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Design and analysis of baseball fielding prosthetic terminal device for bilateral upper limb amputee
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Abstract: This paper reports on the design and analysis process of a baseball fielding prosthetic terminal device for
bilateral upper limb amputee. Recreational upper limb prosthesis is one of the key technologies for improving the social
participation of the amputee. However, development targeting bilateral upper limb amputee is scarce, and therefore,
requires scientific approach to optimize the function. The design and experiment is focused on the catching function of the
terminal device, and dimensional performances are optimized based on the experimental evaluation based on Parameter
Design Method. Data were collected from 8 prototypes and the analyze to coordinate a optimal prototype. Repeatability
test was conducted with the optimized model, yet results reflected that further investigation is required on selecting the

design parameters.
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Fig.1 2" prototype model for the fielding terminal device

GS3-1-3-1



3. £

AIEL TR EOMEEEOMERLE LT, B FT5
R— /L ORERIFIZ 7 L — A DRIz B EE (N EE)
ZREL, EBEEORBNRKMED 2%I127: 5 F TOWRF
MzEEEHME L TRDDL., ZORFBICHE/YFHESN
HREIRFE LT, Tablel ® 7 moo~FiEZBEL, T L
AUC 2B OEEARITT, LeERXRICEVEED 7RF 2
KETOMAE DO T 8KORIELEKRT 5. FERiX
FEEFETEROARIKTH 2 EE 72[Mmm]OIKRA — /L% %
v ROFLNG 1, 2, AIMOEE IS ZENEN 3BT
T, ZOBEOMEEETIL, 7L —AIZRUTHEEL
7= 3HMAEEE %Y 2 — 1 (Kionix, KXP84-2050) @ 7
L — A ER I T ﬁﬁ@ﬁﬁ& YE B BT — X R
(HIOKI, AE VU A a—% 3802) TrosklL7-. 7ok, R
EEIZ, WTPRBREUAL R THAEICEE L.

4, #ER

RAERTA 72 DO FEBRZITVY, 42T O 5tk THIERIR 2R
»—/vﬁuiM’FﬁSODEP'C%MJ“é LEMR L. sk Lm

BERE L, MEERREZRD, &EHTEATA—2 D
BRE DS T D012, /8T A= FeHEDOE o Sl
D SN by LERE S 24 -HEOKUEZT LIZHE B L7 (Fig. 3
ZMR). Z ZTRD = SN ELIZFHARAE & L C o HEEL FERER] D
OO EAEVWEERL, EVWMENZEE LW EHBTE DR
EThHD. £7-, BEIX, R—I/LOE SITRT 5 HERKER
o Thh, ZIUINESL R ENBBLERD. R—
NVOE S ITE TRIOMBE = RV — L Wl L, MH2EE RO
= R VX — L B BT 20l L, HEEERFEIXHA —
VIS T BICHIER SR IETIE, MFZEREIC BB E T LV
RENTHAETCHBEE SN TIE T3V F— R FER
WZBZ DIIEBI 2D 2 EH =L X — Lo l- g b B
T5H., ZOZEND, RELEEREREICWTNLS BET
LEMERETHY, hbrikiE{bd 2 L THRENSG LR
L0k L kMR Fig.3 DERNER N HEETH. KLV,
SN ibZREL< M EEETWD D, E, GOXKEEZTRDY, X
HIZ B, C, FIZOoWTiX, BEEZ/NEL T HKAELZEY,
AZDOWTIIKRHER TSN, EE L NN LD,
jJ[]Iﬁy?[?éff 1 @7k$%1%0, A.B,C,DE,FG, %%J@%ﬁ:k
L7z, ZOMAHbE TRIEREZ 2L U (Fig. 4 2 R), &E
R ERRAET DI OICERRESR LV RE o7 SN b & g
OHERME & el 57217 T, HITEBRELTED R
—ILDEE 2m FTOT—F TRKOEREELETHD
A;B,CoDLEFGy DFREIR & b9 Z & & LTz,

HEMIE & MR EBROFE T4 Table 2 IR . Z 0 R LY,
T B S At D FERE ORERIL, HLERSAR LD B iE SN MG S
NTNDHDD, SN b & EE DK 2 OFFFIE, HERHEOF]
BO 7T EHOBEYRELS THIZAINTND., THIFERD
BEMENR 5 TH Y, BREFHELS O R 23 HEEE E IFH
DERFIZHER D DAREERHDH L ERL TS, OF
D, EFHEREOTREENEI LTS EVZS.

5. &8

DIl oSS TEEZBNE LIZZTORRE L LTEH
KRTFHARTTIE L, 9T MEREREICR L L CREHL
7o, NI A—HZRFEEZRWT, SHE ORI 2 F5k
BRI, DHTRER L V15 ORGSR CHRERER 21T
STERTRLEEEDRIIGON R ol 5%1F, WE
DD E L BIT, BWEREEREIC bl L a s BiE b
#, EAMICORTF .

LIFE2013 20134E9 H 2 H—4 H 1LEL (1LELKZE)

Table 1 Control factors of the terminal device design

Level 1 | Level 2
A | PVC pipe’s outer diameter [mm] 114 89
B | Frame width [mm] 30 50
C | Loop neck width [mm] 30 50
D | Loop longitudinal length [mm] 230 300
E | Transverse arch margin [mm] 15 30
F | Pipe end cutting angle [deg] 120 180
G | Loop gorge diameter [mm] 25 44
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Fig. 2 The description of the control factors: dimension
parameters of the terminal device design
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Fig. 3 Factors’ effect plots: Analysis result of the SN ratio and

Sensitivity of the Lg orthogonal array experiment.

Fig. 4 Prototype terminal device based on the optimal condition

Table 2 Prediction and confirmation of SN ratio and Sensitivity

. SN Ratio (db) Sensitivity (db)
Condition Predict. Confirm. Predict. Confirm.
Optimized 0.81 -2.88 -17.98 -19.80
Comparison -4.91 -3.63 -19.54 -18.92
Gain 5.72 0.75 -1.56 -0.88
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