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Design Process Planning Method with Attainment-Based Evaluation Model

Yutaka NOMAGUCHI*?, Daisuke TSUTSUMI and Kikuo FUJITA

*? Department of Mechanical Engineering, Osaka University,
2-1 Yamadacka, Suita-shi, 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 achjeves 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

Approaches

i oli ati Growth curve model that predicts
(i) Modeling knowledge creation process. > progress of design attainment.

DSM that represents task dependency [55
and meeting efficiency.

Growth curve model that predicts
consistency between tasks.

> s'[’rian gular fuzzy number theory. NG

(iv) Evaluation of design process plan. >Ei

valuation 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. 3 Task consistency and design revision
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O) DSM: Setting task and dependency.

Setting team assignment and task sequence.

AI[’(IIJJ"II] i

T N NN N
J 45 85 7 8 9011 T WIS T8 U217 2723 10 25 15 77

Tav ot fevel Achievement probFinal level Predicted time
| braking systom biris oo BaaT 15 days
el BgE R B
doe

iyl
.

Ll
34

it iy s hid
T e 371810 Zl;l‘l I8 17 7

I H
5.8

suspension

Predicted time 1¢
31.0 days :

Achievament prob Final levet
HET M 428

@Génﬁ chart: Setting designer schedule
and meetmg schedule

S

7 (3 Growth curve :
Prediction of task attainment and
consistency between tasks

©) Evaluation: Multxply mean of treshess

=
S
e
o
&

N bbb i i b o b b o

target achievement probability ~— ¥

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

LA DHGELRFEEOVHBEELZLUTO
L IERDTz. BHEF X7 OEYFEONIABEE 36t
SORE EENICTFRATE IRETH-. ¥ 27
Z7 BMERM LR, HROEHEZERMTTRTS
EFNEBETE HSBRBICIBIETERDY, LMt
FEMNRBRICEE T, ZTRHEZTT, 4
BA AT OYHBEREE Y 02 ICHY XY, 7TREOF
EEEZ O3 ICHYSER., toky, KM DObLET

f(0)= ﬁ-02f0)03ﬁ6527®%%§m%’

kHBE, m=0.019 &2 5.

62 FHINTA—FDEE ET MR BT
A—FTHDHI—T 4 VR o B LOHBIEEICS
TAHRBGEOEEODESVWERT B 2RETS.

@ IZAONTH, BT — ARSI 5 A HEA T —
TATEDSF—LNTITD 2 =T 4 T DFHLY
BRRVEWIERAIZEE X, 20O —TFy Lo
MLTWBF—28%En & LT a=(1.0,1.0/20.0),
THE 25, 7B, YRIZ i EtZRT j2E—DRE
ERBYELTWAESE, BARIRHENEYE LT

WAEBAELVLHFEICEAEIRALTERLE X,
a=(20,20,00) 2+ 5.

BizonwTiL, ERRaDbETrIal—ary
T, BHENBRBIEE Y EROBKIEE L i
LT, MER—HTAHEICP=005LF5.

63 FEHSHIHICETILOBRIE  HE3E
EETAERIETSID, YIal— 3 AT L
WL BFREERBD OFRAC a2 FOBEED
HEERITY. M6 DY AT A% BT OFRAC 7
0DVl FORME T ADHEER T CWAEET
5.

RREEIZHE D, OFRAC A U= ~DA Vo Z B o —
%47 > OFRAC THBMRITo TV BBREH ot 2 0lE
BEULE L. B 6-OINE L BSIc S Tk
L7ZOFRAC 7u¥x 7 hODSMEHTHS. =0
BRE T uERX 2T EOF R I LERAN, 114D
REFEBR4OOF— LB PN TEFI R ZHELT
W3, OFRAC AR~ ~DF »r— 2B L, %:
BEOYBLEE fo LA ATEEEm;, BIOKF X

—243—



756

BEEEE ULFHIE P ED R Yo A ESETE

Table 1

Parameters of a design attainment mode] for the formula car design project
Task name ] Task difficulty (m;) i Initial knowledge level of designers (fj;) 1] Attainmeit—l
U me [ my | my [[TATBITCTDTETFTGTHTILITUT T T X | target(fri)
alignment geometry [ 0.0175 [ 0.0220 [ 0.0269 J 0.0 T 01 J OTTO0O JOO OO0 TO0]00] 03700700 0.4
braking system 0.0036 | 0.0182 | 0.0368°|] 600 [ 00 {0400 {00 100 0D ] 00]02] 007 00 0.4
suspension 0.0071 | 0.0104 | 0.0138 00100 ]01]01}00]00[00]00]027] 007 0.0 0.3
arm 0.0155 | 0.0250 | 0.0347 00101]01]00]100}100(00]00]031]0071{0.0 03
‘upright 0.0128 | 0.0180 | 0.0234 ). ] 0001 100}00]00}00]00}]02]00] 00 0.3
hub 0.0128 | 0.0193 | 0.0260 0.1 (00 [ 01 0O [JOOT[00]00]00]027]00] 00 0.3
steering tie rod 0.0079 | 0.0140 T 0.0203 . 0001000000 TO00]00]02]007]00 0.3
“footboard box 00111 [ 0.0168 | 0.0227 00 00]02]00]00700100]00[02]00T700 0.3
battery mount 0.0052 | 0.0260 | 0.0525 00 | 0.0 010410000 ]00}100100} 00700 0.4
packaging 0.0148 | 0.0224 | 0.0303 0000 JO00OJOO[O0Z2Z]01T7T01TJ00[]00]00T]00 0.3
front car frame 0.0104 | 0.0140 | 0.0178 00}100]00}]00]02[01]01}007{001]007]O0.0 0.3
rear car frame 0.0155 | 0.0210 | 0.0267 000010000027 01T]01]00] 007 00T70.0 0.3
impact attenuator 0.0I11 [ 00168 | 0.0227 1] 0.070.0 [ 0000 (0T [00[ 021000000700 0.4
cockpit 0.0215 | 0.0280 | 0.0325 00000000} 01]00[]01]00]007]007]00 0.2
electric equipment 0.0192 [ 0.0280 | 0.0335 00 |00 |00 |02 [00 ] 000000 00]00]00 0.2
fuel tank 0.0310 | 0.0480 | 0.0584 001 00100]J00]00]JO00O[00]00]00]00]00 0.2
radiator 0.0440 | 0.0580 | 0.0732 00 [00-]00]O1]00]0000]02]00]00]00 0.3
fuel imjection 0.0083 | 0.0200 | 0.0320 00100100701 700]00]00[037]007] 00700 0.3
inlet manifold 0.0089 | 0.0180 | 0.0271 00 1]00]00]01}100]00(0070271017]0607 00 0.3
exhaust manifold 0.0060 | 0.0120 | 0.0181 0000} 00}]01]00100]00]02]001]011]00 0.3
surge tank 0.0060 | 0.0120 | 0.0181 0000 00}02[00[00100}02}01]00700 0.3
‘power train parts 0.0162 | 0.0230 | 0.0301 0000100100100 100 {00702} 007]00] 00 0.3
muffler 0.0189 | 0.0260 | 0.0334 00]00]00101]00100}00]01]007]O011] 00 0.3
differential gear 0.0192 | 0.0290 | 0.0390 0000 [0OJOO]JO0OTOO]O0O]O00OT]T 00T 007 0.1 0.2
propeller shaft 0.0192 | 0.0290 | 0.0390 0000|0000} 00[00]00]00]| 00700} 0.l 0.3
CVT setting 0.0043 | 0.0102 | 0.0162 000000100 J00]00 70010070071 00T70.] 0.2
shift lever ~0.0521 ] 0.0640 | 0.0733 00100]00]100]00}00]00] 007} 007} 00] 00 0.3
7 QEERR fri ERIDLSICREL. RFOA Table 2 Comparison between predicted values and

~K BB THY, fo D TRIZZDZ 27 DY
ETHHZEEFRT. BIXIE, TIA AL PUFR

kY ERENZ R 7 DS T (0.0175,0.0220,0.0269) T
BHY, ZTOXAZIZELTO.] LLVORBEE o T
WHREHE B SHEY TS, ki, BERRIZI04TH
3. ZRALOF—FRBEVDSM, ¥ b Fr—h%
VAT AIE L, BREHETRICBITAEEEY THRIL
7o, RE7o Yy METHRIZEVU OFRAC A v /3—
Ty r—hERY, EEOBEEELXHELL.

VAT ALK BTEME L EBEORZEE O LK EZR 2
R, Yial—ia VIR ATFRMER AR D 7
T4 ETEZ NS —FTT, EROBEEOMIIESY
A7 OFEYFEEIZ0.1 5 1.0 ETO 10 BEEORED
WTERPERIRL T L2 bDTH S, K2 DHE
FEL, 2TOXAZITBWTCEROBEEN FRIE
DEART 7 VA BRHOHEHANTSH Y, SMOKL
1 iy EDELFDNECZERGDoT. ZORR
I, BRELEIEETTNARERORIZEEL TS
BENCHEBILTERZLETTHOTHS.

64 FHEH] B MEIT I 2 L—oa YR
FAEERNTF—LREHEPCAT Pa— Il T 511 <
OPDOREVERLL TENERO T COREEL THIL,
BRI LTW 2 & T, BEZHRET IR 2,
AEEEZMNRTH. KETEHEO—HELT, F—Lu
ERITEEST, [HEFORSFVa—Y v TOREER

actual results of task attainment

Attainment level
[ Task name { Fir [ Far | fv | actual resulis Il
alignment geometry 0.26 T 052 T 0.76 0.5
braking system 042 1 051 | 0.61 0.5
suspension 0.23 1 0.43 | 0.60 0.4
arm 0.16 | 042 | 0.55 04
upright Q.18 17040 1062 0.4
“hub 024 7050 | 062 0.3
steering tie rod 0.15 10321 047 0.3
‘ootboard box 031 10491 0.63 03
attery mount 041 1 052 | 067 0.5
packaging 0.20 T0.28 T 0.69 0.3
ront car frame 0.13 1 0.32 71 0.53 0.3
rear car frame 0.12 1 0.28 | D. 03
impact attenuator 039 7 0.50 | 0.58 0.5
cockpit “ 0I5 1031 [ 046 0.3
electric equipment 0.14 } 032 [ 0.38 0.3
Tuel tank 0.1T 1032 ] 049 0.3
radiator 0337042 1064 0.4
- | fuelinjection 038 1050 1062 0.5
inlet manifold 0.17 { 038 | 032 0.4
exhaust manifold 0.15 1029 | 042 0.3
surge tank 022 1 043 ] 062 0.4
assist parts of power train || 040 [ 0.51 T 038 0.5
mufffer 0.18 170.29 | 052 0.3
“differential gear 0.16 1 033 | 054 0.3
propeller shaft 021 { 037 1 048 0.4
CVT setting 018 1 033 044 0.3
shift lever 0.23 ] 0.38 | 053 0.4
BT 5 BB 2T

53 @ plan 1 {3 OFRAC 711 ¥ = 7 MR BEIR
DA Pa— ) TRETHY, TOTFTTOHEFARAID
EHETEMRE T, THREEE (fi, fu, fu), BIEERK
WEp BXOPREHRLESDTHS., ¥ Ial—
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Table 3 Comparison between plan 1 and plan 2
Design time(7;), predicled attainment level(f;)
Att. and target achievement probability (p;) of each plan
Task name target Designer plan 1 plan 2
U T Jio 1 fm | fw T pi T fii | fim | fu | pi Ap; AT,
alignment geometry 0.4 B 633 | 026 | 052 ] 0.76 | 0.85 625 | 026 | 052 | 0.75 | 0.84 -0.01 -1.0
braking system 0.4 C 235 7042 | 0511 061 | 1.00 1457040 ] 043 ] 046 | 1.00 0.00 -9.0
suspension 0.3 D 725 1 023 1043 1060 [ 093 || 815 | 025 | 0.47 | 0.65 | 0.97 0.04 9.0
arm 0.3 B 320 [ 016 | 042 | 055 | 0.81 330 [ 016 | 0.44 | 057 | 0.83 0.02 1.0
upright 0.3 A 500 | 018 | 040 [ 062 ] 0.85 || 55.0 | 0.19 | 045 | 0.66 [ 0.90 0.04 5.0
hub 03 A 455 17024 [ 050 | 062 | 097 || 405 | 022 | 045 ] 037 | 093 || -0.04 -5.0
steering tie rod . 0.3 C 38.0 | 0.IS | 032 ] 047 | 059 |] 585 1 0.19 | 047 | 065 | 0.90 0.31 20.5
footboard box 0.3 C 4551031 [ 049 1 063 [ 1.00 || 340 | 028 ] 0.40 | 051 | 0.98 || -0.02 || -11.5
battery mount 0.4 D 230 | 041 | 052 1 0.67 1.00 140 | 040 | 043 | 047 | 1.00 0.00 -9.0
packaging 03 E 4570207028 1069 ] 0771 880 [ 021 | 0.37 | 090 | 0.93 0.16 395
front car frame 0.3 F 500 | 0.13 | 032 | 053 | 0.61 58.0 | 0.14 | 037 | 059 | 0.74 0.13 8.0
rear car frame 0.3 G 440 1012 [ 028 1 060 | 059 ]| 530 [ 0.13 | 035 | 0.69 | 0.76 0.17 9.0
impact attenuator 04 G 40.0 | 039 { 050 | 058 | 099 [} 33.0 | 035} 043 | 0.51 | 0.80 -0.20 -7.0
cockpit 0.2 F 310 [ 0.I5 [ 031 1 046 | 095 [} 260 | 0.12 | 023 | 037 | 0.75 || -0.20 -5.0
electric equipment 0.2 F 260 [ 014 ] 032 ] 038 | 092 230 10121 026 | 031 | 0.74 -0.18 -3.0
fuel tank- 0.2 G 23.0 [ 011 [ 0327049 [ 050 [} 21.0 [ 0.09 [ 026 | 042 | 0.80 [| -0.10 -2.0
radiator 0.3 H 240 033 1 042 1064 [ 1.00 290 | 038 1 0.54 | 0.75 | 1.00 0.00 5.0
fuel injection 0.3 H 31.0 | 038 | 0.50 | 0.62 1.00 415 [ 0421 059 | 0.73 | 1.00 0.00 10.5
inlet manifold 0.3 1 355 | 0.17 | 038 | 0.52 | 0.78 410 1 019 7T 043 ] 059 | 0.8% 0.10 5.5
exhaust manifold 0.3 J 370 | 0.15 ] 029 | 042 | 041 565 | 0.19 | 043 | 0.60 | 0.88 0.47 195
surge tank 0.3 1 60.0 | 0221043 1 06210921 545 | 020 | 0.39 | 058 | 0.87 || -0.05 -5.5
- power train parts 0.3 H 33.0 | 040 | 051 | 0.58 | 1.00 365 | 042 [ 055 1 0.63 | 1.00 0.00 3.5
muffler 0.3 ¥ 31.0 J 018 1 029 1 052 1063 ] 39.0 | 0.21 | 039 | 0.63 | 0.89 0.26 8.0
differential gear 02 K 29571 016 | 033 | 0.54 ] 0.97 280 015 [ 031 ] 051 | 096 -0.01 -1.5
propeller shaft 0.3 K 260 1027 ] 037 | 048 | 082 || 31.0 | 0.24 | 046 | 0.58 | 0.96 0.14 5.0
CVT setting 0.2 K 41.0 | 0.18 | 033 | 044 | 0.99 36.0 | 0.17 | 029 | 0.39 | 096 -0.03 -5.0
shift lever 0.3 K 220 { 0231 038 | 0.53 | 0.88 235 1025 |1 042 | 058 | 0.96 0.08 15
Multiply mean )
of target achievement probability(P) 0.84 0.89
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