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Design Process Planning Method with Attainment-based Evaluation Model
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*1 Dept. of Mechanical Engineering, Osaka University
2-1 Yamadaoka, Suita, Osaka, 565-0871 Japan

Planning of a design process that includes creative and concurrent activities has become more
important for successful product development in a competitive market. Because of this creativeness
and concurrency of design process, required time and cost of a design task is vague. Therefore,
in planning a design process, it is more essential to manage a target of design attainment, and to
predict whether or not a planned design process can achieve the target, than to predict time and cost
required in whole design process. This paper proposes a new method of design process planning that
focuses on quantitative prediction of design attainment in a creative and concurrent design process.
A growth curve model using fuzzy numbers is introduced to predict the progressive attainment of
each task and progressive attainment of consistency between tasks after running a planned design
process. A design structure matrix (DSM) is used to represent task dependency and communication
efficiency. A design process plan is evaluated by the probability that the task attainment achieves
the target level. A prototype system that supports design process planning based on the proposed
method is developed. This paper demonstrates its application to a student formula car project.

Key Words: Design Engineering, Concurrent Engineering, Product Development Management, Design
Management, Design Process Modeling, Design Attainment, Design Structure Matrix,
Growth Curve, Fuzzy Number
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Research issues

(i) Modeling knowledge creation process. >

(iv) Evaluation of design process plan. >

Approaches

Growth curve model that predicts
progress of design attainment.

DSM that represents task dependency P hrms
and meeting efficiency. =

Growth curve model that predicts
consistency between tasks.

Evaluation by multiply index of
target achievement probability.

Fig. 1 Research issues on design process planning under the standpoint of this research
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Fig. 2 Growth curve of design attainment
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Fig. 3 Task consistency and design revision
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Fig. 5 Design process planning
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@ DSM: Setting task and dependency.

Setting team assignment and task sequence. |

a\igmgntggnmgtw Target level Atchiewernent prob Final level Predicted time ti
% 4 0.4 851 % 0523 31.0days
£ u&lIIIIIIIII ENNRNENEND B ENNNNNNNNN B ENENREEERN E-
z g = |2 0.0 g o g oa a
=l = @ £ 2l |2 [&le n 7] H
ElE|, HEEEEHE R RGN R N
% 38 2lz 8| |E - b R b |
elBlel || |» &S5l 5 P - R R ] S = R
R U B e I R b B Rt RS I D S et Pl e |
EHHEHEEEERREEHHEHEE HHEEEREE 15
S Ry 2| e|2|e[F]3 5
gt sty IEREREND ENE nwl =T RN
[t e iR R A AR AR AN R AR AR:
[suspension 1 = ERRUR R ERERER LR R
larm 113 3 |1 3 13 3 braking system Targeneve\ A:hleuementpmn Fma\leve\ F'remcteunme(
upright 3 3 3 4 0% 1.5 days
. oo CHERCTTE SUTET N
Fanthoard box 3 g -
battery mourt 1|3 3 |1 1 N
packagng N ENE - ERE O El 0
ffrort_car frame [ EEEE E .20
rear car frame 1t 1 EN | 3 5 ENEN I NE 0.4
impact attenuator Bl 0.3
cochait 3 3 0.z}
lelectric equipment. |5 3 1 |3 1 0.1
:‘I‘Etta;k 32 g ! b bbb b bbb b b bbb bbb bbb bbb L]
) iﬂ'EDtiDl’\ 1 1 1 3 suspension Ta?’QEHEVE\ ABhIQV/QmEmDI’ﬂh Fma\ level F’I’EH\EIF‘;’H time t
inlet_rraniforid 1 1 &l 1 1.\;:l
lexhoust menifold 1 : Wl oo [INNNNNNNNNEN = ENNNNEEENEEN IIIIIIIIIIII INNRNENNNEED B
lsurge tank 1 11 0.a] D D D D D D D D
lassist parts of powertrain 1 3 0.7]
muffler 3 1 0.6
idifferential oear RNl 0.5
propeller shaft 3 0.4lq
(CVT setting [ 0
[ghift_lever 3 \ \ - 07
=1 101l .
R = ucr.u.—u '\.L...N ,- .K. : E”. @Growthcurve.
i FEENFEEEEEREEEREEEREEEEEEEERRE < ] Prediction of task attainment and
S5 2 |ligrent soretry 4 o 4 I .
3 [braking system 4 EIE] packaging-cocksil consistency between tasks
4 |suspereion 4 2 4 s
5 4 B
LS e 3 STl oo ENNEEN ENNNNN E E  ENDNRN ENN EmEEDN H
=7 e 3 > Bl n ] ]] B ENNNN 5 IIII
wo ) B |steering tie mod 4 [ 4 0.7 D D D D U
*| .| 5 |otkoard box E EEIE u
£ 2] |2 0.
(2 Gantt chart: Setting designer schedule %H EIm ’
and meeting schedule al | L2l P

]

@ Evaluation: Multiply mean of ~ tnoschedue

\‘||\‘\||‘\‘||\‘\| \.I\\.I\\\I.M\.Iw\wl.\wl.h\.lwhl
lD 5 R 9‘10111 T3 T4 15 T 17 18 18 70 71 ‘
31 \II P

target aChleVement probablllty aI Multiply Mean of Target Achievement Probahility (0, 84 ]

Fig. 6 A snapshot of planning a formula car design project

D H AT DG L RFTEDOYMBEE A LL T O

HNTRDTZ. ML R 7 OB O W HIBIEEE 1T
LOEHE EMERIC TR TEARETHoT-. ¥R
% 7 BRESEN U721k, MBROFEZEEMIZTHITS
%Tw%%%fﬁé&% B CTE 0, ARG
ILEMER R BRICRE £ > TV, Zhba2T T, 4
B2 DYWIREE 2 0.2 I[T/Y S8, 7 HEOR
EEAZOIIHYEEE. oty KO)onbLT
£(0) = fo=02, f(7)=0375% %7 O E m%
kdHE, m=0.019L725.

62 HINTA—HDEE EF BT BT
A—=BThHbHI—T 473 a B LOHREEIZX
THBEEDOEBOEANEET B 2RETS.

A lZOWTIE, BEOT—2BSINT 2 K I —
TAYTEVEF—LNTIT) I =T 4 T DFHH)
FERRVEWIRBRAZEE X, ZOI—T 4 7ICH
MLCTHW5F—2%%n & LT a=(10,10/n0.0),
ThHZ2%. Ink, ZARA7 10X 2T | ER—ORG
EVNHEY L TWLEEIL, BRsREHENSHEYLT

WAHGAE LD bR ISESEEZRM ETEXD 5%,
a=(20,20,00) T%.

BlZoWnWTlE, FiladbTyIal—arz
TV, B SN RAKBIEE & EREORIEBEE &
LT, MAEN—HTHELIICB=005L7%.

63 BHINFICEILK ETILOBKREE R AT
BEEFINEWREIET A0, Ial—i g AT A
IZ LD THIE EBEDO OFRACT 1Y =7 h DREE D
k%475, eIz ns AT L% HAVT OFRACY
oY= NORET T RADEEEIT o TV AT
H5.

WAEIZSESLH, OFRAC A L /= ~DA  H B a—
%175 T OFRAC CELIRTT o> TV AERE T m & XA D1
WAL L7z, X 6-DITIEE L7z 1F RISV TERR
L7ZOFRAC7 v =7 hODSMEHTHDH. ZD
R T AL 27D Z 27 DR S, 1140
RAHED A ODF — DTN TESX AT 43 1L T
5. OFRAC A U /R—~DT 7 — &L, &et
FOMMBIZERE fg L X ATHEGEmM, BLOKZ A



Table 1 Parameters of a design attainment model for the formula car design project

Task name [ Task difficulty (my) i Initial knowledge level of designers) [ Attainment
[ m. [ mu | mu [[ A]TB CITDTJTETJTFTGTHTTTJITKT target(fr)
alignment geometry|[ 0.0175] 0.0220 ] 0.0269]] 00 [ 0.1 [ 01 [ 00 00[]00O[]00[]00] 03] 0.0 0.0 0.4
braking system 0.0036 | 0.0182| 0.0368 | 0.0 | 0.0 [ 04| 00| 0.0 [ 00| 0.0 0.0 | 0.2 ] 0.0 | 0.0 0.4
suspension 0.0071| 0.0104 | 0.0138][ 0.0 | 00| 01| 01| 00| 00| 00| 00| 02| 0.0 0.0 0.3
arm 0.0155| 0.0250 | 0.0347[[ 00| 0.1 [ 01| 00| 00| 00| 00| 00| 03] 0.0] 0.0 0.3
upright 0.0128 | 0.0180| 0.0234 ([ 0.1 | 00| 01| 00| 0O [ 00| 00O 0.0 | 0.2 0.0 | 0.0 0.3
hub 0.0128 | 0.0193| 0.0260(| 0.1 | 0O| 01| OO | OO| O.O| OO| OO | 0.2 ] 0.0 | 0.0 0.3
steering tie rod 0.0079 | 0.0140| 0.0203|| 0O | 0OO| 01| OO | OO| OO| O0O|] OO 02] 0.0] 0.0 0.3
footboard box 0.0111 | 0.0168| 0.0227 || 0.0 | 0O| 0.2 | OO | OO| O.O| OO | OO | 0.2 | 0.0 | 0.0 0.3
battery mount 0.0052 | 0.0260 | 0.0525][ 0.0 | 0.0 [ 00| 04| 00 [ 00| 0.0 [ 0.0 | 0.0 | 0.0 | 0.0 0.4
packaging 0.0148 ] 0.0224 0.0303]] 0.0 0.0 00 00[] 02 01]01[0.0]00]0.07] 0.0 0.3
front car frame 0.0104 | 0.0140| 0.0178[[ 0.0 | 00| 00| 00| 02 [ 01| 0.1 00| 0.0| 0.0 | 0.0 0.3
rear car frame 0.0155| 0.0210| 0.0267|[ 0.0 | 00| 00| 00| 02 [ 01| 0.1 | 0.0 | 0.0 | 0.0 | 0.0 0.3
impact attenuator 0.0111 | 0.0168| 0.0227 || 0.O | 0O| OO | OO | 01| OO | 0.2 | OO | 0.0 | 0.0 | 0.0 0.4
cockpit 0.0215| 0.0280| 0.0325|| 0.O | OO| OO | OO | 01| 0OO| 01| OO O.O] 0.0 0.0 0.2
electric equipment || 0.0192 | 0.0280 | 0.0335[| 0.0 | 0.0 | 0.0 | 0.2 [ 0.0 | 0.0 [ 0.0 | 0.0 0.0 | 0.0 | 0.0 0.2
fuel tank 0.0310| 0.0480| 0.0584 [ 0.0 | 0.0 0.0 | 0O 0O [ 00| 0.0 [ 0.0 | 0.0 | 0.0 | 0.0 0.2
radiator 0.0440 [ 0.0580[ 0.0732]] 0.0 00O 00 0I1]00[]00[]00[02]00]0.07] 0.0 0.3
fuel injection 0.0083 | 0.0200 | 0.0320|[ 0.0 | 0O| 00| 01| 00| 00| 00| 03| 00 0.0 0.0 0.3
inlet manifold 0.0089 | 0.0180| 0.0271|[ 0.0 [ 00| 00 [ 01|00 [ 00| 00| 02| 01] 0.0 00 0.3
exhaust manifold 0.0060 | 0.0120| 0.0181 || 0.O| OO| OO | 0.1 | OO| OO| OO] 02| 0.0] 0.1 | 0.0 0.3
surge tank 0.0060 | 0.0120| 0.0181 (|| 0.O | OO| OO | 0.2 | 0OO| O.O| OO | 0.2 | 0.1 | 0.0 | 0.0 0.3
power train parts 0.0162 | 0.0230| 0.0301(|| 0.O| OO| OO| OO| OO| OO| O00O] 0.2| 0.0] 0.0 0.0 0.3
muffler 0.0189| 0.0260 | 0.0334[[ 0.0 | 00| 00| 01|00 [ 00| 00| 01| 00] 01] 0.0 0.3
differential gear 0.0192 ] 0.0290[ 0.0390]] 0.0 0O 0O 00 00O[]00]00[0.0]00] 007 0.1 0.2
propeller shaft 0.0192 | 0.0290 | 0.0390|[ 0.0 | 0.O| 0O | 00| 0O [ 00| 0O| 00| 0.0O| 0.0 | 0.1 0.3
CVT setting 0.0043 | 0.0102| 0.0162 || 0O | OO| OO | OO | OO| OO| OO| OO| 00| 0.0 0.1 0.2
shift lever 0.0521 | 0.0640| 0.0733|| 0.O| 0OO| OO| OO | OO| OO| O0O| OO| 00| 0.0] 0.0 0.3
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Table2 Comparison between predicted values and

actual results of task attainment

Attainment level

’ Task name {

fii | fwm [ fu | actual results|
alignment geometry 0.26 [ 0.52 7 0.76 0.5
braking system 0421 051 0.61 0.5
suspension 0.23 [ 0.43 ] 0.60 0.4
arm 0.16 | 0.42 | 0.55 0.4
upright 0.18 [ 0.40 | 0.62 0.4
hub 0.24| 0.50 | 0.62 0.5
steering tie rod 0151 0.32 | 047 0.3
footboard box 03T 0.49 | 0.63 5
battery mount 0.41 ] 052 ] 0.67 0.5
packaging 0.20 [ 0.28 | 0.69 0.3
front car frame 0.13 ] 0.32 | 0.53 0.3
rear car frame 0.12 [ 0.28 | 0.60 0.3
impact attenuator 0.39 | 050 | 0.58 0.5
cockpit 0.15 ] 0.31 | 0.46 0.3
electric equipment 0.14 | 0.32 | 0.38 0.3
fuel tank 0.11 | 0.32 | 0.49 0.3
radiator 0.33 ] 0.42 | 0.64 0.4
fuelinjection 0.38 | 0.50 | 0.62 0.5
inlet manifold 0.17 [ 0.38 | 0.52 0.4
exhaust manifold 0.15] 0.29 | 0.42 0.3
surge tank 0.22 | 0.43 ] 0.62 0.4
assist parts of power train| 0.40 | 0.51 | 0.58 0.5
muffler 0.18 | 0.29 | 0.52 0.3
differential gear 0.16 ] 0.33 [ 0.54 0.3
propeller shaft 0.21 [ 0.37 | 0.48 0.4
CVT setting 0.18 | 0.33 | 0.44 0.3
shift lever 0.23 [ 0.38 | 0.53 0.4
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Table 3

Comparison between plan 1 and plan 2

Design timeT;), predicted attainment levd][]

Att. and target achievement probabilify; Y of each plan
Task name target || Designer plan T plan 2

(fri) Ti fiL fim fiy pi Ti fiL fim fiy pi Api AT,
alignment geometry|[ 0.4 B 635 | 0.26 | 0.52 | 0.76 | 0.85 625 | 026 | 0.52 | 0.75 | 0.84 -0.01 -1.0
braking system 0.4 C 235 042 051 ] 061 | 1.00 || 145 | 0.40 | 0.43 | 0.46 | 1.00 0.00 -9.0
suspension 0.3 D 7251 023 043 ] 060 | 093 || 815 | 0.25 | 0.47 | 0.65 | 0.97 0.04 9.0
arm 0.3 B 320 016 | 042 [ 055| 081 || 33.0| 0.16 | 0.44 | 0.57 | 0.83 0.02 1.0
upright 0.3 A 50.0 [ 0.18 | 040 [ 0.62 | 0.85 || 55.0 | 0.19 | 0.45 | 0.66 | 0.90 0.04 5.0
hub 0.3 A 455 | 0.24 | 050 | 0.62 | 097 || 405 | 0.22 | 0.45 | 0.57 | 0.93 -0.04 -5.0
steering tie rod 0.3 C 380 | 0.15| 0.32 | 0.47 | 0.59 585 | 0.19 | 047 | 0.65 | 0.90 0.31 20.5
footboard box 0.3 C 455 | 0.31 | 0.49 | 0.63 | 1.00 340 | 0.28 | 040 | 0.51 | 0.98 -0.02 -11.5
battery mount 0.4 D 230 041 052 ] 0.67 [ 1.00 || 140 | 0.40 | 0.43 | 0.47 | 1.00 0.00 -9.0
packaging 0.3 E 4457 020] 028 0.69 [ 0.77 ][ 84.0 0.21] 0.37 [ 0.90 | 0.93 0.16 39.5
front car frame 0.3 F 50.0 [ 0.13 | 0.32 | 0.53 | 061 || 58.0 | 0.14 | 0.37 | 0.59 | 0.74 0.13 8.0
rear car frame 0.3 G 440 | 0.12 | 0.28 | 0.60 | 0.59 530 0.13 | 0.35| 0.69 | 0.76 0.17 9.0
impact attenuator 0.4 G 40.0 | 0.39 | 0.50 | 0.58 | 0.99 330 035 | 043 | 0.51 | 0.80 -0.20 -7.0
cockpit 0.2 F 31.0| 0.15| 0.31 | 0.46 | 0.95 26.0 | 0.12 | 0.23 | 0.37 | 0.75 -0.20 -5.0
electric equipment 0.2 F 260 014 032 038 092 || 230 | 0.12] 0.26 | 0.31 | 0.74 || -0.18 -3.0
fuel tank 0.2 G 23.0] 011] 032 049 | 090 || 21.0 | 0.09 | 0.26 | 0.42 | 0.80 || -0.10 -2.0
radiator 0.3 H 240] 0.33] 042 ] 064 ] 1.00 ] 29.0 | 0.38] 0.54] 0.75 ] 1.00 0.00 5.0
fuel injection 0.3 H 31.0[ 038 050 [ 0.62 | 1.00 || 415 0.42] 0.59 | 0.73 | 1.00 0.00 105
inlet manifold 0.3 I 355 017 038 052 0.78 || 41.0| 0.19| 0.43 | 0.59 | 0.88 0.10 55
exhaust manifold 0.3 J 370 015 | 0.29 | 042 | 0.41 565 | 0.19 | 043 | 0.60 | 0.88 0.47 19.5
surge tank 0.3 | 60.0 | 0.22 | 043 | 0.62 | 0.92 545 | 0.20 | 0.39 | 0.58 | 0.87 -0.05 -5.5
power train parts 0.3 H 33.0| 040 | 051 ] 058 | 1.00 || 36.5 | 0.42 | 0.55 | 0.63 | 1.00 0.00 35
muffler 0.3 J 31.0] 0.18 | 0.29 | 052 | 0.63 || 39.0 | 0.21 | 0.39 | 0.63 | 0.89 0.26 8.0
differential gear 0.2 K 295] 016 0.33] 054 097 28.0[ 0.15] 0.31 ] 0.51 ] 0.96 |[[ -0.01 -1.5
propeller shaft 0.3 K 260] 021 037 048 082 31.0| 024 | 0.46 | 0.58 | 0.96 0.14 5.0
CVT setting 0.2 K 41.0 | 0.18 | 0.33 | 0.44 | 0.99 36.0| 0.17 | 0.29 | 0.39 | 0.96 -0.03 -5.0
shift lever 0.3 K 22.0| 0.23 | 0.38 | 0.53 | 0.88 235 | 025 | 042 | 0.58 | 0.96 0.08 1.5
Multiply mean
of target achievement probabili) 0.84 0.89
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O 2 7 [ OFEE P B % B AL O it & pl k= Al
L7 VA BERCTETMEL, & rEADME
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BRI, ARSI HEFGHOT — F R
71 LTV OFRACOBNLIZIRLS HEE KT D.
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