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Statistical Method for Mechanical Shock Fragility of Products
— Application of Incomplete Data —
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As for a test specimen, its shock fragility is unknown before testing. So, we often meet incomplete data, such as
damage by the first minimum shock and no damage by the last maximum shock. The former is called “Initial incomplete
data”, and the latter is called “Final incomplete data” here. The standard of shock fragility test method is not concerned with
any statistical method of these incomplete data. Then, we improved Johnson’s method that is used to analyze final
incomplete data in the field of lifetime test, and built a statistical method for the mechanical shock fragility test, which is able
to analyze initial and final incomplete data. Moreover, we conducted mechanical shock fragility test for DVD players, and
compared the ordinary method and the proposed method. As a result, a risk that standard variation is underestimated by the
ordinary method was found.
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Fig.1 Test specimen (DVD player)
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Table 1 Results of critical velocity change test
for DVD players

Fn

JIS Z 0119-2002 {ZHE VT — X 2 3H L 7= 4&
BoThbb, BB LT EEOFZD

Table 2 Results of critical acceleration test for

No. (fl/\;) Observations

3.16 OK

: 3.61 DISC TRAY does not open.
2.95 OK

2 3.81 PLAY function does not work.
4.53 DISC TRAY does not open.
3.18 OK

3 3.85 OK

4.68 PLAY function does not work.

4.67 DISC TRAY does not open.

3.04 OK

4 3.97 OK

4.52 DISC TRAY does not open.

3.19 PLAY function does not work.

3.78 DISC TRAY does not open.
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JIS Z 0119-2002 TiE, "EIMAE L 75
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BHERI LT D LERSINTND, LAl
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M4 AR - TREDIE S X RAMELE
72 % B TR AT 5 DI B et |
ISO 2859-0 X O} JIS Z 9015-0 DIEITHES T
BT, 7272, R+ fefr ¢
WA T, BRI K DIBEHS T
DEEIE. TS 2L TRRBRZ LTH

DVD players

No. (Am/s2) Observations
497 OK
633 OK
798 OK

¢ 1059 OK
1190 OK
1510 Play function does not work.
491 OK
633 OK

; 813 Play function does not work.
1070 OK except for the above

results

1250 A disc tray does not open.
493 OK
638 OK
806 OK

; 1070 OK
1240 Play function does not work.
1520 A disc tray does not open.
504 OK
628 OK

9
816 OK
1070 A disc tray does not open.
493 OK
634 OK

10
815 OK
1070 A disc tray does not open.
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Choose the test results of specimen No./

¢

(2013)

Was the specimen
damaged by the first
shock Xistart?

Yes

The estimate of fragility for No./,

X.is X, (incomplete data).

Was the specimen

damaged by any shocks
added?

The estimate of fragility for No.; X;
is X,,, (incomplete data).

The maximum of the shock levels with which the
specimen did not damage : X,

The minimum of the shock levels with which ths
specimen damaged: X,

The estimate of fragility for No.; X;is
( X, + X, )/2 (complete data)

I

&

Incrementi by 1

Yes l -

Sort X;.(/=1,"--, N). The sorted data is X,
(k=1.---. N) where s represents sort.
If incomplete data is X, sortindescending

If incomplete data is X, ; sortin

ang

According to Johnson's method, calculats the
mean order number /i for the complete data X,
A=+ {AN+1-5)/(N+2-k)}
where j;, means previous mean order number and
=0 when A=1.

order.
ascending order.

Accordingto the mean rank etc.,
calculate cumulative probability F.
F=i/(N+1)

‘

Decide a distribution function
(ex.weibull distribution) . Then,
calculate its parameters.

‘

Decide a reliability. Then, calculats
the acceptable shocklevel for
products.

Fig.2 The algorithm to calculate the allowable shock level for products
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Table 3 Critical velocity change and critical
acceleration of DVD players ( JIS Z 0119-2002)
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L. 7 —4 ORI IER DA & AE LT
W5,

Table 4 Critical velocity change and critical
acceleration of DVD players (A new algorithm
proposed in this paper)

Critical Critical
velocity acceleration
change(m/s) (m/s2)

1 3.16 6 1190
2 2.95 7 633
3 3.85 8 1070
4 3.97 9 816
5 — 10 815
7 3.48 7 905
o 0.501 o 223
u-o 2.98 u-o 682

i (AV HDVNETA) % Table3 ITR-T, =6
2, REHEE D 2556 0T — 2 FEEEN
BRI RENTH RO T, FHMEB LW
RO ERNE FWT, M p LAY
R o ZHRHEHL TS,

Z LT, BIEOREERGTHW DR O
B XX AR 50% & 72 HETIX R <
Lo L/NSREERLTRETHDLIEND,
p-o DEGHTH L TWD, Zhid, HEmS
DRHPIERSA ThH D LAET D & kR
KK 15.9% L R HMETHD, 127EL. Zh
B OFEFITIL, M Z D EEE O NINE A REK &
RDBENGEN VD20, MHEMERIT S
DI/NSRfEE 725 EHERI SN D,

432 FHT—REEX

Table 135 X (8 Table 2 DFBARE I K-S x|
BB ORI OB L~ L AR Al O i
LAV OSBRI L, £ OEZ &R
HREELLET D, 2L, T T —

Critical Critical
velocity acceleration
change(m/s) (m/s?)

1 3.39 6 1350

2 3.38 7 723

3 4.26 8 1160

4 4.24 9 943
Less than

5 10 944
3.19

u 3.59 u 1020
0.943 a 326

u-0 2.65 u-a 694

F£LV | FFRFEEEALONIIE 1 53, Table
3Du kWb RERHLEZ-THNT, —H,
FEIMCTI D o TR OfE 2 WIFTE 0 7 —
2L UCTIER L2 BB TRV K 9 I
HEIN DD, EBKZITZE D T, T
HIZRD LB Th 5, 87 — ZBEIETIT,
FREOE B X 2 [AHE O & OROEE L
AV TR L TR OE R L~ L L Ok
OHTOEEE L~V DFEHE] L L TH->TEH
V. TDO%ERIL+0.34 (Table 4 & Table 3 D
% #0EF No. 1~No.4 DFEIFEE D7) Th 5,
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DT —2NBhD L, o Zfo NS FEHM
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T — 4 213200 Wi & 0 BVWVRER, A L7
Mol LNBRWNWTZDTh D, ZOHA,
T =X 21N 3 AFID AT, T—# 31T
WTNERZ R 2 2 FIV AT B R&ETENHTH S,
ZOEHIT, T—# 3DIANEII R HENTH
L2 MDD,

ZITC, TH2LRT—H3 LD BREN
L, T—45 3 L0 b/hSWHERNFE%T
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NEAZE 2.5( =2+3)2 Y&FI V5 Z LN T
&2,

Z U Johnson D HEDE 2 FTHY . Lk
FLOfERIT, XKMHZHWTEEB LR E —
HLTW5,

T8 2 TREITOY T2 ETC A TELT—
ADIBHE LV RERIEHEROERNE N
ek 112725 o T, IROFFRNEEE R ER A
FE LTI E] ) 7 — & G e Sl o
T, FRINEN R OB R H 25 A 5
<TI0 F— X OFEF (FIE) >
T =4 1 :100m/s” (HERN T — 2 O WIFHE)

T— 4 2 150m/s” il (FIHTEI 0 7 — %)
T — 4 3 :200m/s” (BEH 7 — & O WIFHE)
T 2RI =2 ThHY | T—
21 &7 —% 3 DI £ Z BRI E T 5,
T —4 1 QIR EIE, 7—% 223 100 m/s” X
D /N S WEEE TR T 2 O 0 CIARZ DS
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R=r I F=il(nt]) 2)
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100 m/s* : F=1.5/(3+1)=3/8 =0.375

200 m/s* : F=3/(3+1)=3/4=0.75

L5,

AT T UM F=(i-03)/ (nt0.4) (3)
KBV LY., &7 —% O RFEMHIL
100m/s? : F=(1.5-0.3)/ (3+0.4)=1.2/3.4

= 0.353

200m/s® : F=(3-0.3)/ (3+0.4)=2.7/3.4

= 0.794

L5,
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TR DWW, A GEIRICEET S
ERDE DT D,

<TI0 F— &2 OFF (KIE) >

T —4 3 :200m/s” (HERLIN T — & O WIFHE)
T —4 2 150m/s” AKiili (FIHHTEI 0 7 — %)
T —4 1 :100m/s” (HERLN T — 2 O WIFHE)
F9. T 30BN E AR T 5, (1)
2 k=1, n=3, i=0 ZRAT D &,
i=0+(3+1-0),/(3+2-1)=4/4=1

L0 T—H 3DIRMEIL 1 &7 D,
wio, T—% 1 DIEMEZFEHT 5, [k
WA k=3, n=3. i=1l ZRAT D &
i=1+@G+1-1)/(3+2-3)=1+3,2=25

LRy, T4 1 DIEMEIL 2.5 LD,

LT 7F—% 1 DA #EIL 25, 7—4# 3
DINERTELIT 1 & 72D,

INHONENEEAWT, I—r T Uik
BLORATT U Z o 7B DR L2V ER
FEER F, 250 U7tk 18 O REEdE MR
F (=1-F) ko5,

=T (Feifntl) ) O%AE. %
T — 5 O RIEMRIT

200 m/s® : F=1-1/(3+1)=3/4=0.75

100 m/s* : F=1—2.5/(3+1)=3/8 =0.375

LY BEERREHIEIC X DR E BT

Vol.22 No.6 (2013)

Do

AT VT 7 Fi=30-0.3) / (n10.4) YD
Bt &7 — % ORFEMEIT

200 m/s* : F=1-(1-0.3)/(3+0.4)=2.7/3.4

= 0.794

100 m/s* : F=1-(2.5-0.3)/(3+0.4)=1.2/3.4

= 0.353

L7200 FERRREMNEIC KO R L —8T
74

PIRIZ XY, PRRAEHIEIC L DR R & 12
R L DR O— BN MR TE I,

<SE >

1) mWIESL, "HEEEEME T, S,
p-30 (1988)

2) L.GJohnson, “The Statistical Treatment of

Il

Fatigue Experiments”, Elsevier, p.37(1964)
3) W.B.Nelson, Journal of Quality Technology,
1(1), 27(1969)
4) ElR "RERT —F OfEHENT, —
2/ I A MR p.142(2002)

(Ffa=zft 201345 H 22 AH)
(FAEZH 20134510 H2 H)

— 433 —



