 90810

~N

(d) BB AR RS 2 [

Contour Plot
Displacement(Mag)
Analysis system

[ 4922601

4375601

1
Subcase 8 (suoanzhuangdian) : Static Analysis : Frame 0

3828601
328101
274601
2187601
1.641E01
1.094€:01
5.468£-02
0.000400

Max = 4.922E-01
Grids 8190

Min = 0.000E+00
Grids 90810

() Bl NI RS =
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(2) RAT 222 NI BE I A% == 1
K 4-13 ffe)E Rt et o
R 4-2 J5 R MRALHT & | 10 # 45 R b

(h) ZeibHeaeds siNIEE A 72 2 ]

Wil EE
PERE IR Ptk
AT At G

L% W 10.68N/mm 20.30N/mm >10N/mm

o5 2 89.29N/mm 75.47N/mm >30N/mm

LS 50.35N/mm 157.48 N/mm >40N/mm
B2 m s NI 1000N/mm 1071.43N/mm >1000N/mm
AT e NI 2727.27N/mm 1875N/mm >1000N/mm
B 22 2% I 750N/mm 612.24N/mm >400N/mm

FENT 223 s B 100N/mm 95.54N/mm >80N/mm
LR P e pi I 1363.63N/mm 1578.95N/mm >1000N/mm

4.4 KEEINGE

REHEREATH TOBONE 2, AT 7\ LOUR ML B 2 Tl itk
BATUMEL, REFRR K, PSS B R BRI, EEARERRE
R B ARk $9.8%, AW IR ARSI AERVE, XS OUAL S BIR A S R 1 T HEAT RS i
12853 M, X BRI JE PERE AT RIVERERT & Bt bdtE,  HAOUILE RO PERERS BIGE
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E5E FEMNEEN M RERININITIUE

51518

A PR TERRTE S AN 5 R o 5 SEBR A TE — IR 2, IEIS )R R I 1E
ARSI, TR A R AE, 62 A B1% A REIR bR, TR
SIS A I R T8 0 e RE A B0 0 2R A S (99520 S5 R 1 THEAT 024 B i 0 B 0
S I A R T B ERR I AR & T IR

5.2 REITHINIE {56
5.2.1 MIE R B 5iR % &
mEs-1BRENERREE R, NRIEREN GRS BT TA SO AR

A, BT IR I I RV R R T TR 52 PERE, 0 DR ME REIG AL S Pr 00
oK

(a) JERITHI (OREARDA]
5-1 (REJE T

K 5-2 Jui 1A A s e EHA SR AL
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I E5-2F7R , RIS MR IR T BEA BHASSAL(TH-8405S), Hi I3 M 4 LI 1%
SAWAFEM RS, BEAFHFEEIT AN AA KR ESNEEEE, BB
#*5-1.

3 5-1 Jel MR T RE PRI LA S

e N ATV
HERA 25 2] .+ 0.5N
HEE M 2000kg
oW
AKFEJ5 A 1000kg
BRI I 7 A SO VR ZE R PR A £0.5%
A T Y 0.2%-100%FS
AR T TN R ZE M PR A £0.5%
(R ZNI=RET A £0.5%
A N Y 0.2%-100%FS
WAk 87 ST R R eA 5 0.01-10%FS/S
patcst &Lty i BEHI 1%
7 T S R 1 0.02-5%FS/S
A 8 2 s o s BEAEN £1%

FEH A 0.01-250mm/min
AN % T 5 1A 1 Y
AKEF A 0.01-250mm/min
HZR <Smm/min ', WEMER+1.0%

R =mm/min i, WEMEK) £0.5%

E A% T AR I A

=Wl 0.5%-100%FS
R 0.5%-100%FS
B 42 1) Y [ 0.5%-100%FS

5.2.2 MIEIRIEHFESER

WRICHRR S R B & T3R50 42 b, R0 R b DL M Iy, R AR
5 IR S5 S BAR AT AR M. NIRRT E R, I R e i B 5
KNGS B BT SR FF— 3, 12056 5 2 W 4 L A WL 3252,
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* 5-2 W6 HWIA

s HFR 2GR DACH BN (ND
1 L W e P B fLiA A 200
2 5 BN AL ) 200
3 9 1) BT Ab A ) 200
4 BB 2% RN BE B A FLIE ) 300
5 HERT 2% s PR 223 FLVE ) 300
6 B 22 2% s A Bl 2 e L% ) 300
7 JEXT 222 I AT 2 L) 150
8 G bz % s I e Pz B AL 300

NI, R e R T aliege £, %45 BT RIE 20R,
[ 7 5 2 B FLAT— g2 b e, BLSmm/min (138 2 7 53— 92 b Hk ) e N 200N 2 fir «
2 IR, R e RIHERCT R b, R RIS MR 2R, [
B e LA ZZ g, LASmm/min R AR B9 1) ft 200N A s 00 [ A1 2
RR A Jm RITHRCH R38R 28 b, 3509745 R IR 1A NI SR, (3] B i 22 3 AL AT BT
LASmm/min 438 FEAE BT A i 200N s I EEEE 222 NI I, KR AR RT3
RIS b, 3R R R VB 2 e R NI R, [EE BT TR, PAsmm/min i
JEAE B 22 A AL TRt N 300N ;s I B4 AT 223 sl WU BEI S RV Jm R 1 TR T 1k
R b, HEIRT R RV 2 NI EOR, [E BT, ASmm/min s 5 78 4%
FH22 2 FLIK 1A Bt iN 300N 84y s LBl 223 s W FE IR, RHIR AR Jm R T 1R T alie 2R |, 4%
MR e R R WIEEZER,  [EE BTl ,  PASmm/min 3 AR 45 2 e £L I 17 e
AN300NH A s B RRAT 222 NI, K9 5 R I TR T i 28 b, %5 R
FEAT 225 NI BE R, [ R 1A, LASmm/min s FE 78 R AT e 385 FLIZ [m it in 150N %%
fifs MR H L IR, R E BIEFalie e b, 4R 5 R gk
22258 NI BE LR, 8158 2 1 T3, LASmm/miniit) 3 B2 ££ 22 i e 22 256 L ik [ it 300N 48  «
AR ) 5 A B AR .
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200

160

80

40

So

) (mm)

5-3 HHHFNIEE TG4 R

.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00

200

160

120

J1 (N

80

40

.00 1.00 2.00 3.00 4.00 5.00 6.00
AN C(mm)

So

% 5-5 MR IR 45 R

7.00

320

280

240

200

160

J1 (N

120

80

40

0.00 0.10 0.20 0. 30 0. 40 0. 50
AN C(mm)

P 5-7 A2 m WI a4 R

55

1 (N)

J1 (N

J1 (N

320

280

240

200

120

80

40

320

280

240

200

160

120

80

40

So

320

280

240

200

160

120

80

40

160

.00 0. 50 1.00 1.50 2.00

.00 0. 50 1. 00 1. 50 2.00
A (mm)

5-4 25 I EE IR 45 R

AT (mm)

B 5-6 BB 2% s ML 1R 4

.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80

AT (mm)

K 5-8 B2 s I B ik 9 5
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160 320

140t 280
120 240+

100 200

= =
~ s0f < 160}
= =
60 | 120
10t 80t
20t 10t
0 : : - 0 : : : : :
0. 00 0. 50 1. 00 1.50 0. 00 0.30 0. 60 0. 90 1.20 1. 50
I () T (mm)
5-9 JBAT e ni I e 4 5-10 ZZrhHesz e s e 45

TRYE KI5-3%5-107] A1, 50 /1 S EEAL T LIRS, BT EIRBCFIE, 1535
VARG G R T L WU B 45 2R D9 24.9N/mm s 25 1l ) 32 25 SR O 67.6N/mm s 6 1) I B2 485 SRy
O1.ON/mm; B354 22 2 5 W1 5 &5 5N 166.7N/mm; AP AT 22 25 o5 M1 45 51 584.9N/mm;
Ja Bt 22 2k NI B2 45 R 465N/mm:; AT 22 4% s WIBE 45 R 98.5 Nimm; 22z 4%
MNIFES R N226N/Imm. I8 45 R G AW B AR R RN TR, 456
Al PR B SR S A K

2 5-3 R LE RS

4 Fx Fife UREAEEIE-RAES gt

L W >10N/mm 20.30N/mm 24 9N/mm

o5 i 2 >30N/mm 75.47N/mm 67.6 N/mm

T 1) A 2 >40N/mm 157.48 N/mm 91.9N/mm
B2 m s NI >1000N/mm 1071.43N/mm 1106.7N/mm
RN 224 NI >1000N/mm 1875N/mm 1384.9N/mm
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