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@easons for Choosing the Theme)

What is an automatie
censor light?

it is an gutomatic
switch that shuts
otf during the day
Ond‘hrr\s ot the qnf‘—
crime lights when

svening illumi-
mination is lower
than 20~5 ix.

automatic ,
sensor

A*M-urlmc
{ight

-~

.

Switciris
CM during
Un night

( Lob Test Resulds)

Investxgatxan of

that lead to non-lighting

automatic censors
unitsg

Units Ns/p
0

20

first half oi 1988

r00(%%)

- ® e a0 noedy

s2.4

t=.
Cause unknoyn

' It'lights

upon testing

Causg .
.Clarified
Shé;é-izu; ;;;;;
" seepage due

to inadequats
inscallation

£

- 52.6 % of the
nan-\c‘gkh‘vg unt cases

examined are of
unknown causes

ased on the results
‘of investigation,

business ottico.ii
notified of
necessary steps

So many cases -
of unknown cause;
it poses quit.
" a ptOb lem ~

. The automatic censor that )
fails'to turn on anti-crime lights
during the night is called a

"non-lighting unit*

Occurrence of non-lighting units

EjCauscl determined at the business
office .

-Maiqned to the cenc:al. laboratory

Units o 7824 lenousands
B o"x,oc" o gl {70 \
sov e O b
& b} SSear oo of
g py ﬁo‘)"(‘ Ql‘\
g 7089 3 ‘D‘\& 1700 .
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L sof 242 lighting units 22 {90
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sThe number of automatic censor installations

in ten years will be 1,440,000

{Increase in the number of anti-crime
lights contract, 30,000/year; replacement

of old line products, 100,000/year)

¢ The number of non-lighting units increases
along with the increase in the number of
installations

>

In ten years, the number of cases with
unknown cause will be
10 (units/ brosths) x 2 x 1,440,000/152,600 =
190 (units /year) .

|

-
L

If the present trend continues,

non= }jghting units each year whaose causes are unknown

there will be 190

.

e —

&

Objective:

, To reduce to zero the number of automatic censors
causing failure to light without known cause
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@doﬂunctng ths current l&tuntl@

Investigation was conductsd on 12 units that were brought in over the pastthres months prior to October,1985.

Rasults of investigation on non-lighting

Nusbar
of
units N=3

10 +

L 3 /

: — R Rt

0

Short Wacar-senpage

Number units (40/28-10/30)
of N=12 L]
units 100
10 1
! 5
5 | e == Jeoe—. 58,3
[ 0
It lightsd
(Non-11ghting It dig not 1light
did not Non-1ighting
recur recurred
-
Since it lights, counter-asasurs
canngt bs dsveloped

1

Causss vof nen-1lighting

L

Instructions wers given so that
Insdaquate instsllation
would be avoidad

You're
kidding.

100

Non-lighting
did not recur.,

Sz

Bistribution by Nendors

Distribution by age fin years)

Number Nusbar
of 10 Nw? of N =7 Age o
units The units that unics not sesa
did not repast 3 to
non-lighting 2 2 saks much
5 were all diffarence
products by ’
0 0 'o Company A
ol - 0 5 Less than  Over one ysar  Over two years
gne year but lass than  but less than
Company [ | WO years three ysars

NS

[—{1: nacessasary to find

the causes of non-lighting units made by Company A 1

Thers is no night-lighting
st installation sites.

Thars i3 norsal lighting
at thes csntral laborstory.

laboratory testings,

O0f those testing conditions that produce
differences between the on-site and the
axtract those that are

known to be related ts non-lighting.

The sourcas of
light differs

Characteristics causal diagrsa on *characteristics

of illumination-lighting opsration.

{Constructad on November 16}

The spsed of light
dimsing is diffsrent

AN

Causss diffsrences in
the characteristics of

~
av

illuainstion-iigheing
spsration

The sourcs of
slectricity 1S
different

Elsctric Ths impsdance
buib type is of
aifferent aistribution

Cheracteristics of autosatic Ralstionship to 1ins
censors non-11ghting is diffarent
1. Insulating resistancs charscteristics X I
2.Voituge withstandny cherscteristics > Leqerd
3. Charscteristics of illuaination- O 0:
1ighting operatiaon Aetationship exists
4, Charscteristics of illusination- >< -
turning off operation "
Ralationship doss
5, Noise charscteristics > n0T RLEE light operation.

Investigate ths affect of sach causs
on the characteristics of illuminaton-
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Based“upon the orthogonal table below, experiments were{;;Ligned and implemented -/
because of the existence of many mutually interacting factors.
] atlo 1x
Characteristics: Lighting illumination (1x) andard 4 y November 11 - 14 )
Factors Standard 4 Standard 2 th Ctral -— At the Chuo Testing Center
--- the centra . .
A) Source of light | Standard lamp Natural light laboratory 7 =~
B) Speed of light 10 1x/min. 1 1x/min. Standard 2 »
dimming -—- on site condition at? It's only
C} Elevtric bulb Incandescent Fluorescent 3'7,13(‘ The 11-
lamp lamp lumination is too
D) Impedance of 0.5 0.1
distribution line
E) Source of Electricity Tr. at _the top
elactricity room Tr. of elactric
pole
Fxosrimental
Orthogonal table conditions of axperimentsl repetition r
- ) § esults
Factors A) Source of light|B) Speed | C) Electric bulb iD) Impadance F) Source of electricity Lighting
A of 1light of illuminastion
A B x C D E dimming distribution
B {1x/min.) 1ine {1x)
“le\"‘ 123 456867 i 2 4 6 7
Row .
1 1 41 4 11 ¢ 1 Standard lamp 10 Incandescent lamp 0.5 Elsctricity room Tr 5.4
2 1 4 1 2 2 2 2 Standard lamp 10 Fluorescant lamp 0.1 Tr. at the top of slectric pole 3.9
3 1 2 2112 2 Standard lamp i Incandescent lamp 0.1 Tr. at the top of electric pols 6.1
4 {1 2 22 2 ¢ 1 Standard lamp i Fluorescent lamp 0.5 Electricity room Tr 3.6
8 2 12 484 2 12 Natural light 10 Incandescent lamp 0.8 Tr. at the top of alectric pole 5.5
-] 2 1 2 2 12 ¢ Natural 1light 10 Fluorescent lamp 0.4 Elactricity room Tr 3.7
7 2 2 141 2 2 14 Natural light i Incandescent lamp 0.4 Elactricity room Tr 5.6
8 2212112 Natural light i Fluorescant lamp 0.5 Tr. at the top of alectric pole 3.7
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Analysis of Variance Table
{Examines the effects of each cause)

™

’

Y 7%

‘_/’

U

Fectors Sum of Degres of | Expected | Variance
squares | freedom  |variance ratlo <::::::::::::] The 1ighting illumination was sometimes
Al Source of 1light 0.031 i 0.034 2.39 lower than the standard value of 5 1x
B) Speed of light 0.034 1 0.034 2.39
o Electric bulb 7,414 . 7,414 570 0; - C felsctric lamp) is significant at
ectric bu . . .
¥ Significant 5% level, when others are not.
D} impedance of 0.154 1 0.154 11.62 at 5% level Fluorsscent lamp results in lower
distribution line F (0.05) =164.0 lighting 1llumination
E} Source of slectricity 0.104 1 0.404 7.77
A x B Interaction 0.014% 1 0.014 0.95
£ errar 0.013 1 0.013 —— Ramaining six units made by Company A
are tested under No. 1 and No. 2
T Total 7.749 7 e em——— —— conditions
Non-lighting units made by Company A
Standard N=7
valug 5 1x| X = 8.46
Experimental ' S = {83 The use aof automatic censor made
?;ndit:on Noé : : 4 E ‘ by Company A snd fluorescent lamp
ncandescent lamp 3 i Hypothesis | i an aras with high night-time
: illuminstion results in failures.
2 i to light at night.
i
o ]
1.5 3.5 :5.5 7.5 9.5 11.8 (1x)
i
0 7
Experimantal ;2; Compare products by Company A and
?:;:1:::2¢::-15 : 171 ; All seven other companies, and investigate
° el i N =7 have values L night-time illuminstion.
! X = 3,141 lass than
34 i §=1.23 |91x
]

e g



"It is rather strange)
Installation sites ar
in the mountams, and
the noctwnay

" )
I I R 00
®
111um1nat1on is not r=
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A _and other companies

Investigate the changes in 1ightingiCOnduct experiment
illumination as a function of lamp-
types using products m made by Comoan conditions No. 1}

under ex

Measure nacturnal - illumination,
in residentfal areas’yithout}
anti-crime 1ighting’

perimental ’

==

Products of company A Products of other eompanies

Each member of the team conducted

(standard products)’ (standard products) measurements at ten different _
Neio P %-/ao places in his nejghborhood
w Rz g2 » /0
:u ue1 of a1 ‘2 va]ue of S=1/ §
E , sf1 5 2
53 ! o | - 4o
< t °2 - [
s ™ ] o i
a1 ! - X4 | N !
g ! E Lu I There are
ZO TISIT 5 05 28 wS(ly) = : Y] :-f 23 9.5 /15 (&) § I bright spots
o g T i !
H Bl IR iy | PO
. - 1
= 2 ' Ne /0 2 I Ne 0 g I
ol 2} ' X= 2/ 2 I Z=28 o 15 o &5 25 (g
H S*2.4 : | S=1.3
Fluorescent lamps made by Company A produce
readings less tgan the standard value There are some spots that
"""" are quite bright:
S — J
= >
The hypothes1s) ’ "the use of

failure to light at night", has

A and fluorescent lamp in an area with hi h i1lumination results in,

been ver:

automatic censor madeb1€Wﬁ”ﬂy

Causes are

(:_ Countermeosure 1 4:)

Made a request to Company A to
conduct a detailed study on - -

"lowering lighting 111um1nat1on
using fluorescent lamps"

—> (8]

(November 18)

clarified 5

to light

Notified and explained to the Sules o&ices i
that "automatic censors made by Company A fail’

high around installation sites.” apnd instructed
them to reconsider 1nsta.1at10n sites,

at night if night-time i1lumination is

fo

{November 15)

( Grasping the effects fj)

{¢

Survey of installation sites |
with non- 11ght%p%
e

~
(Five places{by Company A (
N——

units made /-
ephone survey)

Reconsider the installat1on
location (direction) of’
automatic censor(Sales omceQ

2

Reinstall the non-lighting

units
{5

Both non- 11qht1ng units’
are lighted

Non-1ighting occurs even when
surrounding illumination at
installation sitesare low

‘the
Resolved

S —_——
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- ( Anaiysis 2 ’

Although we examined all the causes suggested by past experience, it is still not
possib?e to grasp the causes of non-lighting

<>

Problematic area - y Study group on
(reflection) measures y qroup

Lack of technieal --- study group . -
kr\whéee ' 3
Lack in logic --- FT diagram .

Insufficient information --- on-site survey N -
FT diagram: "Some automatic censors made by Company A
“lead to failure to light at night™

Some automatic. censors made bv " } A
Company A lead to faié}_gre to light at nigh »

(December 2

-~ )

| electronic circuits ™

(Constructed on December 3)

1
Re]i\(.circuit 1S no
working properly -

&=
6_-——1
Relay gate P
n oo swiall.
£ .

Light receiving circui Load impedance
\ is not working, 2\ is ¥ _lavge . e}

Loc On-site |On-site |, . ofOn-site
EFES N o e .
— - [
§lece 5T lo B |Saas 5
ve (8,282 Se2 o T (ETED g Visit the failure site _
o2 fcE2he| — <55 |8 8 |TEvS — = and conduct on-site test
2w 2=y >80 ¢ = |§E:ic 2
e - g5 " @ T |egs2°2 k1
w2 |25¥ee 22 £ -~ SEe L :
EC|F, P © - * m [z hew. adl (December 5)
— ® D wo »l @ S |mvecs L=
2gg 055 =T g 2 |l -
-3 E_EO 3 & 2= a° Tl 3
Egél’:‘- G Eg~ lwewsp 2e
gt > % gy x 5 ¥=Sa 5 -
el 2o Z xD L - =S2c & O -
: O ¥ — p—
Resutts 0.3 1x: 105 V: | IFrtyorescent iCircuitry check:
o T7 7 {Ciy
| not bright not low| || Tamp J| favorable
~ (X) A (x) - () (9))] (x)
(x) Does not emerge as probable cause _ y
(o) Emerge as probable cause

Step 2: Used product |Step 3: Fluorescent | ﬁ:’wf 41 ]
made by Company A, lamp and gl lamp weve velasteried | estent lamp

while the Company A
‘ product was on./3

3 m ‘.4\!\/\/.\/!4

t failed

Lo | t0.]ight

) by Corpany A

o0t D? 4o - hiqht.
None of the five units ive T
lighted = =5 A1l fiveélighted] >
The automatic censor made by Company A is vulnerable to
the effec corwiections, -

and 3\0«) lcuMP
‘mode The wnon-

R C\,‘MHMS units wade

i

(o Step 1: Used product made
. by Company B. It lighted
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Censor——Circuit diagram of electronic:

e e o

We examine the reasons for Company A b automatic censor (C
automatic censors' vulnerability to | main- b‘ﬁy_\___________-,_f f‘ip_arly_”
insufﬁcient contact ; | E‘Iectric Tamp:
r | : (anti-crime '|amp)
g =3 ' !
, 5< Light 1
§§ N [Light lg(Sunnlementar) !
Reasons {Sensitivity |Sensitivity of iy ys_.re%cewm relay :
- Peceiging __ |rejay, Circuit | clredt | Relay C‘Ircuit
Characteristics c1rcu1tn?£1o Is Tow. - : : S
Automatic censors| 1s not lated ~ Q‘? Bold Tines indica:
made by Compa}ny Ad related | [Rle'ia;ecurcmt : . ‘ main circuitry
are susceptible t ('.' .
Liaht- is in series : -
;:he gfects of . |receiving with Tamps): R M_"_”_"_"E‘EZ_ (semi conductors o
cr‘\)s;\l%acttment circuit is) "1 { The main circuit becomes _*" " “upon electric
= in parallel current running to the main re!ay through Rg when
to lamp) . supplementary relay is closed
Measured. ) resistance valuesof Rr and Civeodf
c‘oSMS characteristics of the main relay

Resistance Rr at the
contactof ike. supplementary

el

Resistance Rg

Vgltage and current needed to
close main relay:.

. Non-1ighting units Jf“ Non-1ighting units
2] wms | 23] -s
5, ‘ Fesu o2 | 5| Farpak
S, [ s==< s LI 1. | s-au
5 40 30 72 70 Rr(ma) 5, 7s 200 208 Re(n1]

L 4 ’ v - 0 P—F 2 -
g, [-—-——' ‘ N=$ g /] L 1 N=s
= X=$24 | = T=2000
-4 : 2
3 S=ark e §= 202
Normal Um'& A ] Molmﬂ Unids !

[ ——————

LSTP v Norwal Uwits
s W x - ing un
S x ¢ | xNon n-1lighti g
3 4 x

%4
3 ]

s
Iz A . .

’._JL Lkt P

4“47: 280 228 CTD

Gate voltage 2
Grovp difference seems 4o exist

/- Test of equal variance
Hypothesis Hq: a;‘- a':
Va=os.70 Vg=280.23
QA= « Pg=&
Fo=TA/T8 = 224

Fo < F§(ao2s)= 240

is tenable

population means
ypothesis Ho XA =X3
Ta=$2& g v.02

=X

Pa= « 8=«

.7
T "J-———"ff - 770

Cannot sav that there is

Not related to causes

Hypothesis of equal variance

SA= /242 So= 2248

to= 0.9  t( 8,25 )~ 2304

difference in popylation means difference in popgulation mea

/. Test of equal variance
HypothesisHo :a;“’- a-;
Ya=2/8 Yg= #02
Pa=« Pg~«
FoeW/V3 =200

Fo < F%Ca02s)= 200

Hypothesis of equal variance
is tenable

2 Testing the difference in JTesqnq the difference in

population means
HypothesisHg : M e ey

Za=2000 Xg= 72
SA =4 Sg= 2277

o] -2

b~ 03774 (& avs)m 2,304

Cannot sav that there is

/. Test of equal variance

Hﬂ-er" A-: Han rm‘- 0’“3
TA=a7 Va=r28 | Trmarexid Vemaruri®
PA=k Pg=d | Pr=k Py-u
FooRhy= 2 | Fo=Tifp, = p22
FodFelans)m 20| Fol Fi(oaat)enso
Hypothesis of | Hypothesis of .
equal variancelequal variance
is tenable is tenable

Testing the differ nc
Jpopuiatlon mea ence in
Ho:/q= /3 Ha a=

Ta=ozre Tymrz77)| Tp=r7® Ig -28/?
SA=/076L Sgwd. B2 |Sp=0 o0 Sg=WOAD

it 4 AL (22026
¢ s

7~ V7 g =g0/8
fowsckor2 4P 048 L 2a872 £ (85 0.45)
=2304 = 2304
For both Ia and Va. there is
difference in population means

l Not relatea to causes

( Related to causeé

————
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‘-[ Determine the -~ rost causes ghowh in

FT diagram on the basis of investigation

/ i
Legend oL T
0: Related to causes;

Surrounding
1s bright

'FT diagram on "Company A's automatic censors lead to Dec. 3
X: Not related to causes  Might-time failure to Tight"~ e Dec. 12 Revised

Causes X X X

O ©) Q X

Tamps with fnsufficient contact

Company A's automatic censors withilow relay sensitivity producg
nocturnal . failure to 1ight when attached to fluorescent

The secand
cause is
determined

CMeaSure 2 j
-

(Distributed December 16) o

-

Instructions were issued to "Refacten anti-crime ’Huor«q,n'}lamf; and glow lamps and test the speration
when night-time failure to 1ight occurs with Company A's automatic censors"

-

oy

./
N

f

2. Made request to Cbmpany Ato"

(semi conductor relays)"

(December 18)

Company A studied the sihahion and
determimed that the design of the vcqu;
is not appropriate . ot

Based on Measure 1 and the results of |
the present study, Company A manufactured

The central lébbratoryi Company A improvedproducts with the following '

) modifications

]

1

1 (Measure 1) 3

! To reduce the . === modification in

1 level of illumination the design of .
! (Measure 2) lgght repe1v;ng circuitry
! To cope with the . ==~ changes in the

1 _~insufficient sensitivity design  of relays

1

nf_mnm_tfz\_ax_-_g

: Transported 10 improved units to the central laboratory

Voltage and current needed to
c¢lose main relay

"Good,

[« Improved it is 0.K. now::>

x x —products

o —fF e - ‘
L8700 078 20 e25 (V)

Conducted_recurrence experiment
on improved products )
. (Jan. 23-24)
Distribution of lighting illumination
Fu3
s 8 Kpecitication Nz /0
I S M i IS |-
S5 I ~ S2r24l) @77
= o $m
) 2 1 S -
g 4 i ‘ r] 3 4t
— @
_ L T o
e S t$ 33 (28 28 25 (L) b
A X P [T T T T T (1) s2b
o Vi ! U})
9‘5’- J t Nz /e g
S~ 3 : =4
L o« 1 | S=,a9

Gate voltage (vy)

It was confirmed that with improved products there was
no necturnal failure to light.
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Gnderstanding the results > The number of _ _ L
L= - 2.7 ||, automatic censors examined | We achieved
i —— A (cause unknuwn) our goall
_ The number of failures 3
with unknown causes has 40
been redued 4o C
» 2evo. 2
=
-]
=
o
( Results| )
.[En'é’i'b'fe?ésuits ' | Intanaible results

1

he rnocturnal  failure of anti-crﬁi Work to replace fautoma'?.ic
lamps is eliminated. and an censors due to night-time

Since we tackled the internal \ |
improvement in the "quality of failure is reduced..

circuitry of automatic censors,

_ . we were able to learn about
electricity service" was brought. ! electronic circwits |
Yy

| about

«0 3% x /9’0%. |

=27 % |

a: man-minotes
k _/ |b: cases, C: year,
: d: man-hovrs

@’}anc\oxéiza.'“bw ‘_)

Regarding the purchase of automatic censors, we def:ided that - M_;:_f_’_"_ﬂ_-?u
the characteristics of main relay should be the object of - — e e
quality control. We decided to request pertmentm_easwemg!\t_« x| =] man]
results from the manufacturers at the time of receiving shipmen{ e = —
' (Jan. 31) ) : =
|

@ﬂections- and future taskj)§

Trouble spot: Although we initially concluded that night-time illumination was the cause,

we had to examine and start all over again since our experimental results were insufficient

Positive side: A1l circle members participated in the determination of causes in the

form of generating ideas, conducting on-site experiments, and showing perseverance, which
contributed greatly toward building confidence in circle members

Future tasks:’ Sucéesg of the present effort may be reflected in the company-wide

specification of parts standards, and eventually in the revision of JIS (Japanese
Industrial Standards).
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