HEEWEZFIR L -RENTICEL S
HRLT 7 v F RBREM OB3 &
BRI RILFIEDIEE

2016 &£ 6 H

HREERIARFBERF
JERE A RF

AR EKER






BtwmXES
JAARIEAER

N EFIH L7eREMLIC K 2FR 7 7 v FHEEM OBR% &
PRSI RIEFIEDELE

Kiw XX, HEVHH Y 7 v FA—N—ICiRT 28E1. 77 v FiimicBil oy =
THER LB )OS A ARE L Uiz EE A2 IGH L2 LW Z oy F AR — R — R
MOBR%E L HiiP%E 2934 5 FIEOREE~OR Y AT O TH LT\ 5,

HENEPEE AT BEEBOLBMOPT, 7T v FA—H—Il&->T, BBHEHY 7
Y FHBCEBT DY = TR, BLOFERICHT 255 N2 85T 5 2 L3 E LMET
D, ZOMEICKH L, THEEORKENOARLOBEMQ)E LT, =T DIEKIC
FhH L, B0 E 72 5 HBE TR Y T v FHA— S—BRER OFHIT OBR% & |
A L LT, REOZEMICHER KIS L, Bl BSE 2 HEE 3 2 72 O O EAFBHIE D %)
FACFIEOMELHRE LT,

HIQ)OFEABAFE IZIB WU, b= — I THIF I & 0 XA — S — B O £ i
ML T 52 LT ZRETIZRWREMIROEB AR A7, WU L —F—FE, N
TERIEERETHZ LT REDOBRORET 7 AF ¥ 2R TEDLZ LD | T
7 AF v ORI L0 BEBEEN LT 52 L arm L, Thbb, RET 7 AT ¥
DR OB LV | BRI E SV EBHECHETE 2 2 L 2D TH LT L,
AGEZRIGHT 52 LT, THETIZRUVAMEIOBLE R0, ~_—/3—0 3 IRITHE ) FEBL
TEDH LT D, Lo T, MEROMEL K O TILFEBL T E b o 728 LWV 2 £
D Je = R OB FTRRIC /2 0 | BRI I kD Ty FoREa LRy
Mb (BRE) L RIGRERT 4 — ) 7 (RL—X2XY O EZ) DMLl He
ED, TOXRI BT R R R o To R R BN A KB T A sk, 7Ty
FHGIZBT DHF I OBENHFFCX 5,

HIQ) DB RIE DO FIEMERICB T, e g7 b Vo7 mPo—(E
Rk ) TRy 7 v F HBEEM OO ORBRM ORI 2R T, Tusx s
R Y= RXT a VIR EOFEZRGERICHET L. H 5 OBEOREL 25
LT, RA U R o Bl BN AT 2 HETh D, FORER AL 72D O



WNEDOFELE LT, 79747 AV Fa—%FRHA L, T, A FEaA—
2T T7T 47 WEE/GEYD) o TbH o2& T, TOHRREHV OELITHIEL,
TORESNEER TIIHBONARWEREGD ZENFRERDLIEND, T4~
= a T VTR LEWFREOIHHICA R FETH D, TRF 7 b V=T no—(Z
0. BEM ORI TWaRWERERZ i L, REICEET 2 2 LN TE R, S
HIT, REXZ R, HYHREICT IT 47 A F 0 2—%{T79 2 LT, MR
THHRIER FIRBIC 72 D 2 & S B MIT e o 7, BIRRBLE I\ T2 ORI &R %
BT LT 72Dl ImEOBRRBOHRICHE M & U CTHEE Lo mika J6 i, S5
LTV AT ARROOND, ERROFEEZHOTREE LA aENT 52 & T,
LB DOBFEDRIITHORIND Z L &R LT,

IO ZE 2 TORRRICHRT 285 ) 2 A5 5 720 DB 2 07 2 5l K OB FE
DR B LTz, HATCH W TR, BRI Ch 2 _X— =B AN 0 (L —

—) BAROBAIZ X o THHAT O BRI L, M5B OBl & OfEic kv 7 1A
7 AN—DRBEPAIGND Z &R Lz, BIFETFEICBWTIL, @EOR B OFE T
EaIGH L, BUEETE TR OR ML FEEZ BRI 2 2 L OXEMEZ R LI, &6
TIEEN D OHGERATEM L, Bl RmaAE~>R T 5 AT A0S, £, #Hiizis
A 2R 2 B ORI SU b 2 B e 2 & 23, BEG ) OERS LIS 2 HIRBIgg I o7
NHZEBRLT,

PLED X 51z, AAFgEICBT 2B $iA0 D, BENETFRA Y 7 v FHAA— R —
B OFHEAMT OBFE, BB OMERR LoD FHEOEENER S, 26 %25
WCHBHEH Y 7 FHi%GICE T 52 = TR, B R ORERICRT 254 1 DR & v 5
AT 2B A 2R T 52 ENTEI,

IOITE, FFEELARR L, BEZFEBL T DT, b= —Z HW BN E
N TEMOBERR, 7a X7 bk V=27 1 P—Z Wi O 5 I FiEO 4
JRBA, 6 L USLEAN D OMAEA~DIEARERE Lz,

WA, 2D ORI ZTER L, RO RTREMEDS i@\ O el 24 % S R I
DA, B AT EEABE L TN 2L T, A% O HE I EEOREIC
ThHTOREE R L, SHNEFIA U2 BEdhBi s & & ORI FIEOHEIX
GRS O FHEREOBLE O IERRIICERT 2 b D LB X LD,



Abstract

Shintaro Yagi

Development of a new friction material for automobile clutches
via surface treatment using optical technology and a technique

for promoting technical development

The competitive and environmental situation of the global automotive industry
keeps fluctuating; therefore, automobile clutch manufacturers who supply various
automobile parts are highly recommended to expand the market share of
automobile clutches and improve their competitiveness. Based on market research,
it was observed that development of a new technology and methods to promote the
efficiency of technical development were effective levers to improve the market
share of the automobile clutches, and thereby improve competitiveness. This thesis
aims to discuss the following: (1) The development of a new paper-based friction
material for manufacturing automobile clutches using optical technology and (2)
the development of a technique for promoting technical development. These are
important to expand the market share of automobile clutches and improve their
competitiveness. A subject chosen for this thesis is ‘wet clutch used in passenger
cars for automatic transmissions’ which has a large global market.

To address the first aim, the surface of the paper-based friction material used for
the wet clutch was treated using laser processing technology. This technology
enabled the creation of a microtexture pattern comprising grooves, which was
successfully processed on the surface of the paper-based friction material. This was
achieved following the appropriate laser processing conditions. The dynamic
friction coefficient of the paper-based friction material was particularly improved
by the microtexture pattern formed on this surface. This result indicates for the
first time that the formation of microtexture patterns on surfaces of paper-based
friction materials can flexibly control dynamic friction coefficients. Furthermore,
control of dynamic friction coefficients by microtexture patterns enables
development of new paper-based friction materials having new compositions and
structures. This achievement is expected to increase the competition in the
automobile clutch market.

To address the second aim, we attempted to discover the tacit knowledge of



paper-based friction materials that has remained unknown in the history of their
development, by using the product genealogy. Product genealogy is a method which
applies a genealogical science-based technique for product development. Tracing
back to the history of a product’s development, it is possible to understand the flow
of the previous developments and the newly developed products and the technology
which became its part. Narrative interview is used for gathering information in
tracing back the history of products as the interview method. By using a narrative
interview, it is possible to grasp the opinions of an interviewee more precisely and
honestly as compared with a structured interview wherein the narratives are used
as data. Detailed technical knowledge of paper-based friction materials, which was
not formalized, was discovered using product genealogy. This information was
systematically organized. It was indicated that using the narrative interview
based on a genealogical view, it is possible to accurately and efficiently collect the
experience and memories of developers. The validity of these two methods to
discover the tacit knowledge which remained unknown in the history of a product’s
development was confirmed. The discovery of tacit knowledge and systematic
arrangement is expected to promote more efficient development. Based on the
results, it is proposed that these methods will ensure the future competitiveness of
automobile clutch manufacturers.

With respect to the technical aspects, a new technology was developed by
processing the paper-based friction material using the laser processing technology.
This technique originates from a different technology field than that for the
paper-based friction material. Therefore, the technical breakthrough was achieved
by combining an existing technology with a technology from a different field. With
respect to the methods for promoting development efficiency, it is necessary to
design a method to continually express and gather tacit knowledge from past
product developments. It was found that the construction of a system to utilize the
discovered knowledge contributes to the creation of a new knowledge which then
leads to continual technical development for achieving improved competitiveness.

Based on these research results, the objectives of this thesis were achieved and a
concept for the market share expansion of automobile clutches and competition
improvement was suggested.

Further, developments in optical technology and its application to new technical
developments are expected in the near future. Implementation of this optical
technology should contribute in the market share expansion of the automotive and
automobile parts industry. In addition, the development of a new paper-based
friction material for automobile clutches using optical technology and the design of
a technique for promoting technical development is expected to contribute to
increase competitiveness and create a new photonics industry in future.
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