BILRFL¥H

B22%

W46 4 3 A

iy







H X

1. llﬁﬁilﬁl%bﬂéfﬂ%‘ﬂﬁﬁiﬁ%@%“C?i’ibﬁ%?%ﬁﬁ% ------------------------ mERER, K B, BEH R

1
2. Ge BE&O Etching it} % Etchpits OREZ L Etchant #E, HEOBRICOWLT
........................ AR B, MERE 9
NeULOMIME [T DUNT  ceererrrrrnrrnnernmruieemiteutemeeeertermeeneesneessssnessessnessnnns B, Ak B 17
TRV 77907 S P REERCIZ 4 ) 2B 7 A Y ¥ LIRIBIKDEREE o veveeeees
&FSm, BEEAl 23
5. &4A4Yv7F 3 FHBEFOBPMEERHO IR, UV & X OXEREIIT X BERE oo
: EEH, BIEE—RS, S BE% 27
6. ZAINYY Ay Y7 — T XDBEEERIDFGToeeeeeereernneani.
#EM =, BILUFE—E, MRBAE, SN #, N % 33
7. [ElEGHEAD fEROEEE DRI DU T DB eeeeeeerrrrrmmmmuisnnsses ettt E T &A8 4
8. EEMEOTMENEG (FE 1) correrrrrmrrerreriii i B % f§ 7 47
9. ¥ — BHEEOVEG SR DEEIT DU Trerrrrrrrrrsreeseememmmmmenien W E, HZEZ 61
I e mEE, A, WR SR, HEZ 6
1. Zn—Cu ZTRAELOEBAMEEICE JITT HETTHRRIMOB B oo
WEERX, FR T, HAEF 73
12. Zn—CuZTRAELOBWEIC S JITTHE Mg TEAMOYE ILHERRFR ®, #BAEA 8
13, KR R RS HNBR DR ESR v ereererreerrre st =T ¥, FHILUZEER 105
14, B BFEERAWIET ¥ 7 7 OREMBRICI T BRI ON Trrereeeeee ZHWEA, HE #1115
15. Cug_xSe—CdSe YD SITET+rerrrerrerrrrrrrstrummneniiniiiiinie, KA 8, LS, =T 121
16, 377y 7 WEDTEEIFI R weeeeeeerermmmsssmennenn wlit8s, KAy %, EEE=, =T 133
17. SHBREIR LAYV 2 FESRIDUNTrrrerrrrrrerernaraie. EREES, $#R3I== 143
18, BRERZ U & o (D AMESTER +eversesersererrersentsrent ettt s Rl 149






NE 6 B D S84 2 () IR BB b 24 T BE S B B4R

E 7N X{Z

#
AR )
#H #

This paper states on a method for state assignment of sequential ‘machines design. This is very

excellent means for its design from the viewpoint of the easiness. This is constructed of the com-

bination between the hamming distance on cube and the state of sequential circuit. This is under-

stood directly by us, because the design depends upon the aid of visition.
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Growing process of etchpits in etching has scarecely been clear. Etching of Ge single crystals

which orientations are (100), (111) with Superoxzol is observed continuously in order to investi-

gate the effect of Condensation and flow of etchant for surface etch pits.The results are following.

(1) There is a remarkable relationship between growing rate of etch pits and condensation on flow

of etchant. (2) In growing process, there are special patterns in varience of length of bottom plane

and side plane, and growing rate of bottom plane, and they are effected on another. (3) Growing

process of Surface etchpit is divided into four terms, initial, stable, side plane interruption,

and bottom plane interruption.
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Recently, a superior function of the lives has been recognized, and the enineering application of

this biological function has become prospered. This article discribes the gelectronic neuron model.

Neuron, a basic unit of nervous system, has a characteristics of threshold and refractorinessetc,

and closely relates to information processing.This neuron model (called Neutomime), we’ created,

has a good agreement with a practical neuron characteristics.
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Aggregation of Kaolin or Kieselguhr Suspension by Commercial
Polyacrylic Amides Coagulants

Tadatomo ASAOKA
Hironori YOKOBORI

In order to increase the applicability of commercial polyacrylic amides coagulants to water
treatment, a series of sedimentation velocities of 2 % kaolin or kieselguhr suspension are measured
for several existing quantities of each coagulant. Seven and ten sorts of coagulants are used for '
the kaolin and kieselguhr suspension. respectively. The comparison of both cases showed some
similarity and considerable difference in the aggregation effects of these coagulants. But, it is
presumed that molecular weight and degree of hydrolysis of polyacrylic amide would be. related
to the ability of each coagulant.
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Studies on Thermal-Decomposition of Sulfur containing

Noncyclic Cyanamide Derivatives by IR, UV and X-ray Techniques

Tadatomo ASAOKA
Choichiro SHIMASAKI
Shuhei HORI

Using thiourea, ammonium thiocyanate, 2 . 4 -dithiobiuret and guanylthiourea belonging to sulfur

containing noncyclic cyanamide derivatives, these decomposition compounds was followed by utilizing

the IR, UV and X-ray diffraction techniques.

From IR remarking the bending band of triazine ring corresponded to 800 cm™1, the temperatures

at which respective compounds cyclize are determined. In UV, the absorption of ammeline,

ammelide, melam, melem, thicammeline are clearly decided from which could also be followed

the proceeding of cyclization. And, in X-ray diffraction the changes of intermedates in the ther-

mal decomposition are checked as it were qualitative owing to the important information that

the diffraction line becomes simple as the cyclization increases. Combining these three techniques

mentioned above, the course of thermal decomposition was qualitatively presumed.
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HeN—C—NH—CH—NH2 2 HN=C—NH—C—NH2: 2 HSCN+HN=C(NHz2):

S N SH

2 HN=C(NHz2)2+ HS CN:ereeeeer m

(6:4: 9]
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On the Study of the Selfhardening Mould making use of
Dicalcium-Silicate.

Minoru YOHDA -« Touichiro TAKAYAMA
Hiromasa KOMATU +« Tooru IMAMURA
Akira MURAHATA

Studying on the selfhardening mould, the authors obtained the following results. The various
properties of selfhardening mould seem to be influenced remarkably by temperature. And in
case of relatively low temperature such as five or ten degrees, it is preferable to use sodium-
silicate mixed respectively with molecular fatio 2.5 and 3.0 as equal amounts.

According to the authors’ experimental results, it is best to use the mould sand. mixed with six
percent sodium-silicate and three percent dicalcium-silicate from the viewpoint of collapsibility
of the mould after casting and also of economy. In case of high temperature for instance eighteen
or twenty-three degrees, to use sedium-silicate of molecular ratio 2.5 is most desirable. And
the authors obtained the best result by using five percent of sodium-silicate and three percent
of dicalcium-silicate.

The higher the value of molecular ratio of sodium-silicate, the shorter the useable time of the

mould. The residual strength of this self hardening mould is stronger than that of the mould

making use of COg process.
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One Consideration on a Critical Speed of Rotaﬁng Shaft.

kikuo MAGAMOTO

One calculating method for a critical speed of rotating shaft is described here.
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. An Investigation of Air-leakage between

Contact Surfaces

By Tsuneji Kazamaki

In this paper, the mechanism of air-leakage between contact surfaces was studied.

The me-

chanical properties of modeled surface irregularities in a shape of truncated cones were assumed

to be ideally plastic or elastic.

The results obtained can be summarized that the theoretical values of equivalent gap between
contact surfaces agree with those obtained from experiments within an error of about 7 %.

1. Introduction

Fluid leakage between contact surfaces is a
phenomenon resulting from the interaction of the
microgeometric forms of surface irregularities of the
contact surfaces and their elastoplastic deformations
and the fluid pressure distribution between them.

In the past some studies on the contact surfaces
including surface roughness and the deformation of
contact surfaces in relation to leakage were pub-
lished ‘) @,

In this paper, we assumed the microscopic trun-
cated cones for the surface irregularities and con-
sidered two cases in which the mechanical property
of the microscopic irregularities was assumed to be
ideally elastic or plastic.

Theoretical expressions for the equivalent gap
between contact surfaces with respect to fluid leakage
were derived and verified with the experimental
results.

2. Nomenclature

H : height of various surface irregularities
H_..: maximum height of various surface irregu-
larities
h,: central height of surface irregularities
H,: equivalent gap between contact surfaces (with-
out applied load)
H,,: ditto (with applied load)
4H : displacement of surface irregularities due to
applied load
Z 0=H m&x_AH
s, : upper area of various truncated cones
S, bottom area of various truncated cones
S$=5,/ So

s, : sectional area at different positions of various
truncated cones
S, : total bottom area for various truncated cones
S, : nominal area of contact surface
27 : conical angle of various truncated cones
Ee1s £pr ¢ displacement due to elastic and plastic
deformations for various truncated cones
P,,: applied load on any truncated cone
P,: total applied load on nominal area
M : total number of various truncated cones
N : number of various truncated cones in contact
due to applied load
V : total volume of various truncated cones
f ¢ distribution function for surface roughness
irregularities
a: parameter of f
B=Zo/£¥
Cwr Dp» ¥ - functions for B
E: Young’s modulus of specimens
d,: yield point of specimens
k: function of conical angle of various truncated
cones
g: air flow rate per unit width at contact surface
@ : total flow rate of air-leakage
@, : total flow rate of air-leakage converted into
a state of outlet air pressure
G: total weight of air-leakage
P, : inlet air pressure; absolute pressure
p.* 1 ditto; gauge pressure
p, : outlet air pressure; absolute pressure
Ap=p.—p; '
7: radius of any point on contact surface
7,: outer radius of contact surfaces
7;: inner radius of contact surfaces
7oi=7,/7;
L. absolute viscosity of air
v: specific volume of air at any position on con-
tact surfaces
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v, : specific volume of outlet air

3. Equivalent gap between contact
surfaces; H,,

Assuming that the profile of surface irregulari-
ties is given as shown in Fig. 1, the equivalent gap
between contact surfaces may be defined in the case
of no load being applied as follows.

H,=H y—h, oeersresssessesessessesssesassenannens( 1)

Hence, the gap when a body having this surface
roughness is pressed against a rigid body having an
ideal smooth surface is given as follows:

H,y=H,— JH=Z,—h, seeeseseessussssrsscecncee 2)

Where the values of H,, may be related to the
geometrical forms of the surface irregularities, their
elastoplastic properties and the applied load. In
deriving the theoretical expressions we assumed
the mechanical property of the surface irregularities
to be ideally elastic or plastic.

Furthermore, we make assumptions as follows:

(1) The irregularities have a form of geo-
metrically similar truncated cone.

(2) The irregularities have their respective
cone bases in the supposed base plane.

3.1 The case in which the truncated cones
are assumed to be ideally elastic

Let the truncated cone be as shown in Fig. 2,
then s, is given as follows:

2. H 2
§,=7 tan 7‘(—;/-‘9—?1+Z)
It follows that the displacement d&,, of a small

portion dz of a truncated cone subjected to load P,
becomes

P, dz
Ka=TF )\
2 f—
T tan 7‘( \/—s_—l +z)
Then
p f” P, dz
1= 7
T )
T tan?y \/’5—1 +z
Pn  (WS=DP . (3)
mEtan?y s H

Since, in this case, the surface irregularities
are pressed against a rigid surface, the irregularities
subjected to actual contact must be at the height
Z, from the base plane.

Contact surface with

rigid body under applied-load

Fig. 1 Profije of surface irregularities

PARRILY

«Hep
te hg sre—Hg —>
[« Hmox—

VAVERW

N Reference plane

Therefore

H—Eel,plEZO L T D)

Thus, Eq. (3) becomes

s H

P,=rE tanﬂr(—\/\/?_—__l_)?(l-l_zo) ceessennnennens(5)

Here, Krasavin® obtained the following experi-
mental expression for the distribution function of
surface roughness H :

S un =CH2Xp(—H2/QR) ecosserernsssnnonunnnnnee. (6)

If we apply this relation to Eq. (5), the total
applied load is obtained as follows :

oo
PC=N‘[Z‘ me(H)dH..-.n-...-o-uu.....uu--.....(7)
Substituting Eq. (5) in Eq. (7) gives

p=TEt Vs ye f ¥ (H=Zy) Hoe-H/wdH
=

- nE tanz’r\/? NC[ wH‘e'Hz/“de
s —1)¢ 2,

—Zofw HSe-H=/a=dH]
Z,

3 3 —
=7E tan? ___‘L‘f-—-NC[— T o
anr( T 8\/
a’b _ZZ/MZ.,‘* a’s 3 —Zy/ A
tgeT et Ty

3 Zy/ @
__a."f e—l’dx
4 0

4 2
-l e G

S 3
=nE tanzr?\/_T—l)ﬂ gﬁ NCas
2 2 B8

gy pe g f) eval] e

Here, the distribution of surface roughness sig-

nifies a probability distribution ranging from zero to

infinity, and the distribution function f must
satisfy the following relation :

‘[o' f(H)dHEl

If we apply this relation to Eq. (6), the coef-
ficient C is determined as follows:

c f " Hee-trwaH=CYE g1 }
(]

C=4/(Nma®)

Also, from Fig. 2, s, is given as follows:
s,=n tan?y H2s/(y/'s —1)?

Then

L

Fig. 2 A truncated model of surface-
irregular part




Sa=£m5af wndH
=7 tan?7 (3/2)a2s /({5 —1)% veerrrserrenncens 10)

Here, from the assumption (2) the total num-
ber M of the irregularities becomes
L Sa 21 (1)
M=S,/S,= T 3w i sereenees ayn
Then, the number N of the irregularities may
be calculated as

N=["Mfma

2
p— —_— _Bz_____ -A2
_M[1+ — e f e- d/l]
Here, we replace the terms of the brackets by

dimensionless quantities ¢, as follows:
N=Mgp,,,

O =1+ e —E—fﬁe-“dz
RV 7 NES
For varying values of 3 we have calculated ¢,
and the values of this function for 3=0.1 ~ 2.0 are

listed in Table 1.
Therefore, the number N will be expressed as

Table 1
B (727} 1.117¢g0-7282
0.1 0.9992 1 1089
0.2 0.9941 1.0850
0.3 0.9807 1.0468
0.4 0.9562 0.9954
0.5 0.9189 0.9330
0.6 0.8685 0.8619
0.7 .8060 0.7849
0.8 0.7338 0.7046
0.9 0.6549 0.6234
1.0 0.5724 0.5437
1.1 0.4899 0.4674
1.2 0.4105 0.3960
1.3 0.3367 0.3308
1.4 0.2703 0.2723
1.5 0.2123 0.2208
1.6 0.1631 0.1764
1.7 0.1226 0.1385
1.8 0.0902 0.1083
1.9 0.0651 0.0830
2.0 0.0460 0.0626
0.4<B<1.5 error<5.5%
Table 2
8 D 0.771¢-0-9552
0.1 0.9247 0.7636
0.2 0.8496 0.7420
0.3 0.7745 0.7073
0.4 0.6998 0.6614
0.5 0.6259 0.6067
0.6 0.5536 0.5460
0.7 0.4835 0.4821
0.8 0.4165 0.4176
0.9 0.3537 0.3548
1.0 0.2956 0.2957
1.1 0.2431 0.2418
" 1.2 0.1966 0.1940
1.3 0.1562 0.1527
1.4 0.1219 0.1178
1.5 0.0933 0.0893
1.6 0.0701 0.0663
1.7 0.0517 .048
1.8 0.0373 0.0345
1.9 0.0265 0.0242
2.0 0.0184 0.0167
0.4<A<1.6 error<6%
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follows :
N=M(1.117¢-0.726%)
0.7;46 tS,; s —=1)2 e—o.:zﬁz ...... az
an2y s o
Introducing Egs. (9) and (12) into Eq. (8),
the total applied load will be described as follows :

“/SL —o.729=[1+ < \/2? Be-#*
2 (*,n
77, el

In the same manner as above we put
2 2 8
p— —_— -p2 —A2
¢(p) 1+ 3‘/——” Be NE3 ‘I; e-3d}

For varying values of 3 we have calculated
D> and the values of this function for 3=0.1~2.0
are listed in Table 2. '

Therefore

P=1. j% -0.7282 (0. 771¢-0-95867)

=0.861 j_ Ee=1.67882 ceeerrireeeceseesasannsnnes as)

Then the height from the base plane will be
described by

Zo= a‘/]_ 678 {0\/821 %E} cressnnssnennnns(14)

The unknown term « in Eq. (14) may be ob-
tained from the following expression for the total
volume V of the truncated cones.

V= [

—(—\[—ﬁ) tanz‘r}]f wndH

8

—gyy S5, (15
We now introduce the idea of “mean plane” for

the central height 4, which is the plane such that

the volume of the truncated cones above it is equal

to the volume of empty space below it :

+ H ) tan2y

V=S,h,

Then

_Wm s, 9w

a= o (s+\/—+1) ‘/ hol coveeenne (16)
where C=1/{1+(1/\/?')+(1/s)} ............... an

Therefore, the equivalent gap H,, is given by
the following expression.

hc=[1.539c‘/1{"WS— } 1];,

......... 18)

The characteristic curves represented by Eq.
(18) are shown in Fig. 3.

3.2 The case in which the truncated cones
are assumed to be ideally plastic

The amount of plastic deformation of a trun-

Hep=zo_

cated cone caused by the applied load is given by
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Marochkin® as

[ P, 1

En= Tkd, tany
where £ is a function of the angle 7.

Introducing Eq. (19) into Eq. (4), P, is given
as follows :

P, =rko, tan?y (H—2Z,)?

By a similar procedure to the above section, the
total applied load is obtained as follows:

[s 0]
P=N [ Puf ndH

[5—1) gy 2
=117 5 =D 5 45600 [1+§32
2 2 2 B
—_Qe-hr— — 2 — -2
sy b= (1+58) = f: e-vdi]
Here, we replace the terms of the brackets by
dimensionless quantities ¥ (, as follows:

.......... BRI G )

2 2
=1 —[32— —Re—8*
Vp=1+ 5B ENE B
2 2 B
—(14+=B2)—— 1| e-%d
( + 38> NE 3 ﬁ A
Table 3
B T 0.5160-1- 36582
0.1 0.8562 0.5090
0.2 0.7257 0.4886
0.3 0.6085 0.4563
0.4 0.5044 0.4147
0.5 0.4130 0.3668
0.6 0.3338 0.3156
0.7 0.2661 0.2643
0.8 0.2093 0.2154
0.9 0.1621 0.1707
1.0 0.1238 0.1317
1.1 0.0930 0.0989
1.2 0.0688 0.0722
1.3 0.0501 0.0513
1.4 0.0358 0.0355
1.5 0.0253 0.0240
1.6 0.0175 0.0156
1.7 0.0120 0.0098
1.8 0.0030 0.0062
1.9 0.0052 0.0037
2.0 0.0034 0.0022
T T 0.6=B<1.6  error=6.5%
35 ’ /; T
3.0 - I ;’4/ //;
. - fb/ 7
-
251 SHLS A LT
- 255 dhs
201 / 7 A
ot 7. 7 /7 /Ty
oF. A,?’”/b/g/
: yANAVAE,
Y FATARANY,
E Y SRR NELEEY SR I!HUHIHJJ_UHIHUJE
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— T E/p,
.361 S,

H,pthe=1. L0 Onp

oo the=1 5395/‘" Vs PCE 1

Fig. 3 Characteristic curves; assumed that the truncated
cones are ideally elastic

For varying values of 3 we have calculated
¥ s, and the values of this function for 3=0.1~2.0
are listed in Table 3.

Therefore

Po=1. 1175 =1 5 5 0-0.72(0. 5160 1. 3081

—0.576. Y5 =12 g 45 o202
s

Then the height from the base plane will be
described by

Z,= [1 .38¢ \/ In {0.5763/_?;—_12 %kas}]h,

Therefore, the equivalent gap H,, is given by
the following expression.

H,,= [1 .38¢\/ In {0.576L\L§s"_1>i %:-ka,} - 1]hc

The characteristic curves represented by Eq.
(23) are shown in Fig. 4.

4. Fluid leakage between contact
surfaces under the applied load

Assuming that the fluid flow is a laminar in-
compressible flow, the flow rate per unit width of
leakage between contact surfaces due to the inlet
fluid pressure when a thick cylinder as shown in
Fig. 5 is pressed against a rigid body having an
ideal smooth surface, i.e., surface roughness H=20,

-—i—i—~/’—4————— — ~

- Hep/he=1385 110516 Y 2 i1 i ] o |

; Yo7 s '

- Jf\ \Q‘// ///(

- ”Z L~ | —

- | 7d e ]

- ‘ / =

: //// //////

E /A pdbid

= e

- ///,/

/A

= Wl ol bl bl bl

1 510 510% 5108 510* 516° 5105 5107 §10°
kas/pe

Fig. 4 Characteristic curves; assumed that the truncated
cones are ideally plastic

| Appiied Load |

Pg P Pa

VLY

YAVAY, VAYAYAVA
AANATL LTV RO Y

Fig. 5 Schematic diagram for contacts
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18 given by Hardened meehanite was used for base plate,

= (H,,)? ﬂ ' and mild steel and carbon steel were used for speci-

120 dr mens, the mechanical properties being listed in Table
Assuming that the leakage flow is isothermal, 4 and the form of specimens shown in Fig. 8.

then the expressions are given by Figure 9 shows the profiles of the surface rough-

G=Q/v=Q,/v, } ______________________________ ceeeeneee(24) ness of the experimental materials, and the numeri-
pv=p;v;=const. cal values of their surface roughness are listed in

Therefore : Table 5.
7 (H,p)® dp
= Q. =2mr~_2t22 I . . .
p Q; 7. 2n  ar Table 4 Mechanical properties of specimens
From above expressions, we have Yield poi Young’s Hard
d Speci point dul ardness
Q=" (Hop)® (=1 (25) PRI ovkelmmt | 6tk /mme Ha
i eessscesnaae essssssssccses
L2pinr, — p ss41 23.0 2.1 206
5. Experiments S45C 35.0 2.1 230
5.1 Experimental procedure and specimens 204
Figure 6 shows the outline of the experimental o~y l
. | -
apparatus and Fig. 7 the process of measurement. I I
In order to avoid moisture and dust in the air flow °
we put desiccant in the first filter and used the <
second and third filters with. a progressively finer l
mesh. —>'6¢
Using a precision pressure gauge to measure the 254
inlet air pressure, we held the variation of air Fig. 8 Form of epecimens

pressure below 0.01 kg/cm? during the measurement.
In the measurement of air-leakage the leaked air
was led into an air storage tank submerged in water
and the air-leakage quantity was calculated from
the rate of weight decrease of the air storage tank
hefore 2nd after the measurement.
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Fig. ¢ . Experimentaj apparatus
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First air L
iLter 54

2
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1
Third air filters TBIT
i
i

mv. Ice
Thermometer point!
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Ordinate x1000
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Fig. 9 Profiles of surface roughness’
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Shéath Base plate  Water tank S45C
Fig. 7 Process of measurement ~
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Since in this experiment we are discussing air-
leakage between contact surfaces, we need the nu-
merical values having undulating profiles of the
whole contact surface. For this purpose, the surface
roughness was recorded at three sampled places in
radial and tangential directions, respectively, of the
contact surface and their mean values were used for
theoretical calculation.

Values in the brackets in Table 5 were obtain-
ed by using the base plane length prescribed by
Japan Industrial Standards.

5.2 Experimental results

(1) 7-values

The conical angle of the truncated cones was
determined by wusing the profiles of the surface
roughness obtained in six sampled directions of the
specimens. The distribution is shown in Fig. 10;

Table 5 Numerical values of surface roughness

Surface roughness
Materials Processing methods
Hmax hc

93

FA] M-GA 0.5 Lapping
ma

2

SS 41 18.0 5.80

£ 13.00 (5.50) | 60 carborundum
5 17,0 5.70 pddin

g | s#C (2.0 (5.50) | Lapping

7]

(Base plate ; hardened Meehanite, Hardness Hp=260)
Table 6 Values of r and %

Specimens r (® I k
SS41 . 76 2.385
S45C 80 2.46

200

=-0-= Carborundum powder 60::5341
- —o=— Carborundum powder 60 545C

Frequency
N
o
o
I

100~

50~

! ! i 3

ol—
80 100 110 120 130 140 IS0 160 170 180

Conical angle 2y deg
Fig. 10 Distribution of conical angle of surface irregu-

larities
No.| 1 T i g v
£
S
?gl 47 15 9 13 5

Fig. 11 Profiles of surface irregularities

the number of samples is nearly 1 000.

The values of £ in Eq. (19) are listed in Table 6.

(2) s-values

Figure 11 shows five main types of profiles of
surface irregularities, and they are reduced to the
type 1 after detailed examination.

As a method to transform the various surface
irregularities into those profiles of truncated cones,
we enlarged by photograpy the profiles of the ir-
regularities as shown in Fig. 12 and the profiles
were drawn to the same scale in both ordinate and
abscissa.

After that we obtained dimension d, by the
method shown in Fig. 13 and then calculated the
s-values.

The distribution is shown in Fig. 14. From the
figure we see that the specimens have nearly 10 to
20 for s-values.

(3) Amount of air-leakage

As above mentioned, amount of air-leakage @,
is given by Eq. (25), the experimental results of
which are shown in Figs. 15 and 16.

Specimen .- .. Ordinate x 2000,
sasc  Magnification Ao =500

A 15 -
N, ENE

\4 a4 \;-~\r\
5
0

Fig. 12 Enlarged profile of surface irreguiarities

do ‘
I¢ / \\ |
Al
'y
da
Cc

80

s
Fig. 14 Distribution of s-values



6. Considerations

(1) 7-values The values are regarded as
the functions of materials and the processing condi-
tions and others, and have a fairly dispersed distri-
bution as shown in Fig. 10. This phenomenon
seems to be caused by using of rough lapping so
that an 7-values may be obtained by using the more
raised lapping grade.

(2) s-values In the measurement of sur-
face roughness we used Talysurf. As is well known

300

ol- Specimen SS41

2 Pe kg/cm?

260 1.94 ; Y/
—0— .94 (After p=41

sacl =z 335 MterRe

—t— 4.12

22G}-

@, cm¥/min

o

(&)

(=)
i

100
80
60}
401

5 SN I AN N NN SN U S|
0O 01 02 03 04 05 06 07 08 09 10

P.* kg/emg
Fig. 15 Experimental results

250} Specimen S45C
Pe kg/em?
g 240F —e— 194
g —o— 1.94 (After p,=412)
= 220 =x— 3.03
E —_tr— 4.12
S 200} )
180 -
1680
14C -
120
100
€0
€0}~
40|
201
] | l ! ! 1 | 1 )

0O 01 02 03 04 05 06 07 08 09 10

pa* kg/cm’g
Fig. 16 Experimental results
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this does not give a true profile of surface roughness
because of the roundness at the tip of the palpating
needle. However, as is seen from Fig. 12, the
minimum size of roundness of the irregularities
actually recorded was in the order of 5 microns, so
that error in the calculations of s-values is supposed
to be small. '

(3) The values of equivalent gap As shown
in Figs. 15 and 16, the air-leakage flow rate at a
low initial applied load and that at a low applied
load equal to the initial load after applying a maxi-
mum applied load show a fairly large difference in
spite of identical applied load.

From these results it is inferred that the sur-
face irregularities may be considered practically
plastic deformation.

H,,-values calculated from these experimental
results by means of Eq. (25) are shown in Figs. 17
and 18. From these figures we see that the gap
between contact surfaces is practically unchanged in
the experimental range; maximum inlet air pressure
was below about 1kg/cm?g. But the deformation

-3
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nor Specimen S45C
. e 1.
N ) 1.84 (After pe=412)
S x 3.03
% 108 & 412
Bl
Y v
10‘0 — X X . X X X
_Ao Z S o 0. o
yaY T s Y
35" | { l | — ! | 1 I

0 01 22 03 04 05 06 07 0B 09 10
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Fig. 17 Values of equiva'ent gap of experimenta' results

x1°1 Spevimen $341
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B L] P R
o L]
95—
- — . X
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| — e = =
gsl— 1 v vy

0 01 02 03 04 05 06 27 08 09 '0

Pa* kg/cmg
Fig. 18 Values of equivalent gap of experimentai results
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is not always plastic.
Here, in consideration of the spring back of the
surface irregularities, we define as follows :

Equivalent gap at .
[initial foad after]_[ggl;;;’;ggtlggg “]

re maximum load %
- [Equjvalent gap at]_[Equivalent gap at] °
initial load maximum load
veneneees(26)
The elastic behavior rate &£ for the materials
SS41 and S45C, respectively, may be calculated
from experimental values as follows.
SS41: £=(9.82—-9.68)/(10.22—9.68)==26 %
S45C: £=(8.98—8.84)/(9.86—8.84)=13.7 %
Hence, the values of £ for SS41is about twice
that for S45C.
Next, Reynolds number for leakage flow be-
tween contact surfaces is given as follows:
R,=u(H,,)/v
where
v kinematic coefficient of viscosity of air
u: mean flow velocity of leaking air;
u=Q/2nr(H,,) )
From above expression, the maximum value of
R, is obtained as approximately 6, so that the
state of leakage flow may be regarded as laminar.
The theoretical values of equivalent gap calculated

Table 7 Equivalent gap (theoretical values)

H,, %1073 mm

P kg/cm? SS41 S45C
Plastic ' Elastic Plastic Elastic
Ideformation deformation/deformation(deformatior:
1.94 9.96 17.92 10.29 17.61
3.03 9.43 17.49 9.79 17.19
4.12 9.06 | 17.19 9.44 16.89
s 15
< g3
10:51- specimen $341
E B Experimental curve
T 10.0{-
- Experimental value
- (After p;=4.12)
9.5 .
- Theoretical curve %
- (Plastic deformation)
8.0 -
-
8.5 | | [ {
0 1.0 2.0 3.0 4.0
2. kg/cm?
Fig. 19 Characteristic curves; applied load versus equiva-
lent gap

by Egs. (18) and (23) are listed in Table 7.

Accerding to above considerations, the deforma-
tion of surface irregularities is not elastic, so that
the H,,-values calculated by Eq. (18) do not apply to
either of the materials SS41 and S45C.

Figures 19 and 20 show a comparison between
the theoretical values of equivalent gap for plastic
deformation listed in Table 7 and the H,,-values
calculated from experimental results.

As a result of distribution characteristics of s-
values and 7-values, theoretical and experimental
values of equivalent gap are not necessarily in agree-
ment. Especially in S45C, the theoretical values
become larger than the experimental values. How-
ever, it may be explained as follows. From Figs. 9
and 12 we see that actual surface irregularities do
not have their respective cone bases in the supposed
base plane. For this reason, the number of surface
irregularities actually pressed by applied load be-
comes smaller than the theoretical value, so that the
amount of plastic deformation becomes also larger
than its theoretical value and the equivalent gap
becomes smaller.  Theoretical and experimental
vaiues of the rate of decrease of equivalent gap are
nearly similar.

The reason why the tendency of the rate of
decrease is reversed in the case of SS41 is not
clear.

The deviaticn of the theoretical values from the

Table 8 Deviations between theoretical and experimental
values

Deviations %
P, kg/cm?
SS41 S45C
1.94 2.5 4.7
3.03 6.0 7.0
4.12 6.4 6.9
X107
10.5
E | Specimen $45C
& N Theoretical curve
=~ 100 - (Plastic deformation)
N
9.5 (—
B Experimental Curve
B Y
9.0 |— o
- Experimental val.ue\
- CAfter pg=4-12)
gs L ' ' : !
0 1.0 2.0 3.0 4.c
P kg/cm?

Fig. 20 Characteristic curves; applied load versus equiva-
lent gap



experimental values is listed in Table 8, in which
the maximum deviation is about 7 %.

7. Conclusions

The phenomenon of fluid leakage between con-
tact surfaces may be considered to be influenced by
the following factors :

1) Microgeometric form of the surface irregu-
larities.

2) Elastic and plastic properties of the surface
irregularities.

3) Applied load.

4) Fluid pressure.

In this paper, the theoretical expressions with
consideration on factors 1), 2) and 3) are obtained,
and the results of comparison with experiments are
as follows.

(1) In the case in which the specimen was
pressed against a rigid smooth surface, assuming its
surface irregularities had a form of similar truncat-
ed cone, the theoretical values of equivalent gap for
the fluid leakage between them were derived as a
function of the above three factors. The values
obtained by assuming the surface irregularities as
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ideally plastic were in agreement with the experi-
mental values with deviation within about 7 %.

(2) The deformations of the surface irregu-
larities are fairly plasticc. The values of elastic
behavior rate £ for SS41 was about twice that for
S45C.
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Discussion

S. Iwanami, Tokyo Metropolitan University:
(1) I would like to ask the author about
the relation between roughness H and distribution
function f ), the location of the line H=0 drawn
in Fig. 1, and the relation between the line H=0
and the base plane. .

(2) I would like to know why the values of
B are limited in the range of 0.1 ~ 2.0, as shown
in Tables 1 and 2.

(3) I would like to ask about the fastening
mechanism between specimen and base plate. If
they are clamped by bolts, how much is the elonga-
tion of the bolts when fluid pressure is applied?

If the load is induced by the spring force, and
a separation between contact surfaces takes place
by the contraction of the spring, my question is
modified as follows: the contraction of the spring
results in a separation between contact surfaces, or
does not.

(4) If the experiments in which leakage flow
vanished by somewhat large clamping force were
performed, I would like to know about the magni-
tude of the clamping force, the elongation of bolts,
and the degree of elastic recovery of the test surface.

Editorial Director : (5) As an applied load
per unit area is about 2 to 4kg/cm?, if fluid pres-
sure is around 0.8 kg/cm?g, the actual applied load
on the contact surfaces must be less by around 20 %.
~.  The variation of equivalent gap for this change

N

of the applied load is, as shown in Figs. 19 and 20,
of the order of 0.2 microns at most, even if it is
considered to be elastic deformation, and it is con-
cluded pertinently that no variation appears on a
dial gauge.

Accordingly, it is controversial to conclude that
the applied load is constant because of no variation
of measured value in the dial gauge. I would like
to ask whether or not it is supposed that pressure
change on the contact surfaces due to variation of
inlet air pressure does not influence the equivalent
gap because of the plastic deformation of the surface
irregularities.

(6) I would like to ask about the comparison
with the theoretical results reported in References

(1)

T. Konisai : Kyoto University: (7) 1 would
like to know how to determine d, from Fig. 13.

(8) The author stated that the deformation of
the tip end of surface irregularities was plastic.
What were the states of surface irregularities of
specimens and of base plate after removal of the
applied load? And how did the values of 7, s and
k change as a result? Further, I would like to ask
about the relation between the theoretical values of
H,, calculated by using these supposedly variable
values and the values of H,, obtained from the
experiments.
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H. IsmiwaTa : Nippon Oil Seal Industry Co. Ltd.

(9) I would like to ask the author about the
following matter. It is considered that the theoretical
values shown in Figs. 19 and 20 vary according to
the values of A, because of the characteristics of
Egs. (18) and (23). Therefore, I think that
the determination of the values of /4, is of large
importance.

Consequently, I think that the values of %, should
be determined from the profiles of the surface
roughness after the deformation.

(10) The number of surface irregularities actu-
ally subjected to deformation by the applied load is
supposed to vary with the condition of waviness
of surface.

What is the magnitude of waviness? How did
you consider the effect of anisotropy of surface
roughness?

Author’s closure

o

Append.-Fig. 1

(1) The relation-between distribution function|
fun and roughness H may be represented graph-
ically as in Append.-Fig. 1.

The principal points in the determination of the
values of surface roughness for fluid leakage be-
tween contact surfaces may be as follows.

(i) Reference length and its location

(ii) Base plane for roughness H

(a) H=Hy,,: on the side of contact surfaces

(b) H=0: on the base side of truncated cones

(iii) Calculation of the values of 7, %, and s

Fundamentally it may be necessary to measure
at least more than three places over the whole
nominal contact surface as shown in Append.-Fig.
2 (a). In the experiments, the method as shown
in Append.-Fig. 2 (b) was used; that is, radial
directions ; @, b, c=about 5 to 6 mm and tangential
directions ; !, m, n=about 7 to 8 mm.

In Append.-Fig. 2 (b), the circle shown by a
dotted line illustrates the location of the guide metal
of the palpating needle.

720 L]

120°

(a) (b)
Append.-Fig. 2

Hpox 2 164,

Hipex 2 134, he:5.51u

hy:5.73p

Mean value h,: 5.79u, Specimen: S45C
Append.-Fig‘ 3 Profiles of surface roughness of specimens



In the range within this circle, the irregularities
f the surface can not be surveyed. To the profiles
f surface irregularities recorded by the above de-
cribed method, we draw a plane contacting them at
east at three points and denote it by H=H,..

Next, let the plane H=0 be the plane parallel
o this H_,,-plane and cross the deepest part through
it least three points.

For the values obtained in six directions by the
ibove method, the numerical values in Table 5 are
ziven as follows; maximum value for H,_,, and
mean value for 4. An example is given as Append.-
Fig. 3.

(2) Determination of the limit of j3.

The following expression may be derived from
the definition of S3.

Oéﬁézo/aéﬂm“/a ....... [ETTIT T TITIT T TN (i)

Using the a-value of Eq. (16) in Eq. (i), we
have .

0<PB=<H 1o,/ OV 7 Co/8)2H 11y /28 b, +ooe (i)

Here, if we use the relation 1=s<o in Eq.
(17), we have ' i

] 2 o [T RPRRRNON G 1§ |
Now
hc/Hmnx=(1/3) ~ (35/40) @
=B ~aAD~@D® |
(Turning, Grinding, and Buffing,
respectively)

So using Egs. (ii) and (iii) on the right side
of Eq. (i)', we have

Hm"/ZChc=’—;‘{(1—/31')‘;T} (+~35)

=4.5~1.7 for s=1
=1.5~0.6 for s=o00
However, s=1 is impossible. In the case of the

g Disal 3au§e‘
(R’/ 36 pin ’

¥ Leaked air

1: Bed plate

: Base plate

: Air chamber

: Specimen

: O-ring fittings

: Fittings for air-
chamber

7 : Fittings

8: Set-screws

9 and 70: O-ring

DA Wi

-
]

Append.-Fig. 4

(a) Y. Tanaka and T. Saitg: Precision Working, (1962),
p. 98, Yokendo.

(b) P. E. D’yachenko, N. N. Tolkacheva, G. A. Andreev,
and T. M. Karpova: The Actual Contact Area be-
tween Touching Surfaces, (1964), p. 47, Consultants
Bureau.

5T

base plate used in the experiments, the measure-
ment gave s=1.5 as minimum.

So, if we use s=1.5, we have {=1/2.48, so
that, using this value in Eq. (i)’ and taking into.
consideration the values of Eq. (iii), we have

H 10 /28 0= (1/2) - (2.48) - (3/2~40/35)

=1.86~1.4

Hence, we defined the limit of 3 as 0=3<2.0

(3)~(4) As the fastening mechanism for
specimens and base plate is as shown in Append.-
Fig. 4, there is no influence of the clamping bolts
on the contact surfaces.

Here, we kept observing the motion of the pin
of 3mmg placed on the upper end of push-fittings,
Part number 7 in Append.-Fig. 4.

During the experiments a variation of the mo-
tion of the pin could not be recognized. The motion
was measured by a dial gauge.

Strictly speaking, the contraction of specimens,
O-ring fittings, and push-fittings should be taken in
to consideration. But, since the spring and these
parts are connected in series, no variation of the
motion of the pin results in rather little variation
of the applied load. .

(5) In the range of experiments, the equiva-
lent gap is almost constant as shown in Figs. 17 and
18. But, as a force to separate specimens from the
contact surfaces is generated by fluid pressure in the
empty space between contact surfaces, the applied
load has to be varied as the result. The variations.
of the applied load are so small that they do not

m
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XIOmmP—'-’——W
0 . 1
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oL}
N
:—_\,—/m/
B T TN T N WO AT DO T N T A
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de:;m-‘———/—"_'—_/-ﬂ\'\_
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st I,X ]
0

T
?
-

AT GO SO BN TN SN SR N i
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x103 mm

(b) S45C
Append.-Fig. 5 Profiles of surface roughness
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appear in the dial gauge.

But, as you pointed out, the reduction of the
applied load is considered not to influence the equiva-
lent gap because the surface irregularities are plastic.

(6) The theoretical results in References (1)
were obtained by assuming that the value of flow

Hsa de ——-—'/'\Y Hsa
LV
d
e 2
Hso Y Hso
Hsa [l
L e S e
da—
I ."IR

pressure p,, concerned in contact phenomena between
metal surfaces might be constant during plastic de-
formation of the metal at the contact under an ap-
plied load.

In this paper, the theoretical values of equivalent
gap were derived by assuming that the surface ir-
regularities had a form of similar truncated cone.
Accordingly, it seems to be difficult to make an exact
comparison of their contents.

However, if compared, the following conclusions
may be obtained.

According to Reference (1);

J (average clearance) ocH (maximum height of
asperities) in this paper ;

H,, (equivalent gap) ock, (central height of
surface irregularities)

(7) From the profiles of the surface irregu-
larities enlarged to the same scale for ordinate and
abscissa as shown in Append.-Fig. 5, we determined
the values of d, and d, by using the methods as
shown in Append. -Fig. 6, and calculated the s-values.

Now, the line H=0 given in Append.-Fig. 6 is
the one described in the closure to Discussion (1).

 Before
bl gt Lo
Piwed (A kK an b
5541 .
L After
{Pe=14.12
kg/cm?)
L i ?:,‘ * LA D 4
§§§}§f» we. 640U
~ Before!
B45C
L After ¢
(Pe=14.12 4
kg/cm?)

Append.-Fig. 7 Comparison of profiles of surface roughness



(8) As far as the measurements using Talysurf
and interference microscope are concerned, there is
no confirmation of the change in surface roughness
of the base plate before and after the experiments.

As for specimens we think as follows. The
profiles of the surface irregularities before and after
experiments for supposedly identical places are shown
in Append.-Fig. 7.

However, it is difficult to record completely
identical places.

Moreover, as is well known, steel has no repro-
ducibility of the profiles of surface irregularities.
And the fraction of elastic deformation of the surface
irregularities is also included.

Therefore, we cannot draw a strict conclusion,
but as a result of statistical investigation of the pro-
files of the surface irregularities, there was practi-
cally no change in the distribution of 7.

For this reason, we may conclude that k-value
is also unchanged.

Next, the distribution of s tends to swell slight-
ly toward smaller value but no apparent difference
was observed.

The reason may be stated as follows. As is
shown in Append.-Fig. 7, since the surface rough-
ness is fairly large, the actual contact area is con-
sidered to be small.

Furthermore, the small applied load used in the
experiments also results in a small actual contact
area.

However, the values of 7 and s are theoretically
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considered to be a function of materials (including
the condition of heat treatment), applied load, sur-
face roughness, etc., and a study on these points
will be continued in future.

Radii 7R(I) and 0.1R(II, IV) given in Append.-
Fig. 6 are the sizes of the examples.

(9) We think you are right so far as the
deformation is concerned which takes place only in
the contacting parts without any change in other
parts and in which moreover the surface irregu-
larities are ideally plasticc. In supplement to the
above, we should like to add that the #4.values
under the condition of an applied load acting should
be used.

By the reason described in the closure to Dis-
cussion (8), it is difficult to discover the changed
state of surface roughness, but as a result of
measurement we could not confirm any difference in
he-values before and after the applied load.

For this reason, we used the #A,-values before
the load application.

(10) Magnitudes of the waviness of surface
are given in Table 5. The actual size of specimens
is smaller than the standard length prescribed by JIS,
i.e.; the length more than 3mmx5=15mm, so
that the length described in the closure to Discussion
(1) was used. And we used the maximum values
for H,,, and the mean values for 4. Further, in
this paper, it was assumed that the surface roughness
were isotropic.

This paper is the reprinted one with somewhat modification from that were described in

Bulletin of JSME, Vol.12, No.53, Oct., 1969.
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On the Movements in Stability of Servomechanism

Tadashi TOMEOKA
Takayuki NAKAGAWA

The nonlinear movements of equilibrium points and their environs were analyzed on the phase

plane by the experiment and with the analog computer, in the typical servomechanism that was

constructed.

As the result of the analysis, it was found that the nonlinearities were due to the frictions, the
backlash and the spring of the split antibacklash gear used as the output shaft.
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servo motor generator:
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On an Analogue to Digital Converter.

Hirobumi TAKASE

Takamitsu HOSOKAWA
KAWAHARA
NAKAGAWA

Mamoru
Takayuki

We tried to make up an A-D converter for detector of signal, which is consisted of the D. C.

Amp., Schmitt circuit, and monostable multivibrator.

This report is concerned with the explanation of the operations and characteristcs of it.
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Effects of Small Amounts of Alloying Elements

on the Mechanical Properties of Zn-Cu Binary Alloys

Masao Yamada
Mitugu Tokizawa
Kenji Matuki

Effects of additions of 0.1—0.2 at %of each alloying elements, Ti, Cr, Ni, V, Fe, Co, Sb,
Mg and Mn on the mechanical properties have been studied in the alloy of Zn—2.0 % Cu.

From the results obtained, it was found that the effects of alloying elements can be divided into

four groups, such as Ti group, sub-Ti group, Fe group and Mg group.

The greatest effect was caused by an addition of the Mg group element. For instance, the
addition of (.16 at % Mg has proved to increase considerably the mechanical properties of a Zn-2.0

% Cu alloy.

The tensile strength of akout 25 kg/mm?2 was found to be increased up to about 35 kg/mm2.
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Effects of Small Amounts of Mg
on the Hardness of Z.-Cy Binary Alloys

] H 1E *
RF R =4
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Masao Yamada

Mitugu Tokizawa
Kenji ~ Matuki -

The effects of small amounts of Mg on the hardness of wrought Zn-Cu alloys have been studied

as the function of amounts of deformation by compression and deformation temperatures by

hardness test and microscopic observation.

From the results obtained, it was found that an addition of about 0.1—0.3 at % Mg can

increase considerably the hardness of a Zn-2.0%Cu alloy and the most suitable content is about

0.1at%. Every alloys with Mg caused no work softening up to 70%compression, although the

alloys without Mg caused such a phenomena at more than 40—50% compression. On the other

hand, the alloys with Mg showed a large temperature dependency of the hardness, and that is the

hardness decreased very rapidly when the alloys were annealed at the temperatures higher than

g0C. It was also suggested as one of the main characteristics of this alloy that natural age

hardening occurs in the alloys when they are cold-worked.
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Oparative Condition of Horizontal type Evaporative Cooler

Hisashi MIYASHITA
Yoshiaki NAKAYAMA

The object of this study is to find the operative condition of horizontal type Evaporative Cooler,

For this purpose, we have made the property of Evaporative Cooler clear and analyzed it, and

then we have obtained procedure of determining the operative condition. This procedure is so

complex that we can not calculate it without computer. We give an example that we have found

the operative condition practically, using computer.
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Cu,_.Se-CdSe Photovoltaic ells
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Hiroyoshi ON NAGAWA

Kazuo MIYASHITA

-CdSe photovoltaic cells were made by vacuum evaporation.
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In order to analyze photovoltic effect and to investigate the application to solar battery, Cuz-xSe

I-V characteristics,open circuit voltages, short circuit currents, spectral response and load chara-

cteristics of these cells were studied. The experimental results lead to the suggestion that the

photovoltaic effect of these cells is attributed to the barrier in CdSe.

with water filtered tungsten light.
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Electrooptic Effect of Nematic Liquid Crystals
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One of the nematic liquid crystals operating at room temperature, N-(p-methoxybenzylidene)-

p-n-butylaniline, was synthesized and its electrooptic effect was measured and discussed.

It was concluded that mechanism of the electrooptic effect can be explained by two modes,

i.e. a static mode at low electric field and a dynamic scattering mode at high electric field.
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L TR E CRIABRENMENCR D, FEEY
£ ambRE LT TP L &, KEEENHRDENT

TN
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AN N BTN
N, ~
\\'\ Yo
N ¢
~
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2 3 2 6 *Io*
— Eo (Ltm)

M—3 JtEEE—EREERN (EER

|0 xI0®
10 + -5

1 5+ 425
020 2’5 SIO 350

— (QC)

K—4 LEWEEE (Vi) OIREEFME
DMLY - 7 ERIBE % & REEDP LTEERT
DIERY (ZOROERBEL Ewvn 2 T5), %
O, KFEEEIEEL ORI oM TR LR T
—2D7 7 7RO D, (ZOHLILPAA, AP
APARDB DL, ) EERICHKIT 5 Lok
(K—3) W HIERA * cORERE L HIEER O
BEFINEORIERCERE OB X » T — 7 EH
BT %, BEOELNE NV TIE Evn 2HER

BHE—1

OV Tr=100%
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BRIRENTRL 705 L EMNIEBBENTMN o TRES IETOXRBREDEIREALw AL D%, Etn
CERMLIADS (B—2) o tMTX 5Tk Eun HREIR X - CET AN OFEFER—4IRT .

BEH—2 0.3V Tr>100% BH—6 0~2V Tr=100%

BE—3 4.0V (~Vth) BH—7 3.0V (~Vth) Tr=99.4%

BXE—8 3.25V Tr=9%

BEH—-5 7.0V BH—9 3.5V Tr=87.5%
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BH—10 4.0V Tr=8.5% BEHE—14 9.0V Tr=68%

EEH—11 6.0V Tr=85% EF—15 100V Tr=50%

B 1 ~5:MBBA 16 (~10v)

23.5°C
BEHEG~15:MBBA 418 (11.4#)
22°C
(BE S5 OBIEKREMD 2 f5)

ZOMOEBRICKIT AW BEMBETD <5 -~
(5t~ Z— > @7 « v # —ERA) BWBEEI1~
5, ¥ BHEE~10D L RKLB, ZhbiIeTE
kg~ v LTHbhS, MBEE0 F L EER
SFIR T DF LR — Vi3 e v OBEEOHE S 2T
BARDOERT Z EMBRMbNATN5,
BREEY EF T L ABBEREM KL T
%, ZOMDRBHEEHETD/ % - IZBEE 11~15
DERICE(LT 5, 6~8 %x103V/cm OEFREE T
BEN~MIEBNT,  LROBHIROBIZIAA KE
AICTE o T BHIAN e 23R (BHR) D g - opi—
HEOHFMICTEFREHOL S RBE L, BENEL LD
CONTHEEENEL 85,
BE—13 8.0V Tr=73% ' FCEEA T L /% & BARIROBIE £ TH & 038




L7 (BE14~15) , ZOX5EHRER (E
>5X108V/cm) TO E—T: BERZHECL - T
Fak EBALRT, ¥FIAPAPA X AREERIEE
KRR D BN ofc @ JE &V TIMEERE
BT OXBRE OB RN LN\, 2D
HIROWTL S HIOBETTORS,

SN

4, BE—EFSM
BE—EHEMT 5 X108~105V/cm O It

105

MBBA 99k x5e5net

’

' L | L 1 | L L

Ot emy ©

M5 RSB

a5 40 3 30 2 20t

[ MBBA Ne2  5<tamx 150k
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1oV CIELTE n~1.1 &7e% (K—5) » PA
A, APAPAROSWTH FAKOEREIMESLN TS
PM®©® JE~TEM (E:BEFGRE, 1 85
L LTh, BEAFRCOEEMESRITT S & Lise
%,

EEH 7 A-£22FT5 InI—T" (T #HERE
B) BHIN—6 0 X5ic/ ), NIRGHE cEgMER
ERLTW5S, TOREEMBROBNBEME(LT v

EHE—16 0V

BRE—I17 4.0V EIm3B#

BEH—18 4.0V FIN30#%

BEHI6~18: MBBA (21»)
25°C
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e (U), 5 x103V/cm BLEOER & E i
0.3~0.5.V &7th, PAARAPAPA LA, &
FORE OB Oon TR T 2 EALRBD b,
Heilmeier Df#fE< 71 @& Xhud,
I =1TI,exp (—U/KT) -eeneee (1)
U=U.—2 ea/z/(E/ 4 35550)1/2 ...... (2)
2T Uo BREBRTOMBET A ¥ —, & IREX
DOFEX, & IEEPHEOLFEE, o XBMER

(1,60%10°1® 7 —m ), kW3ErYy<ryEHTH
%, 5x103V/cm LI EDOERTOFK 4« DRERFERIT
QR HLUEREX DL DThH D, —HIEEFRERT
VLT B SR B DI o TR EB IS NS A ERAAH
BdHN, ZDZ LIEERCBNCTIFBERTOE)
EHiE LB > TCWBZ LB RT EELDLND, FHE
WAAETD InT —T"1 OEHENBILL T 555,
ERBEIC Y 2T, FOERINBRAEED > TWig
Ve (FEME(E= % ¥ - 0.3~0.35.V)

K— 6 I AN TEEER L BIONT Tr-1 2MER
HlcBEB L T\n5%, ERE LT, RBDHE, (2
HBR) 2)¥ o -V BOFHE, BEMC L IBBIEN
DEE(L 10 AL E=AZEF BB A (3)IT X HIREEAL
BEARETHS LEEINL NS B—6 KIITD
Tr-1 DETORRIUMNXmMHTHS LEX LI
%,

5. BAXEDHROBELE

3 G-I EIINEESR & v DERC L o TEEE
EO (BERECETs) BEREEKFENRRDZ
LERBRAIA, ThERCBEISEORET S BT
5o M— 7 REREERMBEBBOXERE (T:)

MBBA ~20% , 25%

RPN
<

10

8

o v
7

OPTICAL TRANSMISSION (2-¢)

r
)

kil')

0 5 [ 5 20
— t (sec)

K—7 XHZBEOEEISE

DRI IR EIINEER <7 # -2 L LTRLICD
DThb, K—1 LREEBSEC X 5 BEEERL AN
DL, ROZOOBREECHT TELDZ &M
T& 5B,

i) E<<2x108V/cm : EEZFIMNT AENCRS
Nt/ & — v (swarm ¥ 243 domain OFECFICEIE L
s Z = o ThBH) A, BEFIMEIALIBRECE
T L, IEEFRETIIRADD X — v R EIE
LCHEE 2 -y 2ih, BREBEYET L REL4
M—ERDOENB X/ > THIET 5 (KN—T7:2V,
3V Ol

i) 2 X103V/ecm<E<5~6X10%V/cm : E[EE]
BEkAEE, 3, ENMBIOD <2 - vilx (BEI6,
17, B—T7, P1&) LIZH L LTRRBID /R Z - 23
BHbhb, - OBEXESRELECRL T35, (BHEI8
F¥HREE 10, K—T7, Pz &) BEMNMEWBARC
D8 F = EFrA E#IEL TSR, EIINEESE <
IRBRONT, TDRE—-ViIWhHEBDS (BE
1M, 12, 13, B—7, 4~10V D),

iii) 6 x10¢V/cm <E : K—7 D P1P2 A6
MICERY, 1 SOREREMEE LCBIZhS, 20
FRTRB L WERREER X W5 (BE 14,15,
K—7, 15V, 30Vl .

BB EAVEEFNMBEtA R E FE D 90% ¥ © ZET
HREME LT, 7l YERBEE L OBRYE
A7 7 7Rt e, H—8DXokins, K—7 &
B—8 & TR BB DOELMNREL B 1), ii). i) st
&L et IIZR —OEREECE PN TN 52 &
Rbns,

MBBA 25
——3s

—ei9TA

5
T

{sec”)
v

Tin
T

.
T

1 1 " n
Y€ wem

log 11— log E#M%

] 1 1
- . g

X—8



B2V TIMEBRICRT S 1) OFEBROBEbI AL
T B, T HExE L TR—2 OBE—XER
ERECRWTH, EEA—SEAERTORMELX
BRIy LA LR VI I\NT D i) ORI
FET S, FEIUL 1) KAHIGT2EBLFEET S D
DEEZBLNDH, K—2, K—T7 ORHECEbHIT
DI, FERADHREIC, RILD F A 4 »HERIC
ERoT0BedThA5,, Blb, KERCIRERY
SR L E - C, MERCELIETIE, #ne
N OEEFICBITS L FAEOEBEI - TN BIZH A
rbhbT, NEER, 2BHRIC L - THEDLIE
BAROIWD, NEBEROFEXIZLALZ T ol it
3o ZDEBHELER - NEBIR~ 27 INT, &
BCELCBOREIBAIN e tB3dDrELDH
N5, ERETHEERZEIMLCHEIE e v CHIE
BRICKIT A HEFRENAHbN L e b (K—
9) ZHMEBRICETZIHEN, K—8 nbd
B RICBWRETH S, BROBY E 1t
(100H.) EHETET, TOSETBEEREE (V)
EEHODTNBHDEELHLND,

I OEBRERALESKEFIRIEETEREAR
(E<<5 x1038V/cm) Ok 8 - vETLBb DL,
EEFER (5~6 X103V/cm<E) OERESEMN

Br 3
ol L L 1 1

4 ]
N O R O B W A B A A N
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———MBBANOS 134
—==— MBBA NO7 f2x

25T

— OPTICAL TRASMISSION (28)

010’ 10’ 10* o
—== Exclitm)  Ew !

N—9 XHE@E-EFRREHNE (HiE, Tk
Tk BER) ‘
EULHHORGHITELOND, ZDOZ L1323, 4
TOMRELD L LAEL T B, FIRK— 8 O
TR TERER A & EERME O 2 ROE Tl
XN BINERMEL, FROBSAEIRO TR EIIC
HMIGLTWBEDEEZDBND, EKEFCEITZHE
1, H—8kdHabhs ki EEFRICcOER LY
WBRhIrE 5 ThHD, Z0MIE 11GE L R, Williams
¢ G.H.Heilmeier i X 5 P A A & p-butoxybenzoic
acid 1B 2R A2 LAET A0 L BbhB,

6 7 8 9 1 n
] ! [

l? 1‘3 l:li 15

N T I O O

| I I

0 L L)
4000 3500
cH”

SAMPLE : APAPA

. s L ’
3000 2500 200¢

1
1800 160C 1400

— {ERE% (90°C, 200V, 6 hrs/dayx 11days)

———

M—10 APAPAOHSBLASS by
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25u 3 2 5 5 7 g 3 -0 N 12BWUIs
wol—t v bbb e b beo el P T T T gy

80

80

70

——r
-

60

50

[

40

30 — -
A

20 — -

0 _,AAL,,-,,,_LTS]ED,L.,,*,_‘1_1.,3,0,061,1_,,;L,zsfooy L KZJOO B0 1" 1455 1200 gt I
4000, VENUMBER oM 16 4 1000 800 650

SeMPLE ‘ {/‘;B)&]B/ﬁ (zf'c.zoav.ﬂr.rﬂy«Y//w’qs)

—_—— s ﬁ

K—11 MBBA®DFHRANAFINA <7 v

RERICHT BHRZIPAA, APAPARDWTD 50 R. Williams 200 X 5 HFEE T 7 L% foid i
WA DRBRIER ® @ LFA CRARORBEARL TS g L\ 3 IEEEE B A 7 1 5 Oz k
D, EMEMIc G H. Heilmeier ‘¢ 1T X % B AELIKE DRI BT X B,

BIC X o THBAT S 2 et T & 5, (KEER TR E

APAPA (~o0p measuredataot) MBBA (~ 100 measured at 25t)
0 SAMPLE®D SAMPLED SAMPLE SAMPLED
| 3weeks inair 90'C, 200V -6hrse| 3yeeks inair | at roomtemp, 200V~
dter Swecks | 9L room temp. x lldays at roomtemp. | -Bhrs/ay x |Idays
NEMATIC | 82~110 82 ~10 195 ~40 19.5~40
RANGE
rc) 75 ~110 75~93 18 ~32.5 183 ~273
OPTICAL ~ ~3 5~6 5
TRANSMISSION o ~ N
200V (%) J 6 36 5
RISE TIME | 25 33~34 Joy 335
Toox(msec) 26 ~28 Y 25 17~18
DECAY TIME | O | 03 (~7‘5)/» ~19
Te (S€C) 0.13~014 ~ 028 - 035 N7 A 22
/
LAG TIME | 09 06 ~0 - ~0
(msec) 04~05 ~0 ~0 ~0
Toogv | 125 - 10~11 16 g 16
(x10° A) 20 54 ~59 24 el

F—1 LA i
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PAA APAPA MBBA( pars)
Q H _ H
STRUCTURE |CHO-ONNO>0-CHs OJEOQC'N@O‘B{}E CHOOUNOHOHH,
SPECIFC | 13 X10° ~74 x10° 39 x10°
L 125 . 901 , 251
R%SLS,-,,F,MTY <64}L 51x 104 e (65}‘5)(!0% V/C m) 57/‘?x 10 Vﬁcm
RIETIME| = ~13 . 56 ~60
'D’.‘ (msec) ( 4 ) ( ’ ) ( 4 )
DECAY TIME 450 > ~40 ~270
Te (msec) ( ’ ) ( ’ ) ( < )
25 | 5: 1 25 |
CONTRAST | ¢ 7 ) «( - ) ( )
max. —~ 30: | max.> 20 : | max.> 30: |
AGING -brown=black same as PAA ~yellow'
relatively stable
F£—2 F7F v 7 BWEOBESICFHREE S
6. ¥t ¢ 72\ ~THERA L7, anisaldehyde & p-nitrophenol »»

PAARAPAPARBRTEIEIES D, Bt
FRBSBC LS L BbhAEE (RBE) %7
B ETHBEHNTH D EEMBERLE nd, K
NI A R 7 P VIR E o THPEOBEAR B D b h
= (B—10) o APAPARDWT, 90°C T 200V %
6 FERIESEEIML, ZhEa 11 BHEVE LR,
BHUL1/5~6IRIET Lico (—HEKFHKEL
o v DB D Yo BERL - e EORLDEE
DVNE\, ) EFC Tr-113 110°C 23 93°C KIETFL
Too THRIEIRTMBBARERCHEAT Atk
BHRETHY, PXEETIEETLS(E—11).
LhL2Ecii~Nick i, EEFRKET51E0
T Trn-1 METL, BSKFR2EEHE T 5 &
40°C 75 21.5°CETIET Lice 2D X 5 IsiERFE(L
DEEFEAPAPALHELTASLE 10X
5,

7. PAA, APAPA, MBBAQ L&
KANZNETABLIZEDD 4 <+ v 7 WFLICD
WT, BEXOEFFHRICE T3 R Eir ki L T a 5
EFE—20DLHINB,

AL, ZZTRPAARHIROSDHE 2 & ) — 1T
g LT, APAPARKHEFSEL FRRL

LAMLRN Y€y T2[EFERHE LD DD, HIEH
FaA LRI U Th ot LB RATHRERL R
DIBIEFICHERNAZE LB DLBbh5d @,
MBBAI} 2 EiCRRIHFETER L, BLEEEAY?2
[Ef775 - TEB & Lo :

S ER IS B RSN B 19704£108 118
BREFRIREXLEAAR 19704E10H 14A

X S

A .kapustin : Soviet phys. (Cryst. 7(’62)263, ibid,
9(’64) 235, ibid10 (’65)95

R. Williams : J. Chem, Phys., 39(’63)384

R. Williams : J, Chem. Phys., 44(’66)638

G.H. Heilmeier : Proc. IEEE, 56(’68)1162

B, B, T B, 40°69)242

oM &EYE, 100°64)257

H. Kelker, B. Scheurle (Hoechst) : A ngew. Chem.
816993

&, A, BT : BITEISHERESRETH, CT0H)
2a—c—10

&N, Ky, BT : WIOEEHALTH, (6980 12a—K—10
W. Helfrich : Phys. Rev. Letters, 24. 5(‘70)201
Chun—peng Fan & M. J. Stephen : Phys, Rev,
Letters, 25. 8(’70)500

R.Williams, G. H. Heilmeier : J. Chem, Phys,,
44(’66)644
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On Silicon Crystals Grown from the Vapor

- KONDO
NAKATANI1

Masao
Noriyuki

The structure of silicon crystals grown from the carrier gas (argon) with SiCly reacting with Zn
below 900°C, has been studied with the 120KV electron microscope. With this apparatus. the
diffraction pattern and midrographs can be obtained. The form of crystals is fibrous with rough-
-edges, needles or ribbons growing in <{211> direction, the surfaces of which are {111}. Along
the growing direction, we recognized the dislocation.

SICLEREEKE X v+ Ve ¥R (7T v) 2I00°C LlT"CanIo'CﬁIL'C B/ohicy

Y 2 v #EROR

120K VETFERSEL B THE Lic, & ORBCETRENE & AR 2B HROWL, REH

RBHERD oD DD, (111} EhLRY <2UI>HFRCEELTW3

F dislocationAsggd Bz,

1. # ®
BRI EON R LHORME, KEXIZInED
SR X BB L o CTEDORREET 5, Inv 21T
X o TSiCly 25BTTXN TSI #afv &3 3 KItuE Du
Pontik & LT MBI T 543, Zo X 2 Al ORTE
AT L oCHTH OIS SiltiiiERicET 5,
E.R. Johnson& J.A.Amick |1 & QB CEE O MY
O Lvs whisker 248, Zna<I1>HACO
VB L EHEL TS, X RS, Wanger b i1
Sile DRSERIC X - T 3 MOWROREH BT B e
%huQ;(oﬂﬁ%ﬁUﬁﬁ2u74WAR®;ﬁ
fE,Q2)3 7 v vy 4 xO<NISIROU T SHARER,

)R ARD DT oo BE

@UNIOMETEE b H<21>HAEC DOV ¥ # iR
8 Tl ol .BlEIL Screw dislocationiT X - T
BT 3 25 =X 2%#E 2 T 553 Ddislocation®
RTEAMnotcL, BEITRMHSiOBSE T,

% ORI bIE— E 55 FITR L ITSIHHTH LT
BET 3 27 =X nkHE i, RERHERER* Ol
E#3 % OficM. Volmer 2 A, Weber(1925), W.

Kossel (1930), R.Becker W.Doring(1935) DR
T35k 57 [ReHaRE LCHRERIHLLW
EFERR A CBIURE L biRET 5 2 KTl
RERE | 235 B .50 X 5 irScrew dislocationiT X
BREHEHYEL T HBEO—FOHNL, TOE

Pl TG

BIEALTL  Sicla
+

V=854 L

Za___ _
77

- A
Zn(59 ) A=K
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RLER KRBV LBl e nwd 2 E Thb, &
AUl Screw dislocationi & » CHREMNRE - T i
FRDIEERE L Qo 2 AL L FEEHIC X » B E)
L TMBNETL % 5 DRtk Ex b5, &
- TEEFRBORME CRERE R &R Y, *
DEBNE O TETHEEFETL b, 3kl SiCly
& Znil X - TRILT 5 HEAVWics, TOMERE.

() 800°C |

(e) 700°C Th
X—2

R.Johnson DB FEMMDILT L\ whisker 0
flc s pic B % v % v IRk gtk o e 8
oo ZHBIE R.S.Wagner Z05Ed 0 & BT
LT BENELDODRTRESLDT, ZhbEEFHEMES
TL BACAER B HRICHET B,

2. Si@&ofE

RO LicHEL, SiClhs AL 7 vT v

(b) 800°C I'h

(© 700C  1h
3



%, B IOEARTES Ficis L CSiCly #Zn GRTL
TSifERE PR E L X5 5L TH-T, E. R.
Johnson % 53800~1, 000°C "COEERZ 1T - T 528,
EKAZEOEMICE D TEO TR 5588 s LT
IUCHTEBAL . 7T v B2 0.1~0.4¢ /
min, MELFEPAIE22mmE X 600mm O KRR
A (B—mEEE& 150mm) 2o, (F—1)

S
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7T vHEE?2 £/ min TRBEEC 5 ¥ THL,

F DIERETSICly ZMxic. KM—2 3SinfFEmicd
BRERRL T 5%, T00°C & D HIEL 7o B & D
ERITERD B WHAR—2 D & 5 I T00°C T
whiskertk dSi 23237 D BIBKCERD b b, BEICKE
Mkt R —3 IR e, K—3 (a) K/RLICH D

B—11

% 3000

X—12 (B—11) ®extinction
contour® F.ECoodiffraction

pattern

13 X 3000

A D BFECEW O Th AREEmT MM Abh
%0 B—3 (¢) Db DIIFRER DR Uik T,

K— 3 (b) 137 OEAIELEL T THERD < Db IT
Fo TRF DD RL T 5%, VR ARDBD
T 00 FEX0.5mm LT, *Oftho#kiEkod
DTKRISLTEX 2mm BT Th oo SiClall

®—14  x16000

K—15 (14— o&Es
diffraction pattern

FREICE Lic k 2T LR €, BRI —k
BERETRICTRALN S L H I, BED LTEINC
I AFRBARBORELR WX SR LI,
3. BFEMBICLIEE

MY R RO, T OfthofHER o, Th
R OFHRAfEROEES ODETERBEEE LN —
4ITR LT, Z DS D diffraction patterni3K—5
T, o Spotd Si DEETEREZ KL T 50 ZDZ
EMBINBOEEEANTRD Si ThBZ Ehb
Mm% B—6~K—10ic v & R D Si DR DD
ERLIC, MEHAEIC B2 B0 v 7 2 Mk
bending I X 5 FH4ETH %, U KD Si 0%<
DHDITY F v OO TTFEHORER 2D bbh 5



A3, ZHhit dislocationic kb2 v F 32 +Thb,
K—11 D LAIERIC B 2 5 B2 BB o
bendinglT k %extincton contourTdh b, ZDIHT
135S D 6 EIRFHENC FATICEFRENAR L TWB 2
LERRLTWS, M—1203Z OEA st 5 diffra-
ction pattern G, ZAUXIEREICSiD (111) MkgFE
AT LT B0 T XD U E > DRFARER(11)
HT, TOREFmE <21> ThBZ :23bhb,
extinction contour OFORIME X VEIH T % L&D
X 2AI500A T, HES THV & Atbh B
R—131ci v & 3R Si & $HRD Si & imbh 3
2, VR AROFEMA0 B ED BB, EIWXE
Fr B BT 512 2 C, bending it & 5 FHigmn
BB 5. SPROMEASA 3, 000ABETH 50
)R vOEROAES ZOAE L DHET 5 &
{111} WTERINLTNBIDEELBNBA, Fidk
NoTh 8D CHEL CHIHOR P EESET 5 =
EMTERr ot ERHRASEETERIBI
MTEHholce IeBR—9, K—10IIL Y £ v DOl
PHEBIEFREN X BIET L CTEIDE Lo
BB, (TIUDEFEMENT X o THRHEHNED B\
TEBEXOBOZEL LTHETE S, ) ZoHFOH
b {NI}ELIIRADDLELZ DN S,
K—1412700°CTOERTE bh it RYEARE T b
%o MOBWHIET ORAIMELFED b B H3FEmLF
BT o Z DL Ddiffraction pattern 2X—15
KR o ZOEETY v 7344 diffuse LTW5B
E D BERBNIIERIC Z £ WEGROES TH B Z LAt
bnbh, 20y ¥ 713 Si bBuk Si ORR{EHIIE
G L TV,

4. £ £

(a) B—1iRT#~ B Zn i3 LR
OBEART, #~ T OHFHRID I F 2 AQRENEC D
D, 7 AT v IREE Xht SiCldd &AL LicZnic & » T
BIEINTEOR~- T OFAHAHZVIT Si 2HHT
%o T00°C XV EWRE TIL, Zn 3 BACEBRT % ©
LZCHRELZ TH TERIEE - THRASEL L T i
Vo LTchio TSi O BFRA L\ 25, T00°C T
K—2 (@)D X 5 RBErR Y & AARUTEHRD Si i E
KnbaE - TEL T D, —~ERETIHREIE N
BERHEIEL LY BB, XUBERBOE\
T DEHNE L Te DS EE OB R EREINTITIT A D
ehotce 00°CTIRMMIAL /D, 120K VETHE
BHCTEFE -~ 22 BRLAVDONS ) o1, SH

147

B L\ S DRSTBO LB BT B kb T s,
K—6 ~K—8 D & 5 I BFETHDAR N d D B %
ot XREEMMIMDE DD, AMME L TW5B L
5IcB %25 bDIEHRBTRLEHTTCRAL ., ZnX
1TZnClepifE LT B L SN TV B2 FERT & /i
Mmolcs

b) R¥A#ERICOWT, TOREMIIK—IR
25X DA~V IfhOBRIAME LTS X 5 IR
%, XE—10D & HFREHEL T3 L IR L
53D d b ol b RHE L A—ORTECh
- T, HEAREL Tk b0: Bbh 5, HEF
¥87e#kEFRIC O\ C extinction contour T X » TEH%
4 L1 D125004, 700ACh - 7o,

o) V&R rROBEEOFFELREST (111) THAB2A,
FOHRREEELOEE L AR —6~K— 8 i
R2X51c, 272t RARBNB. £ DO FH ML
<LQU>ThH5H, R.S.WagnerZoHE @i ks
s, (1) AWEROEREIL - T %0 ABF 2 T
XD X S REROEFR LR bivithotce XK
—8IRA X HIETF ¥ — 2 MNEEHICRE DB OEE
DHZZD 2 ¥+ 7 A FHED Bk, CHBDEAD
L Czhit screw dislocation Th 2 5 & Bbiv s,

b) EFEo (1) XEEET HME&EE~ 7 = 1
ICIREBICR X5 D D0%\035, 3 7 mAICI3SERIR
it o CTERIF LI 2 EA bR - T 5, (111)
e TAENDHET 5L I bOmED (111} EE
Bbhb, RETAEROEDFAEE RTI\ve 20
MULR. S . Wagner O X #EHTIC X 2R & —B LT
W3,

e) BBHBOF|LER X - THRE X # 1 Sifsfid
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Polarization Reversal of Tri-glicine Sulfate

Noriyuki NAKATANI

The hysteresis loop of tri-glicine sulfate was measured from room temperature up to Curie

Point T..The loop was well explained by the simple two dimensional model, using the result of

J. Janta’s calculation. For the high field amplitude Eo, the coersive field Ec was shown by the

relation Ec<E,’, and r was not depend on the temperature T. The activation field of domain

wall motion was proportional to (T.-T).
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