SETEAT T
PR —H+AT

Muroran Institute of Technology Academic Resources Archive

7

EH LRREMIEHRE F4EFE25 21

S8 eng
HiRE: EEITEKRE
~EH: 2014-05-15

F—7— K (Ja):
*—7— K (En):
PERSE:
X=)LT7 FLR:
il

http://hdl.handle.net/10258/2935




2 7 % R TR 0 Sy M - ST
EEN A % I\ AT R TR T /'T A L
- >N f"ﬁ\‘
A B AN
= iT na IR
xR |V|6, V7] B 75 RS 27U A )
I RO I M&crme with Tandem Machime in the Case of
’ BY’(Ash wé"'-d\,{ m:f"ﬁ) BY e Wh
6 (M1 YT id 5.0, 38 (C/a%) F 3.5 %)
S7e | {19] T 3K &K T 7R
374 |V |6l 102 mg )0/ g
g YT 2 =h oo X {=ncseX
# + 16 L=2Y cod X [ =27 coua
405 |19 | /8| YEHACHHE0 EiRiE i A o“mﬂ%fé\m’%%
407 |V | & REEEEG bEe SR E
%09 {4 | /2] the tne
we |27 tow tew
#s5 |V |/ (£, (6) (47,(5)
217 |Fig e/ Conditions conaitions
425 |Figli9t2]  are the ij)‘re Sue the
%29 [t |32 IRETER VBN
233 | v | 3] W=3600rPn BT 135 W (N=MTEIC B TAmER o
?%@ ) ) .
462 |® | 1 %ﬁ ? *ﬁ"’ﬁ ERE R wmw
BE-E N R / g ]
Soy |V |14 ,,«“ bc)J WoLtX, )bdx] ,_%U_Hc)jaz(w' ‘;*)bdx]
$r2 | P4 dr=1- +I“@2)’T(?i;;:“f;( Ug=l- (& +X»—cxz>(~—*~lw
bat ba
-cu) 2{( —a;) [(”‘" """""
sr4 |V | A= Rio =
% vl Ywrcl w1
" v 0 =13 n (s,
200 WS )+ v | WS- ag(- ~az))
s/5 14 2 J.I.E{)E_J JLEE.
27 |t|6] FR 7o
28 |2 | 5] PriXaxelp, o} PriZ<xolu, 82!
&4 |V |2 Kexno Raeloamn
$o8 | las] oM/opr sMYH o2
S43 1@ 9 MY gp* =05 TMY 5P =05




® W OT ¥ K ¥
B = = &

£ M & -l =2
A= AEARA

MEMOIRS

OF
THE MURORAN INSTITUTE OF TECHNOLOGY

VOL. 4 NO. 2
June: 1963

MURORAN HOKKAIDO
JAPAN



K. Otsubo

T. Zusho

M. Morita

Y. Sawada

S. Nakamura
S. Chiya

S. Kawamura
H. Kimura |
Y. Ishiyama
Y. Nagata

T. Miyamoto

Editing Committee

President
Prof.
Prof.
Prof.

Asst. Prof.

Prof.
Prof.
Prof.

Asst. Prof.
Asst. Prof.

Prof.

Chairman of the Commiitee.
Electrical Engineering.
Industrial Chemistry.
Mining Engineering.

Civil Engineering.
Mechanical Engineering.
Metallurgical Engineering.
Chemical Engineering.
Literature.

Mathematics.

Chief Librarian.

All communications regarding the memoirs should be addressed

to the chairman of the committee.

These publications are issued at irregular intervals. When they
amount to about 800 pages, they form one volume.



SWTFEREMRIE BNE 5%

B "R
Ty b e b I AR (BED OIETE 27 3 . ¢$ﬁﬁ;&§
FE TR T 1 BT 5 BEBRIT D Us TCoervrerersermessnssns s ?% fg %ji 2 (1)
oOoR B
SRA T 5 ADEREIC BT B R eereererrem e NORE IE B 2 (23)
7R ]
WA ORI RRREEC BT 5 EWER GE2H) o g - B 2 (31)
EREERER T RO DEIM AT A BT5R
— A FRETEOWMER & TEER s XOUHEE— % # T = 2 (47)
735 v BREER 2 Y4 7 VBB RS
ﬁ\g . g;ﬁ%%@%@jij}%mob\( .............................. iR EU Bl 92 (67)
75 v BEHBM2 1 2 VBB BT S
B RDBMERIIIT DU T R By BL 2 (85)
BEGIR I L2 BT B EGE - eeerrereessmsemsssnesnennne e R HI 8L 2 (99)
EDTAK_ I %%@%{ﬁ%?{%% .......................................... j( 7j }” ﬁ S[Z 9 (111)
%&ﬁ%—%@ﬁ%ﬁﬁ:}:ob\f_ .................................... A N E& EE 2 (117)
Theory of Description on a Set-function
Restricted within a Euclidian Space. ----c-roremrereeenees Y. Kinokuniya. 2 (129)
PRI ZE 0D DU T oreeneees et L BB — (35

Analysis of Commutation Curve of d-c

Machine in the Case of Tandem Brush. «--cc-eceeeeees T. Matsuda. 2 (148)
ﬁﬂﬁ%ﬁ%@%%%é\@;%ﬁ@@%‘ﬁ .............................. :\% j'%ié _g‘lﬂl ‘{j{ 2 (165)
5712[7%1]37535@51:%%%‘,. .......... 2 (183)

363

385

393

409

429

447
461
473

479

491

497

505

527
345






7Y b b7 REE BED ORJIE - 2V 3 - HIE
7% VBT 5 8EEIT DO

RAMERER - FIE B HE # - SRRk

On the Experiment Cnnected with the Stress Intensity, the Deflection,
the Buckling etc. of the Pratt Truss Bridge (Models)

Sakutaro Nakamura,Isao Bansho,Isao Suda and Masao Shimura

Abstract

Entrusting the Hakodate Dock Company with steel plates, the present writers made two models
the deck Pratt truss bridge (span length, about 1==80cm, the panel point welded and pinned) and
loaded concentrically on the centre of the upper chord of each model by use of an Amsler type
compression tester and also by use of a strain meter and dialgauges measured the stress intensity
of every member and the deflection of the centre of the lower chord within the limits of buckling
or elastic failure of the models.

Thus they explained the influences of the deformation of the Pratt truss and the rigidity of
its panel points, comparing with the theoretical values.

Then, they observed and cleared up the phenomenon of elastic failure or buckling by creasing
gradually a concentrated load into a breaking one, and they pointed out from the results of the
comparative study of the theoretical and experimental values that the assumption of the old
calculating theory is not suitable in a certain case and investigated closely about the right assumption
in the calculating theory of the truss bridge, in the same way as the report already published on
the experiment of the Warren truss bridge models.

Still more with expoxy resin they made a small model (span 1=15cm) having similar figure
in comparison with the height and panel length of the above-mentioned Pratt truss bridge model,
and experimented on this model by means of Photo-Elasticity Apparatus to get the stress intensity
of every member and the deflection of the centre of span. -

With scrupulous care they made a comparative study of the experimental and theoretical

values on the influence of the secondary stress intensity and such like.
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K—22—1, Gage Length 10.5mm, Gage Resistance 120.4+£0.3 2, Gage Factor 2.00
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AC, 100V, 1.6kW, Z&HEER3.5 CC/HR) D 2RI 55,

ili. TESFIEETLEZz/ S4B o E—

BEA—-g, E, TN, 2—-FAZ2 Y a—, JFA AT RA—F—, AF —L,
EEgH, v, AV, ST, AEK REN, NEET AR, DeAT AR, ¥
Vo, PYAY, YAV, @yvAy, TOMTH—K

chboMTTAEL, SR FCERE L,

iv. BERREMZAR

FhA, WER, BER, X8, SETHeR, BEEE, AEUKEE, ~viParkl il

D, EHELONCEAED BT 0.5mm CEIRIC L o T1/100mm ¥ CIEREBIC L o CHFELE D

C4)



TIV e b7 AE R OIEHEE . 27 1« EBRE S BT B ERICoWT
HAHKS, Bl s v I flEeFHE L,

4. BB A &
A. 75wy b b5AOBBEER
i, REBREH
a) 2MEOBEIE, AL Vvr—CORBETEY Y PRt TR

1]

FH-1 BRI 7 AOERSTE
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BT % COMER/H, BERELINT Hook OIEAIORT 2 HHEMNC S 50

b) ZERETEORERY
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An Experimental Study of the Strength of the PipeTruss

Masachika Naito

Abstract

For the purpose of researching into the strength of the pipe truss, the present writer carried
out various model experiments. Two models (Warren Type Truss, span length 1=160cm, height
h=35cm) were made use of. Members of one model were steel plates with rectangular section,
while those of the other were steel pipes.

The truss was supported at its ends and carried concentrated loads at the center of the span.
The stress of the members were measured with electric registance strain gauges. By obtaining
experimental results and calculations of primary and secondary stresses, the s’trength of members,

deflections and buckling loads of truss were made a comparison between those models.

1. #%
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A Study of Combustion on the Heated Surface
Sprayed with Liquid Fuel (][ )

Mitsuru Akagi, Shigenobu Hayashi, Minoru Tsukahara

Abstract

The “Diesel Knocking” often occurs on a Diesel engine, When much fuel is injected in a
combustion chamber before the fuel is autoignited, especially in the case of a Diesel engine of
direct injection type.

In this case the rate of pressure rising dp/da in the combustion chamber becomes very high
and the engine runs roughly. It was desirable long ago that the injected fuel did not contact with
the surface of a combustion chamber wall,

Recently, however, Meurer (M. A. N) has made the engine which makes mixture gas by
evaporating the injected fuel at the surface of the combustion chamber wall, causing slow combus-
tion. He reports that such an engine runs smoothly. Here, attention must be given to the fact
that the direction of fuel injection, the temperature of combustion chamber wall and velocity of
the air in the combustion chamber sensitively affect the character of that engine.

As the first step, we had calculated an evaporating time (life time) of fuel film on the heated
surface, from an evaporating time of fuel drops, which date had been obtained before.

Next, we have examined to find the area and thickness of film on the wall, according to
the nozzle-angle and its distance to the wall. we have obtained the life time of this film, as the

following report.
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A Study of Tools with Restricted Tool-chip Contact Length
Variation of Plastic Field, Cutting Forces and
Chip-form with Restricted Tool-chip Contact Length.

Kazuyuki Kikuchi

Abstract

The Tool with artificially restricted tool-chip contact length shows a strong tendency to produce
a complicated plastic flow ahead of the rake face, as far as the restricted length is shorter than
the natural tool-chip contact length. By applying the theory of plasticty, the plastic field is found to
be composed of one centered fan and two straight slip line fields.

Based upon the characteristics of the plastic field, cutting forces are measured by the tool with
various restricted tool-chip contact length, which meke a good comparison with the various rake
angle for a conventional tool. Furthermore, this paper treats of chip-form and cutting forces for the
tool with restricted tool-chip contact length composed of two rake faces.

The experimental results seem to support tne theory and shows good cutting characterisitics in

comparison with conventional tools.
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Fig. 4 Photomicrographs of
partially formed chips by
machining the end of a {50mm.
diameter tube under
tew-dimensional cutting
conditions.

Cutting conditions : material
cut, 0.25% Carbon Steel; tool,
ST-2 carbide {0,0,5,0,0,0,0] ;
width of cut, 3.5mm ; feed, PR . i
0.3mmpr ; cutting fluid, dry. @ .=Natural (D) {=Natural

(B)] V=50mpm (C3 V=30mpm
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Fig.9 Variation of cutting forces with tool-chip contact length.

Cutting conditions : material cut, 0.14% carbon steel : tool, ST-2
carbide[0.Var.,5.5.10.0.0.3] : depth of cut. 2mm : feed, 0.3mmpr:
cutting speed, 90mpm ; cutting fluid, dry.

LC,EMmERR T EOVEEIITHERE TS /N EL B THL L BECIIIEFCNEL b,
Bt uvArBWEBooERAks, 2T OAIECESIHERE I,
B LYIEERE MO B R T A VBT EOE 2 T WHEEM LIBD S dTH

E D BT L

BRERRREERY 72 -2 ~& LTHHIER (Fe,
HOTHEZ =5

LOTHDH, ZOMMLHNE XY CEFEET < WATLLOYEIHKHE & B COHHES A R

N ,
| —=
b ==Ly
- ~g - e
& | ) "\l T \ N
A\ N
% Kor—o T T <3 150 \ T '’
= e ®
L:'; ‘\e oy -a I \\O\g/‘/
I | £ Bt S M S 05
5 w——~ 8 mw — o LTI
= ° ol = A———a_ £07
.&0 \;\811 B g 2-0.
g W e B W
3 P R Y2
, a~0-04
0 | 0
A [/ 0 10 20 30 ~20 =/0 4 70 20 30
Rake Angle a (deg) Rake Angle a (deg)

Fig.10 Variation of cutting forces with rake angle. Cutting conditions are the same as

in Fig. 9.

WERTEA RS2 - EREES, ThbbEroBEC L /P TWAETE 2 Lk
o TR DUBIMAEL THZ LRCBATRETSVATEOR YT WAD N D HE

TAEALCLRACYEEEH G L85 C

(54)

Liwie s, Lo b Chipping @ X 5 7e k[



BRI T A O Bk B 5 e 417

HETL NP B L WS FEL D Do FRTEENOEL L LBEHET  WATAC
HBELUCERTh 2 o i FRENS,

2 YIEHRE

B-11 B R TR Z B TR L C, BRI (0.142C) &3 <\ F 0 O
THETERATEFREIEZFRVELR LB %) B LOWEESCRH LGR LI
Thbo ZOHEOYIHEEL 90mpm TH 5, [ C—TBM
RcRohnsind, WREIPVNLHBAIERD f
BEehrsb b TR — 15 2 Ll Egie LD

0-3
Bob, @M EETAHRO b 0 &k
D, BIRESHAE DI LI o C s —n |02 g;}fw //
DR, €y FATRAGH,D, B €y Foko _
TebeARER D, WBERLINES o TR S
hbXs5eins, TIEC BT 50B5 — A OB 05 % }\ g&
DOWTITHRE « ARS, FIUTIC & o TFMicBlE S
T %25, B XEMERRER S8 S ‘
R, BCERS LM< 1 Es (nfs |00 ;{? §Q
DA PR L, 1 FEm (FHER) of 023
KL, JACR Ui FRETHRID B 5 X 5 1o éi}‘

0175

1, 0 RSO AR IR0 s | 2]
NIRRT I RN O R ABEEE L <
b ERNCHEHSR L, L B b h C
Do RUEBICIE K- RLND X5 h — A N §(, §O
B, O LLYIHIRE, BRNER L oFEK —
I ALOTEI N E B A, Fig.11 Photographs of chip produced for
C-tools of various tool-chip contact length,
9B 0.3mmpr DBES TR EOR BT HEE Cutting conaitions are the same as in Fig. 9,
20.25mm, 0.5mmTHEICHT S, MREIAREL LD L - THROEHL %
b TP DB D BN ) WS h - Yg L e %, %0 B 0,175mmpr Tl
RSN B U CHENCTREIBER R BN 5
PBHES N2 YROEE, WRESP/NT, ZRUVBOHEN RS2 BECHABYRLT
Who MREIDWMRT DL LD oTERBIRED, BETALRACE LA TERL T v
R=N T = EDo DT LRTHEROMRE B\ E T, T WER BT 5 YERRES
DRIRD LD ER O L ind o FRADOMIBALBACIBETE T VWATRLL

(55)



418 H o F o=

B U CHERR TR R A D 72 U I ALEE oo B & i Dk T XA C B % o

V SWCRMETE(C K 3 4HHER

BMERARTEOE I T VWA, =0, 23 Ma=—15Fs LHRIAL S
WC-1H, 813+ Ma =30, 527 WA ar=—308 L LiFraSWCEH#R® 2 SWC-2
LS5, o b RO TR B\ CHEMER 2 HR AR UCERRRME (0.1426C) % w2
ZRTEFRY Lo e WE L, CoVEHREEHE L,

SWC-1 #1 & SWC-2 B0 AEARIHEEE | T VWHETORMFEME S0 EHT, F2 70
ETOBKREME ISP ARERE IR, ROREVERFCIAFELAOYN L725, #K
BEMESOBMC L o THLRZERYE 1 T VHECESEE) 2L Thb, £ORDHIL
F2TLWEHTOWMERESNEL LRI TH 57 bIiE SWCEBEMDYIEI &/t b,

I ERERELOER

PIBIG BB, RRFHEM (0.1420), THEEST-200,-15(SWC-1) or -30(SWC-2),
5,5,10,0,0,3], %9 0.3mmpr, YAL2mmMTH b, K-121TDFERY R LI, MR
bh X sic SWC1 BTHECIEMRS L OEER T RERIOBCH LT, YEIERD
T d E D Rohinyn, SWO BHERC KR 7o TORYIE S, s E Sk, YHEER/
HLUTELNIE F@BHE TR R T LA S B NEDEBIERC A R P BER O M

15 150)
~ Q === SWC-/ )
:%f E% éiﬁﬁ# — %ﬂ IR e
[ —= ] <3 0 SWe -1
& :—‘Q —_— R Tt [z —O A X
———+ /4- —— / -
Ja) < —X ~
o o e I )
1 & | /53;
AV =30 / -
2 sve™ | g = e
RS e R e -
= =] V= 30mpm
3 5
+:v-150
0 0 L
0 ar 02 03 o4 o o1 az a3 a4
Tool-chip contact length (mm) Tool-chip contact length (mm)

Fig.12 Variation of cutting forces with tool-chip contact length. Cutting conditions : material
cut, 0.25% carbon steel., tool, ST-2 carbide [0,var., 5,5,10,0,0.3]; depth of cut, 2mm; feed,
0.3mmpr; cutting speed, var,; cutting fluid, dry.
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¥ig.13 Photographs of chip produced for SWC-Tools
of various tool-chip contact length. Cutting conditions
are the same as in Fig. 12.
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Fig.18 Effect of tool-chip contact length {; on cutting forces.

Cutting conditions : material cut, 0.14% carbon steel; tool, S-1 carbide, Mtype (0, (0,-15),5,5,
10,0,0.5] ; contact length, s =0.2mm[A]}, £, =0.6mm(B]; depth of cut, 2mm; feed, 0.3mmpr;
cutting speed, var; cutting fluid, dry.
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On the Pulsation-Effect of Intake or Exhaust Pipe
System in a Crankcase-Scavenged Two-Stroke Cycle
Engine

Norihiro Sawa

Abstract

To examine the influences of an intake or exhaust pipe system on the delivery ratio (or the
breathing capacity) in a small crankcse-scavenged type of two-stroke cycle gasoline engine, the
present writer has measured the amount of the breathing air or the delivery ratio and analyzed
some pressure indicator diagrams of the intake or exhaust pipe.

Especially, this paper treats of the results of consideration on the effects of various factors for

the matching condition of pulsation-effect due to the intake or exhaust pipe system.
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on the Inertia-Effect of Intake pipe System in a Crankcase-
Compressed Two-Stroke Cycle Engine

Norihiro Sawa

Abstract

It has been well known that the occurrence of maximum delivery ratio is govened by the
inertia—effect due to the intake pipe system.
This paper treats of the theoretical or experimental analysis of the matching condition in such

inertia—effect.
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A Study of the Effects of Blow-Down in the Exhaust
System

Norihiro Sawa

Abstract

For the improvement of the performance of an internal combustion engine with an exhaust pipe

system, the utilization of the blow-down wave is most important.

The present author has performed a theoretical calculation by means of the inertia or impedance
theory and determined the applicable range of both theories. Further several factors=pipe length,
cylinder volume, engine speed, etc,=affecting the applicable range, have been found out.

The results obtained are experimentally confirmed with the air model similar to the exhaust

system of an actual engine.
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Potentiometric Titration of Lead with EDTA

Tetsuhei Tachikawa

Abstract

The potentiometric titration of lead with EDTA. and the reverse titration were carried out by
use of three bimetallic electrode couples; platinum-tungsten, platinum-molybdenum, and platinum-
silver-amalgam, The titration curves were constructed and the magnitudes of change in potential at
the end point were determined for the three couples.

In case of titration of lead with EDTA, the shapes of titration curve for three couples represented
an S-shaped curve and the change in potential at the end point increased suddenly. The magnitudes
of the change in potential at the end point at pH 4 were greater than that at pH 10.

Platinum-tungsten couple was the best of the three couples in both M/10 and M/100 solutions.

However, platinum-silver-amalgam couple gave no good indication of the end point in M/100 solution.
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Recht und Moral
-iber deren Verhaltnisse-

Yukio Ishiyama

Abstrakt

Es gibt zwei Arten von Gesetzen, Gesetze der Natur und die des Rechts. Die Gesetze der Natur
sind schlechthin, und gelten so, wie sie sind, aber die Rechtsgesetze sind Gesetztes, von Menschen
Herkommendes : die Freiheit macht Substanz und Bestimmung des Rechts aus. Darin liegt der
Ausgangspunkt dieses Studiums. Der Verfasser driickt hier drei folgende Aufgaben aus. a) Dass
der Boden des Rechts tiberhaupt das Geistige ist, also Recht und Moral dieselbe Wurzel haben
miissen. b) Geschicht die Willensbestimmung zwar gemiiss dem moralischen Gesetze, aber nur
vermittelst eines Gefiihls, mithin nicht um des Gesetzes willen, so wird die Handlung uzwar
Legalitit, aber nicht Moralitit enthalten. Also muss man iiber den Unterschied zwischen Legalitit
und Moralitit forschen. c) Die Strafe ist die Versthnung des durch Aufheben des Verbrechens sich
selbst wiederherstellenden und damit als giiltig verwirklichenden Gesetzes, aber in jedem Fall soll

sie durch die Moral bestimmt sein.
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Theory of Description on a Set-function
Restricted within a Euclidian Space
Yoshio Kinokuniya

Abstract

In this theory a euclidian space is characterized as an omnium, which may historically
be detailed by descriptions but eternally left as' an unfinished whole. Residual description
is defined as a final one induced descriptively and explained in connection with set-function a-
nalysis. The last section is appropriated to the classification of Set-functions, which will give
rudiments to our analysis. ‘

. Introduction

The present author has devoted his works of the recent ten years to the
establishment of a renovated system of measure theoretical notions and axioms
in a euclidian space of finite dimension. His first aim has been to square the
whole analysis with what has been taught on the classical euclidian geometry.
The set theory instigated by G. Cantor and rapidly developed by successive au-
thors has sometimes been, and really is, found impertinent to be directly con-
nected with the euclidian geometry. The axiom of choice and results of the theory
of ordinal numbers are specially avoided in our theory.

B. Cavalieri once posited a line which consists of points to be measured as
of zero size, but being forced by unexpected criticism he had to change the
assumption. In our theory, points are assumed as spatial positions provided

) and a line is defined as a set of such ele-

with respective poini-occupations
ments, which simply are called points. However, a point may not be a strictly
concrete element to intuition, though it may be believed that the definition is
fair and appropriate. Such is one of the descriptions about a point, which is
reduced from many points of view. All the sentences and formulas appearing
in our analytical proceedings are regarded as descriptions.

Descriptions may induce any decision, but at times may limp into wunde-
cidable states of conclusion. But, if some subsidiary aspect is found to establish
an adequate course of reasoning, an undecidable thing may be turned to be a de-
cidable one. Such will be regarded as an artificial logical completion, but it
should be an addition by which our reason finds a believable way to reach g
spatial resolution of what may be called euclidian construction of the space. Such
is not originally a given conception, but may be reached by a certain accumu-
lation of sucecsesful modifications. Such may be said an ultimate object in which
our geometry may dwell, though it may not be completed within human history.
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Let it be called an omnium. The aim of our works is to dig it.

To suppose a space to consist of everywhere homogeneous and similar parts
has generally heen held in the rudiments on a euclidian space. So, a measure
which measures all points as of equi-measure will stand as a fundamental one
in a euclidian space. Such a one is called a normal measure. In comparison with
a normal measure, are found the ways not only to reconstruct an integral
but also to classify set-functions in a euclidian space, which may be in specific
relations of descriptions.

When a point P in a (euclidian) space E is to be specified by a property v,
we will write

pPch
if P has P, and
PEPor PEP
if P has not P. When the set
(P:PcPi=E(P)
* and
CE(P)=E—E(P)={P:PEY},

then p will be said to be descriptive in E. With a view to specify a determi-
nate set, H. Poincaré intended to establish the notion of predicativity. This
notion has recently been developed considerably in connection with the notion
of recursivity_” However, such a course of logic has not been thought wholly
resonant with what has been estimted in our theory. As for above-shown de-

is recognized as determinate

scriptivity, emphasis will not be laid on the build-up of any complete system of
categories, though it may make a step to start on our consideration with spec-
ification by any property.
2. Residual Description
When a family of sets (M:)cer is given and the set of indices / is a simply
ordered. set, we write

My— U

My = tng‘
and

M = UMx .
Let L be a given linear operator, then if

llTnlL(M—ﬁx)I# 0
x€J

% This means it is porved that E(¥) and CE(P) are a priori measurable, including the

case of infinite value,
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we say “L has a (non-vanishing) residual (description) of summation on the fami-
Iy (Mo “or “the L-residual (of summation) on (M:) does not vanish”.

When L is an a priori measure m, the analysis is put in a clearer aspect if
it is proceeded in connection with de Morgan formula, say:

M—UMx=0(M—Mx).
If M is a bounded set we have

m(M—UMx) =7 N (M—Mx)

. *
= lim m(M—Mx),
Then, as
M—UMx=M—M= void
the left hand must vanish, so we see the #-residual on (M¢: must vanish.
Let it be defined such that
Rk:zgxM‘ and R=0NRx

then we have
R=NM:..
On this construction, if
lim| L(Rx—R)|# 0

we say “L has a (non-vanishing) residual (description) of interseciton on the
family (M¢)” or “the L-residual (of intersection) on (M,) does mnot wvanish” -
Even if two families (M¢) and (N,) satisfy the relation

MM:=NN:=R,

it may not always be observed that both of L- residuals on {p,) and on (N¢)
vanish or do not vanish at the same time. This being so, we distinguish a fami-
ly (M) by denoting it as

P (M)
and introduce the notion of L-almosphere (]F\’[') o which is defined such as
|LORO | =Tim|L(Re—R |,

The atmosphere (JR()p may coincide with the state NiR:— R), but is not
strictly the same with the set N{®:—R), which is a void set. It is easily scen

that any m-residual of intersection vanishes on condition that R is a bounded

% This may be, as it is, almost a mere decision, but in some way is demonstrated in the

theory of a priori measure,
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set (w.r.t. m). When L-residual of intersection vanishes, we say “the L-
atmosphere (JR()g wvanishes”. It is notable that the notion of atmosphere
is referred to a new category which is induced by the process of residual de-
scription, and is added to our logical system in order to reach a clearer aspect
of the omnium.
3. Truncate Description

As mentioned in the previous section, the vanish of m-residuals (of summation
and of intersection) cannot generally be ascertained except when (M¢)is a bound-
ed family. We define four subsets of any set M such as:

(i) STM)={P:PeM, |P|<r} (ii)  SrM)={P:PeM, |P|>rl;

Gii) STM)=(P:Pem, |P|=+}  (iv) SrM)={P:PeM, |P|=r},

|P| being the distance of P from the origin O, and call (i) (initial) section,
(ii) final section, (iii) closed (initial) section and (iv) closed final section of
M of radius r respectively. Using these notations we may write

lim f(S™(M))=f(M— (ooL))

Tr—»C0

and
}i_f'noof(sr(M» =f(M N Qool)),
f being a given set-function (, real-valued).
I FMN(3500) = 0

we say “f is of a truncate description on M” or “the set M is a truncale sel
with respect to 7, and if

S F(MN(J0) #0

“f has a residual on M” or “the set M has a residual with respectto f”. The
atmosphere of this case is called the radial atmosphere, in distinction. It is
important that analysis performed in a bounded domain may be extended in terms
of any limiting process only when a truncate set is dealt with.

In view of vanish of a residual, it seems convenient if we define a positive
(set-) function by the following descriptions: (i) for any set M, fM) = 0 (ii)
if MDM, D ---and lim f (M,)=J, then exists a subset S of MMy such that
f(S)>f2~. The condition (ii) may be thought as a generalization of Archimedes’
proposition, A function @ is called a mnegative function, when —@ is a
positive function.

4. Classification of Real-valued Set-functions
If a unit of length is fixed in a euclidian space E, any two a priori measures

* This is that for any positive real numbers a and b there is a positive integer n such
that (n-1)b <a < ab,
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i, and m, have the same value for any set M in E, i.e.
ElM - ;Iiz M.
This means that

Su,(P)=@u,(P)
. PeM PemMm
#3( P) being point dimension of P (k=1,2). However, it must be noted that

respective inversion numbers $8; (M) and 8, (M) are not always equal, because
#,(P) and u,(P) are not always equal. If both mi and m, are normal a pri-
ori measures (i.e. equi-measuring homogeneous measures), then we have

my (M) =gt (M) = ) B, (M) =7, (M)
so that
BilBy=%,(M) /B, (M) -
An application ¥ is defined such as

Yim= 8. (4,1)

Yp being point mass applied to P. Therefore, it corresponds to a Stieltjes-

integral on M of the function 1. In this definition, the assignment

Pem {4,2)

must be related to a particular construction

m=Sp (4,3)

so that it may be related to an a priori measure m which is defined as
ﬁM-?”P

in terms of the assignment (4,2). This measure m is called the carrier of Y.

Unless a particular construction is demanded as non-homogeneous, we will not

adopt a carrier which is not normal. When ¥ has a normal measure as its carri-

er, then we say ¥ has a normal carrier.
In our system, integral of a point function f(P) may be reduced to an appli-

cation, because if we set such as
f(Pyp, =7,
in terms of point dimension Hp of an a priori measure m, then we have
V(M) =@V = &/(F) 1,

PemM Pem
It is specially notable that any set M cannot be conceived unless the de-
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seription (4, 3) is given in liaison with the assignment (4,2).So0, we may say that
no set of points is conceivable without being given its reconstruction in pro-
portion to a certain a priori measure. As for the application 7, it may be dis-
tinct from other set-functions only in that it is given in the form(4,1). We gener-
ally think it to be destined that any application may be represented as a sum of
a positive application and a negative application. When a set M is bounded with
respect to a positive application 7, we may conclude by the generalized Archi-
medes’ proposition and the destination process 3 that M is ¥Y-measurable.
A (real-valued) set-functon f(M) which satisfies the relation

fIM1UMz)=f(M1) + [(M2) — f(M1NM;)

but is not necessrily promised to be representable in the form

M) =&fp

is called an ultra (sei-) function It is easily seen that any ultra function implies
a case of non-vanishing residual. Value of residual with respect to an ultra func-
tion varies corresponding to the limiting behavior of basic family of sets, and,
in effect, cannot always be invariant independently of the choice of basic family.
Such a probabilistic impilcity about residual description makes an important
property specific to an ultra function.
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On One of the Vacuum Tube Electrometer.

Shoichi Kitamura and Yoshikazu Abe

Abstract

In this paper one advanced form of the D.C. Amplifier type electrometer is shown to be able
to be measured up to + 1000 volts by using the usual pentode as inverted type connection. The
inverted type voltometer has been occasionally mentioned in literature as having a very desirable
high input impedance, but as being suitable only for negative voltage measurements. In the present
authors’ form the plate in the ordinary pentode, 3 S 4—SF, is used as the control electrode, and
the first grid is used as the anode, furthemore the second grid or the third grid is biased with very
large negative potentil so as to keep back electrons flying to the control electrode, even if any
large positive input voltage is applied.

In this manner, this electrometer is constructed with the measuring voltage up to + 1000 volts

and the input resistance more than 1x 10* ohms.
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Analysis of Commutation Curve of d-c¢ Machine
with Tandem Brush

Toshihiko Matsuda *

Abstract
This paper treats of the solution of the commutation equation, /. e. differential epuation
concerning the current in a coil short-circuited by the brush, in the case of the Tandem
Brush. By this solution, commutation curves and the values of the voltage drop between
brush and commutator segment are obtained for some representative conditions of commu-

tation in d-c machine to examine the commutating performance of the Tandem Brush.

1. Introduction

One of the most inportant limiting factors on satisfactory operation of a d-c
machine is the capability of transfering the necessary armature current through
the brush contact at the commutator without sparking and local heating of the
brushes and commutator.

The various investigations on the brush, brush holder and the contact pheno-
mena between brush and commutator, etc., therefore, have been reported by many
researchers. Nowadays quite a few d-c machines have the Tandem Brush (i. e
bisected brush). It has been known that this Tandem Brush gives us rather
satisfactory commutation.?’ 2

This paper treats of the solution of the differential equation concerning the
current in a coil short-circuited by the Tandem Brush supposing the same width
of a brush and a segment in the case of a constant contact resistance. By
numerical calculation, the short-circuit current curves and the voltage drop
curves between a commutator segment and a brush have been also presented
so that the following points may be clarified:

(1) The performance of the Tandem Brush with m=1are inferier to that of the
ordinary brush as regards the transfer of short-circuit current.

(2) In the case of the Tandem Brush with m <1, rather satisfactory commutation
may be expected as compared with the cases of both the ordinary hrush and the
Tandem Brush with m=1.

2. Commutation Equation in the Case of Tandem Brush

The differential equation concerning the current in a coil short-circuited by
the brush can be expressed by the following equation (1) by considering the
contact resistance between commutator segment and a brush as the Ohmic
resistance, so far as the coil resistance is neglected and the brush width is

© B oW OB
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equal to the width 1. —¢ _ .1 Figl. The armature coil
of the commutator R short circuited by a
segment and the Tandem Brush.

mica thickness Component brush B

and B: have the con-
tact surface conduct-
ivities 01 and Oz,
respectively.

between the seg--
ments is assumed
to be zero:

L%—+U1~U2+ec=0 (1)

L; inductance of the short-circuited coil
i ; short circuit current in the commutated coil
v;; voltage drop between the commutator segment No.1 and the brush
v,; voltage drop between the commutator segment No.2 and the brush
ec;; commutating. emf.
; time
In this paper the following symbols are to be used:
I ; conductor current before and after commutation
Ry ; contact resistance at the surface all over the brush
T; commutating period
01; surface conductivity of a leading brush Bl
0'2; surface conductivity of a trailing brush B2

m; ratio of (2 to 01 (m= 6751)
3. Commutation Curve in Case of m=1

(1) The solution of the commutation eguation (1)

The commutation equation in case of the ordinary brush has been solved ex-
actly by J. K. Hayashi and M. Naito. ¥’

They have developed a clever method of solving the differential equation. In
case of the Tandem Brush, the commutation equation can be solved by using
their method as follows: -

By introducing the new variables x =t /T, y=i,/1I, c¢= ec/2IRs and
1/b=r= (2LI), (2IR+T), Eq. (1) can be divided into the following three
cases, according to the contact features between the segments and a brush;

1) Case of o<x<a

In this case one can obtain the following relations;

- .y WRos - N Ry
y (] — ;) _WRs ;) __Re .
Ve=(1 = i) =0 (1= i) —*55 (3)

where =x/W, W=1+a-— a,
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Substitution of Egs.(2) and (3) into Eq.(1) gives

S (k)= o (k) e W

where & = Wb,

Eq. (4) is similar to the equation obtained in the case of the ordinary brush.
Therefore, the form of the solution of Eq. (4) is the same as in the case of an
ordinary brush, namely,

s , 1 —x X » Iy
yl:1—2x+2(1—bc)(—,x)f<1fx)dx (5)
Using the relation x’= ‘; , one can rewrite the above equatlon as follows:
—1—90_X 2 (1—pc — ’
Yi=1-2-5-+-2 (1 )f L (6)

2) Case of a1<x < a2

In the case of @, <x <a;, one has the following relations:

_ . WR s
U1—(I+1)—1—_‘Tl‘ {7)
ve=(1—i) e (®)
Substitution of Egs. (7) and (8) into Eq. (1) gives
dy W W N_ (W W\
d x + by (1—a2+_aT_)“b a; 1—(12) 2bc (9)

Upon putting @« = W/ (1~ a;) + W/ ai and =W,/ ai—W (1 —az ),
one has the following equation:

Y taby=p6—2be 10
The solution of Eq. {10 is
y:e—abx[cl+<ﬁ__ L)eabx] W)
where C;is an integration constant. By introducing the initial condition of
yy =Ya1= y, |y = 4, at x = a,,theintegrationconstant C; will be decided
as follows:
Ci=Ya, e b —(13—}25)@‘”"’1 12
Substitution of Eq. (12 into Eq. (1) gives
Yo = {ga - L2 ) et (a0 (£22¢) 1

where « and (4 are the constants which can be determined by the dimensions of
the component brushes B: and B:.

3) Case of a2 <x <1

In the case of a:2<x <1 one has the following relations:

U1:(I+i)*1—v_V§/bT:(I+i)“——1R_bx,, (19
_ WRo» _ o, Ry
Ve=(1I 1)m—(1 i) (15)
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Substitution of Eq. (14 and (I5) into Eq. (1) gives

4y 1 1Y o o
7 +by(1_x,,+ ) b( ,x> 20b¢ (16)

where X’ :T( W—1+ x), b = Wb

Eq. (1§ is similar to the form of Eq. {4), therefore the solution of Eq.
(16) is similar to that of an ordinary brush, namely,

Y=1-2:+ Lxﬁ— [Co+2(1—bcf ¥ e ] )

1 —x”
where C, is an integration constant.
By introducing initial condition of Yy =Y lx=q» =Ya: at x = a,, one
can obtain the integration constant C; as follows:

W—1+az2 \¥ W— 1+a2 2 , W—1+
Com (2292 ) [y, Mmlter —W(H)c)f( x)dx}_a/u@

By substituting Eq. (8 into Eq. (17) one can obtain the solution Y =Y, in
the case of a»:< x < 1:

Y,=1— 2( *1+X)+( 1= )[ w— 1Aa2 (yaz__W—Lle}

W W—1+x T1=ar )1 W
~ 20 e fx( —1+x)b’ ] (19
w Jaz 1—x
Thus, the equations which represent the commutation curve of the Tandem
Brush are as follows:
1) Case of o< x <aq

y:lf_g_x+_2_<1vbyc)<W*x>b’x< X b dx
: W w x o W — x

2 ) Case of aicx < a,

Yn = {yal_ﬁ‘fazc } € ab(alﬁx)_k _ﬁ:?&g_c_

3) Case of ay<x <1

2 W—1+as\V
Yo =1 w—1ex) 4k Hx)b[ A

(Yar - Wolasy L 2y [X(WoLlx)iy,)
{Ya v }+W<1 bc)ﬂ22 = dx

Figs. (2)~(7) show the commutation curves of a Tandem Brush with a;=0.4,

= 0.6 and W = 0.8 in the case of T =12, 1, 2, 5, 10 and 20,
respectively. In Fig. 3, dotted lines are the commutation curves of a ordinary
brush-at r =1, W = (.8. Fig. 8 shows the relation between the comm-—
utation curve and the value of W.

(2) Evaluation of Commution in Case of the Tandem Brush with m= 1

When the value of the voltage drop between the segment No. 1 and the
brush is about 3 ~ 3.5 volts, the d-c machine may have spark between the
commutator segment and the brush. 4’ This value of the voltage drop which
is closely connected with satisfactorv commutation can be ohtained as follows:
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IRsW (1 + yn) /(1 —a), (a1<x< ayp)
IRsW (1 + yu) /(1 —x), (a<x<1)

Especially, the value of wv: at the end of commutation is important and it
becomes

Ul—IRbW(l +y.) /(W=—x), (o<x<a) }
20

Lim v1 = ~IRsw Lim % @)
Therefore, the quality of commutation can be estimated by the value of lxi~)n}
dyy  dx. Table 1 shows the values of hm dyy  dx and llm Uir
Table 1.
ralues of r/Wand ¢ | Li® ¥’'p| LI™ pir |values of L and RbT
/w>C| —» +
Lozt [Ty=c| 2w | +1 2 ReT
Vw <C| +o — o
Tt | L2 %f_,/fy ll_,jw L <RroT

From Table 1 one can understand the following relations:
1) In the case of 7/W=g¢
11m ¥ and llm Uir have the finite values for all cases of /W Sc
2) In the case of T/w<1, '
lm% ¥ and lmi Vir are—%—lc_ i.e. finite for any value of c.
Therefore, In the above two cases, one can expect satisfactory commutation.
3) In the case of "/W=1 and /W =Z ¢
h_)m ¥’ and Ilm Uiz are infinite. In these cases, commutation will be hard.
4) Whether the values of )1(1_)'11{ ¥ and 11m Uir are finite or mnot is
decided by the valus of 7/y.
The value of U1r used in Table 1, upon putting
Ur
. U = 2
is expressed as follows:

ViR =

w 1+
2 _WT (O <x Sal)
W 1+ yu
2
w_

Y (a1<x < ay) 23)

= %%’L (a2<x <1 )
The values of Uiz in the cases of ¥ =1/2, 1, 2,-5,10 and 20 are shown
in Figs. 9 ~ 14, respectively. In the same way, one can estimate the value of
D2r as follows:

D2r = 20112?1) ZV; 1;y, (o0 <x <ajp)
2—%/———1%1—!/—9— (a1<x 7 a5) @)
—y
= Ig w1~1-+I§c (a<x<1)
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Figs. 15 — 20 show the values of Uik in the case of r=1/2,1, 2, 5,10
and 20, respectively.

In the cases of r=2, 5, 10 and 20 the values of Uir reveal the maximum
at the leading edge of the trailing brush Bz in Figs. 17 ~ 20. However, this
muximum value is not so large except when the large value of ¢ is given. On the
other hand, the value of Uirhas a comparatively large value as compared  with
the value of U2r even in the case of 7/W<1. Therefore, one can understand
that the brush sparking will appear easier at the trailing edge of component
brush Bz than at any other positions over the surface. This tendency is likely
one of the ordinary brush. Now, upon comparing the commutation curve of
Tandem Brush with that of an ordinary brush, the former has the following
tendency:

1) In the former period of commutation, commutation is carried out earlier
than in the case of an ordinary brush and in the latter, it is down later than in
the case of an ordinary brush.

2 ) The greater the gap between the component brushes B; and Bz is, the
larger the above tendency becomes.

(8) The value of ¢ which gives the linéar commutation

The value of ¢ which gives the linear commutation is obtained by the equa-
tions (4), (9) and (1§ as follows:

1 —
CI:T’—W—W"_—DXK—‘ (OsxSal)
— 14 W |14
Cu=vr = a, -+ <1~az+ 2 )x (a1£x£az) ' 95)
. Wx
Cu=r W+_—a1—a2+x (a2<x <1 )

By commutation curves shown in Figs. 2 ~7 and Eq. (), one can know that
it is necessary to give the commutating emf., in order to get the linear commut-
ation, as follows:

1) In the former period of commutation, to give smaller value of the com-
mutating emf. than the value in the case of an ordinary brush.

2) In the latter period of commutation, to give larger value of the commu-
tation emf. than the value in the case of an ordinary brush.

4. Commutation Curve in Case of m<1

(1) The solution of the commutation eguation (1)

The differential equation concerning the current in a coil short-circuited by
the Tandem Brush, where surface conductivities of the leading and trailing brushes
are 0’1 and Oz, respectively, can also be expressed in the same way as the
equation (1). di

L dt

LU;—V2+€c=0 (26)

(148)



Analysis of Commutation Curve of d ¢ Machine with Tandem Brush 511

By using the same variables introduced in the former Section 3, Eq. (6
can be divided into the following three cases according to the contact features
between the segments and a brush.

1) Case of o=x=a;
In this case one can obtain the following relations:

Vi= (I+i) ! = (1+i) R @)

(1—a2)Ge+@—t/T)01 1—x
1
= (I—i)FFm=—= @9
ve= U= 75~ |
where ¥ =x /W’ , W'=a1+ m(l —az) and m:(72/0'1.
Substitution of Eqs. @7) and (8 into Eq. (6 gives

dy 1 L>* ( 11 ) B )
T+bly<1_xw+ X =b1 X 1_x9‘ 2bic (2)

where b1 = W’ b .
Eq. 9 is similar to Eq. (4), therefore one can get a similar solution te

Eq. (5) as follow: ’
_— b X K] b R
y1—1—2x +2(1—b1C)(1 x)/;(Tf_—i7>ldx (30)

Using the relation ¥ = x /W’, one can rewrite Eq. 80 as follow:
2 W — x \bifx X b1
Yy +—W7‘(1—b1€)(*’7——> /:) (W——X) dx(31)
2) Case of a1<x < a,
, 1 , WR,
1 ( +l)(1—(12)0‘2 (I +1i) (1—a,)m 82
. . 1 _ .y WRy
V2 = (I z)—ald1 = (I i) . 33
Substitution of Eqs. 2 and (3 into Eq. @6 gives
dy W’ W;}: {W’_ L }— 4
dx +by {m(l—az)+ a b ai m(1—as) 2 be. 84
Upon putting
- W’ W’ W W’
. a“m(1—02)+d1 ’ ﬁ_al m(1—asz)
Eq. 64 becomes as follw:
f$L+a by =1b (f—2c) )
The solution of Eg. (5 can be obtained as follows:
2 b(ar— — 2
Yo ={Ya— o BE Y e@VOT)  Boke )

The above solution has been derived by deciding the integration constant at
the initial condition: ynzyllx:m:yal, at  x = ai.
(3) Case of a:2< x < 1
W’ R
(I 1), Tox

=1 +i)=B @

=(I+1i) —

(1— t/T)o‘
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1 W’R

U2:(1“l)am2: l)m ([—1)7 (38)
where
" (a1/m) —az + x . w'—1 -+ x
(al/m)_02+1 - w”
W= (al/m) — ay + 1 = ﬁf]i'lw’

Substitution of Eqs. @7 and @8 into Eq. @6 gives
dy 1 1\ _ 1y
“&‘F + b2y (—lt? +*x7>—b2(7 ““"‘-1_x,,'> 2b26 (39)
where by = W’b
Eq. (9 can be solved by the same way as the solution of Eq. (29. Thus,
one can obtain the solution of Eq. (39 as follows:

ym""l_ZX”‘}‘(l )bz[c +2( l—bzc)f

By introducing the initial condition of yu= Uy, ] x=a: — Ygz at x=ay,

” 40

the integration constant C3 can be decided as follows:
or= i) e 220
° 'm‘(l‘GZ) y2+al+m(1~ag\
_ (ar/m)—az+x) b2
W” (1— b2 c)f T—x } dx{x:a (4

By substituting Eq. @1} inte Eq. {40, one can obtatn the solution of Eq. {39
as follow:

_ 2 (ar . ( 1—x >b2[<a1/m>z ai/m—1-+ta:z
Yun=1- W”(m+x a2)+ 01/m+x a, +“—M7__~}

ai/m-+ x —asz ) b2
e W,, (1—626)/;2{ T 1 ] )

Thus, the equations which represent the commutation curve of a Tandem

Brush with m<1 are as follows:
1) Case of o<x=<a;

2 W’ — x b1[x X b1
Yr=1-— W W,(l—blc)< " )\/O\(W’—x dx

2) Case of a<x<a,

B — 2c —a’h x—al) B —2c
yn:{ym—'—T—}e ( L
3) Case of a3<x<1

be
2 ai 1—x b/ ai/m ai/m—1+a;
Yoot (= (g ar) (1 2ar) Y™ )

2 ai/m-+x—az\ b ]
+W(1—bzc)faz{~——————l_x } dx

Figs. 21 ~26 show the commutation curves in the cases of r =1/2, 1,2,
5, 10 and 20 respectively, where the commutating emf. is constant and the
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dimensions of the buush are a;=10.4, a;=0.6, W=0.8 and m:1/4. In
Fig. 22, commutation curves of the ordinary brush and the Tandem Brush with
m=1 are entered to compare with the performance of three brushes.
(2) Evaluation of commutation in case the Tandem Brush with m<1
Upon putting Vi = U1/21Rs
D2 = 02/2 IRs
one can obtain the values of Uik and U2z as follows:

1 4y
Uir = Iév W’—xI (0 <x < aj ]
W 1 + Yyn
= o T —a@ (a;<x < a) )
W 1 + Yu
= 3 R (as<x <1 )
W’ 1 —y
UZR: 2 %x ! (O <x Sal) B
w1 -y
=5 a1 = (a1<x < a) (44
A T
- 2 Wn__1+x (Hng<1>
From above equations of y and U:ir , one obtains the values of 11_)11'11 y’
and ll,n? Uir as the following Table 2:
Table 2.
values of "/y» and ¢ )gnl Yu il_;ni Uirr | values of L/W” and RsT
G >C | — o + oo .
r _r_ _ __2
W” >1 w” C W” B + 1 W’ >RbT
w7 <C | + oo —
W >C | — o + oo .
T T __2+K K S
W” 1 I’V” —_ C Wn 1 + 2 W” RbT
#r <C + oo — 0
EAPTE S 2 1] 1-¢ L
W’ <1 W” %C Wnl_r/W,, 1_ 7'/W” W, <RbT

In Table 2, K is the first term in Eq. @l as
N a; bz{ ar—m(1— as) }
K_{m(l—az)} Yaz + a1+m(1—ay)
In case of the surface resistance of the trailing brush being larger thanthat
of the leading brush, the effective width of the brush as a whole reduces to
W =a;+ m (1 —ay) when the width of the trailing brush is conventionally

converted into the leading one of the brush. This fact is equivalent
to the reduction of the commutation period in the range, o<x<a,.
On the other hand, the conventional conversion of the leading brush into the
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trailing one results in the fact that the width of the whole brush is enlarged as
W =(a; /m) + (1 —a;) in the range, a2<x < 1. This manner of understand-
ing is equivalent to the concept of assuming an increase of the commutation
period.

In another range ai<<x<ay, while the segment mica lies between the com-
ponent brushes, the contact resistances remain constant. in this period the
commutation curve has the exponential form according to Eq. (6. Thus, the use
of Tandem Brush which has the condition m<1 enables us to obtain a satisfac-
tory commutation by making the value of lxirgl dy/dx and ]Xer% Uik smaller than
that of an ordinary brush even when r>1.

From Table 2, one can also express the performance of the Tandem Brush
with m<1 as follows:

Under the two conditions of

(a) Vl;” =>1 and —g—;—, =C
r
(b) > 1 and G 2 C
the value of Iirrll Urr is finite. Therefore, we should consider the realization
Pl
of the above two conditions. It must be difficult in practice, however to re-

alize the conditian (a) but the condition () may be realized by making a brush
with the value of W” as Eq. @5:
w=((-Z—1)art a1+ (1 -ar) ] )
2
(8) The values of ¢ which gives the linear commutation

The value of ¢ which gives the linear commutation is. obtained from the equ-
ations 29, (4 and (39 as follows:

Ci=r—W (1-—W) /(W —x) (o< x<a1)
Cu=7r— W/m (1— a)+W{1/m(1—ay) +1/a1} x (a1<x<az) 46)
Co=r—W (1—-W") /(W —x) (az=<x<1)

5 Summary

The present writer has solved the differential equation concerning the cur-
rent in a coil short circuited by a Tandem Brush in order to obtain the follow-
ing results by regarding the contact resistance between the commutator and a
brush as an Ohmic resistance, so far as the brush width is equal to the width
of the commutator segment and the mica thickness is assumed to be zero:

(1} In the case of a Tandem Brush a linear commution can be reallized, so
far as the commutating emf. is given by the equation (25 or ({46) to the respective
cases.

(2) When the commtating emf. is constant and the Tandem Brush has the
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value of m=1, the value of lxi_)n} di /dt is finite in the case of L/W < RsT
and then a satisfactory commutation can be realized. On the contrary,
the value of li,nf di /dt is infinite in the case of L/ W = R:sT except
for a case of r/W=c.

(3) In case of m=1, the value of W is smaller than 1. Therefore, the
performance of commutation in case of the Tandem Brush 1is worse than
in that of the ordinary brush as regards the transfer of the cur-
rent.

(4) In the case of a Tandem Brush with different surface conductivities of
two component brushes, the value of %{1»1{1 di /dt is finite under the
condition of L,/ W <R,T. So, a satisfactory commutation can be easily
realized.

(5) The value of lxia_jln di /dt is infinit in the case of L/W’=Rs7T except
for a case of r/W”=c. However, the larger the W’ = (ay/m) +1—a:
.is, the easier the commutation beccms,

(Received Apr. 30, 1963)
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The Operating Characteristics of x Chart
when Measurement Errors Exist
Takazi Kanazuka

Abstract

When measurement errors exist, the control limits of x chart are # + 31/ (¢p>+on?)/n. In this
case, op? is the variance of process and on?is that of measurement errors involving sampling errors,
and n is sample size. If the change of the process average is ¢ times as great as the process
standard deviation ¢p and the changed process standard deviation is ¢ times as great as op, the

power of detecting the change of the process is
14 (04 /0r)? / 1
P=a{- ~8.[n | - }
%fk2+(6M/6PV " ke (ou/0p)?

*‘I’{’3f klziggﬁ//gﬁgj *"”TJ ze2+<61M/ap>2 }

The influence of measurement errors on x chart js explained in detail in this paper.
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) 0V o |—3—48v o Pr1 —3+dv 0 Pra P

0 0 - 3 0.00135 - 3 0.00135 0.00270
0.5 1.0206 —  4.0206 0.00003 — 1.97%4 0.02389 0.02392
1.0 2.0412 — 5.0412 0.00000 — 0.9588 0.16883 0.16883
1.5 3.0619 — 6.0619 0.00000 0.0619 0.52468 0.52468
2.0 4.0825 — 7.0825 0.00000 1.0825 0.86048 0.86048
2.5 5.1031 — 8.1031 0.00000 2.1031 0.98227 0.98227
3.0 6.1237 - 9.1237 0.00000 3.1237 0.99911 0.99911
3.5 7.1443 | — 10.1443 0.00000 4.1443 0.99998 0.99998
4.0 8.1650 — 11.1650 0.00000 5.1650 1.00000 1.00000

£—2.1 n=4, 37~

t;Zyﬁiifi »O 0.1 0.2 0.3 0.5 1.0
0 0.0027 0.0027 0.0027 0.0027 0.0027 0.0027
0.5 0.0228 0.0204 0.0185 0.0169 0.0146 0.0110
1.0 0.1587 0.1372 0.1201 0.1064 0.0858 0.0564
1.5 0.5000 0.4445 0.3969 0.3561 0.2910 0.1898
2.0 0.8413 0.7921 0.7426 0.6943 0.6049 0.4319
2.5 0.9772 0.9614 0.9411 0.9170 0.8605 0.7038
3.0 0.9987 0.9967 0.9934 0.9882 0.9712 0.8930
3.5 1.0000 0.9999 0.9997 0.9992 0.9967 0.9744
4.0 1.0000 1.0000 1.0000 1.0000 0.9998 0.9961
4.5 1.0000 1.0000 1.0000 1.0000 1.0000 0.9996
5.0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

&—2.2 n=5, 3vrS=k

5 o’ [ae? 0 0.1 0.2 0.3 0.5 1.0
0 0.0027 0.0027 0.0027 0.0027 0.0027 0.0027
0.5 0.0299 0.0266 0.0239 0.0218 0.0185 0.0137
1.0 0.2225 0.1927 0.1688 0.1494 0.1201 0.0780
1.5 0.6384 0.5785 0.5247 0.4768 0.3969 0.2649
2.0 0.9295 0.8969 0.8605 0.8218 0.7426 0.5645
2.5 0.9952 0.9901 0.9823 0.9715 0.9411 0.8297
3.0 0.9999 0.9997 0.9991 0.9980 0.9934 0.9594
3.5 1.0000 1.0000 1.0000 0.9999 0.9997 0.9944
£.0 1.0000 1.0000 1.0000 1.0000 1.0000 0.9996
4.5 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
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£F—2.3 n=2, 3vr<k
\giffifsz 0 0.1 0.2 0.3 0.5 1.0
0 0.0027 0.0027 0.0027 0.0027 0.0027 0.0027
0.5 0.0110 0.0101 0.0094 0.0088 0.0079 0.0064
1.0 0.0564 0.0493 0.0457 0.0392 0.0325 0.0228
1.5 0.1898 0.1642 0.1438 0.1272 0.1024 0.0668
2.0 0.4319 0.3809 0.3380 0.3018 0.2449 0.1587
2.5 0.7038 0.6447 0.5900 0.5402 0.4594 0.3085
3.0 0.8930 0.8520 0.8087 0.7645 0.6787 0.5000
3.5 0.9744 0.9572 0.9355 0.9101 0.8512 0.6915
4.0 0.9961 0.9917 0.9848 0.9751 0.9473 0.8413
4.5 0.9996 0.9989 0.9975 0.9951 0.9860 0.9332
5.0 1.0000 0.9999 0.9997 0.9993 0.9972 0.9772
5.5 1.0000 1.0000 1.0000 0.9999 0.9996 0.9938
6.0 1.0000 1.0000 1.0000 1.0000 1.0000 0.9987
6.5 1.0000 1.0000 1.0000 1.0000 £.0000 0.9998
7.0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
F-—2.4 n=1, 3=k
\;<ffififi 0 0.1 0.2 0.3 0.5 1.0
0 0.0027 0.0027 0.0027 0.0027 0.0027 0.0027
0.5 0.0064 0.0061 0.0058 0.0055 0.0051 0.0045
1.0 0.0228 0.0204 0.0185 0.0169 0.0146 0.0110
1.5 0.0668 0.0582 0.0515 0.0461 0.0379 0.0263
2.0 0.1587 0.1372 0.1201 0.1064 0.0858 0.0564
2.5 0.3085 0.2689 0.2364 0.2097 0.1688 0.1089
3.0 0.5000 0.4445 0.3969 0.3561 0.2910 0.1898
3.5 0.6915 0.6320 0.5773 0.5278 0.4434 0.2998
4.0 0.8413 0.7921 0.7426 0.6943 0.6049 0.4319
4.5 0.9332 0.9016 0.8660 0.8281 0.7499 0.5722
5.0 0.9772 0.9614 0.9411 0.9170 0.8605 0.7038
5.5 0.9938 0.9876 0.9783 0.9659 0.9320 0.8130
6.0 0.9987 0.9967 0.9934 0.9882 0.9712 0.8930
6.5 0.9998 0.9993 0.9983 0.9965 0.9895 0.9448
7.0 1.0000 0.9999 0.9997 0.9992 0.9967 0.9744
7.5 1.0000 1.0000 0.9999 0.9998 0.9991 0.9894
8.0 1.0000 1.0000 1.0000 1.0000 0.9998 0.9961
8.5 1.0000 1.000 1.0000 1.0000 1.0000 0.9987
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2 lop2
j;fflfif\ 0 0.1 0.2 0.3 0.5 1.0
9.0 1.0000 1.0000 1.0000 1.0000 1.0000 0.9996
9.5 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999
10.0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
H—21c on®/op*=0.3, n=1, 2, 4, 5 OBFOLEOEILS LKRENP LOBFK

H—3ikn=5, oufop=0~1.0 DBEBEDO 6 L P LDOEK,, R—drn=5,35=0.5~3.0
DBED ou?fop? L P LDOBARERT,

HEOERNLOEDRMmIBLR S,

D FEEAOMES L 5REN—E0HA, MBIV o vm OECI-TEE S,
ok 2iE, M—EhbiE,n=1,0ufop’=04,n=2, 0n"/op? =1.0% 7 n =3 ,0n"/0p*

£—2.5 n=1, 2vr=
T;fﬁffff2 0 0.1 0.2 0.3 0.5 1.0
0 0.0455 0.0455 0.0455 0.0455 0.0455 0.0455
0.5 0.0730 0.0705 0.0684 0.0666 0.0637 0.0591
1.0 0.1600 0.1493 0.1403 0.1327 0.1207 0.1014
1.5 0.3088 0.2847 0.2645 0.2473 0.2197 0.1749
2.0 0.5000 0.4630 0.4309 0.4030 0.3570 0.2793
2.5 0.6915 0.6494 0.6111 0.5764 0.5164 0.4083
3.0 0.8413 0.8052 0.7699 0.7360 0.6735 0.5483
3.5 0.9332 0.9094 0.8840 0.8576 0.8045 0.6826
4.0 0.9772 0.9652 0.9507 0.9343 0.8972 0.7963
4.5 0.9938 0.9890 0.9825 0.9742 0.9530 0.8814
5.0 0.9987 0.9972 0.9948 0.9915 0.9814 0.9377
5.5 0.9998 0.9994 0.9987 0.9976 0.9936 0.9706
6.0 1.0000 0.9999 0.9997 0.9994 0.9981 0.9875
6.5 1.0000 1.0000 1.0000 0.9999 0.9995 0.9953
7.0 1.0000 1.0000 1.0000 1.0000 0.9999 0.9984
7.5 1.0000 1.0000 1.0000 1.0000 1.0000 0.9995
8.0 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999
8.5 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
9.0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
9.5 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
10.0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

=92.0 e rvIShd vV vVm=1 THREAEFR L THS, Flon=2, o/opt=0 &
n=4, oy*/op?=1.0 1k v n v m=v 2 CTHRENIACTH%, ThbbITEOEHL
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T or24-gou2 o7
Im'= | Sartons— a9
Thho WE op/fop=k, TibbTROEE
RS LDk fficic ot & i

- _ [ 1F out/or?
=] kBT owtor W e

LT D BT O R E SR EBRTH 5, Tm
om?/op?=0.1, 0.3, 0.5, 1.0, £ =0.5~6.0
COWTRENZFEL, ToEYE—3 1R
To B—3DHRENRTHE, H—50X51C or
550

— K
-5 g (9

£—-3 3 v U <= % op DEFAL LIS (3 > 7<)

\;<5fiffii 0 0.1 0.2 0.3 0.5 1.0
0.5 0.0000 | 0.0000 0.0000 0.0000 0.0000 0.0001
1.0 0.0027 0.0027 0.0027 0.0027 0.0027 0.0027
1.5 0.0455 0.0401 0.0358 0.0322 0.0267 0.0186
2.0 0.1336 0.1202 0.1088 0.0990 0.0833 0.0578
2.5 0.2301 0.2118 0.1957 0.1814 0.1573 0.1151
3.0 0.3173 0.2969 0.2786 0.2620 0.2332 0.1797
4.0 0.4533 0.4329 0.4142 0.3969 0.3657 0.3035
5.0 0.5485 0.5300 0.5127 0.4965 0.4669 0.4054
6.0 0.6171 0.6005 0°5849 0.5702 0.5431 0.4855

e LT IBRERERE op V8L L 20 7 EHEOBRH KT 5 HIERZEOFE X
DEDEBVTH D,

D BREARFERAOMEA S 2 288 vV Offic I vEE D, BEoRE S LK
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4. TEFHEIREERELSHERLILEEOENE
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THE, Q) IV EOBEOREBIIPRRDLR S,
ERMen=4Ltn=5K>%, on?/op?=0.1, 0.2, 0.3, 0.5, 1,0,
0.5~6.0 DHBEOBIMNEHHAL, ToBELYE—4, B—51FT,

8 =0.5~6.0, £ =
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B DB BIA D T HER O
X —4. 1 n=4, £=0.5
\3ffffjfi 0.1 0.2 0.3 0.5 1.0
0 0.0000 0.0000 0.0000 0.0000 0.0001
0.5 0.0001 0.0003 0.0006 0.0010 0.0019
1.0 0.0263 0.0276 0.0277 0.0266 0.0224
1.5 0.4023 0.3348 0.2854 0.2181 0.1332
2.0 0.9255 0.8563 0.7827 0.6466 0.4141
2.5 0.9991 0.9947 0.9834 0.9571 0.7509
3.0 1.0000 1.0000 0.9997 0.9964 0.9420
3.5 1.0000 1.0000 1.0000 0.9999 0.9932
4.0 1.0000 1.0000 1.0000 1.0000 0.9996
4.5 1.0000 1.0000 1.0000 1.0000 1.0000
F—4.2 n=4, £=2
2 2
\gffifff\ 0.1 0.2 0.3 0.5 1.0
0 0.1202 0.1088 0.0990 0.0833 0.0578
0.5 0.1649 0.1506 0.1381 0.1175 0.0830
1.0 0.2912 0.2701 0.2511 0.2187 0.1606
1.5 0.4724 0.4455 0.4206 0.5762 0.2898
2.0 0.6636 0.6364 0.6102 0.5612 0.4569
2.5 0.8200 0.7985 0.7769 0.7340 0.63%
3.0 0.9206 0.9073 0.8932 0.8636 0.7840
3.5 0.9715 0.9650 0.9578 0.9415 0.8912
4.0 0.9917 0.9893 0.9864 0.9793 0.9536
4.5 0.9981 0.9974 0.9964 0.9940 0.9833
5.0 0.9996 0.9995 0.9992 0.9986 0.9950
5.5 0.9999 0.9999 0.9999 0.9997 0.9987
6.0 1.0000 1.0000 1.0000 1.0000 0.9997
F—4.3 n=4, £x=3
2 2 )
igfﬁﬂfff; 0.1 0.2 0.3 0.5 1.0
0 0.2969 0.2786 0.2620 0.2332 0.1797
0.5 0.3230 0.3043 0.2873 0.2575 0.2013
1.0 0.3960 0.5764 0.3584 0.3263 0.2633
1.5 0.5015 0.4815 0.4628 0.4286 0.3582
2.0 0.6203 0.6012 0.5828 0.5485 0,474
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}TE 0.1 0.2 0.3 0.5 1.0
2.5 0.7340 0.7171 0.7006 0.6689 0.5964
3.0 0.8291 0.8156 0.8022 0.7756 0.7114
3.5 0.8997 0.8900 0.8801 0.8600 0.8086
4.0 0.9463 0.9400 0.9335 0.9199 0.8827
4.5 0.9739 0.9702 0.9664 0.9580 0.9338
5.0 0.9885 0.9866 0.9845 0.9799 0.9657
5.5 0.9954 0.9945 0.9935 0.9913 0.9837
6.0 0.9983 0.9980 0.9975 0.9965 0.9929

K—4. 4 n=4, g=4

w 0.1 0.2 0.3 0.5 1.0
0 0.4329 0.4142 0.3969 0.3657 0.3035
0.5 0.4471 0.4285 0.4112 0.3801 0.3176
1.0 0.4874 0.4692 0.4522 0.4213 0.3583
1.5 0.5482 0.5308 0.5144 0.4843 0.4210
2.0 0.6217 0.6055 0.5001 0.5614 0.4993
2.5 0.6991 0.6846 0.6707 0.6443 0.5854
3.0 0.7728 0.7604 0.7484 0.7252 0.6715
3.5 0.8373 0.8272 0.8173 0.7978 0.7514
4.0 0.8895 0.8817 0.8740 0.8586 0.8204
4.5 0.9289 0.9233 0.9176 0.9060 0.8764
5.0 0.9567 0.9528 0.9489 0.9407 0.9190
5.5 0.9751 0.9725 0.9700 0.9645 0.9495
6.0 0.9864 0.9849 0.9833 0.9799 0.9701

#E-4. 5 n=4, k=25

\6"\““1“\?2 0.1 0.2 0.3 0.5 1.0
0 0.5300 0.5127 0.4965 0.4669 0.4054
0.5 0.5381 0.5210 0.5049 0.4755 0.4144
1.0 0.5617 0.5451 0.5294 0.5007 0.4405
1.5 0.5983 0.5825 0.5676 0.5400 0.4815
2.0 0.6445 0.6299 0.6159 0.5900 0.5340
2.5 0.6963 0.6830 0.6703 0.6465 0.5940
3.0 0.7495 0.7378 0.7265 0.7052 0.6571
3.5 0.8005 0.7905 0.7808 0.7622 0.7194
4.0 0.8467 0.8384 0.8303 0.8146 0.7776
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w
0

0.1 0.2 0.3 0.5 1.5
4.5 0.8864 0.8797 0.8731 0.8603 0.8293
5.0 0.9187 0.9135 0.9084 0.8982 0.8732
5.5 0.9430 0.9400 0.9362 0.9284 0.9089
6.0 0.9627 0.9599 0.9571 0.9514 0.9366

xX—4.6 n=4, k=6

N 0.1 0.2 0.3 0.5 1.0
0 0.6005 0.5849 0.5702 0.5431 0.4855
0.5 0.6055 0.5901 0.5755 0.5486 0.4914
1.0 0.6202 0.6052 0.5909 0.5647 0.5086
1.5 0.6434 0.6291 0.6155 0.5902 - 0.5360
2.0 0.6736 0.6602 0.6474 0.6235 0.5718
2.5 0.7087 0.6963 0.6845 0.6624 0.6139
3.0 0.7465 0.7354 0.7247 0.7045 0.6598
3.5 0.7850 0.7751 0.7656 0.7476 0.7071
4.0 0.8222 0.8136 0.8054 0.7897 0.7537
4.5 0.8566 0.8494 0.8424 0.8289 0.7977
5.0 0.8873 0.8814 0.8755 0.8643 0.8377
5.5 0.9137 0.9089 0.9041 0.8949 0.8728
6.0 0.9356 0.9318 0.9280 0.9207 0.9027

=5 n=5, £=0.5

\3@ 0.1 0.2 0.3 0.5 1.0
0 0.0000 0.0000 0.0000 0.0000 0.0001
0.5 0.0003 0.0006 0.0010 0.0016 0.0026
1.0 0.0619 0.0587 0.0551 0.0484 0.0364
1.5 0.6372 0.5402 0.4643 0.3558 0.2134
2.0 0.9875 0.9614 0.9219 0.8216 0.5813
2.5 1.0000 0.9997 0.9983 0.9865 0.8860
5.0 1.0000 1.0000 1.0000 0.9998 0.9863
3.5 1.0000 1.0000 1.0000 1.0000 0.9993
4.0 1.0000 1.0000 1.0000 1.0000 1.0000
4.5 1.0000 10000 1.0000 1.0000 1.0000
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F—5. 2 n=5, k=2

X@ 0.1 0.2 0.3 0.5 1.0
0 0.1202 0.1083 0.0990 0.0833 0.0578
0.5 0.1758 0.1608 0.1477 0.1260 0.0894
1.0 0.3304 0.3077 0.2871 0.2516 0.1866
1.5 0.5415 0.5138 0.4878 0.4405 0.3459
2.0 0.7438 0.7187 0.6940 0.6466 0.5409
2.5 0.8863 0.86%96 0.8523 0.8168 0.72¢66
3.0 0.9607 0.9525 0.9436 0.9237 0.8649
3.5 0.98%96 0.9866 0.9832 0.9748 0.9455
4.0 0.9979 0.9971 0.9961 0.9935 0.9823
4.5 0.9997 0.9995 0.9993 0.9987 0.9954
5.0 1.0000 0.9999 0.9999 0.9998 0.9990
5.5 1.0000 1.0000 1.0000 1.0000 0.9998
6.0 1.0000 1.0000 1.0000 1.0000 1.0000

®—5 3 n=5, &

T;gngjff 0.1 0.2 0.3 0.5 1.0
0 0.2969 0.2786 0.2620 0.2332 0.1797
0.5 0.3294 0.3106 0.2935 0.2635 0.2066
1.0 0.4186 0.3989 0.3807 0.3480 0.2831
1.5 0.5430 0.5232 0.5045 0.4699 0.3975
2.0 0.6756 0.6573 0.6397 0.6063 0.5319
2.5 0.7930 0.7780 0.7632 0.7342 0.6659
3.0 0.8817 0.8709 0.8600 0.8379 0.7825
3.5 0.9397 0.9329 0.9258 0.9111 0.8715
4.0 0.9727 0.9690 0.9650 0.9564 '0.9315
4.5 0.9891 0.9873 0.9853 0.9809 0.9671
5.0 0.9961 0.9954 0.9945 0.9926 0.9859
5.5 0.9988 0.9985 0.9982 0.9974 0.9946
6.0 0.9997 0.9996 0.9995 0.9992 0.9981

(1783



WSRO D B A O ¥ BRI DR

x—5.4 n=5, k=4
W 0.1 0.2 0.3 0.5 1.0
0 0.4329 0.4142 0.3969 0.3657 0.3035
0.5 0.4505 0.4320 0.4147 0.3836 0.3211
1.0 0.5002 0.4821 0.4652 0.4345 0.3713
1.5 0.5733 0.5562 0.5401 0.5104 0.4474
2.0 0.6583 0.6428 0.6281 0.6003 0.5395
2.5 0.7435 0.7302 0.7173 0.6927 0.6366
3.0 0.8197 0.8089 0.7983 0.7771 0.7290
3.5 0.8814 0.8732 0.8651 0.8490 0.8093
4.0 0.9271 0.9213 0.9155 0.9037 0.8736
4.5 0.9581 0.9543 0.9505 0.9425 0.9212
5.0 0.9776 0.9752 0.9729 0.9678 0.9539
5.5 0.9888 0.9875 0.9861 0.9832 0.9747
6.0 0.9948 0.9941 0.9934 0.9918 0.9870
Z-6.5 n=5, k=5
w 0.1 0.2 0.3 0.5 1.0
0 0.5300 0.5127 0.4965 0.4669 0.4054
0.5 0.5401 0.5230 0.5070 0.4777 0.4166
1.0 0.5692 0.5528 0.5373 0.5088 0.4489
1.5 0.6138 0.5983 0.5837 0.5567 0.4990
2.0 0.6685 0.6545 0.6411 0.6161 0.5617
2.5 0.7278 0.7154 0.7035 0.6811 0.6311
3.0 0.7860 0.7755 0.7653 0.7459 0.7015
3.5 0.8391 0.8305 0.8221 0.8059 0.7679
4.0 0.8843 0.8776 0.8709 0.8579 0.8266
4.5 0.9205 0.9154 0.9104 0.9003 0.8756
5.0 0.9477 0.9441 0.9404 0.9330 0.9144
5.5 0.9672 0.9646 0.9621 0.9569 0.9435
6.0 0.9803 0.9786 0.9770 0.9735 0.9643
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oS
B
b
e

#£—5.6 n=5, £=6

0 b -

m 0.1 0.2 0.3 0.5 1.0
0 0.6005 0.5849 0.5702 0.5431 0.4855
0.5 0.6067 0.5914 0.5768 0.5499 0.4928
1.0 0.6250 0.6100 0.5960 0.5699 0.5142
1.5 0.6535 0.6394 0.6260 0.6012 0.5478
2.0 0.6897 0.6767 0.6644 0.6413 0.5910
2.5 0.7309 0.7192 0.7080 0.6870 0.6406
3.0 0.7738 0.7636 0.7557 0.7351 0.6933
3.5 0.8159 0.8071 0.7986 0.7825 0.7457
4.0 0.8548 0.8475 0.8405 0.8269 0.7953
4.5 0.8891 0.8832 0.8775 0.8663 0.8400
5.0 0.9180 0.9133 0.9088 0.8999 0.8786
5.5 0.9412 0.9377 0.9342 0.9274 0.9106
6.0 0.9592 0.9566 0.9541 0.9489 0.9361

10r- g
i
09— i
08—
Q=
odl—_K=6
4 H 2 3 4 5 4
— A - K
X6 #iihmis G) -7 ®sHiAEERR (6)
nlop WAL LICHS nkor DEAL LTS &

n=4 oy?/op2=0.3

n=4 om2/op?2=0.3

(180)
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M—6en=4, ou*/op?*=0.3, £ =0.5
~6DPED O LP LMK, M—7kn=
4, on?/p%=0.3, 0 =0~4 DEADk &
PLofER,N—8rn=4,0=92,k=0.5
~6DHED on?/op® L P LOBEZAYTFTo
Fio, R (22) @WRWT, n, an?/op? %
HWELPEZEELT, M LroBan%h
HIBERPBLRE, D=4, on'/ep2=0.5
DB FLSTEHER T, BRY R
5EH—9D X5 Imlsh, B— 9wt higo
rdi, n=4, ou’/op?= 0 DBPEDOP =

0.01, 0.50, 0.99 @%ﬁﬂjﬁﬂg}%i} f}?éﬁb 025 02 24 08 28 70
71, —_ 6%;
e X-8 #HDIES (D
#rop DML LIS
n=4 ¢=2

—2 k
X-9 SkHIH
n=4 Jmi/op2=0.5
s L oop BRIRFIZ B LIc B a0 & WERO # e 2 HE 8L o B8 2 8+ o

%@&%Df%éo
1) 0=0, =10tk ox?/op? BRI EE Ly,
2) 3R CTRIBOR,r <1, dv n <3 OHBENTHTEEENTEETS L,
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3) 3= T o op=0.1~1.0 DEFTIE, 2) OEHEEERZon?/oe 23 HERTHITH
Hjt/heten, L e2ha3d (6=£1), 6V n =3~50LXHRBHOBIDOBEBEN
REL,

) X () KEBWT, §HAKREDHEZATIR 0V HNERLEHEYLD, e WKRTS
Ly OENNE LD TR NI L o TNER D,

5) OpNeBh ko ATIER (22) ©3v T REARLEHFEYLD, KT SHE VD
DENRNE T2 D O THRE DT T

6) om?/op? PR LI THHIIPEA Lics &, ndReThidlti e EET 5 < L
WRETH Do

5. &
TERPFEDOANEL LGS, TEERFEEZOLINEL LSS, kb ohbrnldr
BALLIHAD = FHNOKRE N T2 QIEHEOBEL T, WERENEH TS
WEAREENORE N T EE L T2 EDLAEN D B0, FORMIIAROERE»HE
FRoY (P
¥ebic, MBI Bb o BUR TRAYEELEI T KGR o B i %
Tho FRABMOLED F LD BT o TITELRNERBOHINC L H LT A% 0, FL
TRBEOBYEDT,

it

(PEAA385E 4 A30HZH)

X [
D RS R~ (HEHE, 1959)
2) Cowden, D.J. : Statistical Methods in Quality Control P .257 (Prentice-Hall, Inc.1957)
3) Mizuno,S. : Bulletin of the International Statistical Institute 38, Part3, 405 (1961)
4)  EFTEL, B IEERREGNAR, 558 (BARMEIERS, 1950
5) HERVETH : WEEEL, 10, 802 (1959)
6) HA B:ENl 12, No.9, 4 (1959)
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