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Tongji University Master of Engineering Abstract

ABSTRACT

IP structure system is the main bearing part of the cockpit system, it carries the
weight of interior, electronics, air conditioning and chassis parts. It’s also a security
component to protect passengers. The steering wheel is a major component that
installed on the IP structure system, which is also the most often touched part by the
customer. Its vibration will be passed directly to the customer's senses, and directly
determine the customer satisfaction to a vehicle. IP structure as the nearest architecture
components, its structural strength is very important to vehicle safety performance. As
a load bearing parts, its stiffness is related to whether or not the installed parts can
normally work on it. Due to the structure complexity of IP structure system,
performance is affected by many factors, how to carry out the new car IP structure
system optimization has become an important problem in front of many enterprises.

Firstly, the thesis briefly introduces the origin and development of six sigma
design principle and method, and discusses six sigma design applications in automobile,
the application of finite element analysis and modal analysis is also presented. Secondly
base on S company U model IP structure system development demand, analyzed the
customer demand, product benchmark analysis, to define the six sigma design project,
as the basis of next step studies decision-making method. Through the research on VOC

(voice of customer) , the thesis analyze the key requirements of IP structure system
mode optimization. The thesis use “quality house”, Pugh Selection and matrix test
method to research the key enabler and data decision model, and then combined with
finite element analysis method, to studies the key factors that impact the IP structure
system mode. Finally, we successfully achieve the IP structure system performance
target.

In this thesis, the author combined using the six sigma quality tools and CAE
optimization tools, to make these two different subjects an organic combination tool,
and find a suitable theoretically product design method for the IP structure which makes
the future IP structure beam design supported by scientific theory.

Keywords: six sigma design, finite element analysis, IP structure, interiors, mode
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MEEZET R R b, AR R BRI, B Jerdr dh A A ZE Bt
i3 CAE 7 Tkt A M AN RE T A 7 95 5, JFREAT Btk . deittitb iyt e
o [N R i G AT AT, RIDRR ZEXE b L E R AT M. ARE A

77 b R R AIREE I L, FEPEIN Loe e A B R AL A o SRR AT &
T RGEPANRE 2L 4R 56 90 1E DADRAIE ™ i B R0 2 B TH 22K

4.10.1 FEHITZ9th

AR B8 T i AR R AE T 06 10 IS AR L Bt T AT ]
BRI P B TP A S AR . R T PP AR RITRETE PP SO AR, , AR
SRR . ERIE N SO RN . U, — SRl R A,
HIN G AR SE Al e JESERE (AR 20 2 A L 5 B B L HE e
BN, AR IR B LR e IR AT HERE e R, IRk LA
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FEAR IS IR ik 58 AR PR o b LUJE, SRR AW R~ A0 8. B Ly E
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THERR, Ao IR ik B AR R 0 s, (ECRIERIGRERRIR o b, {EHFR™
B, O R IR RO SRR L L. MO Ly E 24
i NI RSN BN T A

CLU 2R s i SO BN, BORZ RS A%, 2518 1 IEAP BRI A &
Ja AT LA AR s 1) R B EAT A EIN T, P — AR A s R A — RS A [
I 5 2 AT s S 2RI G, O RARR Dl A A, AR -2 AL
~ TR AL B3 v LR B LI AL

T3k 10l WDEIL

pratuki TINEER i FL AN Lo
K 4. 13 s LWt
TESER 2 B TRt fa, AT B AL B A S H B, s
SRBEER 7RSI AN, b EERR. et Kinhifs. HERSE. T CLd@Ed DM )
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DL S 28 R4, B At A A FRAT N TE P S A e A A O Y X 4 A
FEE, RS, w414, FrPAETE ERATINR TEM4RI R M.

AUTOFORN 4. 06
2008.12.12

FHREEES

2mm)
470+340 CRHEE)
FLD

O e et e

TR
bt MARBHATER conclusion: thickness will P

become thinner at the area

it

Minor strain
Forming Limit Diagram {True strains)

o
P

remutay:
s

BIBKFR, NATEAN
Bk | PRRUARSIIAZIRSER) .
solution | Make bigger radis at the
area, from R to Rld.

FL+RES
k. BRI R E

4. 14 B SCRFEAE AR B

EEAE PR BT B, FRATRIFARSS DM S 52 2% it A7 )8 v AT 1R ¥ 43
s AT b AT R DA K A A P I HERMG DL, A 2 2 H AT DL P 50t
fiti it

N . . . |2 . . i
B R EERI S #H1/fornability analysis %\%ﬁ% ATOECHIL .28
FRES
FRE:
R SPHC
2. 3. o)
| 8, 400%380
FLDE
o
o G i et opms
£
it oK . ok 53
L
Minor stsin
Forming L Disgeam (Troesrsine)
| f—

i/ BB A, WAL
cotution [P RROAREABIRIGZES).

Hake bigger Tadis at the
: area, from RE to R14.

Wik EHENAIRPETETE, EEMA0E/ conclusion:thickness will become thimmer at the area

4. 15 EHE IR F IR

4.10.2 FEEmAYIHIE =

58



0 4 5 DERBBER RGN BT RTT &

FESER T 7 IR Ty vk A rTAT PEARAL 5 » Bl AT it R A
LT, B 7 s A7 3 By B8 Lr e A X R E A,
ERLE IR R B b AR L o AL R T AT AR (B W) BLA, J&R] LS
PO, i RAER AR, JEBERRINIEIR. A 7B BUT R
T, LVERESCZROAHI, 708 5 BILR, RN —BCPCRDT S, e —iE T
FPIE R B EN N —IE Ly, ERIA SR, WA 4. 16,

(ESuRLiEN LI AL

Kl 4. 16 FfFrE TF i

FESERCRAE = i A IS, T — Bl B AT SRR, X TR X
FESIRBOFAT, — o el — B0 TR NS, DB R RS — R T i
AR DA FEEE R PR AT T, AR T RERER, il
JE B TAF A 7 1R TRAR Y, HRIH BER r fR B B R AR AR IR, k7 1R AR
TWHITH B Pk TIRGRER FIP IR T2, — 7 2R T 38 1 AL A |
KA BAR, SN EIK, SREa R, BN 50
[, KM CMT (Cool Metal Transfer, ¥ & )@idi¥) BETLZ, nJEAfLSIE
FEOTEREAR 40% 0L ERIREERIN, WEERTZ E, BT E, fEERINT T
AT, ARAL T IR, B0 SR SR SR X BARAR T 52, R 32 ZE 5 e R 4%
MR IRSE, M T 5 BRI, AR, 38 21N TR H .
(A SR FH UL A8 N [R]85 77 X, B G WL 28 N (3] I X A AR B S 4 ) e S sk
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IRFRIRERE, BRAEHEAVERTER, BN .

4. 17 PRI AE B 2K

4.10.3 FERRAYSCIG

BT TR P B T IR PR 555, 3T
B R BT S S0 TR RSP, LFRIR RIS R S5 IR, s
R HCBORATER . X T ORI BOR RECHERETIT o, A0 RS PR
APERE, BOPTMPERE ISR CAE BEAMIT, OIS At A R

B U A AE HEAE R MUFRET FIHEAT IO, ROAEIEAP A IR, R0 0%
LI R AL R, LR IIBUER . AR I LTI S04 I
Too SRR TP, BEHL. ODHL. WL, SR SISk, S, B
R BVEBERG. W TBRRIN, R A TR TR
(b RAEFAFS . SRR SR BRI 208, 2R 2T
SR, IR S Test Procedure MIMRBEMIMRES:, Wit
ST BRSO R OISR 5, 63k R AT, 1 R SR AL
CRURE SRR T AT )
2) RYEEMAETEATET 35z
b) ERHBEHER TS T 351

c) display fl silver Y& HLH 28 & 22 B AR T B KT 50Hz
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SR  FE EEA B T A
WS WA SR
573-217 15> #r modal analysis system
MB 50A k% excitement equipment
SN 22915 711%1%4% force sensor
SN 39657 T FE A% 2% accelerometer
SN 40949 T 2 45 K 2% accelerometer
SN 40950 s 2 45 & 2% accelerometer
SN 40951 g 2 A% 2% accelerometer
SN 40952 T 2 45 & 2% accelerometer
SN 40953 g A% 2% accelerometer
SN 40954 T 2 15 K 2% accelerometer
SN 40955 TInig B f£ 4% accelerometer
SN 40956 TInig FE f£ 4% accelerometer
SN 40957 i 45 K 2 accelerometer
SN 40958 TInig B f£ 4% accelerometer
LS-CTC-090111-1 U 2RI T4

S (U B ISR A B A SR AEIE SE 1, FE 4. 18,
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SR I e A S R AR, K 4.19, K 4.20, H A A AT
13245 R PR R I SRS 361z

Kl 4. 20 SCRARBRIA IR T

filf 43 R 00 A TR R I N AT, BIAES A OCR AR 2 1 e il RGeS A
b, BEHHTRERE RS, MRS L 56km/h R A EE 12K, B 0. 54 K
BEfS4, i 4. 21, 3@ 0 4 ERR N BI1G FEE 5 R FI 2 4 RE .

40% overlap = 40% of the
width of the widest of the
_ 540mm car (not including wing mirrors)

K 4,21 #242 0DB sLi R &
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G BB G N AORFF LA b, AR
BT A 25 | TR AL 30 1 Hh B R DG IR S
WEFE S, BT 25T VERROZAE A TR SO0 N REREST I, #IE A K
T 445N
JLE 2B R T FRIRES
R T 1B R G ROZAL T TR
AN S RERE 4TI, HARMEJA KT 60N
Fr B e & BT B, &b, T #)F. KKE.
SRS NAZE LI RAE, A BRI FE I A
FrA w0, nl B BRI & (U BERy . JRR S . RS . kb
S, NAZAEAL R AR L

4. 22 R G 16 T

EIR ONCAP R AN JE LR A EAZ I, (H SRR BRI AR XA
0 A A ELRR SR, AR N0 A 0 AE — ERE T ARI 1 ACGR IR &
Gt R, K 4.23 & S EAR DB B tEdl, BER AR Ve
H bR o ZERIEAE I FE 58 1S5 AR 3 R GE AR A R #EAT S IR &, 15 2 A
XA 28. 2mm.
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CNCAP-560DB PVV
Injury _-'!..ssqas.mml Critaria Score Fiml Score
Points Dr. Pa.
HIC (36ms) <630 | = 1000 ] 338 4.00 | 4.00
Hzad Fes 3ns () <72 | =88 |4872 4.00 | 4.00
<18 | =31 | 0.32 4.00 | 4.00
Meel Shear 1) <12 | =15 | 025 4.00 | 4.00
<11 | =11 | 0.18 4.00 | 4.00
<27 =33 | 1M 4.00 | 400 | 400
MNeck Tension (37} <23 | =28 | 04 4.00 | 4.00
<11 ]| =11 ] 028 4.00 | 4.00
Meclk Extension (1M <42 | =57 | 5.27 4.00 | 4.00

Siesrine Colurm Upwardfm <72 | >88 | 2270 0.00f5

LIES T

Compession (mem) <22 | =350 | 1783
Ches tRes 3ms (=) <38 | =60 | 3847 .

Steerins Colorm Rearwamd § <80 | =110 68205 391

A Billar Rearward {mm} <100 | =200 14

Enze Farmms
. <38 |>0907]| 09 | 078 | 4.00 | 4.00
Farmur Compression (kIN) <38 | > 756 | 0.58 | 046 | 4.00 | 4.00 4.00

Ense Slder Comprassive <5 »15 ) 075 [ 321 | 4.00 [ 4.00

L Li= x L UL

Tibiz lndex <04 | =13

Pedal Bearwand Disphcemey < 100 [ =204
Podal Upwand Displacement] < 72 | =88

4. 23 U ZEAY 0DB i 361557

4.10. 4 FRIAFZan/ TS EE

TR E 250 T AT AT 58, FRATDGH e B A A S SR s b AT T ek
FRERE BN BT T50E, 45RER (IR 4.10) AL G AL SO 2R 58 43 /2
TR TG E SR bR, S5 A ROR B R R g, B BT ORI 2 R S A
Mg BN 36Hz, ML EZ MRS T 6.4Hz, Mb 46 5508 28. 2mm, i 2 1%
THER.

# 411 77 ERERA A

TFEfe P Hixr S
FA CERE SCHE CBR) 50RMB 45RMB
HiE (RS 2.6kg 2.5kg
PERE (BLAS) 35Hz 36Hz
Performance (safety) 30mm P
PERE (24 ME)
il i 30s 30s
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AT AT AR R G BT R BT, ZRE I NP
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RGIAT RS W, RS MR AL BT 24, A S5 SRR T b
SRR RSB R AT SR, (618 U FERIOCRIBER R G sidl 1
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B5F AERBRITEEREAMUPHREA

5.1 ERABEIR

ST ) = BEA5 ) EAT AR, AR L) Ay H e AR R K
PSR, A B AL A AN ARG, A A 3 2 R X
RS . A TERERITON, 3R BRI E R AT

B 5.1 g 3 A AR

NT B ARG PERE R I, A TERRAEAF RO, B85
B i ERe: EAFRERE T, HERE . W RIEEM AT X T4
FFCARBRI A, 45 8 F/T (S BUE S J7 1) CLEKT R M LR S50, o dh
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J15MERE . BEFLA, AT B P it DRI T 205, 7E 32 R S g AT R,
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Y R A

Load
— Load Case 1 : F=1000N 7/
Load Case 2 : T=100Nm, Y&

K52 FRmBEE

FATEFE TR ERASE, 3 M m e, BIfE 3 MR R &1 N EET
s WHIL TR 05 NIAAEARTR] B AT AR AT T RS . R AN
NARRIL o T W FUANERICARKINKE T PERE ISR, AT TR BE 1 PR R
SRR O T TR T AR VR, BATTBOE 1RV TR RS, JFRE RN
35mm, JEJE7y 0.8mm [ EEEE IRy 1, BEATRELE T

I TR AR A T B B BT R DU U S S A, (EPIHsRE R %, ANfE
FIEERE s AERPRI R B S KA CBRRPRIARTED R 00T, [R5 i %
T WL BN SRR AR S EEARTR] CRDADRVRIAD i[RI 22,
FLARABOR 53 LS

e TIGRS : OEEFROS , F=1000N2Z8 | 65856 - ROGEROS . T=100Nm,YR
(HEER) | BR L &
2 FihoMps)  RED (x104)  EEEE  gohopa)  REEG (x105)  EERTE
0]

R=25,T=1.12 142 946 32 072 206 85 0
R=35,T=08 195 67.4 23 1 145 6.0 1
S=176
a a=05, T=0.8 177 70.5 25 0.92 19.0 7.8 077
O a=36.7 , T=0.8 187 716 25 09 16.1 6.7 0.90
O R=25,T=14 142 7 26 073 16.6 6.9 070
R=35, T=10 195 54.9 19 1 116 43 1
5=220
(| a=55, T=1.0 177 57.2 20 0.95 154 6.3 076
O a=367 ., T=1.0 187 58.4 20 095 13.0 54 0289
R=25, T=168 142 65.3 22 068 14.0 58 069
O R=35,T=12 185 46.5 15 1 97 40 1
5=264
O a=55, T=1.2 177 423 17 ngs 13.0 53 075
(8] a=36.7, T=1.2 187 49.5 17 087 108 45 0.89

5.3 RSB HLIL A b
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5.2 ERAVALIE I RERTST

T AT AN E AR 32 S v R 0 22 57, FRATTEHL T 40%0 s L Alf 48k (14 45 2L 3
A7 05 L o TR AF 2 5 HABZERI AR, A 8 ERTEAR, i AN RAL B B R RN & .
EFR FIRIT 6 N HATRANERITHE, 2050028 58 5 O rE 2 ErH
5 e DA R HAE A £ 100mm e AR Ay, Fe A O FE R R R DL L A S
100mm AbH s, REREE A 64 A B/, BB TR 1070kg, il
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K 5.4 BERFERER

HI T BCRARSEE— SR Y F TR AT G SRR, 25 RE 27 dh AR SR RE AN A
EAERIEIFENE, Ao A R AR BB 7% A R EORHE Y L.2mm, [J 12
9 35mm, MO RRR BRI, 528 7 IR RANE R RS . AT
AR THRIEL v T SREEAEREI AR, AT SIEE 7 A A0 30mm R IR I A
b, IR 7R R BN E RS AT 0wt L, I8 CAE Zr#fr, 152
Mo M ah SR IR X Lol AR AR B 32 2 Ol 1 REAH =,
ZRFFAK

WA ‘ Rk B
5.5 A 1
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#* 5.1 ERAERE LIRS b

H At Y E | ok | mmE | R
s | 4 }:4%=35, BK=55, |iBK=36.7, [KIfl=40, %FHH=30,
t=1.2mm t=1.2mm t=1.2mm t=1.2mm

Fe sk |<20mm|<30mm 35 36 36 37 38
e i [<20mm|<30mm 23 12 24 25 26
Fehit |<20mm|<30mm 12 2 12 13 13
2 0 51 77 |<20mm|<30mm 49 45 46 44 47
25 5 th|<20mm|<30mm 56 57 54 54 55
200 5 47 |<20mm|<30mm 59 59 61 58 63

5.3 ERMRZSMEREM R

A A AT DLz 35 5 1 R B SRR SR AT ST B, ] AR JRE AR A
GOSN TN R, O 1 TEAERA 1 Sk 1 AR, AT 1 0 A JRE e
ARG, REFREA A ARG HAMAF RS, NEEEERR, 5 TR
FEFR ARV SOIRMBAR NI R B, JBEfE R G IR 2R EOR AR B 2 5 |, 0
AR AR — IS .

K 5.6 JENE RS

23t CAE Mt 8, R NIAE RS RIAN Y, BT IESE, Tk
B R b, AN 36.4Hz, BMFEIMIA N 31.6 Hz, RINEZE.
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1 5.7 AR RS

R T SR HE 25 (AR B (PR I 4028 00 % AR AS B s, FRATT S T AR 1 K
FLEI LR, 3D R RS EAT X L, ARTE AR B — B R, T PUZH
K 2l AT 6 LE A BT, R 1: A1=40, B1=30; F[H 2: A2=37, B2=33;
WAl 3: A3=45, B3=23; il 4: A4=50, B4=16, WIKFx:

A=40 A=37 A=45 A=50
B=30 B=33 B=23 B=16

OO 1O

Ellipse_A(40-30) Ellipse37-33 Ellipse45-23 Ellipse50-16
STR Model STR Mode1l STR Model STR Mode1
36.4Hz 35.4Hz 35.1Hz 33.6Hz

5.8 AR LL ARG [0 AR S

gER IR, FEREHEIE T A1=40, B1=30 IR PEREActE, FRATTARYE L 45 540
BTSSRI R MEAE, WE 5.8 Fiw.
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& (Hz) 32

22 T T T T T T 1
35 37.5 40 425 45 475 50 525 55

5.9 sl

Work this way —-¢
Concept
il 1 1 52 3 Hil 4
CTSs
B D -
[H2E4Ed: A S S S
L A T S s s
B " s s s
ReFfaEtt S S S
I+
¥
xS

K] 5.10 =& PEREE IS ELE

B 17 b R S AR A, A A 7 ) 3 R T 7 B R R L AR
ARSI RS o I DU ARG R RS PERE . REIEERE . RRALVERE . JRIEERE
MRT RS E PEREAT IR0, Al 5.10 Fros, DO [ 24 s E AR LA 1 g
WA, PrUlZRa 5 e, MG 1, HHCEHTY 40em OGRS AP Re f
FHAE T IRA IR FEHER J7 %=

5.4 KRE LK

AREFHEI TG R R0 RS RAL, M i 46 m] AR T 0 6T
TREANRGE I, 2N RAERE, ORFEA. 24, RIESNRE
BT, AR HE R, AR e S B R R A s, A R AN
TR LR I, AR B BRRBR AR THERERIREMT, B A F= XI5
AN T MR AR BRI TT, JFEIE CAE X7 b (RIS S A58 5 (1%
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