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A Case Study on the Change of Sampling inspection
method for the Small Depth Charge Fuze

Jae-Yong Jee
Defense Agency for Technology Quality
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Abstract In the case of hydraulic pressure type fuse, we accept or reject certain product lots by considering the
number of defective products in the operating pressure test. Generally, this procedure, known as 'The inspection by
attributes', has been most commonly used in the field of quality assurance of products. However, the method of
inspection by attributes suffers because it tests more samples than inspection by variables. Even though the quality
of the products has remained stable in the process condition, the same number of samples is required for every lot,
which wastes time and money. This paper suggests that the lot acceptance procedure is changed from inspection by
attributes to inspection by variables. We can calculate the statistical tolerance percent of defectives and compare this
to the Acceptable Quality Level (AQL) in order to save money and time. It is also easier to monitor and control
the quality of products by using the process capability index and x-bar charts. In conclusion, the procedure delivers
mutual benefit to both the customer and the producer by securing high quality products and reference data.

Keywords : Sampling-procedures, Small Depth Charge Fuze, Inspection by variables, Inspection by attributes,
Acceptable Quality Level
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Table 1. Configuration and Technical data of Small Depth
Charge Fuze (K751)

Configuration Technical Data

Use : Depth Charge KH740
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F unmi‘]’)n_ ¢ Static ;’gtgr pressure Table 2. Sampling Procedures for inspection by attribues
iameter : 90.0mm . .
Length : 192.5mm (Part 1 Salrppllrllg ‘schemes f1ndT)(ed 1by
Weight : 3.1kg flccepta'nce quality 1limitfAQL] for lot-by-lot
Safety Pressure : 9.0kg/cm? inspection)
Step Procedure
- - - 1= — 1 ® Formation of the lot and size of the inspection
A e el FANES A% Aol T
ecision of
%‘E—i’\]ﬁ, ‘Ll:g/\]b’nq, ﬁ%}‘]%i %Z‘,}\]bﬁ,, ‘:}3]'}‘]63, 3_%1:131— - In case of percent nonconforming : 0.01~10%, 16
= = = 2 steps
74]%]}\]6“4 %9] q—%]:?} }\] qu] ﬁxég]o-] %E} - In pcase of nonconformities per 100 items
AAZ FEAEL sFoFS AAg R 9] A 0.01~1000, 26 steps
Zo| S JHAE TGS et Ao 30ft AA ® Decision of inspection level
- =1 _ — - General inspection levels |, Il, ll and special
ﬁoﬂ}ﬂ Z_'L%E]—‘: %LEJ‘% Qo] O}—‘: }\]Uéo]q—' %Eﬂi T inspection levels S-1~4 : 7 grades
AL 429to] ZFL-EH= H9o] TS Jteke] e 3 - If not given special comment, apply G-I
. b s L 5 = 15 0 - Special inspection levels are suitable for reducing the
ol T& oq‘r'é‘ Q’ <l O}T_‘ }‘] = ]:1' ﬂ] }XHE 2% }‘]Ucﬁ: sample size in case of destructive test and expensive
MIL-STD-331 9] }\] 5&3&.@ Oﬂ Lﬂr = /\] 5;41 oz xﬂ =z _)r_ EN1 zzzcci;tc;rsm ;:vlcnrlrtcha(;lcxgh the risk of fault dicision of lot
D}\]—E}Oq %_]ZOJ }\]Z—]— sk A= 7}?:;} —t_'z Zﬂ%g‘ ﬂgéo] ® Decision of inspection severity level
ks 9 p)AAA ] Ao RS Felsitl AR = 4 - Normal inspection/Tightened  inspection/Reduced
. - - - i ti
ANG FSA D 2847 AT Foll Avel} T3 N
_ 5 ® Decision of sampling plans
Oﬂ H T'[é]oi t—c—?\;}\% 76]‘?‘% _\,3_/\}8]-&1 zﬂ%oﬂ g% é?l’ %Z]y% - Single, Double, Multiple sampling plans
7}alk Zof dgolut B|AAAE 4] oJFE Foldtr) ® Planning sampling procedures for inspection
_ _ ~ - Sampling size code letter from inspection levels and
Ao R LUAAAYLS T8k Tkete] Al 6 Lot size
9] 7] 74];_(1?_] E]—Z‘,%}*]Q/]— 7 1%01 zoq/é]_;_q_g_i X—]‘%E]—‘E - Sample size n, Acceptance score Ac
- _ ® Chosing samples at random from the Lot
2 A=F= 3 ~ . . .
X] S Ao }\]UE’O EHZ 3] 7 - Random sampling, Stratified sampling
olg]3l tpksl AsaelA g tis] A =HF4 g o Counting the number of defaults by inspection or
- - S = - _ - testing the samples
e ZEA QHo] MZO == AL E g
] 1 ] 1 ET’] e T }Oﬂ ] wee H 9 ® Decision the Lot pass or fail and take follow-up steps
AR A BT A4 Y ol ZE ths) B4
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Table 3. Sampling Procedures for inspection by variable

Step Procedure

<Unknowen standard deviation : s-Method>

Apply the sample size code letter in accordance of <KS
Q 3951, Table A.1> from the given inspection
level(generally G-11) and Lot size

Decide the sample size correspond to the sample size code
letter based on <KS Q 3951, Table A.2>
* Go to <Stage 5>, if single specification

In case of double specification, calculate ‘f* for the
MSSD(Maximum sample standard deviation) at the

3 Normal inspection(Table D.1)/Tightened inspection(Table
D.2)/Reduced inspection(Table D.3) correspond to the
sample size code letter and AQL

Calculate standard deviation(s) and MSSD=(U-L){, if
s>MSSD, then fail the lot and stop the inspection.
If s<MSSD, then go next step

Calculate the average x-bar and standard deviation(s) from
samples, and estimate the process fraction
noncomforming(pL : lower specification limit, pU : upper
specification limit) based on the equation.

U—x

et 2
e T

s -l
@ If given L(lower specification limit), the

L

Q== Q=

=

n—1

PAI:RH—WJ%(I’
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larger-the-better characteristic :
fraction noncomforming, p= 1;,4

Estimate the process

@ 1If given U(upper specification limit), the
smaller-the-better characteristic : Estimate the process
fraction noncomforming, p= pA[—

@ In case of double specification limit(L,U), the
nominal-the-best characteristic : Estimate the combined
process fraction noncomforming, p=rp, + p,,

Calculate the the process fraction noncomforming p* in
oder to decide the acceptance of Lot at the Normal
inspection/Tightened inspection/Reduced inspection for

é combined control of sigle and double specification
(Seperately calculate PL* and PU* in case of separated
control or combined control at double specification)
Judge acceptance for the lot by comparing the process
fraction noncomforming p* to the criteria
 In case of combined control of Single or double
specification : If p<p’, then accept the lot
@ 1In case of separated control of double specification

7 If p,<p, and p, < p), then accept the lot
@ In case of combined control of double specification :

- If exist diffcrcnt AQL for lower specification :
p<p and pL p;, then accept the lot

- If exist different AQL for upper specification :
p<pand p,<p), then accept the lot
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Table 4. Sample size code letters and inspection levels

Table 6. Pressure Test Results of Fuze at 30ft

Special inspection levels General inspection Pressure Test
Lot or batch size P P levels (30ft setting : 0.6~1.1kg.cm)
Test
S-1 ]SS2 (83|84 1 ol Item n=25, AQL : 1.0%
2~8 B B B B B B B
9-15 B|B|B|B|B|B]|C Lot #007
16~25 B B B B B C D Min. 0.84
26~50 B B B C C D E
51~90 B|B|c|lc|c|E]|TF Max 1.04
91~150 B|B|C|D|D|F]|G Ave. 0.90
151~280 B C D E F G H
281500 B c D E F H j No.1 0.84 No.9 0.90 No.17 0.88
301~1200 C|C|E|JF|G|T K No2 | 091 | No.l0 | 089 | No.ig | 095
1201~3200 C D E G H K L
3201~10000 IS D F G J L M No.3 1.04 No.11 0.95 No.19 0.94
1000135000 | € | D | F | H | K M| N No4 | 089 | Nod2 | 092 | No20 | 0.90
35001~150000 | D | E | G | J | L | N | P Test
150001~500000 D E G J M P Q Results No.5 0.87 No.13 0.94 No.21 0.87
(25¢a)
500000 D|E|JH]K| NJQJR No6 | 089 | Nol4 | 095 | No22 | 093
Note : The sample size code letters and inspection levels in this
standard correspond to those shown in KS Q ISO 2859-1. No.7 0.85 No.15 0.94 No.23 0.84
No.8 0.89 No.16 0.92 No.24 0.93
. . No.25 0.92
Table 5. Sample size for sampling plan
Sample size for .
attributes in Table 7. Statistical Data of Lot #007[11]
§” Method 0" Method acordance with KS
Sample Q ISO 2859-1 Basic statistic Results
size
code Sample size 25
letter |MNormal or Reduced No(r)inal Reduced I\Iocrolrn ! Reduced
Tightened |. - . - inspecti Average 0.91
. . |inspection|Tightened|inspection| Tightened
inspection . . . . on .
inspection inspection Variance 0.001867
B 3 3 2 2 3 2 Standard deviation 0.043205
¢ 4 3 3 2 5 2 Median 0.91
D 6 3 4 2 8 3
Maximum 1.04
E 9 4 6 3 13 5
F 13 6 8 4 20 8 Minimum 084
G 18 9 10 6 32 13 Range 0.2
H 25 13 12 8 50 20 1-Quatile 0.885
J 35 18 15 10 80 32 3-Quatile 0.94
K 50 25 18 12 125 50
uatile Range(IQR 0.055
L 70 35 21 15 200 80 Q ge(IQR)
M 95 50 25 18 315 125 Coefficient of variation(CV) 4.75%
N 125 70 32 21 500 200
P 160 95 40 25 800 315 . - - -
%3, Fig. 19] ‘XE s-HE 4-8317] $1g ALtz
Q 200 125 50 32 1250 500 _
) _ —
e T 20 160 1 o 1 20 T 200 | 500 & (2-L)(U-L)=(0.91-0.6)/(1.1-0.6)=0.6207} s/(U-L)
Note : The sample size code letters and inspection levels in this =0.0864 O]E]'- O] 7§IL}- = Fig. 1 i}l—z—oﬂ}\i %LZ}:ILQ oﬂ 95)]\

standard correspond to those shown in KS Q ISO 2859-1.
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2FEZG 04 AT FHAARTH HATALE AT
= 5 0.87 0.87 0.86 0.84
EX P 6 0.89 0.85 0.89 0.93
- i ol 7 0.85 0.86 0.93 0.94
Tos Hed E—— 8 0.89 0.89 0.87 0.90
i : 2s 9 0.90 0.84 0.88 0.86
oe gs 10 0.89 0.84 0.85 0.89
il 11 0.95 0.85 0.88 0.89
o7 i 12 0.92 0.87 0.92 0.92
SNl 13 0.94 0.89 0.86 0.86
06 = \ 14 0.95 0.82 0.88 0.91
06s \! 15 0.94 0.83 0.84 0.97
0s ] i 16 0.92 0.85 0.84 091
o H 17 0.88 0.89 0.84 0.89
04 - j 18 0.95 0.95 0.88 0.86
i 19 0.94 0.90 0.90 0.86
03 - 20 0.90 0.90 0.88 0.89
0 21 0.87 0.85 0.88 0.82
02 L 2s 22 0.93 0.90 0.94 0.96
b3 23 0.84 0.89 0.88 0.93
0.1 2 o1 24 0.93 0.90 0.85 0.94
i i i Dis 25 0.92 0.87 0.91 0.82
O e G ast i Mois. 02 ezl 03] 0as) oaNIoAE 05 26 091 0.88 0.90 0.94
S 27 0.86 0.83 0.91 0.89
28 0.86 0.90 0.88 0.92
Fig. 1. Chart s-H: Acceptance curves for combined control 29 086 0.89 0.92 081
of double specification limits for sample size code 30 091 085 0.93 0.92
letter H under normal and tightened inspection and 31 0.95 0.90 0.88 0.89
for sample size code letter K wunder reduced 3 0.93 0.92 0.89 0.95
inspection(KS Q 3951) 33 0.85 0.86 0.88 0.87
34 0.91 0.85 0.88 0.89
35 0.86 0.83 0.86 0.86
_ _ _ 36 0.90 0.87 0.93 0.98
3. AYHHIO|EHE &8st EE™E 37 0.95 091 0.84 0.89
38 0.87 0.87 0.90 0.93
3.1 E"OlE‘I I-Iﬂ.kl 74;1 39 0.87 0.96 0.85 0.90
40 0.86 0.91 0.87 0.87
oA 47 2E9] ot AlF dlo|E]= Table 87} 41 0.95 0.89 0.87 092
2, Aed AEYHA DA KS Q 1SO 2859-1(= 42 088 097 087 084
S SABIVAALYIEY Y3 WA o ow o | ow
3 ZAsel Ay At Agrt o E &2 HEHY 45 1.02 0.89 0.87 0.90
46 0.92 091 0.88 0.86
47 0.90 0.92 0.88 0.87
Table 8. Pressure Test Results of Fuze at 30ft setting ig gg? gz; 823 gzg
Pressurc Tost 50 0.88 0.94 0.85 0.89
Test (30ft setting : 0.6~1.1kg.om)
Item
n=50, AQL : 1.0% <50(1,2)>
Min, 0.34 0.82 0.83 0.81 KS Q 39519 A&y AMEYZA PHe 48317
Max. 1.04 0.97 0.94 0.98 = A HolE7 AL wojof Fit) whelbA
e L R agg o188 AT UAE S, H0TZE
No. #007 #008 #009 #010 oA Shapiro-Wilk A4} W=0950% AFELEES
P Do Lo e ok e S 8 o A
3 1.04 0.94 0.87 0.90 wEESERE Fig 29} Zo] wizky } A2, #008~#0102
4 0.89 0.97 0.83 0.90 Ed] tsle] EAHOE AZd Axk 7zt W=0.96,
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W=0.95, W=0.982 EF AifEXEE W2 302 4t Table 9. Process Capability Index[9,10]
=H et

Process Process
Process o e Management
. Capability Capability .
variation Practices
Index Level
srmzass o hiahl
ocesses are
ee Process . : Y
— PP casily meets streamlined, Consider
e I\ 1.67<Cp S how simplified
. SN specification
= . yd .. management, or cost
w [ , [ 0% 0 T N S . limits ;
s savings
= [ ! ;/;/‘ ! Process
: N 133<Cp comfortably | Need to stay in good
. / \ 167 meets status, Try to
w E - specification | improve productivity
R limits
” Process only .
n " . Continuous process
o . 1.0=<Cp=< just meets
/ \ o management and
s j 1.33 specification . .
. .. monitoring required
P limits
/ .
ba o w o w0k am o om0k 0w 0n GE Ln @ 0w 0w b 6@ 0w Lw 1h 1 1w Need to examine the
Process does cause of defects or
T T 0.67<Cp not meet improve process, and
Fig. 2. Normal Probability Plot of Pressure test Result of /TN <10 specification review tightening
#007 Lot[11] limits inspection of
products
Process does Serious quality
i Ul
_ Cp<0.67 not meet problem, Overall
3.2 ZEFHMEZE LU ™K+ MH TN p=t specification | process needs to be
limits improvement
758 A9 (Process Capability Index, Cp)¥ A&

o FAMF] o= AT Uehile JEA te :
Z

5} 7ol E@H . b
el sreen 8 7 2 29RE 9 3REAANGE PN,
—— Table 109} o] 7| ZES| FAHTHATF(Cpk)=
e 171-2.78% B3 S8 ¢58 Z o= Yepyith 117

o714, AlZ1eK o) A9 AbEGEEHA oI, USL#

LSL2 o]¢] 74383 74 stehs Yekith Cpe &

o] AETRS Hlod s T 459 379] 9o el 3 Table 10. Quality properties of each lot[11]
2 ]

3
B3l 2o wjiol, Ao A= BE FAHT

Quality Properties Statistical Data
A& wkdet Cpk7t AT Lot No. #w07 | #oos | #009 [ #010
Sample size 50 50 50 50
. USL— uop— LSL Av%rage 0.905 0.883 0.879 0.895
C, =min 5 35 Variance 0002 | 0002 | 0001 | 0.001
Standard deviation 0.041 0.039 0.028 0.038
Cp 2.19 2.29 3.15 1.88
Cpke= Z717F A2 & 543} Aldtzde] ke Cpk 171 1.99 278 1.54
U SRR a7l AEE 2o glem, Cpk Nonconforming 0 0 0 0
#rol 29w 621 71mkE oJw]RITHS]. proportion (pr)
TATHATE FAFE B AR Table 99} No:c(;tzzlr?rlung 126 0.02 0 0.05
¥y E]‘[9,10]. proportion (ppm)
Overall sigma level 4.71 5.50 7.85 5.34
Within sigma level 6.21 7.00 9.35 6.84
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3.00

2.00

Cpk

1.00

0.00

M .. SN

#007 | #008

[<—cpk| 171 |

#009 | #010
1.99 | 2.78

1.54

Fig. 3. Process Capability Index of the products

e

o,

gk, B AEHA(UCL)=1, #e]FA4(CL)=0.9, &
2 3HHA(LCL)=0.8Y 4 -5-9] xbar-R #¥]%== Fig. 4%}
z

xbar-R Control Chart

xbar

A P Sea et .t B PO
b ot L b e SR AN 2 AR 2~ Shivid Ahddd

2345678901LBUIEIINBRAILBABENBNDIRBUERNRIQILBUEEOHE

R
:
i

L
123456788 0INLBUERNBIARANGEARANI RANEEARB QN LOUGET GBS

Fig. 4. X-bar chart of the products

S Al thstel ¥ 714 AAPEA(ISY A4S
YA B AT AFAPA D 227 1§
< W) R Table 113} 7o) A AHgS & 5 9
o AFE AZREAAE 48RS W AEeek A3
G/AZFO] B 50%E FHAEQlon FaA 0w vhefdt
wAdY eaFAEedEE, 8T HAT, B 9=
A hetsle] FAde 9 felgs & & qich
Table 11, Inspection methods comparison tabel
Inspection by Inspection Reduction
1
Category attributes by variables rate
Sample size n=50 n=25 50%
300,000 150,000
Working Cost | (#400/minx3x2 | (W400/minx3x125mi 50%
50min) n)
250min 125min
. . o
Working Time | o caxsOca) | (Sminjeax25ea) 50%
Persomel 3 3 No change
requirement
Whether or not | Estimation of defect
Remarks the product rate,AN.ormahty, }
meets the Statistics data,
specifications. etc.
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