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Experimental Proof of Damage Boundary Curve Evaluation Method

Takamasa NAKAJIMA®, Katsuhiko SAITO™, Yoshiharu TERAGISHI*

JIS Z 0119 BLXIFASTM D 3332 CHES N TV A B OEEGR SHKEBFECid, TE 5448
T AEEEMKEE IR WL | DTFET A %S, BAOoEmBMI I ELLFETE 2V,
FoOT, EEO, BAROBEBRVOEELEANRY FV(SRS) ¥ EH L. 2O SRS HALETD
181535 R4 (DBC) # EH ¥ % FFMiiE (DBCRHEE) 2 EF L /-, AW Tid. DBC :ElinE
BRI Z TS 2oz, O FA Ay FLa—¥— (VCR) 2 EBAHK & L THWv., DBC
S P TIHBM X OFE LT o7 ZHIZLE YD, DRBCFHMEOEHAMUIHL M E o7,

F-T— N EHERE, Hon, V. BESERMA, ERORIL, T, #EES

As for the mechanical-shock fragility test method of product regulated in JIS Z 0119 and
ASTM D 3332, it is difficult to evaluate “Dependency on the velocity change” and “Reverse phe-
nomenon” that we have advocated. Accordingly, we developed a test method (Damage boundary
curve evaluation method : DBC evaluation method) that will be able to evaluate these phenomena.
In this study, in order to prove this test method experimentally, we conducted the mechanical-
shock fragility test according to “DBC evaluation method” using a video cassette recorder on the
market as a specimen. As a result, the practicability of this test method was clarified.

Keywords . Mechanical-shock fragility, Product, Evaluation, Damage boundary curve,
Experimental proof, Packaging, Mobile
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<& h. ]IS C 00418 B X U IEC 68-2-27Y
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FEIZ DWW THREE L 72,

2. JIS 2 0119 & DBC =ik

IS Z 0119 i3, R.E. Newton 2 & » TEE
SN X MY S ERO VTR
FEHESNTEY, ASTM D 3332 13T
[f[UHNEE %> Twab, DBC &k & DM
EHIILTO®Y)TH A,

2.1 DBC BHI(ICAHWRE
JIS Z 0119 Ti2, DBC O#EH Iz, THHA
W22 2o OISR (BBAL) MFFEL. %
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DVTOETFTNMIIT->TBHT, [[[HUHE
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HHZEIZARPTH B,
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L UEFENERE R, BB TH B
720, WK 2 HOREHIET AULESH S,
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¥H7217 T DBC ANEHTE 5,

2.3 FIE ()S 2 0119 &V DBC %)
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PV AT A EGOEEM S (DBC) %

95,
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DBC IFIFE R EHEENAV AT EHDL
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2.4 HELEHRIIWY BN
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[EEELKENE] &3, HE L Z0E
AL R UL, BAOFEINEEHIZEAL
T2HETH A, 7o, [FEBEL| LT,
FONRED/NE WV EDOH P HIZEGRHHH
LT RA2HMBETH S,
INHIE—REULRRETIEIH 525, Bib
DFBIEEE 7N L 2 BUEmmRY 12 &
STRWEEN, EBY ¥ 10 ko THAE
nN-BHLTH 5,

JIS Z 0119 Tix, DBC OFLIRHD L FH LR
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R | #IBBT L ENTER WV, L2L,
DBC #FfliE Tid, ¥ SRS 75 DBC % &l
T57:0, RERIUEFME] [HEE3R% ] 2
BERCTEx S,
2.4.2 ¥ O DBC DXERE

[#8 D DBC & ZEBIR | Lid, HmNO
BHOKTEMm (EAL) O % DBC A E VI
LET LA, DBC DR HDHIH T, HiE
FTHEAPEDL->TLEIRRETH D, IS
Z 0119 O HE LR LR & FEA M R
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BHTEx2720, AHRE2ESIIEETSZ
ENTEB, LaL, IS Z 0119 iZ % DIRE
Mobhb L HIZ, Eankliz DBC % 5Hfi 4
AREFFELIIZ-TELT, —KDOLFER
® DBC A {» N 27213 TH b, AL %IE
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3. DBC §liik(C & A 75548 & 5FM

3.1 EBRH#H

TRD VCR OFHER S 2 AR5 72012,
DBC FFliiE IS HE » THEEE 1T - 720 AED
BHEB L OHHER Table 1107,

3.2 EifE - SHERFERED LA
AFEIEREHETIL, Table 2 127" 3 3K
DENE - $EREB X USBIlOMRRIC L D, BB
DIRGOH % FIMT L 72,

Table 1 Mass and outer size of specimen (VCR)

Specimen Mass Outer size

VCR 2.57 kg 320X 255X93 mm
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Table 2 Check-list of the specimen about functions and outlooks

Items of check-list
Functions Power, Play, Cue, Rewind, Stop, Insert, Eject, Screen
Outlooks Front panel, Top panel, Bottom panel, Circuit-board, Deck,

The other parts

3.3 HEMEEAR

RECHOC L EHE L 20 EELR{LIZ
.mzomwmmrﬁwgg\mhv«wt%
TEHILOMR] 2BZIILTUTOEH
HEL,

BWEEL 10 kg R TRZ L XV O
BE, SiMEFSEHIX, 60em &% b, ¥

7z, RREHM ORERE e 2 0.6 LIRET B &

RAODONEE F TOHEPANICH B 2 L Avbap
%, JIS Z 0119 T, & Y ZaB o & 7%

AEHIT. FFEIRE, MR L 2 h o ok

BOMFEEIZT AL HIBESNATWE, L
L. 22Cid, ABRONEAER MR X 55
mwﬂ%fwf&<§%ﬁﬁ@maoégA
D, & ETHIBHERN50% &2 55N
Lﬁéﬁ«éptatt(MEﬁthm

KL, EEERIL AV AT 5.49m/s & DRABIZOWTIITH'Y 2 888), 20719,
HaEhs, AMEE LY, ZOMMMAPHKIEL 2o
AV = (1+e) V2 gH (1) BONNERE & B8 L 7R OIEE & 0 Fy

ZZT. gl WEROBENMEETSH S,

F o, FHEBLZONEE X, # 200
m/s® A SIS, 200 m/s® DT 1000 m/s”
W27 b ETRE R R 72, REBKER% Table

31T,

MAEE L, HE (BRmALTE) BLY
h7T7— (HEBETAE) THhH., #hEh
DRI % Fig. 1 (b) B X U Fig. 2 (b) 12
Y. RBHRD S, KB OFENRE
B L 2 h - 2 REONMEE LS, IR L2

B L7es $7:. KFEIEE ICIe§ 215
HER %, ZOMMAHIRL %2 » & ED
VER B & B8 L 72 B A DO ER R & o AN
FIgE Lz, (hE% o, dFEEE A
EE OV ZADORERIL Y —EOEICEREL
TAT ) 7%, I & ERE R AR BI§ %
FO, B L o 2 REOVEHEERE &
AR L - ORI OFRAEY (7%
DHHOFEHOHE) »EM L AFEmEE
T AERER L 2 5,) Lo T, %

Table 3 Results of critical acceleration shock test

Acceleration AV Duration Functions Outlooks

m/s? m/s ms

199 5.51 28.2 OK OK

389 5.48 14.5 OK OK

596 5.39 9.55 OK OK

772 5.52 7.56 No power A gear pulled down from
the deck
Broken legs of a coupler on
circuit-board

951 5.38 6.16 OK for the OK forthe other parts

other function
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(c) The accelerometer set near the gear
Fig.1 The gear pulled down and the

accelerometer set near the gear

ShOBFAMEES X OEARRE I 684
m/s’, 844ms LEH IS,
aca (8.44) = 684 acp(8.44) = 684 (2)

(a) The coupler on the circuit-board and the
accelerometer set near the coupler

(b) The broken legs of the coupler
Fig.2 The broken legs of the coupler and the

accelerometer set near the coupler

- -

ZITC, FENMEE aq (T) (i=A.B) @
ac BAFAEMEEARL, B2 Ti ABLV
B) LMo TEERL TV, £
2. BT IERE OV AOERBETH 5,

3.4 SRSt

HEAO KBRS (WEB LN 75 —)
iz EnEnmERE £ 3% — 2850 1)
(Fig. 1 (¢) B L U Fig. 2 (a) BH) . &I,
FH (VCR) 2 HEBE LICEE L, £L T,
HELEEICEREFE VAL L OEELEE
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BTr&l, Bon Tr EIEHBE T OM
% (SRS & ¥ %) % Fig. 312787,

3.5 DBC O#MH
i (i=A,B) I22WTODBC i, Xk

DFIETEETE S,
HANRERER TR O N-E R | OFFEN
BE% ac;(Tio) & L. SRSEHEITIES h/-F
i i DIREREE Tr(T) L4 5&, 1EHR
BT A9 B8R0 | OFFEIIERE aci (T) 1.
KA THLNS,

aci (T) = aci(Tio) X Tri(Ti0) /Tri(T)  (3)
T, ZOBOBEEELIE, FEAALVZAO
FRIZE > TR YA TEH SN S,

2.5
(=]
s 2 C
w
s
g 1s
3
2 =0~ Trapezoidal shock pulse(100m/s 2 )
] -O-Trapezoidal shock pulse(200m/s 2) | __|
2 1 vy
g ~/r~Trapezoidal shock pulse(300m/s 2 )
vy
g 0s f - Trapezoidal shock pulse(500m/s 2 )
& ||
—4— Half-sine shock pulse
. |
0 10 20 30 40 50 60
Duration of shock pulse (ms)
(a) SRS of the gear in the deck of VCR
3 /)\[
25 A/l\o
[
2
T O
.“E; 2 /A
8 Ay
]
Smd
o
£z 15 . —O—Trapezoidal shock pulse(100m/s 2) [~ |
% =O-Trapezoidal shock pulse(200m/s 2 )
2 1 —fr Trapezoidal shock pulse(300m/s2) [ |
E —J- Trapezoidal shock pulse(500m/s 2 )
05 I ~4— Half-sine shock pulse ]
0 | |
0 10 20 30 40 50 60

Duration of shock pulse (ms)
(b) SRS of the coupler on the circuit-board of VCR
Fig.3 Results of SRS measurement on damaged parts
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X
AV
. | T T
. o) ~+ Gear (Trapezoidal)
\\ ~— Gear (Half-sine)
2500 ‘\ —s— Coupler (Trapezoidal) ~ |
~ A —&— Coupler (Half-sine)
é 2000 ™\ ] | l |
£ i X ] I I |
£ § A / O : Non-damage
E 1500 A L X : Damage
K Q—A‘ * :Non-damage other than
8 @) the previous damage
< 1 |
000 ] = * aud
B ey o
500 = T
O
O
0
0 1 2 3 4 5 6 7 8 9 10 11 12
Velocity change (m/s)

Fig.4 DBC of the specimen (VCR) for the each damaged part

AVi(T) = aci(T) XT

(B EE OV R) (4a)
AV(T) = aci(T) XTX2/7
(IERE R EE L R) (4b)

BN ag(T)BLTAV(T) % TOKEX
SMEZ 7oy L, ERT2%CE, Fig. 4
IZ7RY DBC 36N 5,

3.6 EE
3.6.1 DBC Ok

WE, 77T —Hic, RELREAIH 3.2
m/s f$ ¥ T, DBC 7813 iﬁﬁt&b 1H
HEITREE %D DBC & Atk FFARELR
IEPFEETHEZ Db rb, LD, FE

ﬁﬁ%ﬁﬁﬁ%ﬁb:t&<(ﬁﬁ#aﬁﬂ

1 REIETE %) BFREREARLAHETE
L EDHERTE, LML, FHIL 72 SRS
WKIEs2&NH b0, Ehuni—KD
DBC L3 bedrol, E60&%/PNEL
T57:0121F, OF 70y Mo TOFH
B¥x BENC T 5o @ Uk BE DEE LY

2% FWVTSRS #5HT 5, 2L TERD
VETHD,

3.6.2 FEICEDRME

DBC &Fifiikix, [ CAERRERH O L

23T B K E R O BB B B
Bl EVIHREIZESHWTWAE T bb[A
TEE OV AOEREERASE L 2 &, e
BRZ-TH, FURERKELZD] L)
RETH B, HEED SRS (Fig. 3 (a)) #
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HHEIBOBEELEICIT, TSI FET
5tﬂﬁﬁééoit\ﬁiﬁ~%@sm

(Fig. 3 (b)) ZRB L. AHEHEE OLVZADOM
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T (e zid, BERGEHC Lo THa
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3.6.3 BELBEROFE
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EEZbNA,
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g, HERIEFTTES, SHUHHOLE
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mOMESFRS AR L, SREMEPEARTAS
OIS EETHY, TR BRI
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—7J5. SRS FHElix, JIS Z 0119 {213 & Wik
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%o AEOFHATIE, # 6 B b OKERKH
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—MhoE#E L, FHISKOEIE) 2L,
RERBFR O MEATTRETH B, 7oL 2, 7F
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i, ERHE, LEEAMKC, FHILZ TS
V20 GFEIEERERIT, R
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ZAHEBIEIH T VEZ BLEN L) HKEEN
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HERCHAE L 7280503, BFEIERE S ER &
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Wiz, 70y bSROVEHER B X VR EF
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DBC sHfifiikic & 2w Tld, HHE B L O
H 77— EICZIZRALFERERL B
3.2m/s) o 72 VEBICIES L ED (4.96
m/s . ZEMTHEH) ORELLTHBL -,
7o, EROFERELIAERTIE, FFEM
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MOBEAIREE L UHEEIFEE B2
2OTHY, FENRERRTIZEHICH
R DBE SV X (951 m/s® LLE) %40
ABTITHE L 2w EEZ NS, ZoN
KELT, SHICHVIEE THEMEER
BREAT) o FFAIMEBERBH TR, FLURK
BrHWT, FFERERLFEBR LI, iR
DD D 5 i mEr TXTHEEL TH
CEWH)FEEHAH, L, EixaExB
e L7-HERBROBE, kb EELEHER
S, R OFME T e SICHY T A EE
ZiL% S OHE L ZIHTEEDTH Y,
FOEWRD S, TR R R % 1
DBC % & ¥ % DBC #Fliid. +9EMHMY
REBETH L LT 5o

5. ¥iER

ZF L7 [DBCafffik] e > T, MR
® VCR D E M S FFli 24T o 7245 %, an
FIZDBC #EHTAHZEHNTE, Bonr
DBC KiiH o 2 FEEERLRO LN
7zo ZOHEEHERIT, EBEOFARERILA
BAEROK 0% THY, ABoEs2%

Table 4 Results of critical velocity shock test

Acceleration AV Duration  Functions Outlooks

m/s* m/s ms

1180 1.42 2.10 OK OK

1800 2.01 1.95 OK OK

2280 2.89 2.10 OK OK

2940 4.09 2.45 OK OK

4100 4.96 2.05 Nopower A gear pulled down from the
deck
Broken legs of a coupler on
circuit-board
A dressed face pulled down
from the front panel
The front part of the top panel
bended
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