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Abstract

This study resolves the brake problems of general automobiles in rainy days by using Theory of Inventive Problem
Solving (TRIZ). In the process of the study, we first explored the use of commercially available motorcycles.
Through the observation, it is found that the brake of automobiles generally consists of two braking systems. Also,
the three most common compositions are double drum brake, front-disc and rear-drum brake, and double disc brake.
The targeted brake in this paper is the new type of disc braking system. Rainy days easily cause automotive brake
failure and thus skidding. This paper carried out function analysis of the safety of the automotive braking system,
and meanwhile used 39 Engineering Parameters and 40 Invention Principles and 76 Standard Solutions for a series
of discussions. Eventually, such design as modifying discs was used to stabilize and enhance the braking capacity to
ensure the automotive safety under different circumstances and increase the stability in running.

Keywords: TRIZ, Automobiles, Braking system, Creative engineering design

International Journal of Systematic Innovation 46 http://www.lJoSl.org



[ ]
(;;LMSI

1% TRIZ % P BB A f2 ke

DOI: 10.6977/130S1.202103_6(3).0005

Y. J. Weng and C. Y. Chen/ Int. J. Systematic Innovation, 6(3), 46-52 (2021)

froe X 2 &0d 2 pIR

R

1

HEFOEGTERINE & Sk

TR ER A FRRE R AT Rl KR
R EEACEPBRELRIAE LR

*3g 20 :vif E-mail :

B2

AR XU PR KRR

zd g ﬁﬁ@ﬁﬂﬁiﬁﬁﬂ%@%ﬁf@%«*ﬁﬁw“r

# (Theory of Inventive Problem Solving)z. 1 &

yjweng@mail.ncyu.edu.tw

ik g
19;}(b ﬁa#ﬁ B 7 L—/

7
~

P2 %

R
h] &

FELE

PR 0 - A D EECD RSHES o R pEE g S N B PR HAL BREEZ M b
‘—.«Eﬁm'\i‘—-&-’ R Sl S P S N - S B - R Y

LR S
Ff TR Bl i 7 AT
HE 24> WZE % 30 142582 40 P R B

BF o Ao 3 BRI z"ﬁ{$fr§'] m;ﬁi’q‘ e
e PR LEE § A ks i 7 & 12 4 47 (Function analysis) 1 5 it
~T6 AR TRIZ 30 1 & 5 37 5 S anf| 37

WP B EA Y B B B2 QAR % BN TR R R R A HIE N
IV UEEED RPRRE(RR)ERT 0 L FE T 2
BBEF © G SLEERIRT S BB S EE R IR MO AR B PR AR A2 5 (TRIZ)
L,&Kuo,S.T,2011) » TRIZ = &~ #p§ 7 B4 & 5 ot
FEHREELARAG A R EEA &G T F’i% &4 A73% 3 (Sheu, D.

FAEEN 20 £t SEFAME P S
Ao R bt’ﬁp | F7 3 AT Teéﬁvfﬂ:}i » U B A RE
AEMRE o #AEL LEEE ] PETED AT
ﬁi;}ij_iﬁ,a‘ﬂﬁtm@ FAE s eyzta ﬁfp i ,’_;p}tf#
LA P i eh o W B P RG. Altshuller
(1926 —1998) T d AT & L § 2 ehgF oo & i ¥

PG MR fRA S 22 1R s _g,u
B AfRE LARB PR F R L LB E A g
RiEp s Bzl s R F izl {/?]‘

(Altshuller, G., Al'tov, G., & Altov, H, 1996) - & & 4%
BRFMEL AR AP WEA N T RE
A EANRANIE T AHLS0 o 2T
A7 11 423K 340 B % < F (7 (Altshuller, G., Al'tov,
G., &Altov, H, 1996 ; & P 3= » 2012 ; ¥ {ifps £ »

2016 ; £ kit 2016) > ¥ 14 TRIZ 2B 2 i®
SRAEfEAZ 1R > ¥ kFBALY > blde: 1%

AFEEATRLEC N FEBFELT 1 g
#73 #*+(Lan, W. C., & Sheu, D. D, 2015 ; Liu, T. L., &
Chen, J. W, 2017) » # r2gd TRIZ 4% 41 % #64 541
FTR LR R A SR EAY DifFER S
o A F o ap i #7 3 (Liu, T. L, 2012 ; Liu, T.

International Journal of Systematic Innovation

47

D., & Hou, C. T, 2011 ; Sheu, D. D., & Hou, C. T,
2015 ; Sheu, D. D., & Tsai, M. H, 2015) » 11 2 ¥ Jg i
* ﬁ FarpwREE#AN TRIZ7AFEEN T =

L3 Fd BRI TIRZ > FER &4 -7 iR
LA S X B i\rgl% B BEHEE RN bl
B* T dAd P engdibie kA% A TRIZ # 1T
60 F rp b i B P { R R s fracd (Sheu,

D. D., & Ho, C. L, 2016 ; Sheu, D, 2015 ; Weng, Y,
2018 3 ) o #-TRIZ ooy & = 207 B pF o 3 P Rge L
T Vi RRR AR B
A ik EAed s Sk o TR EBE L R
PSR S 5 L R R R ey
GE O NT AP AR AR - AT
2% TRIZ » 3@ 1ARR P2 ec 2R 71 2%
P RIATA AL

) @B AT R

http://www.lJoSl.org



o
Q IJOSI Y. J. Weng and C. Y. Chen/ Int. J. Systematic Innovation, 6(3), 46-52 (2021)

2TAIPAES 2 KB T 2PN HEARRA H e
N A L Rl T R - O > WEE
x&ﬁ%@a%ﬁaou%ﬁzﬁ&#ﬁa;»; '
BLE S B BA FRLE ﬁvﬁaxﬁﬁa o> W
BT A f o B A R 5 b R K2 |
%%»5$r&ﬁwiﬁi%*’m;¢aﬂ»4
E R BRG] F R AR \
v AR g R ED RGP R A ST TR
B UREDFE o AT TRIZ # F AR
FORFHB R UFET AP 2L E Bl 256 defr @ prepfiine Jo s~ 3 o sdrdg ks gy
Btk B Ap Bl 4 g P (&R 0 20015 2
S5k 0 2014) B E S PAL > A KA E Db S AL R R S DN L e
ZAPM T LR P T R b R R g ek 1w o A0 g AT E
BERPE o VIR PR Z KD EA A (Internation relation) b % e & BL(+) & 77 3L F 4p 3
LB AED bR T o 8 5 i£* B % (No-internation relation) 12 § 5.(--) % 7%

&*ﬁ%@’ﬁ§&$ﬁ<Wtw’@%%ﬁﬁﬁ # § @+ ¥ s(Harmful relation) R r2 (H) % 77 -
WhrzZ KaFEd - $ A& ELX57 § T

PR R MW ERREIN
ERIEIFELAEL o Ayt A P IS AL p AL R R IEY R AT (5 B4 )

GAAEA PTRE L - £ AT 0 E P R AR FA o FE +4 s
ARHI BEFE AR AR RS L RS es o - H
BEE A5 o
R 4 . .\ H
3R X B LI PHEPAHEBERRLS T + 44 = + +
D 21
3.1 & ¢ £ $7(Function analysis)k 3+ 4% 3¢ -k H H .
j\"ru,\—— LAy e B m*a Ba X hdeiF

A # 3 & % (Sub-system) ~ k tt(System) 2 4z % it

B3 sz Baz A8 A7 LR 25D
(Super system) = 2 £ % W ACA L SRS AM Ly 2 aps x4%(¢&<ﬂwaa%4xé

+ o 4 e gl )
e %?'iﬁlﬁ%f,nﬁltrp%m A FT G ) KBt p(R L V)RR TR -

v ’L‘lilﬂ\‘éﬁ ) ,;, «uﬁgfl ; =+ ,f. ..vu.%%\?ﬁ.—‘,g “’{;f‘:‘l ’
AR Y Aok 4eB] 2 97T o
i
o> mEE
| A wmpa L
pr— 220
(. Sy EEREAR

W3e L Atz AF R AL LI FyLaKg

g B A R
W1l=F# i??ré’ﬁ?é}?-“)iﬁf B2 {E T RABGL R4
HEeEd B L RLIEZ ERE §HIIRES D Bl A it Bu~ itz 2 iE% 522l 2
" 4 7) TR R AT AP T FAD SRR
Pwir]’% PERE I D NRBEREPE £
BRG] 2ZERYE AR ZA FhoT L8 5 A+
International Journal of Systematic Innovation 48 http://www.lJoSl.org


http://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi/ccd=mT8sKV/search?q=auc=%22%E7%8E%8B%E9%B5%AC%E7%AB%A3%22.&searchmode=basic
http://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi/ccd=mT8sKV/search?q=auc=%22%E7%8E%8B%E9%B5%AC%E7%AB%A3%22.&searchmode=basic

o
(\ J IJOSI Y. J. Weng and C. Y. Chen/ Int. J. Systematic Innovation, 6(3), 46-52 (2021)

ARG FEI R A2 AR Y RS PR G o0 hg ¥ e fEAOR IR 0 A
E = AL %ﬂiﬁzéf KEFERA G 2 WEY R BLJEA S I RA RE RS
BB g o kA BEREF RS K R R E A AT AE A oy AP PR iR
JOﬁ;i’é%_ﬁ%ﬁ PR R E o Ay F AL AR - (R 2 R FEE
B R i&{_wfg dgflde 4 o BfEd - (Conteradiction Matrix) i & ¥ &3 2 #1853 2 & 4
I Bgd B8 PR B A o o RS
RHE 22 RO pAE 2 AR
mE '
NN\ E*%_ *!4“,;*4;;::3:_@ ﬁ;&:
NERR, FEkE
=ik R R R FEARERELILES o
AR AR A EEATE

; Td A B ) A AT E ER
N\ Harmful function P B "ﬂﬁ e d 2 JlFad AT ERELRAL
s Infficient function M K2 E g dp #HFENTI IR F ARPE
- R 1) A T &&Pmé?ii MR E L s @ ZEH
Useful function e 4o ] B 0 o 14 b #_ £ Fi'ﬂz 5| e 4 ﬁ;a
(@) KB R R ARG Jﬁ”ﬁ‘=4f7r€plilv £ }E
T A L R e R AR B
I I “'fr'—F 44(®] 5) > 4oy ﬁ}?ﬁii#i*ﬁfp“%}g’ ead
I T I‘_f i LB (PR FIEEEE A BE ¢ oKy
B % +* a5 é?ﬁxi’gnér@fi@ BARZIBAEARLS S
ﬁ ;'é; gg g z 3@’3%&%5 z’ra ,:1—ru§, 4_&1%_§,;ﬁ\:;.§§%rr&aio
T
S B % M &
# 5 ) my 25
It " o | &
[i1] hES B
% N
[N
B =
% b )
B
YH B A5
(b)
4412 Q) Bl 7 4 37 (b) #1864 $5 (7 A2 W5 @7 widme fas

Toho FERFRAD LD FRRET o
%’%W?%ﬁiikﬁﬁiﬁﬁﬁﬁ’*ﬁﬁ“
FHREEGEREL o T AT NUERRR RER
f.}:’)‘l‘ri%7 ’FL LV ITII FI%#'J_E‘”’J é ﬂv%ﬁé"&#ﬁ
B 2. i %93 3+ (Trimmimg) °

P SR N & 1 FUEE R &
¥ SHcR AT M hF F F1H(30) 0T
A(12) 5 B flk G L EREANT) S i iF
PF LR FELEBAL Y > dok 3977 o

3.2 4% 391 2 &I A0F P R RIHE FId 4 5
& 7473

ARG B * 39 147 S8 40 P R A
BELD A ba AEafRa s S REY R

International Journal of Systematic Innovation 49 http://www.lJoSl.org



[ ]
Q |JoSI

%3 5 faELi

S| s 1R R
19,22,31,2 22,33,35,2
PESET TR
e Convert Harm into
;Zﬁzjii%;?im i Benefit; Blessing in
24 T RET £ Plsgmse, Turn Lemons
. into Lemonade
30480 | Con\(ert Harm |n.to 330
w3 37 Bgnef!t; Blessing in -Homogenrity
% Dlsgmse: Turn 35, % ficrc /R 1
;ﬁ;r;c;ns into Lem- #-Parameter Changes;
31 % b L4 Transfo'rmatlon of
-Porous materials Propertles, Trarllsfor-
2. 2|-Taking out mation of Physical
T state of an Object
2.4 1)— Taking out
46,2 22,14,19,32
2243 THIF F -
Convert Harm into
Benefit; Blessing in
4.7 A Disguise, Turn Lemons
12.% % 0 | -Asymmetry into Lemonade
A5k 6.1 * - Univer- 14.3% 25 iv - Spheroi-
sality dality-Cushioning
2.4 %|-Taking out 19.3% g e 1%
Periodic Action
32.:x % g ¢ - Color
Changes
B A FAEL > TRRARALED RAG A
BEAHLE TR LA TR L0227 %
I E 20 R RPERT R E
_‘_L(FB?»" @-#’%”J}giillF/ﬂﬁ‘lijﬁﬂ}ii—r

m B THRERFRISFFAE5N G FEER
?ﬁﬂﬁsﬂt—” BEPRMYBE  &EHFIFAEZT
- TR D Y BRgEE e B e
o B R L FR

ROPI2 A ]G Y B A
PREGZ > e @ kA 8 A g i L
AR Qﬁ%ﬂf’rﬁ— Fhom FE o @A w3
R ek FE -

*
N.
=
=

)it

Bpl22 0 #3 % ﬂ+zgs},— %G Ty
FIER UEERDT G oAk o B A ]\gi\a4 —l’-{pj
FHEAL IS 23 T kBT § A it
FE R A A AR 4 i o

BEL-FP R AT E ﬂz#wﬂ’ﬁi‘;’_,uﬁ!a{
Al ka4 A > BIE RieE o)
#0943 R PRAL o BB R LA RGE R B R

International Journal of Systematic Innovation

50

Y. J. Weng and C. Y. Chen/ Int. J. Systematic Innovation, 6(3), 46-52 (2021)

HE S P T S
i S LI SR STRN S
BAER R AR -

AP E ki

A
Iz =‘¢“%’7v‘} ’H_w

3.3 {17 F#4 5 (S-Field analysis)&r 76 # 3 j2(76
Standard Solutions)i& 7% » % - ¥ 3

pERE A RN A TR kR AT 7 A

o HFHFF) -+ F LS~ FF 2(S2) % gt i

A A,\ﬁ,uﬁ VS H BB E 1T 76 RN
ﬁé:’)’f AR ’z\ﬂqb‘?ﬂl”wﬁﬁ—m‘ LES N
PORAE S FERL AT ) o FHE) S PR
4 s d o ik L(S1) R K 0 pe it 2SR 0 A

s 4 ER A R R R R o
Z B 6.97T o

e

W] 6.7 42 H-2

BN AR AR AR RY
CRE . RS RPN £ 76 R
25 % - #en 108517 B 4o — AR S3 K g

WAL Y RAR DN PENEF L5
o RAEN Y RS TR (R TE k- DR
S EPE € FIE A E A A G A f B S
WaE Ao B 7577 o

F

B 7.3 B0

http://www.lJoSl.org



[ ]
Q |JoSI

4 F B RBRAELER

58 3‘:‘; &% % ¢ #rig * & 2 4 47 (Function
analysis)z 34534 ~ 39 1 42 % dcfr 40 2 P B B 14 %
84 47 (S-Field analysis)#r 76 &1 f2(76 Standard
%Mmm£ﬁ§»aﬂ“:%wa@ﬁﬁ%¢,%
AT A AT RE S DRI HE L FIF 0 A
FAELT R i\éﬂ\;ﬁ;,:,jrw =Y SN LR s
RIRTE P > Bt {17 Faa 4710 76 R F 213 1
BESEJ IR TR RS A
1E T R R MATNARE
LS RS L SR AR AR £
Mo n g KR BT i B3 A
$EE R EEHE o R AR
B ho® 8~ 10 w17 o

24

* A

& X 4 ¥ Y

Bzl
&
B
3
a8
Z
M
&
W 8.408 gz £1ATH ik K B (4R R])
BEZME, RESAMTR
B, AATEARTEE. i

\ @i

%555 |

Lt SR
WO, &@ gz AIRTE ok K & (RIAR )

it

{ s “\<:§i:&j
ezl SR K
W 10. #02 FELIRTH ISR KR (F T wsd o0 7 A
gt 4 e oK)

5. R i

g 5

International Journal of Systematic Innovation

51

Y. J. Weng and C. Y. Chen/ Int. J. Systematic Innovation, 6(3), 46-52 (2021)

Fd TRIZ & i imdhs 2t 7 Mipfs
ArEEAE A A TR AN L R
# # 17 (Function analysis) ~ 39 2 42 5-#cfr 40 % 7"
| 5 84 45 (S-Field analysis) 22 76 15 % j% (76
Standard Solutions) o 1 * & f& = & #73% ek % jbf
ﬁ@ﬁ%mﬂfawswzmrﬁﬁaw%*ﬁﬁig’ig”
ml—!&,\*‘-’r"’ﬂipgrf‘b _as,i‘q;fpf%'**i']%‘

A0 2 {5 AR S e AP PR aR R
NGRS S A - 1.4,3%_»7 e d ko siT- %pﬁ%]
fgz.aiﬁp,—*rlbjé’:q:ﬁ Bﬁf@?’r%“ﬁﬁ » {#
B g s R R F S - KRR A
PLRREZ 2. TR O TRIZ F %8 0 5 LA B

GF GFHEAEL B ET ;L};zdlgm T LA o

© praE

39942014 (B ERARN A0 B 4 2 TR IR )
Tg A FPF IR P HLH
MR S I

F P55 2012 0 (TRIZ %4
Y o SH I HEFRE

P4 2001 (88 KB BB RS AP
T TR LA ERRI RS KT A
1wy, o #o B

#2016 (F1* TRIZ 3P MR R340 548
THEpE B 2 AR AT ) 0 (2016 %+
EfMesTHHETEMART 37§

B A 7T 2 g

3

e B >> » B 121~125 -
q:*ji*i)‘\__ \%\f%f \il’2016’ <<£.'J%ﬁ"3+4>> ’
2T [;q %F‘ FFH—} LR °(SheU,Wang,

& Ouyang, 2016)

References

Altshuller, G., Al'tov, G., & Altov, H. (1996). And sud-
denly the inventor appeared: TRIZ, the theory of
inventive problem solving. Technical Innovation
Center, Inc.

Lan, W. C., & Sheu, D. D. (2015). Yield Improvement
for a new MCM/SIP IC using TRIZ Process-
es. International Journal of Systematic Innova-
tion, 2(4)

Liu, T. L., & Chen, J. W. (2017, May). A novel scheme
for constructing product development portfolio
based on TRIZ. Applied System Innovation
(ICASI), 2017 International Conference on (pp.
1289-1292). IEEE.

Liu, T. L. (2012). An Innovative TRIZ-based Method-
ology to Explore Design Conflicts for Collabora-
tive Product Design. Applied Mechanics and

http://www.lJoSl.org


http://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi/ccd=mT8sKV/search?q=auc=%22%E7%8E%8B%E9%B5%AC%E7%AB%A3%22.&searchmode=basic
http://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi/ccd=mT8sKV/search?q=sc=%22%E5%8D%97%E5%8F%B0%E7%A7%91%E6%8A%80%E5%A4%A7%E5%AD%B8%22.&searchmode=basic
http://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi/ccd=mT8sKV/search?q=dp=%22%E6%A9%9F%E6%A2%B0%E5%B7%A5%E7%A8%8B%E7%B3%BB%22.&searchmode=basic

o
(\ J IJOSI Y. J. Weng and C. Y. Chen/ Int. J. Systematic Innovation, 6(3), 46-52 (2021)

Materials (Vol. 145, pp. 359-363). Trans Tech

Publications. AREE L P 2013 E Uk AL BEE
Liu, T. L., & Kuo, S. T. (2Q11). A stud;_/ of applying R T IR Y
TRIZ to technological patenting deploy- o ~ L }
ment. International Journal of Systematic Inno- - F S FE LR TR
vation, 1(3), 2-12. LRe A FEFE AN EEE L
Sheu, D. D., & Hou, C. T. (2011). TRIZ-based problem ERP SRBEE AT RFLEE LT 1
solving for process-machine improvements: BER I A AR L AR

Slit-valve Innovative redesign, Proceedings of ‘
i DXL o W AT T ATR ¢ FEHCE K RE ~ e £ AT
the 41st International Conference on Computers ' e F3 e FEMcE KR A p 37

& Industrial Engineering (pp. 1036-1044). 12 W A i S ) AR B TRIZ
Sheu, D. D., & Hou, C. T. (2015). TRIZ-based system- By oo
atic device trimming: theory and applica-
tion. Procedia engineering, 131, 237-258.
Sheu, D. D., & Tsai, M. H. (2015). Systematic Organi-
zational Conflicts Identification and Resolution S PR BAE 0 ¥ B4 i 2017
Using Perception Mapping and Function Rela- AR R B
tionship Analysis. International Journal of Sys- HBRALLIFTE G T L e
tematic Innovation, 3(2). TEw T E A ARAE
Sheu, D. D., & Ho, C. L. (2016). TRIZ Trimming at
Supersystem for Innovative Product Integra-
tion. International Journal of Systematic Innova-
tion, 4(1).
Sheu, D. (2015). Mastering TRIZ Innovation Tool:
Part I, Agitek International Consulting, Inc..
Weng, Y., & Wu, D. Y. (2018). Application of the The-
ory of Inventive Problem Solving (TRIZ) to
Creative Engineering Design for the Motor
Cooling System of an Electric \khi-
cle. International Journal of Systematic Innova-
tion, 5(1).

MEGP ™ 2R ERE TSR
L ARE kB AL o ¥R

International Journal of Systematic Innovation http://www.lJoSl.org
52



