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Statistical Method for Mechanical Shock Fragility of Products
— Comparison with Staircase Methods —
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There are two statistical analyzing methods for mechanical shock fragility of products. The one is the method based on
JIS Z 0119 or ASTM D 3332 “Standard Test Methods for Mechanical-Shock Fragility of Products, Using Shock
Machines”. Specifically, each fragility will be measured and the obtained data will be analyzed statistically (hereinafter
referred to as Method A). The other is the method based on ISO 7765:1988 or JIS K 7124-1:1999 “Plastics film and
sheeting — Determination of impact resistance by the free-falling dart method - Part 1: Staircase methods”. Specifically,
pass/fail test will conduct on each specimens systematically and the obtained results will be analyzed statistically (hereinafter
referred to as Method B).

In this study, we will compare and examine the above two methods theoretically and experimentally. The main
conclusions are as follows.

- Method B requires twice as many specimens as method A.

- Fatigue is not accumulated by method A. The effect of accumulated fatigue by method B is supposed to be limited.
However, the accumulated fatigue will be large when the increasing ratio of input shock is large.

- Both methods require forecast accuracy of fragility before testing. Especially in method B, the lack of
forecast accuracy leads to the increasing number of specimens and the error of the statistical value of fragility.
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Table 1 The relationship between & and
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k 2 3 4 5 10
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Table 2 The relationship between rand
(Aeq=Ax )AL

r 11 [12 |13 |14 |15
Al A; A | o896 | 179% | 119% | 7.8% | 5.6%
r 16 |17 |18 |19 |20

Ay —A |42 |32 |25 |20 |16

Al |% |% |% | %

Table 3 The relationship between @ and
(Aeq'Ak )/Ak

a 2 3 4 5 6

Aeq_Ak

A 32% | 12% | 5.6% | 2.9% | 1.5%

MIL-STD-810G (p.514.6A-4) IZL %5 &, m

(RASLTUN ) INEAREL o) (TESEAYIC I
5~8 DI THWOLNEY | ., T X A
IREFER CIE m=7.5, E5ZIZIEERER Tl m
=6 LREIND,| LN TWVD, a=5
EE LT H(AgA AL 29% T 5, RN
R IR LR L OEVL S DA, HREE S

DEBI NSO TIE RN EEZD
s,

PlbEo~AF—HNZESNTZELZLID, A
BB VT, BTN 2 2 EENE B o #E N
R % 50%FLE | _uxﬁ'?“ﬂ L. IEGREL a H3FF

— 117 —




B ETRE G S GFH D 72 00 DFE| AR Tl = « BB & DILEHR7T

NS TR BTRR VR Y | BRI L D SR
FORBIRENTHDL EEZDLND,
233 HBRAOHREEARSFRDOEE

ATE, BiEE BT, RBRATIC R EE R <
ZIELL FHIL T2 Z2idiud, Rz 5
SEDHLNRWATRMER & 5,

FT. AEIZOWTE R D, BLFEORGE
BRI L0 L THEAKRE WA, BAI2m
R D TR L TLE W, FIHFTY)
DF—%&b, WIZ, BEID S THIMHE
INEWIGE . IR0 T2 L7 508, IS
Z 0119 THUE 45 5~6 [F] O i B [E F (R %
X DEEOEREL M 2%, Lo '/
DB T D2 &b, EHLLOHEAED,
Johnson #d 5\ MEFDOWBENEH TE K
XRMBEIC BN EEZBND,

WIZ, BIEIZOWTER D, BIELV LT
HER R EWIGE . B OFERBIR S 5 0
FE I ETHRV, <L L,
R 2 LV S B B R X (23l <k CRIA
UifelT B 2R 3RS 20 2 2 ML T L
£, &HIZ, BIEICBIT D N OfEIXE L
TREHI L ERINTVWA D, HBEI L
SYUIZEIET D2 ETORBHIDR I 7 S
WERHIRNT IR A KIE S, Wils, BlIFEXY
b THHEAS NS WG OB L 72 u ik
BRI & (BB URHEON I 2 5 Z LR D,

ZZTCIEFEM e B RIATO R VWS, B iEE
DUE L, BPIOREEE L5 A1,
N it % e OREHE & ' L, (1)~ @)
ZIRHRICER L2 EE L, o7z
TRIOESLETRIBICHETZ LD LEER

BV, BUK BRI &b Ly,
234 LEBREIDEED
AEBLIUBIECHOWT TE L4 50k
. EREST O] TERBRAT O R 5L
RS TIOEE ] OB S B L 72
REeFLHHERODEBY THL,

- BIETIX AIETOR 2 (OB 23 &
2%,

c B IETIEERE T 1T/ <. @OIHMEREE D
P C& %, —F AETIEA 6% (k=5.r=1.5,
o=4 LRRE) DERE I OB Sz,
2L, r & LITEST S &2 OR8N
THOTHEENLETH D,

- ABRATO R ERIR S OS> - TR, A
% ClX Johnson & 5 WMEIZF DS EEICEY
ORI TE S, —F, BIETIE
WEERREHR OGN, HEF HIRHT RS~ R A
MOET RN S D, ST D L. BIEITK
BOSHMPERENTWD EEZ LD,

3. EEBRIERICESHIREL

R O—fl L UTRIFZFVv, Ak, B
I TR S EREITV, ZREh O
Wit R LRORETT 5 Z ik v, BiE TR
NI OWTHER T 2, 22T ALl
K EER S EBRIT, AR VT L FEA
HWEECRBRAEREZOFE EIEH LT,

(@

3.1 EEREM

AT & [ CEON (7R - [ENFERIE, —{E
W= MS52g LA E~LL76g Aiii5) % W T
AR 2 I L 7, MEHREE R, TOO

— 118 —



AARELREF255 Vol23 No.2 (2014)

A L L, AL THOUDRERO HILD Lk
BEHETHZEIC LT, OVOY T L%
Fig. 1 (7”9, BUNOE EFHHF L OEER
D RDOREFHE CE u, FRERE o, ZHHR
o, ABHEN) % Table 4 127”7,

Fig.1 A cracked Egg (Test Specimen)

Table 4 Data of Experimental Specimens (Eggs)

DI EFHENTRE R A F 4 Table 5. Table 6
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Table 6 Results of Statistical analysis by
Method-A

1 o n
Direct

0,
Method 0.404m/s | 0.0813m/s | 20.1%
Normal 1 2976 | 0.0816m/s | 20.6%
Distribution
Weibull 1 393/s | 0.0807m/s | 20.5%
Distribution

Mass Compressive Spring
strength constant
©) (N) (N/mm)
P 64.0 34.0 194
o 4.95 6.17 28.4
7 11.8% 18.2% 20.8%
N 230 100 25

Table 5 Results of Critical Velocity Change Test
by Method—A

H N Number of
(mm) (m/s) damaged specimen
3 0.243 0
5 0.313 4
8 0.396 26
12 0.485 45
20 0.626 49
31 0.780 50
50 0.990 50
81 1.26 50
129 1.59 50
Amount 50
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Fig.2 Results of Critical Velocity Change Test by
Method-B
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Table 7 Results of Statistical analysis by
Method-B

H H o 7
Direct 0.00mm | 322mm_ | 35.7%
Method ' . 1%
Normal
0,
Distribution | &:20mm | 3.97mm | 44.6%
Weibull
0,
Distribution | 2:08mm | 3.86mm | 42.5%
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Table 8 Results of Statistical analysis by
Method-B

AV u o n

Direct
0,

Method 0.420m/s | 0.0751m/s | 17.9%
Normal 1 18ss | 0.0931m/s | 22.3%
Distribution

Weibull 1 1oomss | 0.0897mis | 21.3%
Distribution
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Table 9 Results of Statistical analysis by
Method-A (N =50)
Cl w1 (m/s)

Direct

Method 0.0225 0382 <u< 0.427
Normal

Dist. 0.0226 0374 <u< 0.420
Weibull

Dist. 0.0224 0370 <u< 0.416

Table 10 Results of Statistical analysis by
Method-A (N =10)

A 7%(N=10) (Table 10 2/H) & B %(N=20)

(Table 11 ZH8) @ Cl Z b4 5 & 1T
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Cl 1 (m/s)
vetnoy | 00485 | 0356 <u< 0447
Ng:g_a' 00578 | 0340 <u< 0456
WS:EE“ 0.0570 | 0338 <u< 0452
Table 11 Results of Statistical analysis by
Method—-B (N =20)

Cl 1 (m/s)
I\I/?;ﬁg:j 0.0465 | 0374 <u< 0467
NSTQTa 'l 00577 0360 <u< 0476
WS:EE” 00556 | 0366 <u< 0478

Table 12 Results of Statistical analysis by
Method—-B
P P Hg — Hp
A ® Ha
Direct
0,
Method 0.404m/s 0.420m/s 3.9%
Normal | s9amis | 0.418mis 5.3%
Dist.
Weibull | 6 s9amis | 0.422mis 7.3%
Dist.
4. &

B OERIR X BRI T2 2D 5k,
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