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On the Photoelastic Experiment and Analysis of
the Deep Scheibe Models

Sakutaro Nakamura and Masao Shimura

Abstract

Recently the extremely deep Scheibe of immense height (A) for the span (/) has caused
much public discussion in the field of the civil and architectural constructions, and Messrs.
S. Timoshenko, Karl Girkmann and Kurt Beyer discussed in their already published books that
the solution of deep Scheibe in the case of A/[>0.50 was satisfied only by the Scheibe Theory,
not by the Beam Theory.

"The present writers performed the photoelastic experiments on some deep Scheibe models of
h/1>0.50 made of epoxy resin plates in order to find their stress phenomena.

Then, they carefully compared these experimental results with the theoretical values calculated
by applying one Deep Beam theory and some Scheibe theories, and they clarified the tendency of
stress distribution of models.
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BERICETBZ FORE
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HIRE LI, TORNEREFTROED TH b,

(a) lower side unloaded part F=0
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135 +2.56674742660841E+00 235 +3.42232950214460E+400 335 +4.27791237768089E+00
136 +2. 558 7TTZ26109035E+00 236 +3.41169501478725E+00 336 +4.26461676848421E+00
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(f) upper side loaded part F=—Px?+0.0425Pa?
(g) out side F=—0.025Pa
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On Bending of Multi-Equi-Cell Plate
Sumio G. Nomachi*

Abstract

Bending of a orthotropic plate which is built up in multi-equi-cell profile by many long rect-
angular strips, is considered here. Making use of Displacement-Shear Equations concerning folded
plate theory, we can write equilibrium of forces at a longitudinal joint, in four finite difference
equations with respect to three components of displacement and rotation, and an analitical method
for solving those finite difference equations by means of finite Fourier transforms based on finite
integration, is discussed. As numerical examples, the case when four sides are simply supported
and the case when two edges of multi-cell profile are free and remaining two sides are simple

supported, are presented.

1. Introduction

A few studies on multi-cell bridge structure can so far be found“®®, they
might, however, be far from so to speak “Multi-Cell Plate”, because number of
the cell is too short to be called so. While the recent studies on multiple folded
plate structures have made remarkable progress relating to the computor technique
either in elasticity theory? or ordinary folded plate theory®®. A. C. Scordelis and
his colleague members settled the elasticity theory program, written for the IBM~
7094, which was capable of analyzing simple span structures with up to 150 plates
and 100 longitudinal joints, and the program used a harmonic analisis in which
as many as 100 nonzero terms of the appropriate Fourier series might be selected
to represent each load on the structure. As for the ordinary folded plate theory,
quite a few programs have already been fixed and many valuable numerical examples

/x
ﬂDﬂ]}Pf
Vi

0. /2 r=l_r  r+7 n-; 7 y

[ t

b a /
oy 72 IV n-r n
X

Fig. 1.

* Member of Japan Society of Civil Engineers.
Muroran Institute of Technology, Muroran-City.

(25)



370 Sumio G. Nomachi

have been presented. It may therefore be true that there is no new on the view
point of numerical calculation about the multi-cell plate with simple pan, but it
may still be important to seek an analitical way for the solution, because we may
not only check the differential equation which is supposed to approximately express
the bending of multi-equi-cell plate, but also be able to simplify the program for
the computor by taking the analitical result into account.

The presenting paper deals with the simple span n-cell plate as shown in Fig.
1, the upper and lower longitudinal joints of which are numbered by 7 and R,
and the three components of displacement %, v, w with subscription 7 denote the
components at the »-th joint in the x, y, 2 directions.

2. Displacement-Shear Equation of Long
Rectangular Strip #, »#+1

Co-ordinates s and x are located on the rectangular strip », r+1 as shown
in Fig. 2, p, and p, denote the normal fo

Speer! rces in the s and x directions, and let ¢
0 ~ v be the shearing force, then we have the
f Side following equations :
a
J Side I’ P
T
- | ¢
] N
2%
+97 4
Spotr 1 ax *'44 oy
Pr.
S Y Y 4
0 x 297
[ Sider 4 ox
b
l Side r+7 ]
P -
Trd.r &+ %”‘4
A +a—é’—d4
S Sre7em ey
Fig. 2. Fig. 3.
228, 4+ fai =0 (1)
os ox
Opa 09 _ (2)
ox 0s
Et ) ov
. = w Av——|, 3
r 1— < as ) (3)
Et [dv
s = — 4wy, 4
? 1—)° ( ds ) (4)
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qg= Gt ou + v
0s
where FE, G: elastic modulus, shear modulus,

t: thickness,

and

, ou , v
u == ="
oy

371

The variation of « is assumed to be linear about s like in the folded plate theory,
and let us introduce the normal strain in the s direction as the linear variation
of s which may be appropriate for the long strip, in order to take the effect of

Poisson’s ratio on the stresses into account.

Thus
w=1u,(1—5/b)+u, s/b

D0 e (1 sfB) st
Js

which together with (4) yield

PS)S:—'O = Sr-r—i-l = Et 9 (er‘{"uu;)
1—y

Ps)s:b =S8, i1 = Ltz (e, s1+ Vit 1)
1—y

and integration of (8) from 0 to & with respect to s is found that

24v,=ble,+e,.1)

Since the strip is long, it can be assumed that

0 b
S vdr = (0,.+,)

0

and the above defnite integration is also carried out from (8):

/) bZ
S vdx = s (2e,+e, 1)+ bv,,
0

which and (12) finally give

%Avr = % (2e,.+e,i1) .

(7)

(13)

(14)

The assumption we take in (12) is that the quantity of e,,;—e,. is small enough
to neglect in comparsion with e, ,+e.. Writing p, in (2) by (7) and (8), and

integrating it with respect to s, we get

(27)
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t I2s ! 2 7 ! 2
q = T’r-r+1 - “1%7 {(ur +er><s - ZSb >+ (Z£7'+1 +e7‘+l>%} (15)
from which
Lt
Tvir+ T, =— (U, +tp 1 t+e.+e,.. 16
1 1 21— (,+ 21 1) (16)
because ¢=T,.,.1, g= —T,,,., for s=0,b.

After substituting (15) into (1) and integrating it again from 0 to & with respect
to s, the displacement shear equation takes the following form;

7= 2 )+ %<2e;'+e;;l> (S =S, (A7)

which and (16) lead to

= %—(2u;:1+ W) + %<2e;;l+ez> F (Spr— S, (18)

The 2nd terms on the right sides of (17) and (18) can be replaced by v with the
consideration of (14), and they are rewritten as

L= @l w4 Y ol ) (S =S )b, (19)
6 2b
- %@uﬂl )+ 2 L= 0) (Srr— b (20

where N=Ebt/(1—%)

3. Displacement v and Bending Moment at
the Longitudinal Joint

Differentiating (5) with respect to x and then integrating with respect to s
from 0 to b, we finally come to the result by negleting those smaller terms, as
follows :

Gbt

('U,,+1+‘U7.>: _GtAur+Sr.T+1_Sr+1.r (21)

and for the diaphragm member r R,

Gat (o tww,) = Gelu, —tup)+ S, n—Sp, - (22)

Besides those formulas, the bending moments which take place at the joint
to prevent the cells from the deformation and the shearing forces following them,
must be formulated. For this purpose the slope deflection equation is to be used.

M, = 2K(20,+0,,,— 3o, [b) (23)

(28)
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M,..., = 2K (20, ., +0,—3w,/b) (24)
M, .= 2K; {20, +0,—3(v,—vz)/a} (25)
bX,.pir = —6K (0, +0,.,— 24w, ) (26)
aX, z= —6K, {0, +0,—2(v,~vy)/a} (27)

Xr-r+1 = Xr-}—l-r

where M,.,..: bending moment about the joint r in the upper member 7, 741,
X, .1 : shearing force at the joint » caused by both edge moments of
the member 7, »+1
dw, = w, . —w, .

4. Equilibrium of Forces at the Joint #

It is easily seen from Fig. 4 that the four equilibrium equations should be
written as follows:

Pr
Tr—%' Trrer Xr=1t
Mr -ir,
Sp-iF Srr+1,
Mrr+7
Xrr+1
Tre
Xvp =—t—
Mr.f'\;/
Srr’

Fig. 4. Forces around Joint 7.
Spri1 =S 1 — X,z =0 (
S,nt+tP+X,pi—X,01=0 (30
Trwir*+ Ty +T,=0 (
M., a+M,., +M,. =0 (

into which the substitution of R for » and r for R, yields equilibrium of forces
at the lower joint R.
Let .S, be the mean value of S,.,., and S,.,_,, then

Sr-r+1 = Sr+ —;“XTR 5 Sr-rfl :Sr_ % r R <33>

which will make the forthcoming expressions simple.

For an instance,

Sr~r+1_Sr+1-r +S1'-r—1—Sr—1-r: —Azsr—l + -é—“Z’Xr-R (34)

(29)
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S S S S, = S, A4S, — %ZIXR., (35)

Where ZX,.R = Xr—i—lJ-E—}—l_Xr—-l-}?.—l .
We find from (30), that

S,.z= %(Zﬂ,.*ZAZw,_l/b) —P,. (36)

The substitution of the displacement shear equations into (31) yields

At bu)+ B )+ 2 ol
+<Sr‘r+1_Sv~+1-r +Sr-rA1_Sr—1~r)/b +(S9"~R-*SR-7«> = O

which by the aid of (21), is rewritten in the followign form

N v uy+ N+ o)+ 2N Gy,
6 2%
+ —gt_zm + —GbiAQur_l (Son—Sp)a=0. (37)

Similary the slope deflection equations transform (32) into
2K(40,_,+60,)—6K dw,[b

6K,
a

+2K,(26, + 05 —

(v, ~vg)=0. (38)

Replacing the left side of (34) by (21), we get
Gbtdv, +2GtLu, . = =245, _+ 41X, 5, (39)
and putting (9), (10) into the left side of (35), we find

ON Jo, + Nb (4!, + 4l = ABES, + B LS, | — %bZZXT.R (40)

where
4X,. = —6K,(40,+ 40, —2dv,[a+24v]a) .

The diaphragm  member may play a part like the web in the I-beam, so that
the effect of the bending on the deflection w is more major than that of the
shearing. The equation (22) can, therefore, be rewritten as

w, = (u,—ug)la, (41)

which is observed that the difference of w between r and R is neglected.

Substitutions of 7, R for R, » in (37), (38) excluding the last term (v, —vy), (39)
and (40) with the consideration of X, .+ X,.,=0, lead to another set of equations
for the longitudinal joint R. So doing, we have nine finite difference equations
for nine unkown values u,, uz, v,, Uz, w,, S,., Sg, 0,, 0.

(30)
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5. Boundary Conditions

Three component strips meet with one another at the joints » and R, but
Two component strips make the edge joint where =0, R=0, or r=n, R=n, so
that the equilibriums of shearing forces and end moments are expressed by

T0.1+T0.R:O, M0A1+M0.R:0,
which yield

MR gy g By 2o —of)

+ Lo o)) + - )+ (Sun—Sno]a =0, (42)
2K (20 + 6:) + 2K (20, +0,) — 6 K (10, —70) | b
”61\70(”0"“‘012)/@ = M,, (43>
and
SO.l - Yo = XO-R (44)
Po
Mo ‘

Tor
/ Yo { %‘Sa/
Too
/ Xoo” .—T—.
MOO'\/

Soo*

Fig. 5. Forces around Joint 0.

where Y, denotes a horizontal force acting at the upper joint zero, M, an external
moment at the same joint,
K, denotes the flexural rigidity of the diaphragm for »=0,
R shows the joint zero at the bottom flange,

Ny = Ebt[(1—v),
X,= — % fg 10,200 —va)/a) | (45)

From (33) as well as (27), we find for =0
3K

L
a

Sp1—So= {8+ 00— 2(vs—22)] a}

which together with (44) and (45) leads, if K, is K,/2, to the relation
0= Yo . (46)

(31)
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Substitution of z for the subscription 0 in the above expressions furnishes,

by letting the subscription R denote the bottom joint 7, the boundary conditions

for the top joint #. For the bottom joint 0, the boundary conditions are written
in the forms

NTAN) g ]X w i+ Jg w) + ”ZJZ (V51— V%)
+ Ge (Vp1+v )+—Gb~t-(um1 up)—(So.r—Sro)/a=0, (47)

2K'(205+65. 1)+ 2K(20,+6)—6K (wgp 1 —wz)/b
—6K,(vo—vg)fa=0, (48)
a(Sr—Yz)—3(K,—Ky) {00 +0r—2(vs— U}e)/a} =—M,, (49)
where N’ = Et'b/(1—1%), K' denotes the flexural regidity of the bottom flange, #

is thickness of the bottom flange, R denotes the bottom joint zero, Y
stands for the horizontal force at the bottom joint zero.

When the subscriptions 0, R+1 are substituted by »#, R—1 in the equations (47),
(48), and (49), these equations become by letting R represent the bottom joint 7,
the boundary conditions which may be satisfied at the prescribed joint.

6. Case when the Profile is Symmetrical with Respect
to Center Lines Parallel to & and y Axes

A. Egquations and Boundary Conditions.

In this case, it is readily seen that

u,+u,=0, v.+tveg=0, 8.—0,=0,
S, +S8,=0, w,=2ula,

and the equations (37)~(40) may be written

EEI—(A " +6w////) LZM ! 4 ND + Gt ZU;’
2 2 b
+ 9G4 %(A 0. — 2470, \b)ja—Pja—0,  (50)
2% b
K(40,+60,)+ 2K:0, —6K Zo, /b— 12K, Ja = 0 , (51)
%thﬂv;’—6KIZv,,/a+3K121{)7. 4 Gat G"t — S, (52)

(2NJb* + 6Ky Ja) Zv, -+ Nav(dw!! + 4w'') | 26— 3K, 26,
=S, ,+A48S,, (53)

which are the fundamental finite difference and differential equations for the case
of same flange thickness.

(32)
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i

The bondary conditions corresponding to the above, may be written from (42),
(43), and (46), as follows

+ %@1 +ol)+ Glalw!' —wl) |26 = 2Xy.Ja+ Pa, (54)
2K<200 + 01) -+ 6K000 - 6K(w1 _w())/b - 12K07)0/a = _MO (55)
S, = Y,

and another set of boundary conditions for =, are as follows

a<N+ ];]0> w6 +aNw,” /12 +vN(v) —v; )] 2b

+ %Gt(‘v;’ + U+ Glalw, —w,) )| 2b=(2X, 1., +P,)[a, (56)

2K (20, +0, )+ 6K, —6K (w,—w, 1) b—12Kw, Ja= —M,.  (57)
S, =Y,.

B. Finite Fourier Transforms of v, w, 6, and S concerning Fourier Integral
and Finite Integration with Respect to x and r respectively.

As stated before the structure is simply supported in the x direction, and if

the both ends are closed by the rigid diaphragms in the y direction, the following
expressions hold :

v, =0,=w,=w,=.5,=0, for x=0,1,

which shows that v,, 8,, w,, and S, may be conveniently described by the finite
sine transform with respect to x, while the finite difference part in the equations
(50), (53) may be analitically solved by means of finite Fourier transforms con-
cerning the finite integration”. It accordingly follows that

v, = A i 3V, sin ZEE cos P
nl m=1i=0 l n
g, = 4 i Zn]@m sin ZPTL_ oog 2T
nl m=1i=0 ) n
w, == _4_ i i W max Sin_m_r <58)
nl m=1i=0 L n
S, = A i Zn:H sin L gin AT
nl m=1i=1 n

where i, m are integers,
in which

(33)



378 Sumio G. Nomachi

z n—1
Vor = %S sin X dx{‘v0+vn+22 u}
¢ r=1
z n—1
V. %S sin 0L dx{vo+(—l)’lvn+2 5 m-w} (60)
0 r=1
z n—1 ;
Vim = vl«g sin 7 dxlv,+(— 10, +2 3 v, cos 2
2 ), ! =, .
1(° T not
By = IS sin dx{6‘0+0n+2 ZIHT}
0 r=
z n-1
6,, — %S sin 77 dx{00+(~1)"6’n+2 b3 a,.(—l)r} (60)
0 r=1
z n—1 ;
O = -\ sin 7% gzlo,+ (176,425 6, cos ﬂ}
2 Jo / e n
z n—1 ;
Wim= S sin L dx Y, w, sin . (61)
0 [ r=1 )
Z n—1 e
H,, — S sin T 3237 S, sin 2T (62)
0 Z r=1 7l

Multiplying (50), (52), (53) by sinmzz/l-sin izr{n and integrating from 0 to 1 with
respect to & as well as carrying on the finite integration between 1 and n—1 with
respect to 7, we find that

W[ (mr]lf {Na(6— D,)+ Nia} [12+ D,(1 —v)(Na/b?)(m=|L}/4 + 24(K]a) (DJ2)]
+ Vi sin izfn - Nima /L)1 +v)/(26)— 8, sin iz/n - 24K /(ab)
= Py, Ja-+sin in/n{W,.(— 1) — Wy} {(mz/1) Naj12 — 24K [(ab)
—(m/lf(1—v) Naf(25)} (63)

Vi sin infn{(maflpGbt+ 24K, Ja*} — 12K g
a

i SN 70/ 72

+ WimDi%’i‘?_@” )Z—HZ.,,,LDZ- = = i e (W (— 1) = Wi

(maflp + sin infn{H,(— 1} — ), (64)

Nabs (4 D yoma/1y

AV, (N+ 6K ) sin izjn+ Wi,
—12K0,,(t¥a) sin ixjn— 64— D) H,,
- Ngb” Sin i1 { W (— 1) W) mae/ 1 sin i {HL o — 1Y — H )
(65)

where
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D, = 2(1—cosinfn),

Z Z
. mrx
W = g 70, sin 7 dx Wom S

0

. max
W, sin ; dx

0

z
H,. =S S, sin m;rx dx H,, = SZSO sin m;:x dx
0

0

And multiplying (51) by sin mzx/[ - cos ix/n and doing the same procedure as above,
we obtain

[2K(6— D)+ 6K} 61— 12K, Vifa — 125

Wim - sin in/n

Mnm ( - 1>7/ _MOm - 3 <2K0 ﬁ Kl) {07zm ( - ]>Z + 60771 - Z‘Unm ( - 1>’L/a

—200,Ja}+ 2K (4= DY W (= 1= W), (66)

where

Z
M, = S M, sin m}rx dzx, M, = SZMO sin m}rx dx
0 0

0

Z z
Opn = S 4, sin m?x dx, Oom, = S 4, sin m;rx dx

¢ 7
ip RTT . MTI
Upm, = S V,, Sl — / dx s Vom = S vy SIn —- dr
0

0

Solving the equation (63), (66), we can determine V,,,, W,,, and H,, and readily
obtain w,, S, by virtue of the inversion formulas (58), but in order to get v,, 6,
we need four more expressions standing for V., V.., &, and 8,,,.

We let, for this purpose, i be zero in (64) and (66), then
Vou{Gt(ma|lf + 24K, [a*| —12K,6y,,/a
= LW — Wan)+ Ho— H (67)
20, (6K + 3K,)— 12K, Vo /a

= — M~ Mo — 32K = K) {0t — 2(0, + w0, )
F12K(W,,,— W) /b,

which may furnish Vi, and @,,: and let { be n, we have

Vi {GbL(ma|lf + 24K, [a*} —12K,6,..[a
Gta
2

D W (= 1) = Wi} + Hom(— 1" —Hy - (69)

(35)
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26,,,2K+3K,)— 12K, V,,.Ja = —M,,,,(— 1" — M,,,
— 32K =K [0 =17 + 00— 2{ Vs (— 17"+ Vi) Jar], (70)

from which V,, and 6,,, may be found. The unknown values W,, and W,
can be determined by the boundary conditions (54) and (56), while H,,, and H,,,
by (55) and (57). As for ..., Oom, Unm and v,,, we must settle them as to satisfy

n . l 7
Tvmnzgomm(_l)z) %‘v()m:izzlovima

(71)

ﬂﬁnm = i @zm( __l)z > Zi00m = ﬁ; @z'm .
4 =0 4 =0

If the multicell plate is so made as K,= K/2, and the loads only vertically act on
the longitudinal joints in other words;
YOZYn:M(J:Mn:O,
the right sides of (68) and (70) become 12K(W,,,,— W,,) and zero, respectively;
and S, and S, also, zero.
C. Numerical Examples

Let the flexural rigidity of the edge diaphragms K, be a hall of K, that is
of the other diaphragms, then the term of ..., 0105 Vsm» Tom, should be cancelled
out in (66), (68), and (70). In so assuming, we are going to take two cases of
the boundary conditions into account: the one is simply supported for r=0, 7,
and the other is free from any constraint for =0, 7.

(a) In case of simple span subjected a single concentrated load,
P =P for z=f, r=c,
P =0 for z=f, r=c,
an = W)m = O >

from which

. mzf . inc
P@-m———PsmTfsm——.

n
The coefficients are as follows
n=10, a=5b=10.0cm, = 100.0cm,
JS=1l2, c=nl2,

of which ¢,, and deflection w are shown in Fig. 6, 7, and 8; and they are cor-
responding with

t=t¢t,=0.5cm, E=21%x10kg/cm?, v=0.3,
t=10cm, £=20cm, E=21x10kg/cm*, v=0.15,
t=1t,=25cm, E=21%x10kg/cm?, v=0.15,

(36)
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W-Dia

LOx70-6Cn

'

20x/076
20x/0~6

| £0x0-5
50%/06

[—

! g2 4 6 9 puiothsgn

’ 7o G

Fig. 6. W and o, Diagrams (/=100 cm, ¢a=56=10 cm,
t=£=05cm, E=21x108kg/cm, v=0.3).

W= Dia. ! 20x075m

e
/ S0
O

[/
W////’

Ox—~Dia.

X.
G 12 3 4 5x/0Rge
S T T S |

l fér 0%

Fig. 7. W and o» Diagrams (/=100 cm, a=b=10cm, £=1.0 cm,
tp=20cm, E=21x105kg/cm, v=0.3).
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w-Did J0x 1966 -
_ T

207032,
00 Bim

Cex
0 5 xR n
fov Ox

Fig. 8. W and ¢, Diagram (/=100 cm, a=56=10 cm,
t=ty=2.5cm, £=21X10°kg/cm?, v=0.15).

112345 cpongun

|
—
\ \ (t=25(m)
&\ | (to250n)

L ' &\ ¥ (to=206m)

05 0 Pewrigan

|
T \w \W T i (C=£0Cm)

B
i D (E=05Cm)
- \\i (Er05tm)
™~

Fig. 9. Variation of Bending Moment in Midst profile.

(38)
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repectively.

Fig. 9 illustrares the variation of the bending moments in the profile where
x=1/2.

(b) In case of both free edge longitudinal joints subjected by equal concentrated
loads,

P=P,=P for z=f,
P():Pn:O for -r:f}
P.=0,

from which

P,,=P,,. = Psin ﬂlﬂJi .

7

!
— 5,02 0*1015
- &

ipxm’o
Z»oxw'

b
\T’/ IOMD

W-Dia

WAt
R

|
1l
|
|
l 1 5 1051072k
| SN S |
1
3

Fig. 10. w and ¢, Diagram (/=100 cm, a=5b=10 cm,
t=t,=05cm, E=21x10°kg/cm, »=0.3).

(39)
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T
SN

0 7 2 3 4 5
fov: Ox.

Fig. 11. w and ¢z Diagram (/=100 cm), a=b=10cm, ¢=1.0 cm,
ty=20 cm, E=2.1x105kg/cm v=0.15).

g

Wi
U

\_/1 0 5 ipxirt
I fov Jx
!

Fig. 12. w rnd ¢z Diagram (/=100 cm, a=b=10cm,
t=t=2.cm, E=21x105kg/cm, v=0.15).

(40)



On Bending of Multi-Equi-Cell Plate

0127494 2 /g:ln)

-
7 I | (#=250n).

]
/ // ,J w2

l

[

| (t=100n)
J | Cto=20Cn)

/F/

!
]z/ Z’ Z, : (t=050m)
|

(to=05Cm)

Variation of Bending Moment
in Midst Profil.

Fig. 13.

The diagrams of ¢, and w are shown in
Fig. 10, 11, and 12 of which the coefficients
are those of Fig. 6, 7, and 8, respectively. The
variations of the bending moments in the midst
profiles are as shown in Fig. 13. The compu-
tation was carryed on by FACOM 231 which
is a midium size electric digital computor with
32000 bits. As for the calculation of infinite
sine series, m was taken up to twenty; while
the computation of ¢, and the joint bending
moment at ten equidistant positions on every
longitudinal joint, needed two hours and a half
through the flow chart as follows:

(41)

FLOW CHART

READ DATA

CALCULATF
Vim, Wim, O im, Wim, Sim

PUT
Vim Win, Oim, Wim, Sim
70 MT.

[

Vim, Win,. Gim, Wim, Sim
FROM MT.

CALCULATF
Ve, Wr, Gr, Wr, Sr

CALCULATE
Mrir-1 Mrrer
PRINT

385
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7. Closing Remark

The stiffness matrix for the prescribed numerical computation may be up to
30x30 one by means of the usual folded plate theory, whereas the method
mentioned above needs only 3x3 matrix. Generally speaking, though there are
some limitation for the layout of the component strips, the former method must
treat m times calculations of 30 x 30 matrix and the later one has to deal with
mx(n—1) 3x3 matrix. If we want to have the result for the structure of a
similar shape with P, I/, E', in stead of P, I, E; the corresponding result may
be written in

, __ PEIl Y < &
=W L= 0.
PE'l pPl?
in which the normal stress in the z direction at the 7 joint is as follows
P,

O, = 72Eﬂ,+uSr/t=Eiz},+uSr/t.
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Study on Machinability of Low Carbon-Steel (1st report)
— On the Cutting Force and Surface Roughness —

Kazuyuki Kikuchi and Yuichi Tanaka

Abstract

In recent years, the need for free machining steels, which permit to achieve higher production
rate, is increasing. But the characteristics of Rimmed-Resulfurized Steel are not clear. In this
paper the authors studied the cutting force and surface roughness characteristics -of various kinds
of low carbon steel.
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II. EBRE&EE, RHMBRUAE

1. EREE

@ & =2

TERIZER L Table 1w 2 o EE R 47R Lo KIBSETATEL LS 7S fsnd e g 2 AV T
Tooto, ToRFENEELL, = v FTEE Table 1. The brief specifications of lathe used.

EHEEZ L 8~2424rpm = T EI

Max. Swing over bed ;450 mm
BRTRETH b, TEOYEIEELES Max. Swing over saddle : 250 mm
ZLMTE D, Max. Distance between centeres: 1,250 mm

Spindle speeds : 35~1,800 rpm

(b) TIEIE A E BEhHE

PIEEIE BB DEHE, »— P B X 2 =0 DWEHB DR 2 ERH L,

() LEUEHRIANEEE

fEEGEH S, BRI (MEfoki: &4 ve v FEb pg), EREFR, MIEHERETS X
ORI R - T2 HEEESRSEH S L 2 REH S 20 L, 2hiek bk
OO S (Hy) 8 X 0RAKME ) 2HE LT,

@ TEFLE

BRTRE </ 7 74 ARTAFNIRC THRE L. BRIRAR, B 7 ¥ 4 S84
120 % & U, BUEEEHE 3,150 rpm TFT76 - T,

2. ® oW

W HIHF % Table 2 W) U e L3RG OIRK R 4 N, EKRHE Y & Filds & OVizs T Al
D3ETH B,

ERFEF 4 Pk Fe-Si 3 X0V Al @ X A GBS U, KRFE Y & Filk & Ui
REE IR D £ F HRMI & LcboThh, chbilvTFhd 87mmg & CHMEER
82.55 mme G M T LB s M ch b, chbf@E Mo+ 7 5 —7 Y v 1% Photo. 1
CAERTFIR L, JEFEY & Vs L OREREIN T30 b BRI O 720 0 LEl &

Table 2. Chemical Composition of Specimens used.

St C Si Mn P S
teel
(%) (%) (%) (%) (%)
Low Carbon-Killed Steel 0.26 0.28 0.49 0.019 0.024
Low Carbon- Rim-part 0.12 0.01 0.41 0.013 0.017
Rimmed Steel Core-part 0.27 0.01 041 0.019 0.021
Resulfurized Rim-part 0.08 0.01 0.41 0.016 0.011
Steel Core-part 0.19 0.01 0.81 0.022 0.223

(44)
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{a) {b) (c)
Photo. 1. Sulfur print for specimens used.

(a) Low carbon-Killed steel. (b) Low carbon-Rimmed steel. (c) Resulfurized steel.

x/®
80 X
/X
X e
W /x/ x —
/
0 y X . -
o -
o« .A/[A -
X
2 A
- S w8 :
@ N !
& S |
~ =~ e —x—x—Low carbon-Killed steel.
a s an —e—e— Jow carbon-Rimmed steel.
~§ ~A—a— Resylfurized steel.
N ® fractured point ]
g 39 [
20 ]‘
'y
60
0 70 20 70 w0 0
Distance (mm)
—x——x— [ow carben-Killed steel. ,
-e—e— [ow carben-Rimmed steel. 0 ar 02 a3
—A—aA— Resulfurized steel. E (Mpm)
Fig. 1. Hardness distributions of specimens Fig. 2. True stres-strain curves (specimens
used. diameter; 15 mm).

W TIFLULSHBOBR S il s 7o 5 T3, 2 DR Table 2 W Fh O/LE K5l s
LU Fig. 1 m LMW (EES R BE) OB X5 Mg s LMo nTths, i
Photo. 2 2 (32 Z M O BEMETAM AR Uic, & 2 ORS00 BEMEE S 5 L BE S 2n fe
Lo b~ v VEFSRGMA LTS, Zhidk, Fig 2 0m L3 EEREC X 506 1—F
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(a) Low carbon-Killed steel.

;7 ! m

(b) Low carbon-Rimmed steel. Low carbon-Rimmed steel.
(rim-part) (core-part)

{¢) Resulfurized steel. Resulfurized steel.
(rim-part) (core-part)

Photo. 2. Microstructure of specimens used.
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FRIC 3\ THE TR EIHE = 73 0 2 0\ SE AT TR D B I L, B L Asko/h &
WIBICTs > T2 2 E b, BEESREEL T0 B0 EEZ DR,

PED X5, V& FELEROBROZE LR O 72 o8l o NE & 803 Tk RS
CELVERPAET TV B, fE-To o X5 ek bhicountit, kRS EhEhofsy
TR TTibhilie b 2 LB TH B, AP T, EREY & Pl X OH%E
BREIENC >V TER 72mm FTx Y A& L, 60mme PTFE = 7 UTRBRETR- 72,
FIARREF N FHIL TN —TH B E AT LT,

3. tHl & &

WEOGIEIT L Fig. 8(a) R L-RFEEEI<H o, YT ETZIXV-H@P 5% <~
IHEL, ZO~— 7 TEOREHRONE, ik LOBUNA, BB k- TEMY
Mk 2, G- CRRED 2\ IXTEIG ORI X 244 FEH S 0B L2 @ 2, %
kD) =~ 7 LB BERCTEZ RE bt LarLiash Fig. 3(b) wiRLic X 51,
FX (@) BT A% b s X UKD t  ANEDZ &, Blb TEOT YN B xRk
FAEEMN, ZORIIIN @) R T AHTRAR b iE L%, FLTHE@) KBIT5ED ¢
PRHAS, UIARZ O CELVEIBETHLIZ LI DN b w3 530 ~— 7 11E0)A

Z./ Zg
o o /Feeo’ Marks 7 1‘“ /Feed Marks
i _ ATy i ) iR
* ~L 0 ~L0
¢ |
\ Surface
#~— ds 4 - - d, Finish
Ay A,
Q) (£)

Fig. 3. Schematic diagram of (a) conventional and (b) analogue cutting
process with an interchange of feed and depth of cut and back
(az) and (as) rake angles.

Table 3. Cutting Conditions.

Analogue cutting Conventional cutting
Tool-Geometry {15, 0, 7, 5, 0, 0, 0.13] [—5, 15, 5, 5, 30, 30, 0.8]
Feed 0.05, 0.15, 0.20 & 0.30 mmpr 0.25 mmpr
Depth of Cut 2mm 2 mm
Cutting Speed Var. Var.
Cutting Fluid Dry or Spindole Oil Spindole Oil
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WHPR DI T D, = ol o rp e WA TR T L & D PIEN TR &7 B,

oYL, M. C. Shaw? i L O fTlabhicb D ThH, 7 e 278l vbh s,
RERCTITe -T2 07 5 v Z7GHEIE LOEHAP TR R TH % 3 KL UIEl 4% Table 3
s Lz,

ks, HHTHIEASEN KK 8 SKH4 HYoEEERTETH S, UEIFE LT
HHLLEAE Y Fadasr 608 11, EEEMCSLT, —BOHCEHBebhThbioT
Hz,

%7z, —#F Stopping Tool # v TR I YIEI 2 177 WIHIA P O U)B AR L ORERA
FoREL T,

L. EREREICZOERE

1. tELEER D B & I HlHE

TIHIET ORI R O UJEIE O BES C K& e B KiE L, T yEiEES 2 X T A
Fark b EAT D, fo THRR THRETEIM OB 285 RigT# « 0FFo b #HEIE
R 5,
@) FFRIMEICHTBIHEER

[A] DRIREICKDBE

Fig. 4 10z 7 7 = Z VN 310 5 UIHEEI & OIHLEE ORI R Z R Lic, MabHbnic k
ST ORI Fo T b UIEIERE O I AR 7\ DN B M s X OB E R & B,
Wi Fig. 4(a) 0% 0 E; 015 mmpr OBFEEPICL ) ZOBBREEL T4 A, BME B T
i, BRFEOERARKTHD, THEET WALV B/MEEXES, = OEENEDE
B TIEIERE CRET 5 LS TR DY, MR oTEEMME, BELED 2\ 1 E Bk
ERERFEOBEENEFRL TV b0 L Bbh A, IO &EKo A STk, UALEEDRE
DR OBRAL G L, B B o BN SE R R T & TERIESUI B R ME A R, EhiEe
PIER R Cvk, BREIH O Bk EH R O 7o PRSI OWA 08D EE2 b, L Liesd
SR LICETH BERE RSN Y AT 8T, BAEER TS, Bl L ST A%
By LR Tk e < Stick Slip Bz X 2 b o L Bbh 2. HIBHMHIM M E L7 43 =
AD LS ImEER D, TATSHEAELVBORI AT A2ERLT/k5, 2o &
YIEIFR OBER D L S O T D 5 T) (Fo) ESIT (Fp) ST 2BEF THL -
TWBIEnbLTEHEND,

ERFF L FEEMER CRLBOUEIEI 2R L Qo b, L LIS 0—3
TREREY & Fll =2 7EHCE» RV BWEHIETE cH 2. hixdsr Fii~BRBH & LT
WinL7 Fe-Si ks IO Al DfER & E 2 BR S, BIb SiH 5 ix AL Tk Si0,, ALO;,
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BIER ClIAb2 B e Enb L FRTEA 151, )V A8E a7 TEHELWIEIEH OXER Y &
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Slip &I L 5 b0 THd, 2 7RI 2 VEIEASEBEMNCE 2 &, I 0L OmAE
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WhHlbEELZONL, —~HEERVEIR I OEXEY OBSRUEIROBARREELLD, ¥
Pz BATETLIFELEGED-DHEABR T, ERSFIKONELEE & FHEDY)
BB AR T b oL Bph s,

200 I ; T 1
Cutting Speed s Culling speed;
—~ 20 mpm. 30 mpm.
S |
/50 44*-x///
iy //

V% v
100 Ay v Ay
“Znly” i

4 7

Catting  force

AN

Y /A
V4 /
0
0 aj az a3 o4 0 a/ o2 a3 o4
Ffeed (mmpr) feed (mmpr)
200 ] i BE—
Cutting speed; Cuytting speeds
700 mpm. 750 mpm.

S
S

-
%:/ ya o
v L
/ A / -
7 Vz
0 a7 oz a3 o4 0 a7 a2 a3 o4
feed (mmpt) feed (mmpr)

Cytting Force Fp 4 g9)
S

3

Fig. 6. Variation of cutting force (Fp) with cutting speed and feed.
Cutting conditions : tool, SKH-4 (15,0,7,5,0,0,0.13); depth of cut, 2mm; cutting
fluid, dry; ~x-x-: Killed steel, —a-a-: Resulfurized steel {core-part), ~a-a-:
Resulfurized steel (rim-part), -®-@®—: Rimmed steel(core-part).
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EEOREIEREY, ZRITEEITTR 5 O —BINTH 5, 5 - TEEDIFELMA R
U707 EE TEMM & ) LiciE Ric 2 Tl 5,

[A] DHIEEFCKERE

ZRTCYIENC 31 2 GIEIIE BT & E DB R A Fig. TR L. Mo b UBEEHIEF A ¥
Frmbm <, Vo Nl FEREMOMER TR Lo T3, ZoERTE®R Q) [Al o7
e 7RI X AR E L T D, FRERTEI ) AR SRV & T e lans - 12 d,
BB O S LAERE Y & Pl ) A0 RE R Lic, cDV & Fill Y 234 sy
Yy sFoT e SYRIOFER &AMk, Stick Slip B AL, YBHIKHUIKEN TH 5Hic
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Fig. 7. Variation of cutting force versus cutting speed.
Cutting conditions: tool, SKH-4 (—5,15,5,5, 30, 30,0.8); feed, 0.25 mmpr; depth of
cut, 2mm; cutting fluid, spindole oil 60§ -0-0-: Low carbon-Killed steel;
-x—-x-: Low carbon-Rimmed steel (Rim-part); ~-@-®-: Low carbon-Rimmed steel
(core-part); —a-a-: Resulfurized steel (core-part).
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FRTED, KEERTIEY & FIllY 223 L, Sl UE cr v Fip i LBV RREC
HBHEFZ D,

[B] TEEECKZUHERBLICDBERROEL

TEPERT D Lk b UHIEIAZ T 2 2 L xESH BB s 5, Table 4 (3KR
RV & Pl = 78R LOREIM 2 78 A T h C R REHUE Uz & o WEiEiie R L, =
N X B & REEFYIEI L o TEOESTuE, vNlmBomitc i L, 40 Fp) &
LR ) Fo) AU, B Fe) 308l Cw5 Z &b b, ¥/ Photo. 3 12
ALk S ARG, RTH CEdied, FVEERPCBEECET LTS, 20T
COHEERL TN » TR E- TEir i, TRk —E0 TH—U AR~y ®R T A
Lo %, FicZ YR NILELRER AL cELT <, oo iFiAL—fEkR
Ligh, UHIEBHRIEA AT 20EEZbRS,

Photo. 4 {2i%, A —5&FCUBI L & X0 PBHIR O AR Ui, WHlEE s L UIEIRgRH

Table 4. The variation of cutting force.

Cutting force kg (intial value)
Cutting Time

Fp Fy Fy

Low carbon-Rimed Steel 92.4 29.1 354
300 min

(core-part) (96.0) (39.2) (35.1)

Resulfarized Steel 75.4 250 ‘ 35.3
340 min

{core-part) ‘ (83.2) (26.0) ‘ (34.0)

Low carbon-Rimmed steel Resulfurized steel (core-part)

Photo. 3. Photographs of flank and crater wears for H.S.S. tool cutting Rimmed
steel and Resulfurized steels. Cutting conditions: tool; SKH-4, (-5,
15,5,5,30,30,0.8); feed, 0.25 mmpr; depth of cut, 2mm; cutting speed,
50 mpm ; cutting fluid, spindole oil; cutting time, 300 min. for Rimmed
steel; 340 min. for Resulfurized steel.
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Photo 4.  Relations between chips produced and cutting time.
Cutting conditions are the same as in Photo. 3.
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o fEoC, Fige8 DX 51w/ —XFER, EOE L L sidered in computing the theo-

T = AEEDED BICEANTRTD 25 &, BAHS reticalpeal-to-valley rough-

ness (Hmax)-

Huypax 13RO X 5 W70 %,
Hyoe = OT—0U = y R—R*—#?/4
2 [BJBR vt
HL t=2Rsin7
¥, /- RPEAEY BN TNTH 2B AT,
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B, ErCEEFR T OBENAHRDBN D Fig. 9. Relation between practical and theo-
BEChL. cOL 5, EEESAILTER retical peak-to-valley rougeness.
Cutting conditions : tool, SKH-4 (-5, 15,5,
F—BC U T o0F BRI L Y ZE I 5, 5,30,30,0.8); feed, 0.25 mmpr ; depth of cut,

() #RI%C L pEXE, 2mm ; cutitng fluid, spindole 60 #.
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Fig. 10. Variation of surface roughness (Hq) with cutting
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Cutting conditions: tool, SKH-4 (15,0,7,5,0,0,0.13); depth of cut, 2mm; cutting
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(¢) 50 mpm.

Photo. 5. Partially deformed chips and built up noses. Cutting
conditions are the same as in Photo. 3.

(a): Low carbon-Killed steel, (b): Low carbon-Rimmed steel (core-part),
(c): Resulfurized steel (core-part), (d): Resulfurized steel (rim-part).

b b THREI O 4 BRI EKA L LTE,
[B] tIHImAIC KD
4 e ORI A A T 55 6, WA RS X OEF AR X 0 B o BRI E
WA B2 52 LML R TV, B, BEEREEIEIENC X 5 NERE O k5w i
L, BN EOARZ L0 SO UEEREMA~BITLES, o, HEEAETEST L VHE~D

4

\ ! T « i
‘ | Resulturized Steel (core-part)
L_,Lg_#mff

AN

—e—e—qry cutting =
—o—o—yet (spindle oil 60% catting

!
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N
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/
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Cutting Speed (mpm)

Fig. 12. Variations of surface roughness (f,) with cutting speed.

Cutting conditions : tool, SKH-4 (15,0,7,5,0,0,0.13); feed, 0.15 mmpr; depth
of cut, 2mm.
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HIOBE LB L TIERD, #-T, fiEEHIbHEINS LB,

Fig. 12 1, HHEREIM = 73BT 550 & 015 mmpr OB A& O EFEH X & GIEIEE
ORARE, ¥ BYEIZOWTHE L0 TH S, MrbBbaick 51, HEomAfHEix
R OEA D 30 mpm YHBEENS, ALY FAdA AEHAOEAL 50 mpm BT LT\
Bo ZHIIYHIFOWHBFIC XL v, BRNLEBREER Y BDERTHLEELDID,
EHEEEERTIE, COAEY FAFA LvOHFIERIEIOME—FK LT\ 5B, ALY F
AFA MEEEERS LOBREECZ Luicd, BEEEIES TR0 L Bbh s, #- T,
Z DO ED GIEIFNEAAEGIE] - K% D GIEI D X 5 7o L WHER IO/ SWREBOB A B R T
HHLEEZDBND,

[C] ZxTHIOHEOEEEEE

Fig. 13 13, =RTEUHEIC R T 2 O S (H) &SR OBIRTH 5, KHEY)
Bl TIXBRB R BIEN = 73R b RIF st EE A B L, EEFEFL FEARDEVCERE 8- T

10 /r

Low carbon-Rimmed steel (rim-part). |
Low carbon-Rimmed steel (core-part).
Resulfurized steel (core-part). ]
. Low carbon-Killed steel.

Surface Roughness Ha (p)
N

0 20 7 60 80 00 120 "o /60
Cutting speed (mpm.)

Fig. 13. Variation of arithmetic average roughness (Hqa) versus
cutting speed for conventional turning.

Cutting conditions: tool, SKH-4 (—5,15,5,5,30,30,0.8); feed, 0.25 mmpr; depth
of cut, 2mm; cutting fluid, spindole oil 60 #.
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Study on Machinability of Low Carbon-Steel (2nd report)

— On the Tool-Life and Tool-Wear Characteristics —

Kazuyuki Kikuchi and Yuichi Tanaka

Abstract

Tool-wear and tool-life characteristics of a series of low carbon steel were presented for differ-
ent values of cutting speed, feed, and cutting fluid. The electron microprobe was used for the
study of diffusion and for the confirmation of manganese sulfide, and it was found that the alloying
elements, chromium was diffused from the tool into the chip. The accumlation of manganese

sulfide over the rake face was also established.
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’ A'/ crater

_____ <
. . < A" Section)
FoFig 2 R Lic TAEVN c EBEL A-A' | m”

Fig. 1. Measuring wear land.

Fig. 2. Schematic diagram of crater.

IR - THREMIRC X - T LI s 53 <
TEFEIRE, TEOM S5/ 0Z% s X 00 EPMA @ X » THROKECRAES T8,
2) IEEGOHE
TRFaOHEE, TANELWEL L U BRI EREE b - T L,
3) t Hl & &
Table 1. iR U 7 UJBIGF CH 2 ROCUIEI S £ U8 3 RO YIEI & 1770 - Teo

Table 1. Cutting conditions

Orthogonal cutting Conventional cutting

Tool geometry [0, 15, 7, 7, 15, 0, 5, 5] [—5, 15, 5, 5, 30 30, 0, 8]
Feed 0.3, 0.15 and 0.05 mmpr. 0,25 mmpr.

Depth of cut. 1.5 mm 2 mm

Cutting speed Var. Var.

Cutting fluid Dry, Spindole o0il and soluble oil (1 : 20) Spindole oil.

. o 10 T A I T

III. %Eﬁlﬁf%%cﬁa%@%g . 08 '.i‘:feed 1‘405/1//71/#— ‘ 4o ;,,JT

SRS

1) 7309 BERESHE
Fig.3 4 X O Fig. 4 12 %8 2 SOrw vl o
58 D BB R 5 B TR B 2% L
oo ChODOHBLHLMR L S ED) &
0.05 mmpr. DK% b O &%, BAEEER
. ShEE s T I A AR
(m) 35 LOBERBERENR () 522 0 75 4y RLFTE Fig. 3. Variation of wear land size with cutting
TEREFLWEZTR LS, —FE%) D time and speed by using orthogonal cutting
tool.
0.3 CCURE RN B FEE 8
mmpr. THEAEFRES & L < e LT Cutting conditions : tool, SKH-4 {0, 15, 7, 7,
D, RAEFITIEEROCET LHERRT 15, 0, 0, 5]; depth of cut, 1.5mm; cutting
e _ . N fluid, dry; Resulfurized steel (cove-part):
DML h I8, Zhb oBlguT Fig.5 1 -@-, 250 mpm. -@-, 260 mpm. -, 200 mpm ;
RIS R B T X 5, BlE i o Rimmed steel (core-part): -A-, 180 mpm.
- -x~, 200 mpm ; Killed steel: -0-, 160 mpm ;
JEEI TR D &5 v i LA BB AR X (—:m, ¢
(62)
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Cutting Time (min)

Fig. 4. Variation of wear land size with
cutting time and speed. Cutting con-
ditions are the same as in Fig. 3. ex-
cept that the feed is 0.3 mmpr.

(»O,—: Killed steel, 70 mpm.)

Work /iam’ened
layer

20 30 4050 70 700

Fig. 5. Schematic diagram of work
hardened layer.
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Fig. 6. Variation of wear land size with
cutting time and speed for Killed steel
by using conventional cutting tool.

Cutting conditions : tool, SKH-4 [—5, 15, 5,

5, 30, 30, 0.8]; depth of cut, 2mm; feed,

0.25 mmpr. ; cutting fluid, spindole oil; {—:

m, —-: ¢

S S
I RS

Wear land size (mm)
=
N

S 0D
=

Fig. 7.

20
Cutting Time(min)

40 50 7

Variation of wear land size with cutting

time and speed for Resulfurized Steel (core-
part) by using conventional cutting tool.

Cutting conditions are the same as in Fig. 6.
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- / l \
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= 007 S ERRE
005 ——2a , & : Resulfyrized steel (core-part)
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O, © : Low carbon-Rimmed steel Corenatt)

NN L1
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Cotting Time (min)

Fig. 8. Variation of wear land size with cutting
"~ time for Resulfurized steel and Low carbon-

Rimmed steel.

Cutting conditions are the

same as in Fig. 6. except that cutting speed
is 50 mpm.

Fig. 9.
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(a) Low carbon-Rimmed steel {core-part) (b) Resulfurized steel (core-part)
Photo 1. Photographs of flank and crater wear for H.S.S. tool
cutting Rimmed steel and Resulfurized steels.
Cutting conditions: tool, SKH-4, [0, 15, 7, 7, 15, 0,
0.5]; Cutting speed, 95 mpm.; feed, 0.3 mmpr.; depth
of cut, 1.5 mm ; cutting time, 10 min.

Low icarbon==Killed Fsteel;
VM =70mpm : Time=10min:

/e i
(a) Ot S min

Low carpon-Hilled steel.

Z0min 70min

(6)
Resulfurized steel (core-part)
Fig. 10. Tooldace crater development for
H.S.S. tools cutting Killed steel
Rasulfurized” steel d )
V=0Smprm, - Time=10min. 0, 4mm, and Resulfurized steel.

. : Cutting conditions are the same
Photo 2. Photographs of section as in Photo 2.
through tool-chip interface after :
cutting to 10 minute respectively. Photo 2. 13, (ERFEF 4 Pl X OB BI85

Cutting conditions: tool, SKH-~ N S AL g e e N o
100, 15 7. 7, 15, 0, 05); feed, FRERN 25 G5 Fah R TERE (A1E 2 70 mpm, 53
0.3 mmpr. ; depth of cut, 1.5 mm; 2395 mpm & 78 % ,) CUEIL A T RO YN B E 7o
cutting fluid, dry. R ) .
O EMEERTH B, WThoSBFeEwThH YR
R ARIEEET MR CEEL TV 200 BES RS, - OUBIR RS 7 v — 2
FEOHEATRIUE Fig 10 © X 91w/ 5, e, Wi d WEIR oM, BEROFES
BIOBEAHAL TP &, NEYNEERIKIED L@, FEKRREF L P& REHR
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Fig. 12. Concentration curve for sulfur and mangnese obtained by
sweeping the electron beam across the tool and chip.
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T BT &y, EREE OB &1L | ] —
Pl o MaS R0 Cc¥— 2 Blbh Work: low carbon-Killed steel.
T B,

Pl z & X b Bt g 4 G Lic s
&, T CHEERETIC T MoS 2 EReERE
LTEDRIR TR ZED T2 EELD
N%, i MnS oFERT TN iL7e
<, UIBHER S AL TRARBE SRR LTV
Z D, YNERBEC R W TR OER ‘
7Rz s AR, REFABRE 7 | ] ] I
Ve 23D UBOEEMARE NS D, L Work: Resalfurized steel. (core-part) (
b 7 v — 2 O E RS AT e AR A
PNEL o TR EELZLRD,

Fig. 13 i1+ 4 Vit X OBREE Bl & %
ZhZh Photo. 2 D4 & Rk 7 Ji ¥k T H)
HIL A2 TEDOT WHEBEERETRC KT 5
7R ADRESTTH B, L LENS
BEHIB A~ IR > T % & L ITH D . ]

HTHHH, BIGHTAbRcL 5T A Distance
VEIR % TH OB T A TWIRN D E A bhs Fig. 13. Concentration curve for chromium
%

Concentration

Concentration
S
A
N
S
~

e 20—

obtained by sweeping the electron beam
o FTHBIMMOB G W TILZ = & DY across the tool and chip.
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B F L FCOERC B Lo, ZHEBISHBOME»S QEEShD X9, X
VHALEDORE ERMEG ERERLTWS EEBHR %20, MnS BB X A6 0%HR
bEL RS,

DX 5T, TCEBRRT O TR OZE LA F 0 Filll X ORI REI# oW T
LB S, AT RS T T ROBILE S 2 D e <, FiiiBE S b EL - T b, &
o T CWHABERERET S L o N U, VN E L o TN EBE AR T S
612@%@@®$ﬂ§&ﬁ%ﬁﬁbfv%%@&Mbhéo

Photo 3. i35 /v F#il % Fiiak © V)HIS fE € 10 50, RIS A 20 52 h 2 bl L e
TED 7 v — W O ERER R AL OBEEEMR TH 52, T hoBa L TAROK
Wk FEEE L T 2 OV S 1L 5, BHCHREREIH 0% Ak 2 o RIS R ) % MnS
DENEHTD LI TH D,

(a) Léw carbon-Killed steel 400 (b) Resulfﬁri;ed steéi X400
Photo 3. Microstructure of section through tool-chip interface.
{a); cutting time: 10 min. (b); cutting time: 20 min.

WTEROEEHIT R TL Z R
BLF1L, RREEGRESE L L UEOR
iz & 4 7o T AR plowing fEB A
iy, TEOERREIND EEL
bbb,

Photo 4. (%% 1 F#ll% 2 75 UJHI L7
TAOYIRNES IO BEBEMKR TS 5,
TA LM AR (white layer) &
AR AR DEREIFEL TN 5D
NEEIND, COBPBITTELLUE

Photo 4. Microstructure of a section
ANBRVIATFVEIOZZ v ATc EOIEE of the tool perpendicular to

. . N the rake face. x400
DEE L e RER S b 0 C, G4

(68)



EREROBY T W (5248 413

DREMAERE DK TRt HALEL DR, BE LWL D TR,

Fig.14(a) 08 HFE Y & P (2 73 B X OHEREIH (= 738 £ 3KV LT A
OF < WHERRE SN CEALEE OREO—FThL, T IBWT, 2REYEIO%BE
&R BRFTREIEN O3 G EREE OMRIER RN CEE L Tw S EEBIE TS
Bo —F, Fig. 14 (b) (XHEREI (=2 78) OF < WEQ), (2) k X O (3) 5o EFR TH
He MBIk 5 BEAERH Q) TRIE ko Tk b, WCEMEHRREBEIER R
ST B, DX 5 HBIIHEREIM (= 73) OBHb - & LB TR H, ML
oKX WHEDOLODOYEICEELRE0I S CB bbb, (Vv HHAUHLAEEG L
e WHBERS YT T LEOREND D), b Fig.5icmlick 5ic, 20X 5 ik
INTEERB OB X1 <, »okh &8 0.25 mmpr. & AT Wo, REE I ORS
1% (8) DEFTICHY Uik b B RET 2 b0 Bbn b,

Resulfurized Steel (core -part)

Low carbon-Rimmed steel Cutting time : 340 min
(core-part )

/ZW//////

F00min

2) 3)
Resulfurized steel

(core-part)

7

200 mi
e - it
7 o/
aos
7% Z g
wn 0 /0mm

(a) (b)
Fig. 14. Crater traces for H.S.S tools cutting.
Cutting conditions : tool, SKH-4 [—5, 15, 5, 5, 30, 30, 0.8]; feed, 0.25 mmpr.;

depth of cut, 2mm; cutting fluid, spindole oil; cutting speed, 50 mpm.
3. IKOWEERCRETIERB RS KU EEFAOR
Fig. 15 11 [/—UIHIEE (V=70 mpm) TEKEFK + /L Fiil % TR R % & O GIEIhHEl 21k
TR THPIL B EOT S WHERERE L, i PFig.16 iy, 7V -2 EREOESE
fbxmlic, ELKGO =N @%s LTERRE, (=06 3 TE—UEEMmE X% 0.6 mm &
L, 23 0A3S° ¥PFcBECHETETHSL, chboRRLWLNLE 5iC, WK
TAYFERL, WYEIZT-cBaRkbTABREN L, LrdbEHES LKL, Ik
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b .
Wiy 20min

(a) H-tool.
Y=W0mpm, Tine=5,10, 20mir.
Cutting Fluid=Soluble oil.

Fig. 15.
time.

(b) C-tool (/=06mm)..
V=70mpm, Time=30, 44, 50min,
Cutting fluid=Dry.

T2 - Hepli—

Zomin

() C-tool (7-0.6mm) .
V=T0mpm, Time=25, 5, 10, 20, 30min.
Cutting Tluid=Soluble oil.

min omin

Crater traces cut away tools showing variation with cutting
Cutting conditions: work, Killed steel; tool, SKH-4

(0, 15, (35), 7, 7, 15, 0, 0.5); depth of cut, 1.5 mm; feed, 0.3
mmpr; cutting fluid, dry & soluble oil (1:20).

025
a2 ‘—L

075 /A/]//__I //
. ( ©
T O/
o]

o
a0.0%

g

g 70 40 50 460

(ﬁZf/Wg time (min)
[=N, soluble oil (1:20)
[=0.6, souble oil (1:20)
[=N,. dry..
[=0.6, dry.
Variation of the depth of crater

~A-A-:
—A-n-:
-e-e-:
~0-0-:

Fig. 16.
for cutting time. Cutting conditions :
tool, SKH-4 [0, 15, 7, 7, 15, 0, 0.5] or
[0, 15, (30), 7, 7, 15, 0, 0.5]; feed, 0.3
mmpr.; depth of cut, 1.5 mm; cutting
fluid, dry & soluble oil; work, Low
carbon-Killed steel.

Soluble oil (1:20) Z¥JEIFIE L CHEHLBHA,
OB AR OK ¥ > Soluble oil (OB A, LREMHICE

TH Y hoEFH LD,

BERRIIETON, 1R E Lok

00 P
feed : 045 mmpr
2004“‘.@‘;‘4\'\|\“ T J
Koo O
e
150 \ 1
N /W/ z 3 4 56 8 /0 20 30 4050 7 700
S m —
N ’ <] U Feed : 015 mmpr
3 W=y r +—
W 750 o T L —
(/] . I i— = @ =
f} 7 X\“{‘XE\“H\ALX\?.N
= =
15 o, 2 3 456 60 20 w4050 W OW
<
200 ‘
f f [ f [ ‘feediﬂfﬁﬂ,gf f
e LT T
TR
700 -
&7
6
ﬂ/ z2 7 456 80 VA )
Tool -litfe (min)
Fig. 17. Taylor tool-life plots of dry tests.

Cutting conditions are the same as in Fig. 3.
Low carbon-Killed steel, —A—4a-:
Resulfurized steel (core-papt), ~a-a-: Re-
sulfurized steel (rim-part) -@-@-: Low
carbon-Rimmed steel (core-part).

— X=X

T TH Tk iz VOB Jole U B FE 2V K

Y OB 4, GIEGERE 70 mpm iwks\ T, 3T

AN EHFEET VB ORMIE =y Y IRICREZE LT\ 5, = OREB~DLHZE
DR EWYIHER OE AL, VEEEZE T Lo EL KB 5, BMRIEORE -
Wik DR Lk, T VHE T EBEAETREE 0D, F0%dd W EERELRE S

(70)



BRFMOFHIM BT BT (5 2 %) 415

Table 2. Taylor tool-life equations for the total destruction
tool-life of H.S.S. tools.

Work Materials. Feed Tool-Life Equation Vo mpm
[mmpr]
Killed Steel Vvieie= 97 64
Rimmed Steel [Core-part] VT0.06=110 80
Resulfurized Steel [Core-part] 03 VI0.076=123 90
Resulfurized Steel [Rim-part] VTe1 =163 96
Killed Steel VI0-017=150 110
Rimmed Steel [Core-part] Ve.6=177 130
Resulfurized Steel [Core-part] 0.15 VT0.054 =190 152
Resulfurized Steel [Rim-part] Vi1 =204 120
Killed Steel VTo-111=230 146
Rimmed Steel [Core-part] VTo12 =262 161
Resulfurized Steel [Core-part] 0.05 VI70.05¢ =300 240
Resulfurized Steel [Rim-part] V013 =293 176

NBEWERE Y RT L0 Bbhs, EE—UEEFRSD L & T, Fig.15 BB b0 X
5%, WIE TR OBEEEREINNE» BN BIC TX 570, NE~DBEFILD 7L
e BFRGERT,

400
4. T EF @ 200 J--_A__H 1‘ ’“ffea’-'a‘o;mmrr
Fig, 17 i (S + 1 ¥l (0D L L L
. et L A 150 i Mi—— T
AR (278, 3 X OREHREIN (= [lw H \L
190 7 4 556 ?M 20 30 49 50 79 j00

T I LOVY AHR) HEDEEH TR CY) / z

ML s 2o TAAGNGER LI, &
S 200
7z Table 2 i3 Fig. 17T ko T A 2 P
FaHBERR L0 GHERCH T 28 3,
Q
KR AR L, ChBICEDETAR o
MO XX EL s CoLigo  §T LT
_ . ‘ RN T
S . B ST N e S I |
iR L T3, BHEEIHE L1H) /””—“;x_x__‘::%‘bﬁi_\‘* il
B o TR BG4 58 3E # ;T’H-lii\ "ﬁ“"r--mi--‘»-
80 | T
Lo pg T ENAET A [T L LT
WeEZbNL, REGEROFLV* % 2 5 456 80 20 0 400 W W
AFHE Y A R (2 7)) R LT A Too/-Life (min)
o A . R A Fig. 18. Taylor tool-life plots of wet tests
4 3 TR
L&, Va P (=7 ofpn LEHR () and dry tests {(——). Cutting con-
BELlTtsTwd, Tt Fe-Sikb s ditions are the same as in Fig. 3. except

that cutting fluid is spindole oil.

Al ofBHIOMETCHA S, FioF
A NEH & BB (=2 7D BT S L, LEFGITREE (= 7)) ek b By, 2 REET
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WO L5 TAVIEEMRE S ARSI cl R b <, UIERRE MET LLERGIIR e
e EBbh b,

Fig. 18 izit, ¥HIF & LCAE Y FAEEN Lo TREMIRLERCKT 5%
M ERE SR TR L, 22 T%) 203 mmpr. 235 0.05 mmpr. x A {7ehiT L
Fohs, FIEIIHEI ORI LT B, SHULERE Y Bin /i 51 Licht - CHIRIEE % mo
TWAHIEER, K% T OHEHIEIMEN EBbh3C brrbb T, &IEHEE DD Y
WRIOFT L WIEH~OEBEN I S, TAFEGAYET I EELbRL, LLanb,
SIS0 B Ll EElmA o B {E I & h TAHFMIIR k- T %,

IOXSCAY Y FAMEAOBER, FaMBOEES RO HTHKL TP 500
win b, Fig.19 1% 3 RTElic st % TEFHMMR TH 545, Lo 2 RTTYWH 0% & & [k
DA AER LT 5 & B,

200
N
S 200 :
SA\A\‘
\a 750 b pr— > © A
- —— A=
3 T T Tt —me
“ YL
- 700
=S80
3
S w0
50

7 2 3 4 56 8 0 /520 50 40 50 70 /0
Too!  Life (min)
Fig. 19. Taylor tool-life plots of conventional cutting tests.
Cutting conditions : tool, SKH-4 (—5, 15, 5, 5, 30, 30, 0.8); feed, 0.25 mmpr.;
depth . of cut, 2mm; cutting fluid, spindole oil; —A-a-: Resulfurized steel
(core-part); -0-O-: Low carbon-Rimmed steel (rim-part); -@-@-: Low carbon-
Rimmed steel (core-part); —x—x—-: Lwo carbon-Killed steel.

Iv. &

il

PLEAERSE S 4 PO - (SRFE Y & FEllds X OBRERBIHIC D\ CanE B TR o BERE @i
B LOTEFDLBL - WE LI RROSREZ BT,

1) FTRCOFBTI\NT, 75 v 2 BRIEGUEIEEE T 2 00 @R cm-s 5 5,
B 5 BRI ET A L ABCHET LT TR ESWET 5, ChiimEEN TR ARG
TH 5,

2 7TV EREEE L TEE%) 0L EEREESREL, BXD TRAERREOR
KARSNS, o O LERE DK E CHET I cRc B TH D,

3 EEEMTAOERL, T CEHERSEECHY, UIBINHOBBCHEFRED
BERLOFDOEEWAL, YINRBEZHKRD S ETT 2, LOMR, HNEBEDOET
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B L OBELHRE YT TR R 5,

4) FROTEHROTRRIIYEIEE D LHC & 5 TAMMIOBEKILTH D EE2 bR
bo Fio, WAL L TERMA LRI T OBENRD D, - i LA plowing fEA#
LEFHRE SRS, SORTANDHEHMADOTREOIE,H v, TEOBMIRE A& T
DI ELELLRD,

5 WREEHMMOBE, T OCEHBERERETI IV UNCELL Tk Y, FRUNE
B LA T 2 e OBERE TR E 7o T b, L L TAOBBKILES S X O E
DY L, TOTRFRESXHABRL D EEL bR,

6) BRERHIMOIN OBE, 3 WIEERREI L MoS 2R L TR ), THRE
HAMEn0EBERITLTWAEELDRD,

7) LEFHHLRT, HEREIE (= 73 »RLEEERH TR oS s W T aF T
BB, WOTEREY & V8l - F FITH B,

8) AE Y FAMTEIHIFE UCEEE CIRBRITH 52, @mEEYE Clic AR ©h
%, —HwHRIEOKE - Soluble ol ik dEE TOFACIIAEY L Bbh b,

9) LE—YEEMARMKETAEOHEMC Y, TAHEGREEIRSLY, TVARE
Ce ol MR ST 29 2 B4 e b OB FE L 72 5,

#oie, RUFZECHEM LRI R L O TR E ORE S G B OS5 7t & o i
Ao W e B LB S E R BT O 7 < W B AL L B E T,

EPMA X 25 LT, BEax0MEER R uicltibE RETFTHS TR S
MILBRICEL BB L ET ET, FFEFEMR L LCERYHEL SR BHREE KK H
ABUSHT ZWMELERTS ) 7o b OCCHERAR (74 7 AR KK 9%) w&H# L 4,

(FRFu 43 42 4 A 30 A )
X s

1) George. B. Troup: American Machinist, Special Rep., No. 543, (1963).
2) HIF: HmRBRTHE, 43 (1961), p. 82. »
3) V. C. Venkatesh: Advances in Machine Tool Design and Research (1966), p. 401.
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The Computational Methods for Tracing the Stream
Lines of Two-Dimensional Flows around
Submerged Bodies Part 1.

Kyoékai Okuda

Abstract

This report presents the computational methods for drawing the stream and equipotential lines
derived from potential flow theory, with the Electronic Computer, FACOM 231, in ALGOL language.

The flows dealt in this paper are the following two series of flows, taken from the ones dis-
cussed in one of the author’s other reports:

a. The equipotential lines around a Joukowsky airfoil profile.

b. The stream and equipotential lines around a bisector airfoil profile.

Computations with the electronic computer are executed in the direction nearly perpendicular
to the lines to be obtained, and the computational method are explained with several formulae,
figures and flow-charts. The computed results are illustrated in 11 figures.

L £ 2 B &

HTEIERE Lic TRlS OSSR X 2 AL oo dibicownt, $F28)D (B
TR & T5) Bl &FEvTC, FRREAOL e [Toukowsky BRIOH ) DN DOERT v
v Rl BLO TRIAEOR Y ORMOWR EFRT vy AR 2EFEIHEEC L v BYT
LIER RS, WO BIYE OB T AL AT 2 AL, PR & ERRG
TRE IR T 29 TH 5,

IL #FRhRFrivilEMEBEOTRTSIVY

1. Joukowsky BEROEF O DHFNDERFT L v LR

AR IL LN T h 2RI AT vy v LI DEERT v r 1 @ R, Wik
¢ = {ati(@+12+1} (e cos 5+ sin §)—2a sin f-tan " (f1e) ot
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Elek, o CFEOMEBE p, g1, - TFHRIOEEY 2, y &35 & x
p=atlzfa+yh), q=y—cylaP+yP) - (2)

THD. R0 ¢ R—Fici s X 5kt FEHOMEOH Y ORI O%EET v v L
ERbTOT, Thix @Rk b CPEEFE+T T Joukowsky B b DWW DERT
VYA MRPEENRD, WM EF—0BBAHE UCREL, HEAGRI L LTS,

TR IR E AR TR 2R AT EA A YN ER U O
D, Lo T OBHIBE AL D0 0 L1t d, TR ST A% 2 B
a0, B L BRI OBM A TR, M2 B TIRERT v v e M R RO E AR
MICEMT 2 2 & LA E ABECH 2, R EARET 5 A0, HEOBETHRER0 O ¥
DEZ HFEME S U TEY vy HAT ¢ ORDBRREERD TITL & EFOHEELEF—ED
&7 chbh s, Fihbb ¢=55, 110, 165, 22.0, - £D{ETH - 1o, = OEBE BT
Lo THDONIHERT v ¢ LORWCH bR B ERR - Tn5 2 L Th D, Fhds
TRCHREEZRD TR BERD D, LEN-TT R 23 ARG OBE L b Uk
th, BIKC ZD7 r—5 4 — b HRT, FOhOILET

PHI: ¢, ¢: B (M%), a=sin 8, b=cos B, c=2a,sin B, i: x DHFEME, m: bR

TCBERT Vo v LOH, m=5Xn LB, s: F—2forvvr, BlLEHETS,
THD, iFFTIET « 2 ATETHERFACOM23L # L 7w 75 1 v 7 icix ALGOL
A T, '

VA ——
¥ PZB< £750, —30Zyz-/50, PTE :
NEYE750, —I0ZYZ~i5), :
'e”g/ ) LRANT L 2R, 25 =y =25 HEE 70T
sOBE W y:i0, 2105, 2 &SN, W y5, X105,
m=s%n (1=-30, =25, 8 =m=isl,
lﬂiﬁ;tixv"&b,cm l i?ﬁwpﬁlﬁ mi37,y, PHI, PHI=m% % 7,4, PHI,
. E i A p,gmgfﬁ
PRI =0 0B 0T H, BR ] Eyﬂ f”f ,:g
D 2O (array M) .4, PHI, p, g

o ED

x, %, PHI, p, PTC :
a)élll)ﬁn i’ 275 Y <27, AREERD
M)fﬁiﬁ%ﬂ_& erzrﬁnu,
PTA: %W PTF :
30=y=/50, ~30Zy 2 —Ish, 50<m<50, PHI—W% 252 yz= —25, HRE~-70
gﬂf’@”’f(}%%’ﬁﬂ% %Y, PHI, p, g5 H TR, Wary15, 2105,
yi0, —-852 m= -0,
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p, g DEtY T » 0 &) prgMEH
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Lot e g —27 £y <27, BHERED Z, Y, PHI p, g
2O % HFEMEE LT TR, o R
W y:3, 01,
PHI =-/500%0tHE K& —60Zm2—80, PHI=mi%
DxOEM (array N) %,Y,PHI, p, g DT Y

2, Y, PHI, X, Y, PHI, p,
om0 72 o EN Rl g
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0146,
"= AA—ajozy - (5)

TH%b, 22 ThH=0,=a bk, RABDHEHLRY

- a
/~—-ﬁ4<1_m o (6)

e, ¥cREa) ko
a; = ayfcos T, Yo=agtan 7 e (7)
TH2, B)RNEREML AN EZEL &,

w1 i(z’ ) - (8)

C==2t 3 Tz

Llehe L=ptig, z=x+iy EHFE, EXLY

(—lat =z
3 xZ_I_yZ

__m—1af y
q9=1Y 3 xz—l~y2

p=x+

Eled, e 2 RFROMAEOR Y offh o, MHEHR ¢ BIUEERT v v i ¢ R
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» = {a%/(62+f2)+1} (e cos f+fsin f)—2a, sin (B+7)-tan"( fe) - (11)

L, RAEORY OWBE LICERT vy MBS, BiEFABOFETRD LR 2,
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FTAESEMCE L, BAEEYREGCCERTIREREET T RERE oS el i 5 E 4%
T,
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1) HE#HE: EWLIATHR (HIWR), 6, (1), 101(1967).
2) W. F. Durand: Aerodynamic Theory, II, p. 74 (Dover Pub. Inc., N. Y., 1935).
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The Computational Methods for Tracing the Stream Lines of Two-
Dimensional Flows around Submerged Bodies. Part 2

Kyokai Okuda

Abstract

This report presents a computational method for tracing the stream lines of the flows on which
the flow-directions are tested in a wind tunnel at every lattice point in the mesh. The calculations
have been executed with the Electronic Digital Computer, FACOM 231.

Order of the calculation is as follows:

a) Decide the flow-direction at any point P on one side of the cell in the flow regime accord-
ing to the flow-directions at each side-end of the cell, obtained by wind tunnel tests.

b) Describe a circle through the point P, at which flow-direction lines is tangent to the circle,
and intersect it at point R on the other side of the cell.

c) Decide the flow-direction at R in the same way as in the step of a).

d)} Shift R with computing of small steps until the flow-direction at R would coincide with
direction of the tangent on arc PR at the point.

e) Describe a circle again into the next cell through R, thinking of R as P in the step of b).

f) Continue the describing with the computing, cell after cell, in the manner mentioned above,
then the experimental stream lines will be obtained.

Some applications of this method to the flows around airfoil profiles are illustrated in 11 figures
in the paper.
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On the Characteristic of the Wick Flame (2nd Report)

Norihiro Sawa and Shigenobu Hayashi

Abstract

Successively, to investigate the characteristic and construction of the combustion method by
means of the wick flame used for a petroleum portable range or an oil stove, we measured the
fuel consumption, the temperature of flame and combustion gas and the flame heigh, and sketched
out the construction of flame changing the wall plates of combustion chamber, the distance of
plates, the wick height, the oil level, the temperature and the velocity of blast air.

This paper treats of the results obtained from the experiments with a two-dimension com-
buster of the evaporative sleeve burner.
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Exhaust-Gas Characieristic of Crankcase-Compressed
Two-Stroke Cycle Diesel Engine

Norihiro Sawa and Shigenobu Hayashi

Abstract

To examine in detail the effect of the operating condition on the smoke density, CO gas and
Hydro-Carbon in the exhaust gas of crankcase-compressed two-stroke cycle diesel engine, the
authors have experimentally measured the amount of smoke density, CO gas and Hydrocarbon
changing the delivery ratio, fuel consumption, output, engine speed and cylinder wall temperature.

Consequently, it is ascertained that the amount of smoke density, CO gas and Hydrocarbon
depend mainly on the air-fuel ratio.
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On the Stability of Premixing Flame in the
Neighbour of Solid Wall

Norihiro Sawa and Shigenobu Hayashi

Abstract

To examine in detail the effects of solid wall on the characteristic and construction of combus-
tion flame, we provided the flat flame burner with porous port, which was designed to provide
a practical approach to to the ideal condition for the study of laminar flame propagation. And we
made a flat flame taking use of this flat flame burner, and measured experimentally the lift, the
length and the temperature of flame, and sketched out the construction of flame.

Consequently, it is ascertained that the stability and lift of lame depend mainly on the amount

of mixture flow, mixture ratio and the velocity of side air flow.

I %

i

AR o > v v XPIEmEIRE X, RE7ARE XD Lavie v B REBCRE AT 5,
ZDfcw v ) v XKREE O TN T T T, KR ADAERSL KL OWRM 2 PR L
T ->Thb, »P22HRE, =3 AF-BPRBCS T HFEL /AW I Ldv5 £ Th
L, AEMBELTEEIR TV ARIEKES-MBLRZOBEORAL L/ b, Lich-
T, BRI 2BBRHERYBH T S0 ERBLERBYLOLOTH S,

WHBED KRV BERE, kJe & Bl & OFEEE, $7chbEAREEIC L > TRt 52
EMTE, YA KT HIEROIEE VS BRI BRE L O Bk isbh TER, 0
T I HERE & BRBESE & DRI K DS T 2 BB FH 0 Lin b, KEKOWEAMD
LRSI B 2 KKOREEE TR, BREREETT2 5 2L E NI
HEZHLDTH D, DB EMND, EF—RKILOTFL IR KK LB R BRS L%
FURAISH LCIED L, 20 B kA& Tk D@ TEERE, EASRE, Bath, #RK
B L OHREREOFEC L CERIICHN o T Dm T 5,

II. EBREBEHIVAE

FEREE O RKK A2 H-112, BHa K-212, I5EBMEED -~ —35% K-3 108

*ORBKE TR AR

(123)



468 ROAEL - ER

B-1(a) %8 %E B-1(b) BeApLRE
@ avFry - @ HAA— K~ @ BEXES
@ RBE#Hx v/ @ % OB B ® HEFERE
® </ A— K- @D 7ArrALer A LBER © REBEHIE R v 2
@ FAA- &~ @ I EiEE @ A —AF
® FriviaRyS @ ZRIEHEERTEE @ nr—-v7e7
® </ A~ K~ @ ES  BHer Y BEY @ V- - HES
@ HAA— R~ @ > i @ EREhe — & —
®E & %= ®&H FH K @ +— 3 2 2 PAE

B2 % B # &

T, Bk W TR ERERER O »ORBEH S IO -EEREAD 2 v @ %%
T, WOMBFT @ BLIOHFA A —2— @ CFRBEINEGE®EA I N D, HEBECHE
LPG) BB 2 v 7 © OPHERC L - CHEIR, HIKET @ LUV AA—-2~O T
FFESRTESE®WEDR, FZ CEKEBAL, SR FAA— 22— @ %l CTHE
O CHEOPIREET 5, Toks, BRI RKBEE OB S LA U T K-8 o 1K
LBERS LR & 0 RE G A X, ZoOPHR B PHABEES L 0T, LHPRD
EIREE L LC@<, ks, SZAVROPREFEHRICIZ TN A4 7 v 2 LBESR @ (0.3 mme) %
Hbihdh, GHKEYELZ TG, KEELS HREHAN CHETEHI5CLTHE, 2D

(124)



| BT 6 0 TR A K IR O REHIC DT 469

B, PREESE O 4 B % FLTER IS O TR HHE TS
TRE LT, T%5RTE R LS CHE
L7z,

Dadn B SERNEEREIT 5\, ZERIR, BN
B b 2kl (MR = 28~40), & & KR
(O = 10~30 It/min) % L O BEEIREE (o =157~
RO°C) HAE % Femd b, kAEDIFEE £ (ha), KED
B (hy) A FRORNEEHE @ T, KKMED
T s-Ed e oy AREN @ K LO=RITH
FREEE @ 2T, KEBREA 7 v TR L
OBEEREC & - THER L OEdR LT, 785,
BASICEK L 7o\ BE OWTE S AL K4 1R
T 1o mERoOBEE, HHOTENMES, X
iz o TRE L EV o CREOREME & LT
i 3 S OFHE AL, WEEHCHRDY
B IE LI

KRR R <5 BN T, K-1(b) &
O -2 () iR & o i EE A B L, T8
bbb, V=Y TR @RV (100X 100 x 150
em), HUETEERE @ % & L THER A S0 24U
b BEREE L LT A W 0, O
15, e 1A 2 POEE @ U TRIE L (RRBE
2y p B 7 cm O,

feds, AELHESmAvHALPG) D
HBIEROEY TH %,

(mol %)  (wt %)
75 m RV 76.6 72.7
4 v TV 134 16.8
SR ¥V YV 4.6 4.2
E 7 % v 26 26
= & v 0.5 0.3
7 o+ vV 2.8 34

TR 28
(125)

]

KD~
, | B A

i

N

!
BE%

H—3 B

08
a6

oat

o8 &

0.2~

0
mfsec]
28

04F

041

22 4

mfsec
081

061

o/

ot T

07+ ¢

——Cn—e AR BER 251/min
------ ®---- HIORSRE 201/ min
—O—— HEREKE /51/min

position

H—4@) ¥ & & 7

|

.

B4 (b) K EEESTHER



470 FOBIEL - Bk E(Z

HI. EBHERSIUVEE

UI-1 B @ 0 & &

EREEREDO RRBOME LT, KEER»DREAXEREN LE AR L TRESY
fEn & %, BEEE KEWMEOEORB (KEDOFEE ED) N TED, ZOFOEIBIT % ILE
2 SBHED B o e 3 b 54, Wb K-5 O X 5 fBREEK S (RS DR A e
L, =3 ¥k, SEEORBIOT7 YV =2y AORERDBHEL W5, TORKE, WK
Bk

C,m-h, g—C,(Ty—T)
v el vt )
DR A 2 T b, =i m: BERE (kg/m?), Tr: KH&EE, T BPEBRMBERE, Tw:
BETIRE, ¢: ROEOFEAE Keal/kg), 1: BEHEE (Keal/m-sec-°C), Cp: HE (keal/kg-“C),

By x ED (m) THB, Lk Tr=Ts & LINERIEDS e = 50°~150°C, ¢ =1000~1600°C
DEFHOFERBEL LG5 xnRTeebie D) HE m xRkxiFEr b, BELENF
L& m OBREE LT b BEST5, 2) KROFEEA COBEROLIZ LA ERE
L7s\ & fam LT B,

KEEREH (£, =15~90°C, ;= 1000~1150°C) {2 ds\ Tk, KHEDIFE LD () 25 ha=
05~15mm OHFHECHAEL T VDb 00, BEHKLD

B e FBCBEROWE LR LA LR T (K6 €| e
L0-g—-9—2 g
B, 705 BE KSR (1) LA LD T, (1) , 0 °
1000}~ T Y
;k@yrtnm}&%\szb—‘ﬁ L7cw, UL, BERZ EAT
900)
B & HEED PRGN T % O THBLEE ML, .
10 §—
C\ 254 bt fmin (273 &t fmin
T | ' hy Y 0! 37 |A[322
! - min Q| 34 |A|344
{ | \ ®| 33 |4 358
| | )
| ! s\ .
|
! |
A
| FAN q
! | """
I // ! \\ OL ‘
p | 4 ! S Dag
7;1 i // : — 4
1 - | /71
! mm
7 | T 8.8
d —— 0 — Tﬁ%étr~&~‘e
! g
! Il LI [ \ I I ’
| 70 30 50 70 99
x=0 tw T
B—5 KkEKORED Bl—6 KigikiE & BElR

(126)



B R BT 5 O FRAKIBOREMR D> T

2
Eﬁ.
S

KBRS (he) D EEROTEHEECTL S IeDTH B 5,

— ATl E ) KHEDEE (hy=2~10mm) 7
FHETZOCT Tr="T; (F1L he=0) &8P T %
BT T, 2D X 5, BREEKEFRR
B E X UCEEIRE N & A EBEE Lisw
L ERRIEEL, AFAERE L TRREOME
YEFETSH 5 200 REERFE A I 20T
WA ETHELH B, ik, B-70kKEH
wrAhE, kA~ Thb 7 r— 7 — a2 %21
TWw57s, BEEIAKRE S, NEELRIERE
HHEECE, BEEREORE NHLHLI TS
I5THh5b,

1II-2 BEAKSREOZE

WE, (DR X B ERAERDRERE (@), KK
R (Ty), BRI (Tw, REE (2), HE(C,)
RENFE LB HITIRKRDOFEE B () X EHE
P (kg/mbs) WHEMANCHILOIT 2 2 i b,
TR ELECER L, BAERKE (Qn DO
HEWM~e, Thbb, BEAERE 7e vy
AL OREEEY—ELL, BEAZHEY Q=
10~30 i¢/min OEANZE % 7o G OERER (K
RKOFE LD hyy KEES by, BLOKKRE )
A M-8, KEKFEY K-9wrT,

K &5 &, BaERmE (Qn) s 5 &k
KOFE LY () X F <Y, Qn=151min
KROCTRPEYSL, TR 7 Ty b7V — A
¥ETL (H9@BI0M), SHLRBERIKERE
BELTen b, KEDFEE 1Y (h) s L OKKE

(127)

471

)
LIicha T, Tl 7 7y b7V
20
&) M/?
® | 2
€] 32 /
o 3
ol A1 36 e
A 38 N
Al 40
b
mm
)
5
4
5
Ao
mm |
ok
B—8(a) k@ERELREAKME
1300 —
o 0_____./0
Y \ 9
e}
“<:% o

)l
00

—8(b)

0
? Qn  lt/min

KIBRE & BeKiiE



472

51—9

n

VNGRS

el - Bk EAR

=

S (h) ML, KK EECREE e RERAEI AT (X-9 (b) k5 X (e)), CLrn=251t/min & §
7% EANEE W F kLT (K-9() BLO ). ZoEANKES L MR) A kE v igd
BECh D, MR=40 0F I, BREMELRGKMECIE ERETELD D Z Lovbnd,
hb, RISTHCALREZTMENRKEVHECE, BEKORFEEE L) LEAKKESK
EVDOTKEIFE LD, REEEIL), REW22ET S, Lal, BAKKEMETT 5
CON TREEBEIE D%, KEXBRERIGESCTEhWi7 Iy b7 v —amBT5,
s, BHIWPNIL s EBmMOWEERSR S, K&TEBEEASHERTHEELTLE

20

by

mm

Qnr bt /min

P,

Dipo|ee
Ny
<

o~

10 (a)

BEERRELREA L

ST THS S, ok, KEFIC WL, )R
L O KEDEFEE Ey (h) 2R A RMEC A
T5L57s L@ bhd Qn =10~ 20/t/min
(04=0.2~0.5m/s) DEF TILKRITEEL, K&
DEEZED () LBEFE—EDLD THote, Zh
s KEGRE (&) DRSS R (Qn) AL THE
3% fe b ik e s A 5 o (K-8 (b)),

H—10(b) MR EALL

(128)



B BER R o FRAKBOREERC O WT 473

III-3 B&L (MR) 0%

F—EAKmECHETL, BOL 8
(MR) = k& » TREKORBE (@ HE
50T, BEEE, KREER Z kA ,
DEXEVCLEETETHL S, Lk BI-11 ka5 (RALORE)

L, 22 5REL MR) 084 W o LIeERSERSRU S0 0T, RERK BT
BAEH (MR) % 28~40 OHEHICE 2 TIiT- 1.

FORREY K-101, kKFEY R-111omT, WTFhoBadd, BRELAREsHE
FRAZDOREE @ XV TH0T, BEERECAKREMETT2 (N-102RK), ok
W, BREZOWENMRBEEE L 0 b REL< 0D, KBOBE LD (h) LKkEDEZ (hy) H34MN
LTw2, 20, kEFRL, BEH MR=32 084 (K-11(g) 17 F» b7V —anb
AT UDTLB, Zhdt MR=35(K-9(c) ic/c? LWL PR kirndb kb, MR=
BB(X-9(M) 1m/e b & ZDMHEANIOIREZE LY, FRETEDH21 W FR ALK LD, o
DI, KEDOFBELYD ) LKEDRE (h) NET B LMK TA, Zhd MR =40 (X~
11h) & b7ch EIRBA & bnofe VERMAKRCBEBITL, A TREML 24T 5,

LY 5, BREEEHCR T AAKCEET LN, B LTEARMRE Qn SR
G (MR) tH 5 - BRI NI,

M4 # B 0 & & ‘

Bk S g XIE TSR O B B LTk A. Putnam® 2 BRES OB RS SN2,
HABELEBW FOKEKCOWTORFIEZTTbhiy, 22T, -1 8I K2R LK
Lot AESBR ok, MUK LAEGBEREZBLCERY H €, KEDFEED
(), KR E (hy) BXOKEDORFD () kDT, TOREL K-12, K-13 3% L0 K-14 1<
KRG E® R-15 T, ik, KEOEFE ED (h) TinbbRABOEZX, kK
R EWH2 HHBBREIC/ > T, FLAEZEELERV, LiL, BAKKE Q. SLORSG
B (MR) DRE VB FIIKRDOFEE (hy) (EHEBEIE (vo) AL THMT 5, 2 X-15
T X0, BB L - TRRICHFOXET oo Th s (K-1530), (), k&), 25
AR AR E (Qn) 2V (Qrn=20, 15 I¢/min) iZ@» HRT, M KKE X (hy)
DEMLTWD, THIZHL, FAHFDES O EEERE (vo) WAL THINL, KEEAE
BEleh, DO EBLEET D, Lrd, BEH MR) BAAE S KEPIREETH HBH
ZE, FHEIVERS ) oWINBEECTHY, KEPNKEHZ T & & OBRIE (vd) XRAH
(MR) AR E T E, BARME Q) 2V EVREBRWVEART Z EMNbN 5, Thbb, %
U~~~ LD TRAKKOR EH2BATEAE MR) L EARKE Q. OB L
THExbhb, 2huL, AT~ ~C X5 FREKEOREROBECR EH2RECHT

(129)




474 ROBEL - K ER

2 — 3
$1=30~35m7" T

: e 3 r' ! /.%
T mm

il

Qn=15 le/min
" Q=250 ! L ‘
od \n=25l/min o132
‘i - — MR Sl o
mm 513z ®38
[al35
®| 38
5 ’ T
0‘ 1 i ! l \ I
3
I if__—o ‘o ho b d ‘ ‘
mm | | mim ‘L/ \9\
T ey
¢ ? Us mfs : ", mfs
B—12 kERE L EE B—13 Xk BRE & A E-14 Kk ER B &R
(Qm=25I;/min) (Qm =20 l;/min) (Qm =15 l;/min)

B—15 X B E X BMARKKEEORE)

LEEELRLFUTH BN, KEMROEIRITE ORI & ixh s D A RIS LTH D,
BE OB O RO BN A,

K, BEORKRE () 2= (0°C) 25 80°C T RIFC, M UEBRELEDEL L,
FOEE M-16 5 X O R-1710md, Kick b e, BBRORKEE (o) &K EREE o R E
WEZThH, KEDIFE LD (h), KEDEX (hy) B L OKEIR (K-15G), 1), (m) D H#) i@
Lig & A FHEADRED BRI 5 T,

(130)



W BRI B2 D F A KB OREMRIZ 2T 475

l e
mi g “ s
,,tf 4 *lt_; i m],w a4 T A
€ ool O\O\ o i le}
______________ e ol—
Jo00}- 1 { > 4 1200 ]
Q=20 lt/min O, .32
! L ! i - A 135 ]
0 0 %
, N G Bl fin g —— g o
m,'n hd o3z o —
alas” -
® 38 @
5 7 — P 807
{ t 3 e ®
A”/H———-A h L ®
mm | V‘Mﬁ
0 0
g
3
ho e —— h e ® e—"®
175 - b mm -
o i & &
7 W oW v 0 W W
t, U %
K—16 KIERE L BHEOEE Bl—17 R L iR g
(Om =25 I;/min) (Qm =20 I;/min)
Iv. # g

Pk, S AUB & T VAR e R4 S e B TR A KK O Fith 4 X OB 3 103 B
(tw), BEZRE (Qn), BHEK (MR) 55X OBROEBECOCTEE L), BEYTLL00
EEDTH D,

1) kEOEE B CRIRRE O X) (B BBEGE, BRREoRE LIz LA L%
I, £E LTRARIE Q) B X O A (MR) LB L THIL, KREARLELD,
BB, KEROBEE Y (h) PRI HRERNE (Qn) DFET %, 2h bR
PR OfE & BT L L —F Lisw,

2) KEDBEE (hy) ik, BEHRICHIEAIL, BEKNE (Qn), RAEL (MR) 3 3 O B g
(ve) WHBIL TR L, KEITREELRS,

3) KHIEEE (&) BRI EA SR, BARHE Q. eI, BEE MR) -
YHAT S, UL, KEBRPET A2 CRIESTORE A RE kb, —H LM
HERDH i 7%,

4) KEOWREE L LTRAKER Q) AL (MR) wHish, BEKUtE Tt
BREAHE Y SR LT s, KELT Ty b7V —anbRBlEkd, WEMKKELOVE
Rk, B Ede EBITT5

5) KUEOWEMZITEL LT, BAGHR Q) Bk MR) 3 X BB 00 < /2
FEND, KEDRREELL D CHNTREHEZLEET D & X OBEIEE S KR E/ DS

(131)



476 oUOREL - EfE

&, BELrPRECEEELLY, KROXREHRITHE L /ch, - O, BEHRETEE
AEEE LT,

WD DX Ak, AEEFEEEG TV 2 R RAFHMZE PR ITR BB, JtfkE TR
FREREEE, JCEERERRE—#0%, FBREEORIFLHY LR TR R TSR
BEEFEEE, FIKERES LOREREZEEIEE L CHE S SBE (EILIAK
#Bi), BMCE (MR vz — KK) oMBCE#HOELZRT 5,

(A3 44 A 30 B2 H)

X 28
1) #R%E: BRFESFEFHE, No. 186, 71.
2) g BeREESAEE, 60 % 465 B (IE 32-10), 1106.
3) WEI : e S 751 EIEE ARIMIE (E 41-3), 37.
4) A. Putnam: 10th Symposium on combustion, 1965, 1039.
5) MRE: B ULE, 81 % 221 B (AR 40-1), 159.

(132)



FIEEICB T 2R BEFEBROKME ®48

B0k RRE—
S - K B B

K

Studies on Aqueous Extraction of Benzoic
Acid in Fixed Bed. No. 4

Makoto Taniguchi, Hidekazu Kimura, Jihachiro Sugita
and Chuji Mizuno

Abstract

The present writers continued the studies on aqueous extraction of henzoic acid in the high
packed bed of 70 cm height. In this test, the spheres of ca. 0.67, 0.68 and 0.99 cm diameters, and
of ca. 67 weight per cent benzoic acid were specially used. And these extraction experiments were
continued for 24 hours.

It became apparent that the average concentrations in extraction bed were equal to those at
ca. 35 cm height zone of the bed, and that the cumulative fraction of extraction had higher values
as the spheres were smaller.

This cumulative fraction of extraction kept higher values between 30 and 50 cm height zone of
this 70 cm packed bed.

From the results of the analysis of this solid-liquid extraction mechanisms, it was able to think
that the pore factors « consisted of 3 zones, independently of the height of the bed, the diameters
of spheres, and the weight content of benzoic acid.

Namely, the Ist zone: the influence of the diffusion resistance in the film.

the 2nd zone: the transition region.
the 3rd zone: the influence of the diffusion resistance in the pore of a sphere.
r: 11~13

The recession rates ¢, of solid-liquid interface in the pore of a sphere had higher values as

the spheres were smaller.
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BB 3IWY ks Tk, I OMILGE « EXES R TR b, MR HEAE
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Bpfl g 7 A DIEHBC TRRRC - v 7Y v 2735, TOBRELPEL v 2 LE2WTES v 2
DHD 2y 7 %D, BHEIEH2y 7 @ %B%, 77 ) LBERZHEIEE LT, HEEE
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0.990 2:1 25.7 720 703 93.9 516.2 0.287
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F—2 K099 cm, BEOcm @ kiT 5 HEMER

- g -1 TN
Time iﬁ%ggiélénvﬁﬁEMMZﬁﬁf%féigﬁﬁwééi%ﬁWM$E
[min] [g/cm?] le] [g] [%]
15 10.80 10.14 152 1.62 0.775
30 9.52 8.94 1.34 2.86 1.455
45 847 7.95 1.19 4.05 2.06
60 757 711 1.07 512 2.60
90 6.52 6.12 1.83 6.95 3.53
120 5.47 5.14 1.54 8.49 4.32
150 474 4.45 1.34 9.83 5.00
180 4.25 3.99 1.19 11.02 5.60
240 3.84 3.61 2.17 13.19 6.70
300 3.45 3.24 1.94 15.13 7.69
360 3.22 3.02 1.81 16.94 8.61
420 3.05 2:86 1.72 18.66 9.48
480 2.90 272 1.63 20.29 10.31
540 2.80 2.63 1.58 21.87 11.21
600 270 2.54 1.52 23.39 11.85
660 2.60 2.44 1.46 24.85 12.62
720 251 2.36 1.42 26.27 13.34

£33 FREwHIERH

\}% L B = Wy e [sec] - -

G ; i i 2

R \\ 10 cm 20 cm } 30 cm 40 cm 50 cm 60 cm 70 cm [mé/min]
0.666 20 45 ; 69 97 127 157 189 96.9
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0.990 23 45 l 69 96 126 155 183 95.8
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SHRERTEAT Lo T BHD, BiEoEWIREMERLES T A LD EEYL

N5,
IV-2. e BEICKEBHLER

FLHD o IMI-L ik Tk @), @, @RE L EDTHH LOBEME R BN L
2 AR OTHRD 220X EHCTRI % /e, BBEELIRY LRA—-TH5.

ool )

1-¢
Eope = (1—g8)— 0= A+2¢) C;  (1=¢)@+¢) C

) ,
2 o 2 o

BN LY, 28D, FIWY LF—THHH, ChbMIT OO EIRSe
TREFFER AR Lo, ¢ @R 20Tk, Al ©& iR, IR D 2GR « o
2O T, DI O EHELTCERD 2 00X HEAL, Eowe=Fos &705 £ {3
oo e ExOMAHBERAEELEEZ 2 RT ¢ oW TOERRD 2 R R 6wt L

K4 rBIVOOHBERLEALL w74
Facom 231 Algol fi7r 277 &
begin comment reallength: =5,
real a,b,A,B,C,D, X, E,EE,K, KK, P, PP;
REPT1: Readreal (A); if A=0.0 then go to END; Readreal (B);

CRLF (3); Printstring (‘A="); Print(A); Space(3); Printstring (‘B="); Print(B);
CRLF (2); Printstring ( ‘SOKUTEICHI C P E);
Printstring (* K’); CRLF; CRLF;

REPT 2: Readreal (D); if D=0.0 then go to REPT1;
Readreal (C); a:=1.0; b:=1. 0;
REPT 3: for K:=a step b until 10 do
begin X: =—KxKxIn(1-C/B)JA; P:=X/(1+X);
E:=(1—-P13)—(1—-P)/2. 642 (Pk(1+2:P)k B+(2+P)*C);
if D=E then go to PRNT else if D>E then go to SET;
KK:=K; EE:=E; PP:=P;

end ;
Print (D); Space (5}; Print (C);
Printstring (¢ GAITO-NASHTI ); CRLF; ~ CRLF;

SET: a:=K—b; b:=b/10; a:=a+b;
if b>0. 0001 then go to REPT 3;
Space (32); Print (PP); Space (3} ; Print (EE); Space (3); Print (KK);
PRNT: Print (D}; Space (b); Print (C); Space (3} ; Print (P};
Space (3); Print (E); Space {3); Print (K); CRLF; CRLF;
go to REPT2;
END: LFEED;
end
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Foundations of the Empiricist Theory of Sets

and Set Functions and its Logic

Yoshio Kinokuniya®*

Abstract

In Part I, previous results on the theory of a priori measure are rectified, renovated and
rearranged for a systematic course of lectures. Herewith, it is specially emphasized that a euclidian
spdce may be thought as a model of phenomenal field of physical events, independently of any
metamathematical view on set theories. Besides, empiricism is thought to be essential to our
inferences. In Part II, logical investigations are shown, standing on the empiricist view, and the

principle of trans-induction is brought forward in a renovated form.

Introduction

Sets in a euclidian space may be taken up as the first and fundamental objects
in empiricism. But the notion of a single point will then be nonsensical if shown
independently of the space in which it dwells, because a ‘point’ must lose its
actual sight of existence if it accompanies nothing to build its spatial neighborhood
arround it. In this view, the ‘space’ may appear to be antecedent to a ‘point’.
On the other hand, the euclidian space has been used as a model of the phe-
nomenal field of physical events, directly connected to our intuition, from the
ancient days of Euclidus. In fine, geometrical forms in this space comprehend
many meanings, historically accumulated through experiments and investigations,
which had been made before the set theory was started. These being so, the set
theory shall restrain itself from spoiling any aspect of the above-mentioned his-
torical knowledges, which shall positively be qualified as the guides for correction
over all of the theories connected to the euclidian space. Standing on this view
the theory of a priori measure #% was constructed. While some amount of works
on the measure # were made by the present author, some occasional changes or
alternations thereof could not be helped. In Part I, an ultimate coures of lectures
is tried to settle some problems on #% and to give some preliminary foundations
for forthcoming studies of set functions.

Among the recent works on {foundations of mathematics, the influence of
symbolic logic may be marked as a conspicuous vogue. However, if symbolic
logic be simply applied with empiricism, it is feared that the universe of objects

o E AN
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may then be obscured by some metamathematical mist of abstraction. In effect,
some investigation on the relation of ‘implication’ to ‘logical range’ have discovered
a possible discrepancy between concrete objectification and abstract one. Moreover,
empiricism prohibits the use of transfinite ordinals of higher class than the 3rd,
so that the transfinite induction cannot be applied here. Besides, in fact, the
transfinite treatment beyond the 3rd class, is essentially discordant with the a priori
measure in a euclidian space. The logical investigations on the theory of a priori
measure in empiricism are shown in outline in Part 1L

I. Sets and Measures in a Euclidian Space

1. A Priori Measure

Length, area and volume may be cited as geometric events which from ancient
times have been evident to human intuition. These events are namely geometric
figures, and are equally called sets of points by the recent terminology. They are
thereby defined as the measures of a set in one, two and three dimensions
respectively. We specially call it a priori measure in the meaning that it is
essential to human intuition. The a priori measure of a set M is written as #M
{or m(M)). @M is then the numerical value which indicates the largeness of the
space occupied by the set M. In this case, the set M is considered to be
contained in a euclidian space. However, we extend and generalize the space
a little far, and by B we mean a general finite dimensional euclidian space.

In case of dimension 1, we have

[0, al = a

[0, a] being the closed interval {xr: O0<<x<{a}. As a increases, the part occupied
by [0, a] increases. This occupation is thought to be realized by points contained
in [0, a]. Since a point, however, was defined as an interval which has only its
position in the space and no largeness to be counted, it has been thought difficult
to construct the measure of a set by means of the points contained in it. When
we let a point x correspond to the point iz (A>>0), we may naturally suppose that
the size of a point iz should be given by multiplication of the size of the point
x by 4, so that we may have the relation

# [0, 2a] = 4w [0, a] .

Thus, the situation that points make up the occupation of a set in a space E,
must induce a spatial relation of each point to the space ¥, which admits a quan-
titative character toward a point. By this reason we associate a point P with an
infinitesimal piece of space ((P)) supposed to be occupied by P, and call (P)) the
(point) occupation of P in respect to the a priori measure #%. It will then be
considerable that e.g.
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() = (x—0, z+0), [z, z+0), [:c—%O, x—k-%(}) etc. .

Since a set is defined as an aggregate of points, the number of the points
contained in it may naturally be abstracted. Namely, we define %M in the form

mM = (M) (1. 1)
where p=m(P) (PeM)

and (M) is called the inversion number of M.
In the above case, the size of a point P in E is considered to be everywhere
equal ; the measure 7 is then called a normal (a priori) measure. When

1y = m((P))

is not everywhere equal, % is said to be abnormal. The integral construction of
mM is given by
mM = © p, (1. 2)

e

which may coincide with the classical formula
M — (dp .

oy is called the (point) dimension (or the #-dimension) of P. The sum of all the
point occupations of A is called the (2otal) occupation of A, which will give
a concrete concept, equivalent to that of a set, to comprehend the spatial con-
struction of the integration (1. 2).

In case of n dimensions, a point P being represented by the cartesian coor-
dinate (a, -+, &,), the point dimension of P is given in the form

Pp = Mo la,

where 1, is regarded as the projection of g, on the k-th axis. Then, y, shall
naturally correspond to the integral element

dx, - dzx,

in the classical theory of integral.

The notion of the size of a point may give a convenient medium of illustra-
tion. For instance, in the plane geometry, if the point P, is represented by the
polar coordinate (9, 8;) (k=1, 2), we have

#Pl/lL!PZ = pllul’x#’])/pzypzﬂﬂz = pl/pz’

if p, and p, are given as normal dimensions. Then, the ratio of the sizes of P
and P, shall be regarded as equal to ©,/0,.

In case of an abnormal (a priori) measure #, the inversion number 1 (M) of
a set M cannot be given by (1. 1). In this case, the following formulation may
give a help. If

A(P) = poftg
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Q being a fixed point, we shall have
A= mM]pon(M)

Z being the mean value of Z(P) for PeM.
2. Resilience
The representative convention such that

1 =099, 0.23 = 0.2299 --- etc.

may be said very convenient in point that any real number can, through this
modification, be uniquely expressed ; still, the statement that the limit of the values

0.9, 0.99, .-

is equal to 1, may not always be cosidered as strictly appropriate. If exactly, it
must be that
099 =1-0.

In effect, if a univoque function f(x) is discontinuous on the left hand of a point
zx, then it must be that

Sflx) # flz—0).

It may generally be admitted that, in the space of real numbers, any point x
has no point just prior or just posterior to it. This situation may be considered
coincident with the fact that two intervals of different length can be set in one-
one correspondence of points. However, if these intervals be restricted to the
same normal measure, one-one corresponcence must only mean an equal measure
of length. Under the normal measure system, (0, 100) is regarded to contain 100
times as many points as (0, 1). That in such ways as above-stated, points are
distributed to sets, shall be illustrated as points occupy their positions in some
repelling state each other. We abstract the notion of this repelling tendency to
be associated with each individual point P and call it the resilience of P. Then
y#» may be thought as the measure of a sort of total resilience around P. In case
of 2 dimensions, a point (x, y) is considered to have resiliences in positive and
negative directions along «- and y-axes. If ABC is a triangle and if any point of
the side BC has two resiliences, one parallel to BA and one prallel to CA, then
the total linear measure of the resiliences on BC may be counted as AB+AC.
Thus, the well-known paradoxical assertion that the length of BC must be equal
to AB-+AC, may actually be turned to be reasonable.

3. Probabilism

In the classical theory of sets, if ‘a set A’ is merely supposed to be existent,
without any practical confirmation such as is seen in cases of a rectangle, sphere
etc., it may not give any real fact and may not be other than a nonsensical
designation, even when it is provided with the condition #A=1. This is because
the general notion of a set is not positively construed with measure theoretical
foundations.
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Now, by the following table, let us compare the definition of the normal
a priori measure with that of the notion of a descriptive set™ of points:

(M;) Any point P of the space ¥ (S) Each point of # has its own
maintains the same size of occupation position and can be distinguished {from
(P) and # (P) = p; other points ;

(M;) The total occupation of the (S,) That A is an aggregate of
points of A makes up #A satisfying points in ¥ is confirmable by means
the formula of the criterion

mA =n(A)p. (yPe®E) (PeAVPgA).

The total occupation of a set A may naturally be compared to the state that A is
filled with some substance. In effect, the space I, in physics, is usually consid-
ered to be everywhere filled with ‘ether’. Then g shall mean the mass-value of
the ether equally assigned to each point and #A the total mass of the ether
distributed to A.

As to (S)), that a point is distinguished from other points, shall, in the physi-
cal sense, mean that P is distinguished in the relation to the circumstance that an
aggregate of points directly causes the total sum of the ether to be distributed to
it. Such a physical distinction may not evidently be attained but for the notion
of ‘density’ of the ether of A in any neighborhood of the point P. Besides, the
density of the ether of A may directly be interpreted as the probability of occur-
rence of the points of A in a neighborhood of P. Thus, we may expound it: that
a set A is determined as an aggregate of points in #, must coincide with the fact
that, in any sphere S we have

mANS/mS = Pr(PeA) (3. 1)

P being an aleatory variable point restricted within S. We adopt (3. 1) as the
probabhilistic definition of %A in relation to #S. #.S is of a trivial measurability.
When ACS, mA=Pr(PcA)mS.

On the above-stated foundation, it is remarkably important that any (descrip-
tive) set must be #-measurable. This is apparently the effect of the physical
interpretation of the space # by means of ‘ether’. If we could pour the ether
distributed to a set A into a vessel and weigh it, the mass-value mA might surely
be obtained. With respect to (3. 1) we see that, probabilism, in this case, plays
a role to turn the microscopic sight of a point occupation toward the macroscopic
one of the total occupation of a set. As for the inversion number, the following
formula holds :

Pr(PeA(PeM & ACM)) = n(A)m(M)

on condition that 1 is the inversion number provided for a normal! measure.
If # is a normal a priori measure, and if we have

*  An aggregate of points satisfying the conditions of (Sg) is a descriptive set.
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(VAC B) (mA=A)

we call #, an a priori measure too, even when m,((P)) is not everywhere equal.
It
m (P)) #+ . (Q))

it simply means that the size of ((P)) is not equal to that of ((Q)). Therefore,
that #% is normal means that all of ((P)) are taken to be of equal size. If

m (P)fm, (Q) > 1,

the probability of occurrence of the point P is naturally larger than that of the
point Q. Since the construction of ¥ ir.t* 7 thus differs from that ir.t
a normal measure 7, the inversion number of a set ir.t. #%, must also differ
from that i.r.t. % Denoting the inversion number of a set A ir.t. M, by n(A,
m,), we have

~ T

ﬁl//’t = n(Aa %>/R<Aa 7~n1> H
where f; is the mean #%,-dimension (i.e. the mean of #,((P)) for P) in A and ¢
is the normal #-dimension.
4. Complete Additivity

If the family of sets (M,)(:€l), I being a set of ordinal numbers, satisfies the
condition

(veel) (M, CK)
and if 0L mK<oo,

then (M) is said to be #-bounded. In this section, we suppose that (M) is -~
bounded and monotone increasing viz.

(e, k€l) (e<e>M,CM,),
and M=UM,. (4. 1)

(4. 1) naturally suggests that M is the limiting set of (M,). Besides, since M is,
in our view, considered #-measurable without exception, it shall be defined that
M is the limiting set of a #@-bounded monotone increasing family of sets (M)
when and only when

NM—M,) = void & inf #(M—M)=0.

Since the set of values %M, (¢c€I) is, by supposition, a bounded set of real num-
bers, there exists a sequence (M, )(k=1, 2,---) such that

lim wmM,, = ¢ = sup WM. .
Then, in empiricism, it is easily verified that
c=mM .

Thus # is found to be a completely additive set function.

* Qr.t” and ‘w.r.t” are rendered ‘in respect to’ and ‘with respect to’ respectively.
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In empiricism, a limiting object is admitted when and only when it can be
approached by an enumerable process of stepping. So, in the case above-men-
tioned, it must be that

(H‘k(kzla 2, )) <UM,k:M>

Still, it is notable that there is an additive set function in K, which is not
completely additive, even when all points are given equal assignment by it. Such
a function is called an wltra set function®.
5. Application

In order to construct an a priori measure we assumed spatial point occupa-
tions ((P)), which precisely fill up the whole space E without overlapping. By
this way of construction, if the system of ((P))(Pe H) is given, the corresponding
a priori measure #% is completely determined and vice versa. In this regard, (P))
is called the #-occupation of the point P. Now, let us assume that a mass quantity
7p is univoquly assigned to each #-occupation ((P)) to define a set function 7(M)
in the form

FM(=F(M)) = & 7, (5. 1)

PeM

which means that the quantities 7» are summed up through the total occupation
of a set M. 7 is called an application and % is then called the carrier of ¥ in
the meaning that the spatial construction for the integral (5. 1) is given by the
system of #-occupations ((P)). Then, it is naturally assumed that

Tp=T7(P).
75 is called the point appication of P w.r.t. 7. When 7, is infinitesimal, we write

7’P:@;

when non-negative and infinitesimal

O<T,<D.

© indicates ‘empty null’ which means the vacancy of quantity. In this section,
we confine our argument to the case of non-negative and bounded 7. Then, it
may easily be seen that values of 7, must be at most infinitesimal except at most
an enumerable number of them. A general application may be expressed as
a difference of two non-negative ones.

If we could pour all of 7, distributed to A together into a vessel and weigh
them, the value 74 might surely be obtained. If constructively, partitions of a set
A may be brought forward to be observed along with . However, in empiricism,
an observable partition must be limited to an enumerable one. Thus, we are
forced to have the definition as follows :

Definition. If, for any enumerable partition (M,)(k=1, 2, ---) of a set M,
we have
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then TM is represented in the form
7M = @rp
with T»=T(P),

(P)) being point occupations i.r. L. a certain a priori measure.

In fine, 7 is defined by (5. 1) as a completely additive set function. This
may be thought as a merit of empiricism. As for the quantitative criticism on
T» we may sort out the following four cases: (i) 7,=0 ; (i) 0<r,<oco; (iii)
O0<Sf(P)=Tplpp<<o; (iv) O<I,<BD & f(P)=0V oo, up being the point dimen-
sion of the carrier #%. The complement of the set {P: 7,=} is the support of
7. In the part of (iii), ¥ may be expressed as an integral

f(P)pr ox [ F(P)aP.

We assume the case (iv) to be possible, but do not make any detailed explanation
on it here?.

An additive set function f(in E) which is neither an a priori measure nor
an application, is an ultra set function. In this case, the only formula generally
promised for f is that

(VA, BC E) (f(AUB) = f{A)+f(B)—f(ANB)).

II. Logic and Empiricism
1. Ranging
If a chain or a concatenation of symbols or words is certainly read as indi-
cating or designating some objects or some state of the objects, it is called a des-
cription (in the generalized sense). When exclusive cases for certain situations
are taken as elements, the set

R(A)= {&: A is true in &
is called the wusual deductive range of the description A. Then, implication ‘=’
may be defined by
A>B. =.R(A)S R(B) (1. 1)
on condition that R(A)s#void. More generally, we assume that to any description
A (of a given family of descriptions) uniquely corresponds a set R(A) (of elements

of a given universe); then, by the implication defined by (1. 1), we will obtain
a deductive system of logical language. If U is a universe of objects and

R(A)C U & R(A)+# void,

then A is called a description (standing) on U. For a family of desriptions 9 it
may not always be possible to find a universe U such that
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UR(A)CU. (1. 2)

AeN

If U is existent and satisfies (1. 2), we say that A(e) or A is given a ranging
in U, and then call U the range universe of this ranging.

A course of logic usually involves a definition of the level to correspond to
a predicate or an object. If U is a range universe of which all elements are
descriptions, then the elements of T shall be regarded as of the same level. If
U; and U, are range universes and if any element of U, is either a description
on U; or a relation between subsets of T, then U, is said to be of higher level
than U, in that any element of ¥, is regarded as of higher level than any element
of U7, If T, # void and there is no universe to be of lower level than T, the
level of T, is zero. However, it appears that essentially the levels of objects are
determined relatively and not absolutely. For instance: when a line is defined by
a pair of points, the line will be thought to be of higher level than the points;
but, when a point is defined by a pair of lines, the point will be of higher level.
Such being the conditions, we will take the notion of the level only to be some-
times conveniently used in the relative meaning. Descriptions on the same uni-
verse U are of the same level, because their ranges then are equally subsets of .

If descriptions A and B are of the same level, following 8 cases are
distinguished :

R(A)=void & R(B)=void; a: R(A)=void & R(B)#void;
R(AY#void & R(B)=void; a,: R(A)#void & R(A)CR(B);
as: R(B)#void & R(BJCR(A); as: R(A)#void & R(A)=R(B);
R(A)—R(B)+#void & R(B)—R(A)# void & R(A)NR(B)+ void ;
R(A)+#void & R(B)+# void & R(A)NR(B) = void .

Then, taking U={a;, a5, -, s} as the universe, we may have
R<A$B> - {ala Oy, Ky aﬁ} .

‘I-A’ is usually rendered ‘A is true’. However, in this paper, we let ‘A’ mean
‘A is possible’ (i.e. ‘A is not impossible’). ‘~ A’ is the negation of ‘A’ and
is rendered ‘A is impossible’ or ‘A is false’. <A’ itself cannot be rendered as
a description on U, whereas A and ~ A stand on U. In effect, we still have
R<|'—A) - {a3, Ay, Ay Oy A7, as} s
R("‘B) = {C% a, s QG o, g), (L. 3)
R(~FA) = {a, o} and R(~FB) = {a, a3} .
In fine, (AB)AA is not a description on U, but (AD>B)A(—A) and (ADB)A
(~—A) are ones on U.
Now, since

R((ABA(~1FA)) = RIADBNR(~FA) = {a, a},
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with respect to (1. 3) we have
R{((ASBIA(~HA)ZR(-B), ZR{(~-B), but SR(-B)UR(~}B).
Hence we conclude
(ASB)A(~FA)D =B, 7>~ B, but 2> —(BV ~B). (1. 4)

It is remarkable that the result (1. 4) is incompatible with the assertion ‘“fallacy
implies any event’, which is professed by some sect of symbolic logicians.
2. Event Complex

A description shall, in itself, be regarded as an event. I its usual range +
void, it is called a possible event and if =void an émpossible one. Though the
terms ‘event’, ‘possible’ and ‘impossible’ are, originally, of the theory of probability,
they are rather more lucid than the corresponding terms of pure logic and may
even be preferable in point of straightness for the empiricist view. With this
terminology, we may straightly pass to the statistical view if needed.

If the premises, notions or relations among them, and the available referential
facts in the context of a theme are resolved into a finite number of descriptions
A={A,, -, A,) of which all are regarded as of the same level, then the state
construction defined in the form

¢(A) = Via(A,V~4,)

is called the event complex (or simply the complex) generated by A. In this
case, partial products of 2n events A,, ~A, (k=1, ---, n), which do not vanish,
make, in all, a finite set

F(A): (FJ)(JZI’ ) V)’

and I'; are found to be mutually exclusive events. I'(A4) is called A-aspect of the
theme.

If we take I'(A4) as the range universe, we may sufficiently transact inferences
on the theme by means of the language standing on I'(A4), i.e. the language
which has I'(4) as the universe of individuals.

3. Inductive Range

Induction too is proceeded on contradistinction of some implicative relations.
So then, a ranging must thereupon be contrived to define the implication. Deduc-
tive ranges are found incompatible with this purpose. The deductive range of
a description A comprises possible events of A as its elements, because, in a de-
ductive case, the point of observation is whether the object is possible (or true)
or not. However, in an inductive case, observation rests only on the residual part
of inspection, so the ranging should also be defined on this part.

Assuming that P is a set of propositions and is provided with a criterion ¢
which is tested on subsets of L5, if a subset P of P conforms to ¢, we write
=P, and if not, ~p—P. In addition, we assume that ¢ satisfies the following
two properties :
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descriptiveness: (P S P) (p—PV ~p—P):

regressiveness: PCQCP & o—-0.> .o P. (3. 1)
In this case, we define a rang R(P) by the stipulation that
R(P) = LP— P when ¢ P (3. 2)
and = void when ~¢r+ P.

Then, the implication appearing in (3. 1) may be realized by the definition :
P 0. = R(PYCTR(Q) (3. 3)

on condition that R(P)#void. It will be needless to say that the left side of

(3. 3) just means ¢ P>, The range defined by (3. 2) is called an inductive
range.

By means of the principle of cut appreach® in empiricism, we may directly
attain the theorem :

Proposition 3. 1. If B is a set of propositions with a descriptive and
regressive criterion ¢ to be tested on its subsets, and if
} ~p P
and (AP CP) (P + void and ¢ —P),

then there are two sequences of subsets of ¥ () and (Q,) (k=1, 2, ---) such that:

(i) PcP,CCQcCP;
(i) UP,=NO;;
(i) (VA) (p=Pr & ~o-Q).
4. Unrmaximizable Case
If we apply the principle of transfinite induction, Proposition 3. 1 may be
altered to the following result:
[T). Under the same conditions assumed in Proposition 3. 1, there exists
a family of subsets of P (P,) (A€ A) with an indication set A of ordinal numbers
such that:
(i) (V4 ped) G<p. > . P,C P,
(i) (Vied) (0P
(i) QCP & QP = UP.>.~p—0.
P appearing in (iii) may be regarded as a supremum w.r.t. ¢. When such
P exists, ¢ is said to be maximizable on P. [T] itself, however, is denied in
empiricism, by the following example.
We may take a euclidian space (of finite dimension) # as %5 in the sense that
a point ‘P’ is also regarded as a symbol ‘P’ rendered ‘Pe B’. ¢ be defined by

* ‘=’ shall henceforth be read as‘ ,then we have’. Such it may be read in either case of a de-

ductive or an inductive range.
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oA = mA<c, (4. 1)

¢ being a fixed finite positive number. If [T] in this case holds, there is a family
of subsets of F A=(A,) (i€ 4) such that

<p. > A CA,
and if A=UA,

we may have
(VBC E) (BDA. o> .mB>c).

Since % is an a priori measure in K, we then have

WA = sup(WmA,) (4. 2)
so that mA = c.

Therefore, if we take an enumerable set N in H—A and define B as

B=AUN
we may directly have

BDOA & B =c.

Thus ¢ defined by (4. 1) cannot be maximizable. It is remarkable that the above-
shown contradiction (to the existence of A) is concluded only by the characteristic
relation (4. 2) of an a priori meaure %% and not by any restriction on ordinal
numbers. If we mean to insist [T], we must then necessarily renounce the pro-
perty (4. 2) of @ and thereafter assert either A to be denied its 7-measurabilty
or % itself to be denied its complete additivity.

Since we shall be resting on the theory of a priori measure, we may not
renounce (4. 2). Thus, we encounter an unexpected obstruction to the principle
of trans-induction which was attempted to be an alternative removation of the
principle of transfinite induction. It is very regretful that here the preseut author
must change his previous announcement that the principle of trans-induction may
be made well-established by means of the empiricist principle of cut approach®.
Some reflection will show us that such an unmaximizable case as above discussed,
may appear only when the residual part for inspection with respect to ~¢ dose
not vanish out. So then, it is considered relevant to restrict the conditions as
follows.

If ¢ is a regressive criterion on subsets of P and if
(VPSH) (p-P & Pr#vold oHQSP) (PCQ & o-Q),

then ¢ is said to be insuppressible on P. Then, it is easily shown that ¢ is
insuppressible whenever ¢ is unmaximizable on . We now assume an operator
@ called a @-inspector being defined as follows :

(1) PCSO(P); (i) PCQ.=.0P)CO(Q);

* Pe=P—P and ¢ (P)=p—90(P).
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(iliy @(P)#=D Q). > . P+Q;
(iv) o-P & PCQ & 0(Qr+#void. >.(HRCP) (PCR & ¢—R
& ¢(Q)CO(R)).

In this case, the set P which holds ¢~ P will be enlarged unless @ () vanishes.
So we may have:

Proposition 4. 1. Under the same designations with [T, if ¢ accompanies
a g-inspector @, we may have

© P
only when , oP)=P.

Besides, the principle of trans-induction shall be introduced in the renovated
form as follows :

Principle of Trans-induction. If ¢ is a descriptive and regressive criterion
on P and is provided with a -inspector @, then there is a monotone increasing
sequence of subsets of P (P,) k=1, 2, ---) such that

(V&) (o= Py)
and NO(PLr = void .

This principle shall, of course, rest on the ground of empiricism, i.e. on the
view that any limiting process can be realized by an enumerable stepping whenever
it is found possible. As for the limiting set P of the sequence, whether ¢~ P

.or ~¢l—P cannot generally be presented in advance.
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On the Series-Concatenated Connection between the Continuous
Variable Speed Synchronous Motor and the Wound
Rotor Type Induction Motor

Ryuzdé Date

Abstract

The continuous variable speed synchronous motor is made so as to rotate its stator, and by
regulating the stator speed the rotor rotates at synchronous speed with the stator, i.e. the motor
speed is controlled. In this case the stator output is fedback to the rotating shaft or regenerated
to the source through the auxiliary machines.

This paper is concerned with the speed, torque and output in the system which is the series-
concatenated connection between the continuous variable speed synchronous motor and the wound
rotor type induction motor. The present writer made the equivalent circuit in order to attempt
the theoretical analysis of the system. He could indicate the share of the output of the rotor and
the auxiliary machine system by the equivalent circuit, and consider the experimental result by use

of the testing machine.
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F—2 iy=02A Wk} 5ERE

x B B W RE B % Ji # A B &
EETEE | AMEW A D MTEE|E W o7 mHIHE O b T
I(A) ir (A) WW) | Va(V) | L(A) |z (kgm)| »{pm) | P (W) | 5 (%)
1.85 0.149 300 — — 0.03 1460 45 27
2.15 0.160 450 —_ 1.00 0.10 1430 147 4.7
251 0.167 500 — 1.25 0.14 1400 201 6.7
2.80 0.180 560 5 1.60 0.16 1370 223 8.7
2.30 0.165 460 23 3.00 0.10 1200 123 20.0
2.20 . 0.150 440 — — 0.02 1000 21 33.3
— 0.140 98 34 1.80 —0.16 770 —126 48.6
— 0.140 110 36.2 1.60 -0.14 762 —109 49,0
— 0.140 120 38 1.45 —0.12 762 —94 49,0
—_ 0.140 140 37 1.47 —0.10 760 —68 49.3
1.00 0.140 240 40 0.97 0 750 0 50.0
1.30 0.145 260 41.5 0.50 0.03 750 23 50.0
1.35 0.145 270 41 0.60 0.04 746 31 50.2
1.41 0.149 290 41 0.70 0.06 746 46 50.2
1.51 0.150 310 41 0.80 0.08 745 61 50.3
1.62 0.150 320 41 0.90 0.10 745 76 50.3
1.65 0.150 320 40.5 1.00 0.11 745 84 50.3
1.70 0.150 340 40.5 1.25 0.12 740 91 51.0
1.85 0.155 360 39.5 1.30 0.14 735 106 51.1
212 0.159 414 36.5 1.50 0.20 730 150 bl4
2.20 0.160 440 33 1.75 0.22 720 162 52.0
2.20 — 400 — — 0.13 680 91 54.6
2.00 — 380 — — 0.07 600 43 60.0
1.60 — 340 — — 0.06 530 33 64.6
T3 =020 A Wl BHERA
. S B e LT S A
BRTEN | AREN | A ) WTEE[E W [WmK H N[ TR0
T(A) i (A) W W) | Va(V) | Is(A) |z, (kg-m)| = (rpm) | Py (W) | s (%)
1.75 0.150 300 — — 0.03 1472 45 19
2.20 0.160 440 — 0.30 0.10 1450 150 3.2
3.05 0.180 580 — 1.50 0.20 1410 289 6.2
3.45 0.190 670 50 1.80 0.24 1380 340 . 80
2.70 — 540 — — 0.14 1200 173 20.0
— — -— — — 0.04 1000 41 33.3
— 1.400 40 42.0 2.15 —0.24 770 —190 48.6
— 1.400 60 445 1.95 —0.22 763 —172 49,0
— 1.350 80 43.0 1.88 —0.20 762 —156 49.0
— 1.390 110 46.0 165 —0.15 760 —101 493
1.60 1.400 144 47.1 1.46 —0.10 760 —68 49.3
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= R B ® 5 % B PR & m &
PR | REER | A7) | WIRE|® W r 4o [HEH B N[ TS
IA) | @) | WW | VaV) | L{a) |z (kgm)| nlpm) | P (W) | s (%)
1.40 1.670 252 49.0 1.20 0 750 0 50.0
1.30 0.150 262 51.2 1.20 0.04 750 26 50.0
161 0.151 324 51.0 1.30 0.10 746 7 50.3
1.96 0.155 372 50.0 1.40 0.16 742 122 50.5
211 0.159 410 48.8 1.50 0.20 740 150 50.7
2.40 0.165 470 470 1.60 0.26 734 196 50.9
2.60 0.170 500 45.2 1.90 0.30 730 234 514
2.65 0.170 516 44.2 1.90 0.32 730 239 514
2.85 0.172 540 43.0 2.00 0.34 720 253 51.6
2.20 0.170 440 230 3.00 0.18 650 120 56.6
2.10 0.160 420 — — 0.13 550 73 63.3
- — — — — 0.11 460 52 69.4

F—4  ir=03A ki) 5 ERE

x B @ OB LEEES L & W&
EETER | AWER | A 0 wmTEE|E W P (EHEE|H T T D
I{A) is (A) WW) | Va(V) | La(8) |z, (kgm)| 7 (rpm) | P (W) | s (%)
1.55 0.145 340 — — 0.03 1475 46 17
2.15 0.160 420 — 0.68 0.10 1460 120 2.7
2.90 0.175 570 — 1.17 0.20 1420 293 5.3
3.73 0.200 720 — 1.76 0.30 1410 434 6.0
4.65 0.235 910 9.0 2.90 0.40 1330 546 10.0
— — 520 — — 0.22 1180 266 21.3
— — 480 — — 0.13 1070 143 28.6
— — 440 — — 0.06 990 61 34.0
— — —80 46.5 278 —0.35 780 —281 48.0
— — —40 54.0 2.40 —0.30 770 —237 48.6
— — 20 58.0 2.06 —0.20 770 —158 486
— — 90 60.0 1.80 —0.10 760 —78 49.4
1.37 0.150 270 60.7 1.50 0.03 750 23 50.0
1.68 0.156 334 60.5 151 0.10 750 77 50.0
2.05 0.158 410 60.0 1.60 0.20 742 150 50.5
2.50 0.165 484 58.0 1.76 0.30 740 227 50.6
3.00, 0.1756 584 55.2 2.06 0.40 730 299 514
3.60 0.200 700 49.0 2.60 0.50 720 369 52.0
2.70 — 540 — — 0.31 620 197 58.6
2.60 — 520 — — 0.21 590 127 60.6
2.70 — 480 — — 0.18 500 92 66.6
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F—5 iy=035A k> 5RBIE

* & Cri W EER g & K A
EETER | FRER | A 7| WmTHEE | B Wl vz | EH @R DT Nh
I(A) iy (A) W (W) Va (V) Io (A) |7, (kg-m)| n (rpm) | P, (W) s (%)
1.70 0.157 340 — — 0.03 1480 45 1.3
2.50 0.170 470 — 0.65 0.10 1464 150 2.4
3.50 0.185 590 — 1.85 0.20 1450 297 3.3
3.95 0.215 762 — 1.61 0.30 1426 439 49
4.71 0.240 916 6.0 2.13 0.40 1400 575 6.7
5.42 0.267 1050 8.3 2.70 0.47 1367 660 8.9
5.80 0.275 1114 10.0 3.21 0.50 1340 688 10.7
3.00 — 600 — — 0.35 1240 444 17.3
— — — — — 0.08 950 78 36.6
— — —140 56.0 3.05 —0.46 775 —565 48.4
— — —100 61.0 2.70 —0.40 770 —317 48.6
e — —40 65.0 2.35 —0.30 770 —237 48.6
— — 30 67.0 215 —0.20 760 —156 494
—— 1.400 100 68.0 1.95 —0.10 760 —78 49.4
1.45 0.150 298 66.5 1.66 0.03 750 23 50.0
1.75 0.153 380 66.5 1.67 0.10 750 \ 77 50.0
212 0.161 420 66.7 1.74 0.20 747 155 50.2
2.57 0.170 500 65.8 1.88 0.30 740 227 50.7
3.15 0.185 600 68.5 2.08 0.40 740 304 50.7
3.70 0.204 710 66.7 2.35 0.52 736 378 50.9
415 0.220 802 64.0 2.60 0.60 730 450 51.4
4.85 0.247 950 60.0 3.10 0.70 725 520 51.6
5.10 0.259 996 58.7 3.31 0.72 720 532 52.0
— — — — — 0.33 560 190 62.6
— — — — — 0.27 460 128 69.4
K6 ip=03T0A wkitsERE
ES £ ® OB o % E B 5 G & B E
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On the Exploding Bubble Generated by the
Underwater Electrical Discharge

Jiro Futatsugi, Shigeshi Akiyama, Shinichi Nagata
and Yuji Matsuura

Abstract

Many papers about underwater explosions have been published by this time. The motion of
an electrically generated spherical cavity or bubble in the water was photographed by the high
speed motion pictures (~7,000 pps).

Theoretical equations for not only expansion and contraction but also rebound of the bubble
were introduced, and by this equation the results of the experiment were adequately explained.
The maximum volume of the bubble and the period of the first oscillation turned out to be
proportional to the internal energy of the bubble. The period of the first oscillation was about
4ms by the energy of 2 jules, and the energy involved in the rebounded bubble was about 30%
of the first, and about 70% of the energy was radiated in the water as the shock wave.

In the experiment we found the intense emission of sono-luminescence in the growing bubble.
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Dynamic Characteristics of the Continuous Variable
Speed Synchronous Machine (I)

— Fundamental Study on Linearizing Theory and Experiment —

Osamu Kondo

Abstract

This paper, treats of fundamental characteristics on the dynamic behavior of the continuous
variable speed synchronous motor (system) of which auxiliary machines are assembled with D-C
machines.

First, the equations describing dynamic performance of the system are set up by adaptihg
Euler-Lagrange equation extended to non-holonomic reference frame, i.e. Boltzmann Hamel form
of Euler-Lagrange equation, and are linearized by assuming small disturbance of load torque, Next,
dynamic stability, form of the solution, and relations between dynamic characteristics and each
coefficient of the system under dynamically stable condition, are investigated theoretically and
experimentally.

The main results obtained theoretical and experimental investigations are as follows,:

a) Dynamic stability of the system is limited in the steady state stability of the main machine,

and not in that of the auxiliary machines.

b) The system seems to have two mechanical degrees of freedom apparently, but the oscil-

lation of power angle and angler velocity shows that the system behaves as one degree

of freedom.
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The Mixing Rate of Dinided Particles on the Air Blending

Koji Ando, Hideaki Tabo, Takashi Shimizu
and Hiroshi Hara

Abstract

It is of interest object that we take a basic point of view from them to decide the mixing
characteristics and the adaptive operating conditions on the air blending apparatus, then by using
the same particle size, the influence of mixing velocity and the behaviour of particles in the two
dimensions visible apparatus are analyzed, we could get the following results.

1. The apparatus of particles goes on a cycle motion that they vigorously elevate in a part of
rapid air flow, accumulating to remove in a part of slow air flow, and the accumulated particles
fall on the apparatus bottom, again going back in a part of rapid air flow.

2. The mixing of a part of slow air flow — especially the apparatus bottom — is rate determing
step of the mixing velocity.

3. The mixing velocity coefficent increases in proportion to the in crease of air flow and

decreases in proportion to the in crease of the packed height of the particles. The value may be
evaluated on the equation.
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Catalytic Oxidation of Propylene (Part I)

Hisao Kano and Masatoshi Sugioka

Abstract

In the course of the study on the catalytic oxidation of propylene it was found that the mixed
catalyst composed of silver oxide, sodium chloride and sodium sulfate has the catalytic activity for
the formation of propylene oxide. At the same time considerable complete oxidation of propylene
to carbon dioxide and water was found to occur simultaneously. Reaction rates over the catalyst

can be expressed as follows:
7 = kipe,m, po, 2~k po,m,0pco, 2
7 = k3pc,n,po,Pco,” "

where » and v are the rates of propylene oxidized to propylene oxide and carbon dioxide,
respectively; » being zero when oxygen is in excess as compared with propylene, or unity when

propylene is in excess as compared with oxygen in the feed gas mixture.

il

1

ZFV vOMSMILT L 5 TamF v vty FREiET 2 e it b U THEETNEFD
BNEFETH LML EETH L, FRMELFHT2REREMISCL 2=
Vv F Y RO TEMBLERMIAS H Cl—IRTER SR S T2 2 EATHETH » T,
Te M DR ORE SO RIE S A BT & o T b, L LA B & LT
T ABRRICBEOR BT L T RERH I EmRE >,

5 7 e ey vy FIIERTORENZRCHO 205 508, FAETEMTER S L
TOBEERFER s rLre FY VIRETTH D, 7re v v oBEERMMCIL T rE VY VS
Y ROERAY AR E LRl L CoBiiiE o b, THELBEELCREITE
50, FAERELR T2 DEETH D, TRrEV VYR F U YRR D ELS TR A
FARKEYETE L THD, TR CEELENTRIELE L, el visy FAR
Xt A FUERE LY S 5 LD THETH D EEX DR T V5, Lic - THER
{LEDORE T b _ER T e v VEERNIC Y r €V v £ v VREbE3®52 L0T
ELLOIBIBEORRC o T HEELHDTH D, KMRILT » &V VOSSR
CrATeYr Ve Y FERBEORRY BV E ULTER L, ZoRREFERNBRT

(211)



556 RN AHE - T2 IE K

HELIcERBVHGY, hABEE Ly vk v FERICH L CRREAH T 2 it M
THZ EINTEIR,

RicTe v VOEMBILRIGNED X 5 IR A CETT0THA I, FleT e
Elv vy FOERBEECHL, BREIOCERREGNED L S BB 52 2THA D
Py T OIS I ERER S D UVISRE RIS IRk LA ETTb T T, ZOME—D
Bty rev vy FEMMERYPEBE LS 2 X 9 efpliid o h & CRERcE e
olel bleH B EBbhb, EROY SRHEEDIET B EV v FEREE & HT 5 it
WEBBT L LTEOT, A ETo ey vORBEEONE X T, FOMEN
Lo TEBRIEER Y RS T,

2. RRBRFAFE

21 BB EE

Bk B E K VB UGB T 7 » 7o, FUSEIEME 30 mm o 7 7 28T, friific fil
HEANCEOMEDREXNE CE % X 5 /HME3mm ONHE SN 7 AENAL ThH b, JULE
O MBI E RIS BIPEE LT AR Y — £ - W Y ORAER T X - TR - T,

FORt 7 AT A O BER O B LT 7 e v v v 3%, 2258 97% b L5k b
PUDERCEA LIRS P AEMERET, ¥ —F 71 2BRIVEIL L vy 2B R
TRISECHEA L, FUSEEOWED B LTk 7 vy v 3.0, 6.0 % X 0 33.0%, Mk
FIX T4 2031, 500 3 L8 14.03% DB HF A% M\ iz, FHA L T e v VIiTAELIN
BCHIEE 95% (FH k7w tv) TH B,

2-2 B O B8

BRAESR & Ffk & UC 2 inciB ik & il ARiIc X » T 4 ORI % In 2 7 fildit % F U
L, Zh b OMEERE LY T~z Wity s U C A v 2 E ik ALO;, A0, CeO,, Sh,0;,
Bi,0s, NiO, BaO,, % 0#{k4y, LiCl, NaCl, KCI, RbCl, CsCl, AgCl, SnCl,, NaBr, KBr,
NeF, HCl Zp o~ 2 # v (b4, Na,SO,, NaHSO,, K,SO, MgSO,, Li,SO,, Rb,S0,, Cs,S0,
LOWEEE, F o NaOH, H,SO,, CH;COONa, Nal,PO,, Na,S % Tk 5%,

FIGEE D RIE T ERRA VR h R L HERE D BT TH » 7o Ag,O-NaCl iz 5 LT fik
BEOREM A D D BHINT NapSO, 2N, 3X3mm ORI EI L, T ic B 4 17
75 o T il 2 T s 5 T2,

2-3 BERKUCHFHE

FOGE B FGTR B 280, 300 3 X 08 320°C @ 3 k¥, B » AW E 1.5~12.0 ¢/hr (N.TP)
DOEEAAD 5 KMET, TREV VFF Y VB LORE 7 ANOELERLEEL, W/F xEt
KB ORABS X » TR,

(212)



Ze Uy OBEMEBE (518 857

OEH A7 m=} 757 (MABLFE GCG 220 8) iIck -7, YRV vass KX
DOP, Fecv vBIUKBAAZ YY) AXAC LD, KEEFr V¥ — 5 AL LTOME
BEN R, OGERMET v v ¥, RB I AR L OKEGTH - TFDOMBOHE
BAEER S B Ivied - T,

3. E B B &

3-1 BMERICHTIELOLAMOMENR

AgNO; & KOH &45 AgO L, #o 1.073g (Ag & LT 1.000g) % A\ TS
Efileofel 2 A, TREVYAFYF (PO) OERIZE LD THENCTES, KIELE
CsHg iz & A E3T28 CO, & TLO 8 b Lie (#E-1),

HIC AgyO 1o LT 2-2 1008k L 7o 4 DB 2 W0 L CIRBRUS 2 30403 2 & & L1,
P.O. DR 5 B R G X2 208 2 v aBEf Lic, F0OR NaCl 3% 0 F 5 7
WIRERT Z Entdoho e (NaCl X0 44228 LICL B8 Ch - 70) (E-1), Li L Ag,0O-
NaCl A D IE i ORI ZLIL BH-1 1R T X 5 B2 Th o 7o, Lo HIcsE 3 4
B & LT NagSO, %70tk NaHSO, % VRINT % & iEMIE FIamie DD 50 &t o 7o,

SUWERE

£ B

it

&

mom B M (hr)
Bl—1 AgyO-NaCl, Ag;O-NaCl-Na,SOy,, Ag,0-NaCl-NalHSO, %

SRBEEEOBEEML  (KGEE 290°C)
AgoO-NaCl & (EE It Ag,03: NaCl09; W=39g)
— e AgyO-NaCl-Na,SO, %

(FE#H AgO 3: NaCl 0.42: Na,SO, 0513; W=2.42g)
----- Ag0-NaCl-NalSO, %

(EH L Ag20 3: NaCl 0.42: NaHSO, 0.433; W=2293 g)
0 PO ~ofpftR o CO,~DEMER O 2ELE x PO EHIR

(213)



558 MRIAHE - A2 R IR

F£—1 AgO w35 NaCl o ghE

moawm | RR x| R | O | 0 |8 R
(%) (°C) (%) (%) (%)
fgg?‘?; %26 o0 240 0.0 15.62 0.0
fggsog* %gfi oo 294 170 70.25 2.37
AL;%EO*I\OI?&;* %gﬁ oo 289 9.40 35.20 21.10
AnggO“Nfg* (;\3;6 aal 303 7.15 25.50 22,00

ORISR AgO e Ag Bk LT,
SR o 18,
3-2 Ag,0-NaCl-Na,SO, % i s aig
AL TIE Ue Ag,0-NaCl-Na,SO, SRt (Ag,O 1, NaCl 0.14, Na,SO, 0513 DE(4)
HRA LD 72¢g % v CRIGIRE 320°C, R AR 3 4/hr D 4:{d©Hy 350 hr [ % #i
daé, 7revvofRbEN LEWCIETT5 2 EaRsbhie (K-2), HEERORERM
KTk COp, ~DOELERNILR K E <, PO. ~NOFNLENCIEH BN ER Ui, EHEET
DFRENER Y v 2 ) V7R LB OLEEL, RELOMEE L F—HROME: 728 #E5
HR 400°C T 0.5, 1.0, 3.0, 8.0 hr MBI A 4T 7 - 728, B—&RE TR L& 2 A
X -8 DR E R LIz, BLNCEULBIZI 2 v 2 Y v 7OBERRLR L, RICUTEE
& 05 hr o —Ew U TR ELZ 2 K4 ORE L7z, 650°C opnfviific & b 24
EE LT, ZOX S WWAIRE R I CAEMNMC L - Ty v g ) v 7ORENRLL 578, NE
% 05hr & LB/ e v v v FERERZ Kb b 2 L O ik b B4/l

0.8+
o ] ~§C\&~
M ‘A’\-‘ﬂ\\ -
ﬂ 2.6+ COZ
o5
)
% »
P 0.4
O o3f
1
0.2
g X X SR
o1k e GO O ()
L . ! . 1 . !
0 100 200 300 400

B g5 /) (Ar)
B2 AgyO-NaCl-Na,SO, A RUE fil B3 1% 0 RS AL

(214)



Zr e uy OB (51w 559

0.3#

0.7
. 4
. 0.6
i
= .
O PEtE
)
:é 04 - Co,
Wogsl
e \
0z EiRE
X_X_____-—-—X
0 ,%/(oo— e O= P
L 1 | i ! L ! L i [
0 ] 2 3 4 5 é 7 8 9

nigesfE (hr)
E—3 mEaAEmopE (UEEE 400°C)

foe
8
%
J_6
5
A
~
—I}aﬁf—
: ERE
0. 7>o<;____,/:0'—*—0 Orocem
l—sf | . L ﬁf\\—?\a__
R 400 450 500 550 600 650

RERE (T)
H—4 QBEECHEE (LEHEEH 05 hr)

e

BEIL 400~500°C CH B, DX 5 IEILEE A LAt 280~320°C ¢ 500 hr [t At
TLHEEOE TR EAERE Lh o7,
3-3 HMBELEEROEE
FUSEE ST 5 5 R BRSO 8 A T e ol A 9.2g B LU 144 g iciyid,
FGIRRE 320°C T # AR A 2L &8 TR L E Ui R e -5 iRy, W/F OF—4
R AELREINZEE LI L DN OPE Y EBHL 5 52 Lhibho T,
34 KR IE&EE
FADEMCBETERIGEELYRD L, —TE (144g) Ofili4 Ay, 3EEOMK

(215)



560 IRANALE - 12 IR

07k
® W=292g
0.6+ O W=/44 g 6"
C0.
05 z
# oL
2
b 031~
¢
02\ J
k- o/o 20 .
e |
o
1 1 1 [ l I [ I
0 1000 2000 3000 4000 5000 4000 7000 8000

W/F  (g-catalyst - hr- mol CsH;')
B—5 SMSIkmERoKRE (KSERE 320°C)
DFRL 7 A O TGRS f X OVEURE 7 ABHE R A 28 2 Tl LR A [T L, fiRa K-
6a,6b, 7a, 7b, 8a, 8b &7,

AR L OEREOILE 2z, vy WG T D UCEE 7, v Df %% O BT 5 fgo = 5
e bR, FloXL OEECHIGT 257 EXWENZ» HFHEE L ICROEZRNC L » THREH
L7,

all—(z+y)]

=100 —ax/2t ayf2 (1)
b= 00— aziiTayi (8)
ﬂzl%—£%+wﬂ (4)

D1 Dos P3, Pat i CHg, O, P.O. 31T CO, @%E (atm)
ab: FRERER 7AFO CH; 5L 000, DRFE A~ 2V b
2,y FhZFh P.O. B XU CO, ~DiRER
2 BbNIeT — 2 OB T le - IokER, BAD z, y IG5 RIGEE (PO ~ZLT 3
CsHg D% 7, CO, ~ZALT 5 CHy OEE A v TEbH T, H{LiX mol-hr'-g-catalyst™)
& MBS & DGR IR O L 5 RBGROAET T 5 2 L b o i,

(216)



7e vy BRI (%19 o61
Cslls 3.0%, O, 20.31% 35 X U° CsHe 6.0%, O, 50.0% DA} 7 A % v Toif &

:hmmm~@mm*”}
v = kypipy

012
010
008
0.06
[

0.02,

0 MIW Zﬂbﬂ 30I00 40IW 50[00 MIW WIW Eﬂ’ﬂﬂ
W/F  (g-catalyst -hr-mol CsHy')
B—6a W/F3x PO ~oifR (z)
C3Hg 3.0%, Oy 20.31%

I ! | | |
0 /0’00 Zﬂlﬂﬂ 3000 40100 5000 6000 7000 8009
W/F  (g-catalyst -hr-mol C3H;')
K—6b W/F % CO, ~nl R (y)
C3Hg 3.0%, Oz 20.31%

(217)



562 T A HE « A2 I K

C,H; 33.0%, O, 14.03% DFRR 7 A% 15 &

— P J2_. ~1/2
r = k1P1P21 z kzPst; 1 (6)
v = k3P1P2P471 I
ﬁgﬁmﬁﬁ@mw%m%MLff—ﬁ&@f@@fﬁﬁ@ﬁ@%:&,%iwﬁﬁﬁm
Dz & Bz EmBIE LR, L L CHs 3.0%, O; 2031% DOHG pipe % v L EBEND

208

002+

1 | L 1 1
0 500 1000 7500 2000 2500 3000 3500 4000
W/F (g-catalyst-hr-mol CyH;')
Bl—7a W/F & PO~z {z)
C3Hg 6.0%, Oz 500%
[ I | 1 1 1 1 1
g 500 000 1500 2000 2500 3000 3500 4000

W/F (g-catalyst-br-mol CyH;T)
EM—7b W/F 3 CO, ~oRftE (y)
CyHg 6.0%, O, 50.0%

(218)



vy oBERHE (518 563

Bis ) OFRBRD Bt (M-9a, 9b, 10a, 10b, 1la, 11b), FEHERIAREC L - T
RDF2DMHEE 2T, Tr=vAFey MNER-12, 13k L0 M4 IRT Lo wThd Ei
wE 2T,

-7 a~X-9b duc i T LAz illiix BiE 6) s L 08 (6) ol E 4 A TRIBEA R
HAER EME & A EREF UM Lic a0 WIF SRR OBGREY 41 7 —ETitR L
HREABRLLLOTH S, RIME L O—Futnish RFTH 5,

0.010r

0008

0.008
~

0004
0002

1 —1 I H ! 1 |

0 ] 200 300 7 500 i 700
W/F (g-catolyst:hr-mol CyH;')
B—8a W/Fx PO ~oizfksk (2)
CsHg 33.0%, O, 14.03%
60k _
////
//
0, -
5ok 320L =
//
//
P
P
408 0%
>
Y R A it
280C

20+ ©
1.0F

M 1 I i A4 L 1

g 700 200 300 700 500 600 70

W/F (g-catalyst-hr-mol GoH;')
H—8b W/F 3 CO; ~Di{ER (y)
CsHg 33.0%, Oy 14.03%

(219)



564 TR ARE - %2 IE

ér 15
A\
=
- 7.0[—
D
0.5
!
3 0
£EEg R
Bl-—9a pippsipk® 3 rp5’pl? B-—9b pip: %o
CsHg 3.0%, O, 20.31% CsHs 3.0%, O; 20.31%

RB X0
B—10a p1p¥ %5t pY2 % rp5tp? E—10b pipe 5t v
C;He 6.0%, Oy 50.0% C,Hs 6.0%, O, 50.0%

(220)



ey o EmEL (515 565

2.5

i
)
of,
> %Q
- o %
S o
\\VQ? .
T 3
&
1 1 1 1 | I 1
o 1 2 3 4 5 6 7
AR
Bl—11a pip¥2p3'pl? % rp3t pi? H—11b pr1pepil 5 v
CsHg 33.0%, O, 14.03% CsHs 33.0%, Oy 14.03%
' L
: 70—2_—' k3
Jes ~ |
=2
- 10 :— F 7o)
I 10‘3_— K,
L £, A 3
N 2
73 | 1 1 L
0 % 78 77 74
1/7 x 10° /T x0°
H—12 7v=vxs ey} H—13 7v=9vAxAFmy}
CsHs 3.0%, O, 20.31% CsHg 6.0%, O, 50.0%

(221)



566 TR B - A2 T IE

£2 o E OE K -
CoHy/Op |RERE| gy 2 2
(C) i
280 2.069x10-3 | 1.390x10-3 | 7.381x10-3 4 &

3.0/20.31 300 3.507x10-3 | 1.528x10-2 | 1.667x10-2
320 6.601x10-3 | 1.945x10-3 | 4.320x10-2 1

280 5.632x 1514 2.747x10-4 | 8956x10-3 i
6.0/50.0 300 1.179x10-3 | 8443x10—4 1.263x10-2
320 2.317x10-2 1.804x10-4 1.877x10-2 i ‘
S 1
280 | 2.951x10-4 | 27331073 | 2.035%10-5
33.0/14.03 300 6.009x10-4 | 4645x10-23 | 5744x10-5
320 1.038x10-3 | 6.647x10-3 1.102x10-4
7/}"4?
4 = 2 - -
IR A B L T 2 T e VU v ORI BT B =g 1 &
BNIRIE T ALK TH 5T, TRl vV > FOER
X b ThTIhreT X, i + v 7 2%
2HIEREST, TRrEVYAFY POERVRESE 7 5 ' R
L ENTRETH D S ERIRDOREI B LT, 1T X

14 7v=vasey b
CyHg 33.0%, O, 14.03%

Al P AR R L T B EFHERLD T, Zhy
T % T RE TR LR 4 g W LCH{ET + V7 A
561 mg %z 7ot A B L, 320°C T 05 hr RUSH 1778 - fctd, fEdic s £h 5B kR
DEEHTIN - THDE 1,30 mg OFEMEFER L TED, EEHECTZ &0
Fo (BEEIL 1,378 mg), Fic 2 OB w7 X BEH % T/t o Th b L4588 L b 72
G Ehic, U EosmEASEAT b Y v ADRNC X 2RERIGIGIERE 7e e v
A FAERIEEORY &t UCBRIE S HLT bV v aDRIBK & » TERT 5 E/E
EEREREET L0 LB S,

TrEV VORLBREOEEL 7 r VYIS U TR 2OREI e 4k Cl R A D
FHEEE A EET 5 BEN 2, BROTEDOEM T Ay ZBE I kB s FE 7
— ZRRT HEARCT SR T B, FRBIER OB G C b A« O FRMERC R U CGREE
BB R - T B EDRENT, ZOFRIEECHNRER T OB chTERD
W EEFETE, SOOI AREEAETICE S EAE LTS o0 A £ bR
Do HE—UIARMERE L CHRFR L IRIR T ADWENEZ BN LD, TEEBRBERIGIER 3 5 8%
RETERRD L 5 TR T I ENTELTHA I,

(222)



Ty oM (518 567

v = kpipspi”

= kP3P (n = 0)
= ks P12
EQelS
v =kpy i’ (n=1)
~ ks prapt

Lie DT ORANE 72 %, FUSEN OB O P55 L —E O RIGRE B & O—E /R o Fok
HACR U CGERR I —~E L AT N TELNE i b= e EL TLRA TR hiE
EERCAE LB E s T b, LidsTo 0L 5k Bl oEEERAERELRE X -
THALT 5 &0 ) ERBFERLFAST 2 2 LAETH 5,

H oA Orzechowski HY 8 XL OTEFILSY AAB_Cuv 5% X 51, MEHEESTIEOR
‘AR D ETHE, FARERSERD EMEORBOBREN R, Licdis TEEORE
JELZALT % O THREEMSZEAT D L0 S BRPED L2, BELSEFOEAICE S L
DEEBRDLYN, WThOBERKTHLEINEND &, BLOFOMOBEIETET 500 E
SMhEWVD I ERBIIED & Z AU BT, (fBFa 43484 7 30 B2

X iy

1) A. Orzechowski, K. E. MacCormack: Can. J. Chem., 32, 388 (1954).
2) RN -ERES . Tk, 70, 1137 (1967).

(223)






BMEEBFICEARMO v vk
i 1k i B9 9 % tF 9%

?%7]( ;‘%@ EL%V\]I@%

Studies of the Prevention of Parafin-wax Precipitation
from Crude Petroleum Oil on Ultrasonic Waves

Takashi Shimizu, Hiroshi Hara and Takao Takeuchi

Abstract

We turned our attention to various actions (chemical action, mechanical action, etc) generated
by applying the ultrasonic waves, and applied then to the crude petroleum oil.

By its cavitation energy and the likes we tested to prevent the precipitation of the parafin-wax
contained in oil which has troubled in the cold nothern district. From the results obtained, the
applying is the useful method to prevent the parafin-wax precipitation.

This is the results of dispertion by the cavitation. It became apparent that this prevention is
effected with increasing the power and is not affected by its frequncies. It seemed to us that this

prevention divids parafin-wax into fragment of small particles applying the waves.

L

i

FEAMORMRBETIE L, KEETERSVW AR ey 508, Rl % v 2 Jichr
ML, RSO TR I @A XL Twb, (ZAEFMor 9L EFHRLTW3E) 20
Biledsk e LCRERAT — A pRIC L b, = oAb ZBF BT 2 HES AW BT e, HEER
m LB IR~ E LT, BMERERHT L0 L - ChETAEAOMER, LEEH, B
/) R0 e v 508K, SBECHATLZ LE2BREAL LELDTH B,

BEEOFEAOFIRAL, BEIFFRREREY LT 05, B TOoMEEL T3, e
&Y, RIEBEE A ST FERCEH LT, S TESECE Lo xBTw5, LiL
Fahe B LT, %5 2, EMORESETORN T, BEEY RS LT &, @
WOFB X% v oGO DN DA,

FEHFTBEROMFETEADIEMY O—2L LT, Rk T, BEROF» €
F—va ERL L > TETIZHEE L, BEERC I v v 500 FREFRCERL,
BEERMC L 2RO = Y55, SEOWRERFER, B, REHEREOLELE e
Lo TR & Iz 7o,

(225)



570 WKk BB B -MTARES

I = B F %

1. 8 EE
AFFRCHER LR MmT, Ak o R hic Zubair McH n, FOMHRTER-TS
MWD TH D,

I [15/4°C) 0.856 s00 |
KEFE [est] 10 (20°C)
ZERBROZ#BRI X1ty ch o, K i ﬂr
D TR o 2001
0~143°C WIEHRE S ///N
141 ~214°C Ot 88 ~86 mmHg i\( 00k
211~257°C Mot 20~19 mmHg
2 5 B }
BcaEhs e A, Bry bike v 0w
BB D, WMHEMASTE X R L, BRI B & (ol %)

N 20 v == N ke = - —1 R A 2
BEMEANS <, ERCHCHBINERES b BT R E A h i

Ho BFEX, BUSHIEL, WA EWERAGEMIL, BRESKE G, SHEE S R
Bt Evbh w5,
B EELETHIT T Bk, Holde#:, Zalojeichi i, Schwarz 3, Grafe i,
Wyant i, 72 E03% 50, FEHFLZ OB CRIVBENR G ESbh s Holde (k% fiv-ie,
ZoJjEE, BREMOS~10g AL, ThIEEmAKT v~ m— T L OSEREEY
S EEM, OB LB, —200C eBHT S, ChaGHAEEL, HEoRHic
WL, BB ESvEVvERET s, Fok

V8 v R 7ERRE L, 105°C ¢ 15 4 sk L i

BFTET 5. C OFMIEDKE 7 IR G IR 7 S

IoTTORRBCRE BB 2 DL e Th Ryl 0,

Bo BEERZORCO TR TN Bl bi s %w_ Teeel

R % —16°C~—24°C g eAfbse T Rilih o & .

R ROt EOfRIER2AT ] ..

WD TH D, 8r
CORMBEWHAD, HEREC L - T L 1

. e e 5 24 22 20 -8
v 4 AT BT D U T & B —20°C O

fE i b BEESD D, LBROER THALE % B—2 SHREL = v HOBE

(226)



BEEFEHSC L 5FmO e 7 LR BE T 5% 571

Q)

LBERFLRE 2K FIRET 4B4E S5RETEES
LT T B KA

M3 BEERFIEER

F# —20°C iR X 5 L7,

P — e——

3. REEEEHE j T

PR L 7o RBREEIEIE K-8, M4 AT Y Th B, Al i
T D REE L BEERE, BERDTENDIL- T 5%,

FEI W% 20ke ~2000 ke DA BGBEEFEEREY Vv, H
RIS LTy ¥ 7 =94 &, 52 VB 7 ADET
BB T 2 IR A S 150 W CBRE) 3 % B FERIKRS «~ Ho
THBE B & R IR L7,

MRS M-4 ik Ll ) THIE 1S5mm O F 7 A 8%
v, EEEUBHEA 0 OMsE, BES, v 7Y vy ) —
BFh st T AR X 5 THINHED L H Tl T %,
REHE A O S X CEBK AR D R 7ch L=x

/T5mm
- Zﬂﬂ/ﬂm

¥ — DRI RAET B fo I B E AR O WE 7 7 I e T
7 ——>‘

ACH DI BB AL 5 "I TH b, 1B RS T

X LT, BRHERM 50ce & L, fEIRACHMEE A & B4 RAEH AR

o I 5.0 e, SUBEERA B I CKEK YT UERBF RO X g B
Z ST,

III. BREXVEE

B 150 W, IREHRE 20°C, 60°C CRIEK, BHMEEZEL ST, BHEETR
STfEREY LR LT,

% la kb EmbcEEhs ey OB AERCEES RV LMt d, LD
IR 200 ke & BB HBERBH AL 0T, B 0~25 B ORIC G s
ruSOETARLN S, & OERZOWCTRSOFBE B TRV, =5 OERIGEC X
BT DL 5 IERAE LR D BB RBEMTCEN AT 7 4 VEFEML Tr Y5 ET OHE

(227)



572

Il NI

- AR

®—-1 BF W a &R
F—l-a AN LD evFoE (20°C) F—1-b RECI? =50t (200ke)
—— I8
R sy B (W) S e
e l ‘ ET
B (| 28 50 | 200 | 400 | 800 | 2000 Ay s | 20 60
0 1240 | 1265 | 1265 | 1250 | 1273 | 1221 0 12.65 12.26
05 | 1143 | 1249 | 118 | 1213 | 1225 — 1.0 11.30 10.03
10 | 1069 | 1130 | 1130 | 1138 | 119 - 2.0 9.00 850
15 | 1022 | 1068 | 1021 | 1098 | 11.39 | 1115 30 7.63 6.95
2.0 905 | 862 | 900 | 832 | 879 — 4.0 — 6.04
3.0 797 | 778 | 763 | 797 | 838 | 810 5.0 — —
6.0 730 | 643 | 673 | 705 | 657 | 764 6.0 6.73 461
12.0 609 | 527 | 655 | 563 527 | 7.34 12.0 6.55 —
25 F
1 LB+ BT
201
5
/0 \(\/Z//»%}E
5 -
0 Il L ! ! 1 L

A LT,

o 2 4 g & 02
B 4B (Ar)

B—5 BHEHEMNcLsze s
D EAL (20°C)

F ORI M5 R TE0 T

B o, BESFAFFIMCBETE RS L s

ELFEFRMETH B,
EHLINEEN AT 7 4 VICERRT 7 4

VESEE L, Lok T OREY BT

FiRa AL

mAR A BH-L 2R LT,

Mok

BOEEND, FM+ER-7 7+ v, Eill
TREh LT e v OB ORI i), BEMETFHEOKEND, BEERH L vy
DRELD LB FIVNE LT d 2 b ', Fiiho r v e onT L [AEOR
piE b, Bele v OGBOBEEA ) KEL, chndie v SEACKE S #E U
WaEBbnic,

(228)

BE—2 @FWHS 15 mREoRE

BE1 #FREHNoORTIRE




HERRHC L2 FEMO = v LB BB+ 0% 573

CHBBEROLAERO 1 >Th 5 LIREE, Wb, 4 €5 —va v EER G
HOIhCE-T, ey, Hey, 2A08EL, TORBARRZLOEELRS, LUK
JIGERESBEHEOMEHO S & TIHEEIR S LV 5% OWEY (flz =R =L DIk #,
%mﬁg%%ﬁéhécaﬁ%%mKW%h1m5J&,ﬁ%%ﬁﬁkﬂﬁfcm(é%%%
6 CIRE DO EFIL 2°C L Th » 7o) THLRMMCIL S » €5 — ¥ 2 VOSIEN T
1000°CEVRE EHREZ BB L0 200, BT LIS L » TDAR e 750K TR
D EEEZ bR\, WBTFEBESOTRSE»D, SO THEAF Yy ETF—va vtk 5T
YIS B O EAERIIC D h TV BB, B v S ORSEES TR ST L0 5T
AN Z e e DELTCHBEINDY, ZOBBEOMBEIT LTS T, 128, Bew,
e v, FOESTHEOMRORE, WS e v HE T ) BELTIE L TW5 - &1L
LINTH D, (BEEE e v 3 OMEBESOMRDTD, BE BB EE b B REOBE D
ﬁ%%%&tﬁ,%MMﬁbah&ﬂotJKM%%@S@%Q%@mW%@W&@%%f~
A THTHDY 60°C TR DWATEHILbEZ DL, RERC X ZHERT LT+
BT —a VEREI e ) DESFEDLI TV A EBbh A,

NEHHT T AET Licr v 5 ORZE LA R~e, ZoF ik ¥R Cir Bl ME
B, EBEW LB w7 D ORI O —
BieEzbhh, - OmEY K615 L, &

B yEf &R ey 3T 55, %4 w/2¢

b & O b 8T, HEIRE O ESF b §/0_ ° ;
NTWD, & ORBERL LS ey poiii— 5 i

Fo AP L = v SRR A TR0 L e & o & BB v | | |
b, ChiEr v 5oLy LTy LSS RIS 60 70 20 30
VETERADEXTEHIHT DL O TH S, HE B A (L)

o B—6 = v &Lk
B Y G D H T BHENE AT s T W B ‘

7, BEEREHICL > CTr o Sa iR 5 2 SRS &0 5 R TR R & e flifg s
HHEHMEh D,

. #

il

By ORI IR F RIS I T L, A FRICAE D ORI S 508, B
BHEEYRFSE 2L -C, Blirro e Y54 07ch ORE T T8 25 2 &
Ferz, ZOEHCOWLTIEHETH D HOACHFE L -2, DBL VLD LATHSNAE
EEE LTV B EHELDBRD,

(229)



574 B &R B MPRER

BBICARRIC LS, HEE, EEE T IR, R —88, TS B e B
Li‘?‘o
(lE#n 43 424 A 30 H 52 IE)

o
3
X
&

1) A% S, 99, 133 (1949).

2) 5% WATmEE, 15 (194)

3) AR CHMHE: risr=vee7y v, 12, 840 (1967).
RES - PR BARLFAILEBERSEEE G4, 10 (1966).
RA - AP R TEHadEE KA (SH) BEE S, 35 (1964).
B Rilk: AAReEadbiE ks (LR) #EERE, (1967).

4 RKAE%: BWBETM Ty 7 (BERE)

5) fEAR%: BEEHNEE (B I

(230)



RBREA A v 2O
CIIE N R

The Thermal Stability of Ton-exchange Substances
Prepared from Wood Charcoals

Hiroshi Yanai and Toshiyuki Kikuchi

Abstract

The present investigation was undertaken to discuss some thermal properties of polyfunctional
cation exchange substances prepared from wood charcoals. According to the procedure described
before, wood charcoal particles were treated with conc. HySOy at 150, 190, and 230°C, respectively
(A, B, C sample). The thermal stability of these samples was studied at both an oxydizing and an
inert atmosphere in combination with DTA procedure. Some conclusions are summarized as follows ;

1) Experimental works over a considerable range are shown that these products are thermo-
stable below 200°C. It is, however, possible to consider that the thermal oxydation and degradation
come out predominant at the temperature higher than this, e. g. in sample A the overall exchange
capacity (E4) increases, on the other hand, in sample C it decreases. While at an inert atmosphere
E4 is gradually reduced owing to the thermal degradation of SOsH and COOH groups.

2) In proportion to an increase of the temperature treated with H,SOy, the expression, R=FE,/
(Es+Eg+En) becomes nearly equal to 1. where Eg, Iig, on=exchange capacity (meq/g) being based
upon SOsH, COOH, and OH groups, respectively.

These results suggest that the phenomena of taking up Na” are only ion exchange reactions
and physical adsorption is little worth consideration. ‘

3) Analogous behaviors are observed between a change of E4 and Eg. It is expected that the
increases of Eg over 200°C are caused by both the oxydation reaction and degradation of SO;H group.

4) According to the analysis of DTA curves, the thermal behaviors of functional groups are
in good agreement with results described above. More data are needed on the mechanism of an
increase in endothermic quantities that are due to an oxydizing atmosphere.
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A Fundamental Study on the Gaseous Desulfurization
by Activated Carbon

Hiroshi Yanai, Tadanobu Hayashi, Shin-ichi Goto
and Masamichi Ishii

Abstract

The observations described below refer to the gaseous desulfurization by activated carbons.
The SO,-laden gases are passed through a tubular reactor containing either granular activated
carbons or that treated with conc. HySO4. The results are as follows;

1) The adsorption of SO, gas obeys the McBain equation regarding to the rate of adsorption

at the room temperature.
2) The adsorption values of the carbons treated with conc. HySO4 are superior to those of

untreated carbons.
3) In all cases, it is observed that there is the maximum adsorption point at ca. 250°C.

4) The SO, gas adsorbed is mostly oxidized to SOjz gas (or H,SO,) at the temperature above

150°C.
5) No sulphonation of the carbon concerned is occurred in the concentration range (SO, 3.5

5.5vol%) of these experiments.
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The deformation theories in generalized metric spaces were developed by M.
5. Knebelman in a Finsler space, and by E. T. Davies in a Cartan space.

These works concerned with the spaces admitting motions.

In this paper, the present author tries to investigate Lie derivatives in areal
spaces of the general type, due to A. Kawaguchi and Y. Katsurada.

In § 1, we define the Lie derivative in the areal space, and in § 2, introduce the

concept of the areal motion.

§ 3 is devoted to rewrite the Lie derivative in terms

of the covariant derivatives with respect to z, and by this treatment we obtain some

theorems.
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