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17 CFRP

Dissimilar Material Spot Joining Technique
of Aluminum and CFRP

1 2 3
Katsuya Nishiguchi Kojiro Tanaka Yasuhiro Morita
4

Yukihiro Sugimoto

Carbon Fiber Reinforced Plastics CFRP
CFRP
CFRP

JIS A

Summary

Radical reduction in body weight is asked in vehicle development against the background of the global
environmental problem, and a study of the multi-material body, arranging aluminum and CFRP properly
instead of the conventional steel sheet body, is advanced. The joining technique to assemble a steel and
aluminum materials, which are the main materials of the multi-material vehicle-body, and CFRP is
needed. Application to joining of aluminum and CFRP was considered based on the "friction stir spot
welding" which came to practical use as the dissimilar material joining way of aluminum materials or
aluminum and a steel sheet. It was guessed that a joining mechanism is the chemical bonding between
the functional group which exists in matrix resin of CFRP and an oxygen rich layer in the aluminum
surface. Also, the joining strength indicated the value higher than the JIS A-grade tensile shear
strength of the aluminum resistance spot welding by adopting joining condition properly. Proper
adoption of joining parameter based on the required strength of the joint and thermal property of resin
indicated applicability to diverse resins.

Fig. 1
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Fig. 1 Example of Study of Multi-material Body
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Fig. 2 Schematic of Joining Process
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CFRP Fig. 2
Fig. 3 CFRP
CFRP
Fig. 4 Fig. 3
SEM
CFRP Fig. 5
TEM
CFRP
Aluminum
CFRP
1mm

Fig. 3 Picture of Joint Section

0.5um
Fig. 4 SEM Image of Cross Section

Aluminum

—— 200 nm

HAADF image Mapping of an element

Fig. 5 TEM Image of Cross Section”
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H34
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Fig. 7 Table 1

100 >
Fig. 7 Schematic Image of Joining

Table 1 Joining Conditions

A5052-

Parameter Conditions

Tool diameter 6 10mm
1000 15000rpm

6 60mm/min

Rotation speed
Penetration speed

Penetration depth 1.0mm
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Fig. 11 Relationship between Joining Time and Torque

Fig. 9 Photo of Test Piece after Joining
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Clarification of Catalyst Reaction Mechanism
for Modeling of Emission System Control

1 2 3
Yuki Koda Hirosuke Sumida Hiroshi Kodama
4 5

Hiroshi Murakami Hiroyuki Takebayashi

NAP XPS
Rh

NO NO2 (6{0)
NO
20%

Summary

To maximize the performance of catalysts, it is necessary to optimize the precious metal surfaces which
are emission’s adsorption sites. In order to control the precious metal’s surfaces, the precision of the
emission control system need to be improved. Accordingly, we developed an ideal control guide line by
clarifying the relations between emission conditions, precious metals’ surface conditions found by in-situ
analyses (NAP XPS), and the catalytic performance, and found that the oxidation of the Rh surface
deteriorated the catalytic performance. Also, as a result of the research where an oxidized surface was
deoxidized to recover the catalytic performance in an almost-actual emission condition, the NOz that was
generated by the interaction between the surface oxygen and NO in the emission covered the adsorption
sites, preventing the adsorption of emission components such as CO as well as catalytic reactions. Based
on the outcome, an engine test was performed with the gas composition of lower concentration NO,
showing that the NO emission was reduced by 20%. It was proved that this method improves the
precision of the control of the emission system.

D, @
SI

1

2 35
Technical Research Center Powertrain Development Div.
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WRIFEPAROHET 21Tkt U T btEfg a2 & P02
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VAT OB N KE L I D, fIEYERE 2 SR BRI S
SHDDIN, ELEO#EL 222 TRE] B
BT, HEVRADWRAE R TH D ESEDOREIRIE A K
b2 eNEELERD, TRDLINETOTI v
a VRN EE T A RSy OHEH R A ST HIE LT B B
2V, BITEWE YR Z 152 7212, il o &4
JBREIRAE & HERE DAL & DR, KV SRR
I v va VAR T D UNERD D,

AWFFETIE, NOxiEbFsEIcENR 2 r YU A (Rh) (2
EB L, e 2ABRE, &&RRERELOE RO
REWFLNZTHZ LT, BAL T o0 HEZHED 2
L xRRBT, BEBREIRESIITIL, EOEHHTRE
R MERRIEXHROEE 06 (Near Ambient Pressure
X-ray Photoelectron Spectroscopy : NAP XPS) %W
7o

2. RERAE

21 FM@Y>IL

il A R L 20, AME26.4mm, K £22mm, kL
#E600cell/inch?2dE / U Z3A{KIZ, RhA2wt%HaE: L
72ALOsKY KB a—T 47 Lizb D& Az, NAP
XPSIZi%, SiHRER LI AR L7-SidEik LIZRhT /i
TEHEELILLDOE MW, Rh) /R IIH AHZEE
TER LT,

2.2 bR ETAE

B T AR ORBEEENICALE L, Table 1LIIR
THLA2REAGTA ZHBIER2N5, KiE~500CET
30°C/5y TR 21T 72, A =100 AMALIE, LSy
EBILHS DENVE LR E LTz, Z0% A =15MT,
30°C/4y THIREE 285, MEXA-7500 (HORIBA#Y)
MR O T ASHT 21TV, I biERe 2 R Lz,

Table 1 Model Gas Composition (Pretreatment)

Condition | Temp.(C) Concentration (%)

0, | €O | H | €O, [ CH | NO | HO | N,

A=1 500 0.90

Lean® | 200 9020

Lean@ | 400 ’ 073 0.66 139 006 | 000 | 1000 | Balance
Lean® | 200 159

Lean® | 400

SV = 60000 (1/h)

23 I UPVIZKBEHE

TV U O TR ORI, 2.5L0 B =
YU EMAW, AT EEAE Y =Y )5 150em g
F~B A7z, FHINE, S£AETAF, fildfBediiE,
fill 8 R/ % D H R KL AR 4y AT & AT W, MEXA-7000

(HORIBA#Y) # vz (Fig. 1) .

=)
Catalyst(MP)
L3

Bed Temperature

150cm

Engine(2.5L_DI)
(Control change)

Fig. 1 Schematic of Engine Evaluation Test

2.4 Rh¥HEETE
(1) RhiEi&EDs5HT

Rho#iEI1&IEE T BEMEE (JEM-3000F, JEOL, O
A U EPEFHEEEM ) TG L7z, NAP XPSEHEH
Rh/ki1i%, {ERIFICH SN UOTEMBIZAZ Y v
R~bRIFFIZEE L, 027V v R&#l5E95Z L CRh
DOREEZ M L7,

(2) RhRmREEOSHT (NAP XPS4HT)

NAP XPSOEERIL, T3/l X — LA 7esE - %
B E B R AR SR AT - B OB R A SR M A% (Photon
Factory) BL-13BIZd\\\C, BEEFRFAKT L OILFEHFE
L LTITo 77, H AR ZTable 212779, 2B &9
REBICRTALEE L=, T AEMEIE, Z0%2.5C/HHy
THIE L2 5NAP XPSIZ L W Rh 3d¥— 2 24547 L 7=,
St D A ARBRR D 3T B B3 A atic L - TRRf L 72,

Table 2 Model Gas Composition (NAP XPS)

N N Concentration (%)
Condition Initial
CcO NO 0,
O, Rh metal 0 0 100
CO Rh oxide 100 0 0
A=1 62.5 12.5 25
3. EREER

3.1 fiEMEREETMEAER

Fig. 2(ZRhfiltff O L FEMEEMss R E2 "+, =3I v
a UMEREEDO1STH ST A4 AT IRE (NO%E50%
AL LI OIREE) T, A1=11%164CTHDEDITH L
T, LeanO~@DRILILEZITH T & TA=1ILL~T19
~42CHEAL L TRY, MHEIRENEL, MBERENREV
EEHREME T LTV A Z o,
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Fig. 2 Result of the Catalytic Performance Evaluation
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Fig. 3 TEM Images
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Fig. 10 NOx 02
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Fig. 11 20% NOx
Table 3 Engine Evaluation Condition
Pretreatment| Oxidation R(Iageneratlon.
conventinal | trial
Bed temp 400
(degC)
A 1 1.8 0.9 1
0O, conc.(%) 0.56 11.21 0.27 0.44
NO .
xoone- 1 o351 1072 926 193
(ppm)
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1400 T 12
o ] A | ‘NIO:EInIﬂll \ 5 ;u, InI,&]l
10 v i T
1000 --T'\/ | L1l . Y
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& s00 1 -]
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Fig. 10 Profiles of NOx and O, Concentration at
Inlet and Outlet
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- 8 88888 8
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Fig. 11 NOy Emission at Engine Evaluation
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Technical Development of Press-Forming Stabilization
for “KODO” Design Realization

1 2 3
Tetsuji Nagazumi Kenji Anraku Koichi Nakayama
4 5 6

Mataharu Okada Terumi Hamaguchi Kenji Tsubone

Summary

Express beauty like a living creature. This is the concept behind “KODO design”. Vitality created by
the design brings a special bond same as the relationship between horse and rider. The design of new
generation expressed this vitality by dynamics of character line or continuous shadow shape. Design in
next generation represents distinct Japanese aesthetics in extremely lean and simple form. The surface
flow to connect its smoothness with changes in reflection by the car to be lightened expresses vitality
more naturally. This report introduces the activity to realize the most optimal method of die
manufacturing and press forming process to realize this smooth flow of surface like art.

Fig. 1 “KODO Design”

(Fig. 1)

Tool & Die Production Dept. Body Production Engineering Dept.
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Table 1  Control Factor
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Error Factor

DPresent condition g00d bad
Control factor revell revel? reveld
Bead R size small m
Face roughness of the blank holder small middle
Clearance of the blank holder small [m] large
Relative accuracy of the blank holder | methodA | methodB M}]
Inflow balance methodA [nm] methodC
Material touch area methodA m methodC
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Development of Computer Aided Engineering Technology
for Thin Wall Die-Casting

1 2 3
Kouji Takemura Katsunori Kamei Hideki Yonezawa
4 5 6

Satoshi Sugaya Ichiro Kouno Masakatsu Tatsutani

“ Zoom-Zoom”

CAE e

Summary

Based on the ”"Sustainable Zoom-Zoom”, Mazda achieved both driving pleasure and environmental
performance at a high level. For high pressure die-casting, weight saving is considered to be essential,
and the innovation of the die-casting method and CAE technology have been focused on. In die-casting
die design, as a method of weight saving for making thinner plate of product thickness, we have proposed
the shape of concurrent engineering.

In order to realize drastic weight saving more than normal in next product, we determined an
ambitious target which is a challenge to limit thickness that the shape can be formed. Therefore, it is
inevitable to verify molten metal flow (molten metal flows into the product completely) which is a concern
of casting quality by making thinner with model base.

5 6
Powertrain Production Engineering Div. Corporate Research & Development Center,
Daido Steel Co., Ltd.
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PHMEL Y KES CRV 23 D) Le FnsEGsRnhE
THZEBRZIoT,

XOO@TIE, HHEMEROX ¥ 7 4 —RIERE
Table 1DFEBHRFGMZL THRE L, @FHMTHET
HEEBET H2REOREFERTXQ@D L 1ckD,
EEEmIRE@)TEH IS,

pXV=m-R-T (2

V:Volume m:Gas mass

T:Temperature

p:Back pressure
R:Avogadro’s number

om . .
- E = Z my, + Z my, 3)
i i

m,,, : Gas mass from vent per second --a

m,,; : Gas mass into Cavity per second ‘b
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Fig. 16 Calculation Accuracy for Filling
Simulation(overall)
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