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Statistical Method for Mechanical Shock Fragility of Products
— Verification Experiments of Johnson Method and Proposing Method—
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Incomplete data, such as damage data by the first minimum shock and non-damage data by the last maximum shock
makes it difficult to analyze the fragility of products statistically. Hereinafter, the former data is referred to as “Initial
incomplete data”, and the latter data is referred to as “Final incomplete data” here. We improved Johnson’s method that can
treat final incomplete data and created a new method that can treat initial incomplete data. Both methods can be utilized in
analyzing the mechanical shock fragility of products statistically. In this paper, we conducted verification experiments with a
lot of eggs and estimated the average and the standard deviation by Johnson’s method, the proposing method and the
ordinary method. The ordinary method means the way of deleting (neglecting) all incomplete data. As a result, it was found
that the accuracy of both methods is higher than the ordinary method.
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Fig.1 A package of ten eggs (test specimen)

Fig.2 A cracked egg Fig.3 A broken egg

Table 1 Data of experimental specimens (eggs)

Compressive Spring
Mass, m strength constant, k
© (N) (N/mm)
u 64.0 34.0 194
o 4.95 6.17 28.4
i 7.73% 18.2% 14.6%
N 230 100 25

FHHE X OVERERBR ORE R OBEHE CF¥ u
(RS o\ BREMRE » | 3B A) % Table
VSRS, 7272 U, e e oD M ik B
imm/min & L. FBURDO B IR & (L8R
FEDOT DO 2 NIECIRRE) L LTW5b, &
7oy IERERE, ZIE R o E — AN
FRISEAR L 722 AW AN O s & faf 8 20N O
REMSERE LTS,

22 HERELELHER

221 EE/LADVEREER

Table 1 (2R L72BHINDE & m B L ONER
K Lo, KO ZHNT, BIFOEAR
B f, BN HETE 5,




AR LREFRG

f——l—-K 1)

¢ 2z\m
TP LA 2 FE 9~ D R, IR D1
OV ZADHERRFH D, 13k Ve
TOUEND D,

1

D <— 2

e 2 2
Table 1 ® m BLX VIR EH K OEHEE
XOIRA LT LN 2RI ATH
ER@NESND, Lo T, BIOHFE
EEEAERER ClIR AT e LT it o
7200,

D, <0.598 (ms) 3)

222 HFERELRCHBROA X

K (3)7n & IEF AT AE I IRF[H] D BTV T B L
AT TR AR BR A E CI AR N 2R 5 A 0
2\, £ 2T, IR E el URIAREE & Bded
% B BICRRE LT8Rk T, BIA B h
WL, ZNETIREERCRBRICE 2
Too 72720, %@ S HZHEZELAV T
I DB, KBREIT0 LIEL TV D,
AR E AL RBR OFEL 50, TR S
X, WIHEA 3mm &L, JEIC
12mm, 20m, 31mm & EifCwo7z, £ LT,
%WK@E?%%T%é%%NKOMSGi
V%@if@ﬁ%@ﬁ X, Ak U
DERIE T ORBERTH7-0% L 5~
stmﬁﬁiwa<kﬁﬁé%vtmébx zZ
T, BRT — ¥ L RFERT — ¥ Okt

5mm, 8mm,

Vol.23 No.l (2014)

ZHIE LTWD T2 BlED 5~6 4 # 2
THRBRa AT Lz, 72720, BB GRIN)

(B A N2 DR A GET) (3. R
TR T, &R ORBEEmIIIMA DL 91
L7,

FRINOWE TILTAELE TEIME L7122, TO¥%
TESIZ2WTIL, Figd okHic, —»0
EHNE BICREOES &b L 51T, 3k
BLOHOEIAZHFEL, MFOm SN —H
LIERFRTREMLETTHI LT LT,
223 HFERELILABRDER

REROFER, THROLEE FO%K, HE A
oD WIEHEE B DR L 2o ToilBl 0% %
Table 2 (27”97, Table 2 (S FH L7=7F
KL% Table 3 35 LU Table 4 (27”7,
e L, IFREEE X, NSTEICHE LT T
HLUehro e ROEEEN] T 5DTIX
2, BER IS L7 > T TR L2 d o 72
RO EZAL & | RANABAR L7 & & D
R L OFYE) L LTREBLTNWD, &
HEEEERE . Naw Ng LIEFET D, B
AT E A2 BT 2,

Fig.4 A method of critical velocity change test
(Drop test)



Table 2 Results of critical velocity change test

of eggs
H AV | Damage A | Damage B
(mm) | (m/s) Crack Breakage
3 0.243 0 0
5 0.313 4 0
8 0.396 26 0
12 0.485 45 6
20 0.626 49 19
31 0.780 50 32
50 0.990 50 41
81 1.26 50 47
129 1.59 50 50
Amount 50 50

Table 3 Critical velocity change for damage A

g

(m/s) Number

0.278 4

0.355 22

0.441 19

0.556 4

0.703 1
Amount 50

Table 4 Critical velocity change for damage B

Vs
(m/s) Number
0.441 6
0.556 13
0.703 13
0.885 9
1.125 6
1.426 3
Amount 50
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Fig.5 A method to set a specimen (an egg) on a
shock table
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Table 5 Results of critical acceleration test of
eggs

AAB AAB
No. (m/Sz) No. (m/SZ)
1 465 16 472
2 585 17 387
3 313 18 589
4 385 19 312
5 587 20 470
6 471 21 615
7 523 22 509
8 470 23 514
9 586 24 614
10 692 25 514
11 469 26 509
12 585 27 743
13 475 28 511
14 527 29 512
15 587 30 612
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Table 6 Incomplete data of AV, to check
Johnson method
AV a
(m/s) Number
0.278 4
0.355 22
0.441 19
0.556 4
Greater than 0.626 1
Amount 50

Table 7 Incomplete data of AV, to check the
proposing method

AVa

(m/s) Number
Less than 0.313 4
0.355 22
0.441 19
0.556 4
0.703 1
Amount 50




S TR X FIM D 72 80 Dt YT F55E —#R - Johnson /2% & R IEDFFINERRIZ L S HerFit

312 HARELILHEBRER (BHE B)
LAFD 2 o001 (G T, Fakfleny
T =2 B LOWHITE Y 7 — & 2 B I AE
AT %,

(1810 7 — % OERL) Johnson ¥£D
HEERE L 2 e 572, 9mIH (129mm %
T) AR OEBEER 2 Fhi U 7e o 72 & ARE
9% L. Table 4% Table 8 & 720, HIRFTY)
DT =N 3MBNDZ LT D,

Table 8 Incomplete data of AV, to check
Johnson method

/g
(m/s) Number
0.441 6
0.556 13
0.703 13
0.885 9
1.125 6
Greater than 1.260 3
Amount 50

Table 9 Incomplete data of AV, to check the
proposing method

Vs

(m/s) Number
Less than 0.485 6
0.556 13
0.703 13
0.885 9
1.125 6
1.426 3
Amount 50

(WHAFTEI 0 7 — % OIERR) $#_RBIEOHEE
WELZWRT A2, 2HE Gmm&ET) LU

ATOEERBR 2 Fhi Lo T SIET D &

Table 4 |3 Table 9 & 720 | #IHAFTEI D 7 — %
NeEHNDZ LT/ b,

3.1.3 HAMRERBRER

LITD 2 o005 (G T, Fkfleny
T =2 B LOWIEFTEI Y 7 — % & BIXAIZAE
AT %,

(FFIR¥TEI 0 7 — % OERL) Johnson D
HEERE L 2 i3 5729, 6 [AlH LI EE
AR Tl Le o T EAET H &, Table 5
I% Table 10 & 720 | H&FTEID 77— & 7% 8 A
s Z iz s,

(WIHFTEN 0 7 — 2 OAERL) $RRIEOHEE
FEEE 2 a3 572, 2 (8l H DLRTOE 85
TR LR ol EARET H &, Table 5 1%
Table 11 L7200 WIHIFTEID 77— & 7% 4 {EEL
nazlizis,

Table 10 Incomplete data of A,; to check
Johnson method

Ang (M/5°) Ang (M/5°)
1 465 16 472
2 Greater than 537 | 17 387
3 313 18 | Greater than 538
4 385 19 312
5 Greater than 537 | 20 470
6 471 21 615
7 523 22 509
8 470 23 514
9 Greater than 538 | 24 614
10 | Greater than 536 | 25 514
11 469 26 509
12 | Greater than 537 | 27 | Greater than 672
13 475 28 511
14 527 29 512
15 | Greater than 538 | 30 612
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Table 11 Incomplete data of A,; to check the
proposing method

Ang (M/5°) Ang (M/5°)
1 465 16 472
2 585 17 Less than 424
3 Less than 422 18 589
4 Less than 425 19 Less than 422
5 587 20 470
6 471 21 615
7 523 22 509
8 470 23 514
9 586 24 614
10 692 25 514
11 469 26 509
12 585 27 743
13 475 28 511
14 527 29 512
15 587 30 612
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Table 12 Statistical analysis of V,

Estimation accuracy of Johnson’ s

Data gggplete Final incomplete data
Method mmy ggg?s' Neglection
D | 0404 22;3
o | N | 0307 %i; gﬁg
W | 0393 %%3 233
D | 00813 222;3
s| N | 00816 ?632)17 ?_'??Z/SS
w | 00807 ?3'82)33 (()gz/so
D | 201% gg%
n | N | 206% %@? %%X
W | 205% gﬁ? i%g

Table 13 Statistical analysis of A V,
Estimation accuracy of the proposing method

Data g:;tr;plete Initial incomplete data
Ordinary | Proposing :
Method method method Neglection
0.413

D 0.404 (29%)
0.395 0.405

u# | N 0.397 (0%) (2%)
0.392 0.401

W 0.393 (0%) (2%)
0.0723

D 0.0813 (-11%)
0.0800 0.0728

o | N 0.0816 (-2%) (-11%)
0.0798 0.0715

W 0.0807 (-1%) (-11%)
17.5%

D 20.1% (-13%)
20.2% 18.0%

n | N 20.6% (-2%) (-13%)
20.4% 17.8%

W 20.5% (-1%) (-13%)




Table 14 Statistical analysis of AV,

Estimation accuracy of Johnson’ s

Table 16 Statistical analysis of 4,5
Estimation accuracy of Johnson’ s
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Data dC;r;wplete Final incomplete data Data dC;r;wplete Final incomplete data
Method ggri]r:)%ry Johnson’s Neglection Method ggri]r:)%ry Johnson’s | Neglection
D | 0760 ?_'&S) D| 52 ?_%4% )
u | N | 0721 (()dz’/i% ?_'2&)6) | N | o525 5(3023}0 ) ?_97(3 )
w | 0727 ?62/3)6 ?_‘f% w | 519 5(301;) | ?87% )
D | 0266 ?5};,) D| 9639 ?-11'é%)
s | N| 0258 ?c')%/f)? ?_'51230 | s | N| 101 (18;0 ) ?_i‘f% |
W 028 ?052)7 ?fzzf/o) wl 1 (12%) ?-74'93%)
D | 350% fglg(%’) D | 186% (161;;’//;’)
7| N| 35.7% ?c?tyz )% ?%%’ n | N 19.3% (18(;/3;4 (123%(%’)
W | 355% ?g(;/i';ﬁ’ ?é%" W | 195% (129(;2;/" (1_1:,)'3((://:)’)

Table 15 Statistical analysis of A Vs
Estimation accuracy of the proposing method

Table 17 Statistical analysis of A,z

Estimation accuracy of the proposing method

Complete T

Data data Initial incomplete data
Ordinary | Proposing .
Method method method Neglection
0.804
0
D 0.760 (6%)
0.718 0.765
(o] 0
u | N 0.721 (0%) (6%)
0.727 0.767
w 0.727 (0%) (6%)
0.254
D 0.266 (-5%)
0.283 0.249
o | N 0.258 (10%) (-4%)
0.277 0.250
w 0.258 (8%) (-3%)
31.6%

0,
D 35.0% (-10%)
39.4% 32.5%

0,
n | N 35.7% (10%) (-9%)
38.1% 32.6%

0,
w 35.5% (8%) (-8%)

49

Data Complete Initial incomplete data
data
Method g;?:}r:)%ry :;;;](())sding Neglection
o | 50 e
u|N | 525 co | o
wlie |
D | 969 222;% |
o |N | 101 ig} | ?91;;/ |
w | 101 | o
D | 186% (123:,2’)
o] e | TR
W wess | S| T
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