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Fig. 1-1 Table of the relation between sensation and sensibility (Nagamachi, 1989, Reference;3)
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Fig. 1-2 Relationship between stimulus and reaction in impression measurement theory (Jing, 1996, Reference;4)
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Fig. 1-3 Definition and scope of sensitivity (Nagasawa, 2002, Reference;5)
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Fig. 1-4  Sensitivity information forming for mechanical design in this study
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\

(a) Position of pipe
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1

N
ile

(b) Grasping with 5 fingers (c) Grasping with 3 fingers

Fig. 2-1 Grasping method of cylindrical pipe
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A1 ROIE D EEy, 2 HB VD EE, S3 IERICIE D HRY) AW THIE L. #RBRE R, R E T

2S5 S
RFAESHTHD.
Palmar-flexion Dorsi-flexion ~ Radial-flexion Ulnar-flexion

Fig. 2-2  Twist joint movement for the measurement of movable angle

Two-pivot electro-goniometer

Fig. 2-3  Grasping posture and position of two-pivot electro-goniometer
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m. Flexor digitorum Suoerficialis

:Electrode

m. Adductor pollicis

m. Abductor pollicis brevis m. Extensor digitorum

Fig. 2-4  Grasping posture and position of electrode on the muscles
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Fig. 2-5 Average and standard deviation of the sensory evaluation score
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2-6 Effect of the number of grasp fingers on the sensory evaluation
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Fig. 2-7 Effect of principal grasping finger on the sensory evaluation
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Fig. 2-8 Movable angle at horizontal and vertical movement of writ joint
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(A) Extensor digitorum
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Fig. 2-10  Electromyograms of forearms during long-term grasping
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(A) Abductor pollicis brevis
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Fig. 2-11  Electromyograms of fingers during long-term grasping
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Fig. 3-1 Six kinds of division rank for the sensory evaluation of grip diameter
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Fig. 3-3 Distribution of the subjective score in case of 6 kinds of division rank about subject B
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Fig. 3-6 Relation between the average value of the optimum diameter and the division rank R
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BN o720, DEOYERE T HREREN L S BBRE OBHNKREN L ThDH. £z, ot
GHVDIRG IR 03D I VBT I T 2 Rl HBUE D & BB~ DR L& TREICT S
AT SN SN TRV, S 51, —XHBIEII T ~F 27 X8 L LIBRBRIETH D720,
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0L < OMBEOEOWREDLE L S, KR L2 BRIEORB B LEMEE S TWD
RTbdo., RRIT, PAMOREICK L TRV DRWASOETIHMETE 201 7 ) v 7 ka2
ELTWD[3-114]. BEIROFETIE, T~F 27 2 RICHE &V ) L0 2L ORRFEIEFREZ G 7,
POEERFITAWVCHE 2 ANWEZ Tl (P27 U v 7)) 25281280, T~F a7 0Ok
DHNWENZZRES L, MAGHOEREHEO T L 2R A TND.

K 4-1 \TR LD, Y=y 7 =OE, FROEE, A7V v 7 IEOFMHAGDEE 20
FHlFHA G DR A THIT 2 A OWTHIIE L72b DO Th S, Z D6, Ml Th 23 BHT A~
DD4FHL LTWD. FHliT 28ERES>E V2T —HAIL () THY, FHEICSM LTz % T
—DiEE (N) & L7z, (@) DY =y 7 = DFIETIE, SBBOFHMIEASHEEIT 1280 & 720,
FRHIFLA A DRIZONT 1 A DSFR T =8 1 TR 24T 5. KRS D E O RO
MmO DI, FHIHAGDOEZIT O /SR8 7 — 2R S RITIR B0, IR, AR
kA G DD SR T —% 10 4 NTEE T 572 51, 12 FOMAE DT 120 4 D78 7 —#% (N)
MWREEE 20, FHIHAG DR L SR T —EDIEFITZ < 720 FHM DR & OB 73 222
Eins. =7, Yy 7 =2OERETHL (b) OTFROEIETEE, iHiHAEDERITI =y 7 =D
FUEDH¥ETHY, KM AGOE T 2T =28 (N) PeHliz1T o720, 3% T —0kEx
vy 7 xOFIED 1/12 L7320, SRR XL OERE b W o TR SIZEHMEA TR TH 5. S
BIZ (o) OV A7V v 7 iETHE, FHILAS DOEEITEHL L RO 480 TH Y, FiHEHAE
PET X T—28 (N) PeHliZ1T5. ZOHETHIUT, PREOEEL Y FHIRHE L O
FHCTIVBAGITTMETE D 2 L1225, RIS OEEN DN 2 LB EFEEZ S 5
7ZHITIE, < OWHREIC X > IS D BERH 5.

(a) ; Paired comparison method by Shceffe (b) ; Paired comparison method by Nakaya (¢) ; Cyclic paired comparison
A B C D A B C D A B C D
(n=N/12) | (n=N/12) | (n=N/12) m=N) | m=N) | (=N) (n=N)
A : : : A AB | A:C A A:B
B (n=N/12) (n=N/12) | (n=N/12) B (n=N) (n=N) B (n=N)
B:A B:C | B: :D B:C
c |mv|e=viz (n=N/12) c (n=N) c p—
C:A| CB C:D :D :
b n=N12) |1=N/12) | (n=N/12) b 5 ("TIX

A~D; Object to be evaluated
X:Y ; Evaluation pair

(X and Y are from A to D)
n; Number of examinee
N; Total examinee

Fig. 4-1 Number of the comparison pairs and examinee in the 3 kinds of the paired comparison method
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22 T—mrBiREl OAE

RIS CTIRET D [—RPUE] OFEEHFEZ K 42 18T, MREYIEROR Y 5 S O Fift 4 3t
fli L7258 O FIRZ R LTS, TR LM L BENF—CRE DR D 7 RO MK ZE
HLTKRKIDIEIZIE~S. BRI, MOIEIZ DS, Dy Dy, D, Dy, Dy, Dy THJ. FTH1X
Ty 7L LT, H4A2@IRT L OIS, #EREIIHEEE RIS Z LR ATCA TRLED
GEHWTLTZED (O) Z 1 AEIRL, ROFE2 AT v 7IBITTD. bLIKIZEESR)-
ey, ol L Bbn5EE D, D, D, ZFffO3 KZEY, IROFE2 AT v FITBITT 5.
WROAT v 7 TlE, HF1AT v 7 TORRITMZ TTE T 7eb bitE LzRoEEZ V5. X
A2l R T LIS, 1 AT v 7 THRER D #RINCTE2551%, ZO/BEORD D, & D, D
ARz N2 72 3 REHE L ChlR a2 il S8 5. 1 A7 v 7T 1ARICKY Ehanozis
([ZiE, EAED,, D, D, ZROMEMIE 3 RLFHEOMERE T 5. Zoky, MEMEEZEESES
JEFEE, MR TRAZD D OMWEO D, %, RIHR CRALD 28 L, KRIZKWEO D, %
R L TRefZlc b ) —ERE CRAZD 2R 5. U XV it & il S - PR ik o
PRI 1 AT TR L o Tl LRl S 7= & —Bd iU, 20 D BNEGERTh 5 Lk
FELTEZRTT 5. b LIERIC X DFHERE RO X DRHERE R & —E Lo 581,
FBIAT T EFENETDH. B3I AT v T OB EK 42 \RT. K 4-2[c]TIX, 2 AT v 7 Thl
B%& D, ZEGHEAE LT L7235 82 R LTV 5. HEGHE T 5 ERE, D, LE#ET 2 D, D2 KT
HDHN, ARTHL, ZNOOFMOERD & HEHEFHiRE T &L HEZ LN, L
L, ERIOAT » 7 2128WT, § T DITREREDHIRN OIS TNDDTERAL TN E
T L7z, HURONERE, £ D., OMfFEMELIERL, ZO®RER D, DMNEMELTESE, &
J£ D, OMEMREER ST 5. Flfn D, &HW S N/235581%, D, SEERE L CIEE# T
T 5. BN Dy, &I SNIEEITIE, G D ER% Dy, D& LT, HEF3I ATy
TOFNEEFTH . K431, EROFIEO LML F & DMK 2R L.
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(a) Lst step (c) 3rd step
;) (D) () (D) (,)) (D, (D) o) @) (D) (D) ®.) (D)

O O O O O O O O O O O O O
} ;gt

(D) (D, @ (D) @ (D,
@ @ ; Select by sight O<—> @ > .
(Next step)
o) (D)
(b) 2nd step O .®. O
(D) (D)) () (D) (D,,) (D.,) (D,;)
O O O O O O O @ ; Select by sight and touch ‘
(D,))
(@) @ (D) ® (Dﬂ) (Determination)
O=0-=0
) . ; Select by sight and touch

(Determination)

Fig. 4- 2 Procedure of One Point Selecting Method by in this study

(D) (D) D) (D) 0, Dy (D)
1st step |:

(D) (D) (D,)

2nd step

3rd step

\ (Determination) (Determination)

Fig. 4-3  Outline of One Point Selecting Method, over view summarized fig. 4-2-(a), 4-2-(b) and 4-2(c)
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23 [—REBIRE] DRELGE

AWFFETIRRE LTe— mUBPUED ZH M ARG 272012, —mURIE TRMl S N 7o faift & SD
R — )ERR 2 FEIH D — X EBIEIC K 0 Rl SRl O A Heig L7z, £72, 4EOTFED
FHIIREE 3 L OREAMEE S e L7z, SD A7 —/WEIE, S BREO REERE (2580 H\, +2; %
REDV GV, £0; EHELTHRN, -1 00D #v, 25 BV E) ZHWTHEME L7z, —xft
BIEIL, TROEEETA 7 ) v 7iERZRWE. BET2MEDIRE, 727 UARTH D BROEN
LSMIFR— DR EBEEDO O TH L. MEMIEORIYE, ¢25mm, ¢30mm, ¢35mm, ¢40mm,
¢ 45mm < LT ¢ 50mm D 6 K Th 7.

— IEPUED T B DWTUE, M 4-4 1R LIZitdks— A HWT, 22 CRlik L72i@ v 0 FF
ETITo72. SD A —/MEIX, ZNENOREHE LT-#%IC, 5 BMEOREBERMIAENTZRE A
W CRMIMEZ sk L=, FROFEM AL, X 4-5 Oftgky— M EHAWTER- L. T X TOHER
FlE, ¢25mm & ¢ 30mm DM EEZ 1 EOHEGE L LT, (T UDIZ ¢ 25mm ZHHE L, RIZ ¢
30mm ZHHE L7z d &, B ¢ 25mm 244 L T 5 BePE ORI & 72 - 72, KIZ ¢ 25mm & ¢ 35mm D
M a2 1O G & L ClRBRO FIE TR 21T > 72. ZOFNET (¢ 25mm, ¢ 40mm), (¢
25mm, ¢45mm), (¢25m, ¢S50mm), (¢30mm, ¢35mm), (¢30mm, ¢40mm), (¢30mm, ¢
45mm), (¢30mm, ¢50mm), (¢35mm, ¢40mm), (¢35mm, ¢45mm), (¢35mm, ¢ SO0mm),

(¢40mm, ¢45mm), (¢40mm, ¢S0mm), (¢45mm, ¢SO0mm) &\ IHHAHDHLET, AFFI1S
MOFMZ T 72, A7 VU v 7iEOFERFIEL, K 4-6 DFtgks— FbHWTER L. T
DYPEREFEVL, ¢ 25mm & ¢ 30mm O WL OGS L LT, 1T L0HIZ ¢ 25mm 2404 L,
WAZ 30mm AR L7z d &, B ¢ 25mm 2488 L T 5 Be PRkl 2 72 o 72. KIZ ¢ 30mm & ¢ 35mm
DM fEEE 1O G U CRBRD FIE TR AT~ 72. ZOFIAT (¢35mm, ¢40mm),

(¢40mm, ¢45mm), ($45mm, ¢50mm), (¢50mm, ¢25mm) &V IMABEDET, AFfFS
FOFHZAT > 72, T HIEE, BRIROWME[113]25B 1T o7z,

WTHIORGEERIZI N TS, 7 — X Zidk LR — M3 2 R & 9BRE O B3 kHE LA )
BHEE DOIRNERENTIT o7z, FHlil, BBRER CERONEN DS NRVE T, HBHRE
DOEBROMERHEIEZ +2C BT THro 72, B, SO BIAARTIC EBRE DB 1 RN O
&+ T, BEERE DN ZONEZEE LT 2 L 2R L7295 2 CHMG L7c. SEBROFHm AL, 1
FHOFHI 2 S0t L T, A7 &b 4 LI LD Z & TR O 4 32k L7z, SEBRIT,
—RIRIUE, PEROEEZLTHA 7Y v 7 IEB I ONSD A — /WEDIAICAT - 7. #RE 1L, &
FEZ2 55 7R 6 44 CEEIAFEHD 18.3£0.5 7%, A R 171.5£3.2cm, AR E 70.5+7.0kg) Th o7z
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Measurement sheet (One Point Selecting Method) Measurement sheet ( Paired Comparison by Nakaya )

Name; Birthday; . . ()

M-F Height: cm Weight; kg

|Name | |Binhday - . ( ) |

— I !

1) (O or(®-)  (Optinum) | | D) ord-3) (DB)or®-3)  (Optimum) Score Assesment
2 First pipe is very easiness to grasp than pipe of after
©) (Optimum) £ (D+2) or (D-2) ©2or @2  (Optimum) | | D+4)or (D-4) 1 First pipe is slightly easiness to grasp than pipe of after
0 First pipe is same easiness to grasp than pipe of after
T
@D (step 1) (Step2) (Step 3) (Step 4)

-1 |First pipe is slightly hardness to grasp than pipe of after|

Measurement time ;

-2 First pipe is very hardness to grasp than pipe of after

25 30 35 40 45 50

Fig. 4-4 Measurement sheet used in One Point Selecting Method
25

30

35

40

45

50

|Mesuremem time (sec) |

Fig. 4-5 Measurement sheet used in paired comparison method of Nakaya

Measurement sheet ( Cyclic Paired Comparison )

|Name | |Binhday . . ( ) |

1 = !

Score Assesment

2 First pipe is very easiness to grasp than pipe of after

1 First pipe is slightly easiness to grasp than pipe of after

0 First pipe is same easiness to grasp than pipe of after

-1 |First pipe is slightly hardness to grasp than pipe of after|

-2 First pipe is very hardness to grasp than pipe of after

25 30 35 40 45 50

25

30

35

40

45

50

|Mcsurcmcm time (sec) |

Fig. 4-6 Measurement sheet used in Cyclic paired comparison method of Nagasawa
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24 T—mrBFE] ORYMEEFRIEDIRESE
AEHRR UTe— RUBPIED, BRI I 2 5 ABRE & 72 D721, — IR IIED Z 41,

FRZ, HERE ~ORHIRE & 72 2 Bl 2R OB DK S DR Z Z 2 1-56 OFHIEO MG &
BVEDORE R LETH L.

Z 2T, 2+ 3 THEM LMK OBELEDOMIRN Smm £V H/hSWEEE REWRIZOWTREED
FERAATV, —mGRPUEN & OFPHOMIROEWE TR fJiETH 2 O FT Lz, AFREOHIER
FE DR DA OO RIFIE, Smm XY/ SV 2mm B E Smm KD KXV 10mm BRSO I 5
Wik E LTz, B/MEZ 2mm lEE L7ZBRH O 212, H 500U 13 4 O A 2 R I T -
TR 2R OEEOFHEO PHERIC LY, HWr & 2 EEDOIHED 2mm Th-o72Z &
IZ&k D, mARMEA 10mm & L7720, 23 CEIE LZWEDORDOEDOERE TH 7272 Tho. #
BT oMK%, 727 VIR CTER LI-ABEONEMEATEH Y, TIREERITHK—L TS, ¥
ROBEROMIE 2mm OHE, FHlOxE L LZEARE, 30mm, 32mm, 34mm, 36mm, 38mm
ZLT40mm D 6 KCThoTz. Fio, MAOEZROMIEA 10mm O%5, FHliOx5 & U ERT
15mm, 25mm, 35mm, 45mm, 55mm % L C 65mm ® 6 KA ThH-o7-. O 2 FEHOBEROMIET,
2 -3 LRRRIS, 4 R ORMFHIEEZ HOWTREY 5 S O5@es, FHlik 3 JOFHlERE A HE L
7o FEBL, —REINE, TROEE, VA7V v sk SD AT —/WEDIRICE M L. FEERIT 1
A1fEHE L, 1 RZ2H T TROFHEC I DERET o7, AL, FIUREES R0
BT RKFAE 64 CE¥ER ; 223207 1%, FHHE ; 171.554.8cm, “FKE ; 72.716.8kg)
Thd. 6T, FFEoOR—#HBREZXI5IC, F—0FERE 1 MU EoBEE H T THEM L.
Z OREE, [ US4 T testretest 2179 2 & T, —UBHRIET K UMM 3 T OFHAME O B %
BT 2 7247 o 72,

3. #&R
3.1 mEEDRELE

X 4-712, AFHOHIETHONTHREVEORERZ Y. A D—RERIES B O SD 27—
JEORERIE, 8% OWERE F CRHMBIEMT S5 720, WBREHICKHE LIc 0T — 2 0355
nNTnWsn., —k, 4270 v 7iEERROEETIE, Ml SN ROYHEL FaErt s Liz2), 1
ROBDPIREINTWD. KD AR UTe—RERIEL BIOR LT 5 BFED SD A — ka5
&, ADIFOIBELSZIINEV. ZRLDOVH LIFRERAEZ RO L L, A O—ru#ERIEIT 308
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+1.9mm , B ® SD A5 —/W{EIE31.74£3.7mm, C OV A 7V v 7 EE27.5mm, D OHREOEE
1% 32.5mm TH Y, 4 OOFEOFHMEIL 30mmESmm TH Y, FHET—% & L URIIFRRE &
BRI D.

LEDZ &b, AEHREE U — mUSHUER, B FHAE RIBIZEEE L2 DI b 0020 57,
SD R —/WERY A 7V v 71k, HROBIETHELIHE L IHERBEOEL R Z L3bino

7.

45

e N=6

é 40 o o

;g 35 0& % .
30 )

E “

T 25 )

g

E 20

g 15
oA ‘ ‘ ‘ ‘

A B C D

A; One point selecting method

B; SD scale method

C; Cyclic paired comparisons method

D; Paired comparison method by Nakaya

@ ;Subj. A, O;Subj. B, A;Subj. C, A;Subj. D, O;Subj. E, < ;Subj. D

Fig. 4-7 Optimum diameters evaluated by using four kinds of sensory evaluation methods

32 AIERREOREE

4 4-8 1%, 4 FEHO T EZ IV CTRHE L 72RFC 2 U 72 RHlR R OFE R 2R Lz, 22T, —RE
PUETIE, HRIZE DY 5 WEOHIEBHR DA XD BRI — AR 2RI LK 2 D E TORH %
RERFR & L7z, F7z, SD A7 —MikY, 1 AROEZEE LT L ENORBEOEZEL, T0
FHliZ QB CIRND ETOR & Lc. 61 A 27 v 7B LOHROZEIEZONTE, XU
DO 1HLE O 25mm 248 LiRd 7o & &b, fefk O LG Ol 2 1 8H Tl ~7-IF £ TOREH &
L7z.

4 4-8 IZFB\\T, PRI, A O—UEIREL B O SD A —/WEZIZIERBRETHY, C D
FA 27Uy 7ERLD ORRBROELEL D EY. BIRRITIE, A O—RURHUET 34.85+7.34 F, B @ SD
A —)WIET 38.0344.03 F0, C DY A 7 U » 75T 71.65+6.37 ), D OHEODZELET 170.42425.43
BChotz. ZbOREREE—TuhlE DO K D 2EOREEIT o TofE R, —REREE SD
A —MEE, B A7) v 7 EBXOCTREROEIELY 1%KETHEIZEWRRTHY, TROZLE
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EIE, MoOETOTHEL Y 1%KETHFIZRERF B RVRR Th -7z, o — iRk e SD X
T EDRIZIIAE R AT A ORI -T2

VI EDOFERNG, AEERE Ule— B IUEIE, 2 FEO ikt K0 b FER IR S 7T RE 2
ZENbhol.

200
180 l
160

[
140

120

100
80

L)

60

40 é °

20

Time of measurement (sec)

A B C D
A; One point selecting method
B; SD scale method

C; Cyclic paired comparisons method
D; Paired comparison method by Nakaya

Fig. 4-8 Measurement times required for the four methods of sensory evaluation

3.3 EHMilEI R D REE

SRR L7z —fUEIETIE, FROBFAK SN OHMioEE b D720, ZORE 4B
MelZ T D72, FHIlT 2 [EE A FH~ 7. SRS, #1203 2.3 T L IR O st (25mm,
30mm) ZXGUAT 125645 1 FOFHIREEE Lic. RROEEE YA 7 U v 7iE1E, G Hn
ERAPROZETIZISE, 427V v 7 TESEERES TS, —BHETIE, K42 1058
L7 LD ICE TR TRl D 2RI L (2O 1 AR EE LRV 3R Z & L72GA L ET),
ZOFED O D-1 & D+l @ 3 RKaRITHEGFHN 21TV, HEIC X BIRS 8 L A U0 ol
REBIINTZHGAT 1 ROFHMEEEE 5. 2 2 THRE &R TRl S 7ol B - 72854
RO AT v T~BITL, D-1, D-2 &5 \WNE D+, D2 THEFHMEZITY 2 Lichd. ZOEMT
RN B LIZGAE, fHlilE A 2 & 9%, £ SD 27 —/ViAlE, 6 FOHfEMED
BatE LaHihd 2 2 & LR 20 TRMliESBuL 6 Bl & 72 5.

4-9 1%, 4 FHEOFHMEEOR RE £ L O TRT. ERL7ZL 51T, B D SD A7 —/LiEDqHf
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BEE COYA 27Uy 7ikiT6l, DOFROEKEITISEITHS. ZHUIK LT A O—FIERE
OFHMEEE, FHT 13205 B EKRbDRV. ZORERE, —mBESHOITIC L > TEEZRE
T5 &, —RERIEIIMOTIELY 1%KETHREIZDRWEETH 7. ok, —RERIETI,
6 % DYERHE D 5 B, 4 4 DR TR ST Itk & il % F O CREl S - e e & s —F Lz
FFED D 2L4ITONWTY, 2 A7 v P THRERMREINTZZ LD R L 2 BfEdhiuidn
BEPRETEDZLEZRLTWD. 51T, HRRICHEDWTHIE Sz iioiife & Al 2002 TH
W L7l B EE BT 2 2 &0 h, —RIBERIEICB T HSHREFROBEHEMEL RSN TND.
U EDZ Lns, BRELE—ARRIUET, KODRVEECHEGHMET 2 Z L8 TE, #HEREIC
BHNRDIRNGIEE LTHESTH DL Z Edbhroiz

e N=6
14
2 |
Q
%10
[
o 8
§6 @ L
g
Z 4
2T ¢
o ‘ ‘ ‘ ‘
A B C D

A; One point selecting method

B; SD scale method

C; Cyclic paired comparisons method

D; Paired comparison method by Nakaya

Fig. 4-9 The number of the assessment times which required for the four methods of sensory evaluation

34 —RBFCATHME L -HREROZ LM L BREORIL

10 1, EAROMEL 2mm, Smm % LT 10mm O#EZ, 4 FEEOTFIEIC L > TRAm L 7= i
BROFEREZ TR LTS, KHO Smm FIEOFEFIL, 2 -4 TEMLEFEROBRTHS. MO A
7R LTz — RIRIRVEIC K o Tl SN 7= Aol B O 1T, EAADORIFEAS 2mm OBA T 34.3+2.9mm,
Smm D355 T 30.8%1.9mm, % L C 10mm D35E T 342414.5mm Th o7z, ZAUH DFERIZONT,
—ICBLE BT KD EDBEZAT o TofER, Mt BERET A DL -T-. KO BITR

L7z SD A7 — Wika VTR S - i ld, EROREN 2mm D4 T 33.622.8mm, Smm
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DA T 33.024.0mm Z LT 10mm D4 T 33.63.5mm TH Y, T 5HOMICITHERZENGE
iR oTe. D CITR LI A 7 U » 7 5% O CRMIl S V72 Bai e, EAEDS 2mm OG5,
30mm, 32mm % L C 36mm O 3 K TdH Y, FHE T 32.6mm ThH -7z, EED Smm O%AE T,
25mm & 30mm 23S &l S A, SESIECIE 27.5mm, EAROMEA 10mm OFA TIHE, 35mm
DHPEEE EFHI SNz, —7F, KO DR LIz REOZEEE AV Gl S V- alfRig, B
OFF2S 2mm D5, 32mm & 34mm ThH Y, FEIE T 33.0mm, EEOMEA Smm DG Tl
30mm & 35mm TV, FHIET 32.5mm, EEOFIFEA 10mm OFE TlE 35mm 23N fe & Al
INTc. o, TRENOEEORN T —uEiRiEZ AV il S 7o FaifilE, SD A7 —/Vik,
PEROEERL LU A 7V v 7 E Tl SNtk L A ERAETA ONRpoTz, Lo Z L
5, AEHERE LTz —UBPUAL, % E 725 MfEROBEROMIEA 2mm LA T 10mm BN O
PHCHIUL, WERO % HfRIES SD A7 — /L& AW TZRFE R EETE L AR O REF N5 Z &0
Hinolz.

A,; One point selecting method B; SD scale method
4 45
g )
E 40 E atf
= —
é 35 } ! g 35 -
S T ‘ 5 T *? ?
'; 30 ? "é 30
S =]
g 25 £ 25
o 2
o 7 ‘ ‘ ‘ © A
2mm Smm 10mm 2mm Smm 10mm
Difference of diameter (mm) Difference of diameter (mm)
C; Cyclic paired comparison method D; Paired comparison method by Nakaya
45 45
g g
E 40 | E 40
2 g
9 35 ° 0 35 L
T 30 "é 30
g L4 =]
£ 2 £ 25
a 2
S 1 : : : oy /|
2mm Smm 10mm 2mm Smm 10mm
Difference of diameter (mm) Difference of diameter (mm)

Different of diameter, @;2mm, O;10mm

Fig. 4-10  The optimum diameter obtained by four method about different diameter of cylindrical pipes that the

intervals are 2mm, Smm and 10mm.
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111%, EROMEZY, 2mm & 10mm OFE T, — RsiE & 1RO HiEB L OVSD 27
— VAR FRWEREE R VAT, 2 BIIA CHRIE &AT - 7R EHM S 7o o P 4 bl L 72 R SR A 7R LT
W5 KO AR Lie— iR UEE W Chalfe 2 5kl L7254, EROMIAL 2mm O%4 Of
WA, 1[RIEA 343229mm, 2[61H 28 33.722.9mm, EROEEA 10mm OBHE ORI, 1
[0 H 2% 34.2+4.5mm, 2 [BIH23 31.7+24.7mm TH Y, WifERA2xHE0 & 5 t#E & W TZEORE %
T T-fE R, A BERZEZ A ONR -T2, MO BIR LIz SD A7 —/Likx FV TRt
R L7355, AR RREA 2mm D55 O FaEfiE, 1181H 2333.6£2.8mm, 2[5 H 332.942.3mm,
EROMEA 10mm OBE OFGERIE, 181 H 23 33.623.5mm, 2 [B1H 723 36.4+3.5mm ThH v, i
RE RO REE W TEDREEIT o T fER, HFHICHERZIA Do Tz. HO
CIZRLIeYA 27V v 7 iEE AW TRaEEZFHME L7256, BEAEOMIED 2mm O5A ORERIT,
1 [EH 78 30mm, 32mm, 36mm @ 3 A TH VY, FHIET 32.0mm, 2 [EHA 30mm, 32mm, 34mm,
38mm D 4 AR TH Y, FHE T 33.5mm Tho7o. ELEORHFED 10mm OBEOREENE, 1EHE
FO2[EHEHIZ35mm D 1 R Th-o7z. Fio, KO DR LIz RO RS F Tl 2 3
L7256, BERORMR 2mm OBA OFEERIE, 1EH 32mm & 34mm O 2 A THY, FHET
33.0mm, 2[E[H7%30mm & 32mm D2 K THY, FHHET31.0mm Tho7o. ERDMEA 10mm
DA ORELIE, 1BIH2 35mm OATH 72232 BIHIE, 25mm & 35mm O 2 K THY,
95 & 30mm Tho7o, —RBUETIE, SD A7 —/Wik & FIRRIS, ERDOMEI 2mm TH /A
W 10mm TH, FHMERENZ ERbhoTo. Fe, WEROFETHLYA 7V v 7T, B
OHFEA 10mm TIEFBENEVE W 523, EROMIREA 2mm (2725 &, FHl S 7= i fic
B DR, FEMER 10mm KV I3H2EE26NL. —F, FROEETIE, BEROM
f@723 2mm & %\ % 10mm T, SRR LEMITH-72H OO, FRCEZEORNEA 2mm OH 1 7
Uy ZECR NI 2 I0IhaneEnz s, bz Lnn, —rG8IEE, Eko—x%t
R L 0L, EREOZENNSWGEETH (AEOER Tl 2mm) 28 L CRidRz i i+ 5 2 &
MTEDHENVRD.
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A; One point selecting method B; SD scale method
45

S
O

N
(=1
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C; Cyclic paired comparison method D; Paired comparison method by Nakaya
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Fig. 4-11  The results showed the obtained optimum diameter of reproducibility between the two experiment

in four methods.
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Fig. 5-1  Cylindrical acrylic pipes for the sensory evaluation of easiness of grasp
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(e) Shovel (f) Kitchen knife (g) Badminton racket grip

Fig. 5-2  Photographs of tools by which the sensory evaluation was performed
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Fig. 5-3  Distribution of the optimum diameter of cylindrical acrylic pipe (Subjects were provided with the sensory

information of handrail, prop and tennis racket grip.)
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Fig. 5-4  Distribution of the optimum diameter of cylindrical acrylic pipe (Subjects were provided with the sensory

information of fishing rod, shovel, kitchen knife and badminton racket grip.)
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Fig. 5-5  Kurtosis of the distribution in the optimum diameters of cylindrical acrylic pipe (Subjects were provided

with the sensory information of the tools.)
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Fig. 5-8  Distribution of the optimum diameter of cylindrical acrylic pipe (Subjects were provided with the sensory

information of cylindrical acrylic pipe, prop and kitchen knife.)
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Fig. 5-9  Kurtosis and Skewness of the distribution in the optimum diameter of cylindrical acrylic pipe (Subjects were
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