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Effect of TiN-coated Film on Seizure in Four Ball Test

(Department of Mechanical Engineering)
Hiromasa NADANO

(Department of Mechanical~ Engineering)
Masaki KOHNO

Teocasimiro O. PRADO*

To clarify the effect of TiN coating on seizuring resistance, wear resistance and frictional
characteristics of steel balls, tests have been run using the Soda-type four ball testing machine.
From the test results, it was found out that the seizuring resistance of he stationary and rotatory
balls coated with the TiN film is about 5 times larger than the uncoated balls. Furthermore, the
TiN coating has a significant effect on decreasing the frictional force generated on the contacting
surface.

1. INTRODUCTION

Previously, bench tests have been carried out on the performance of the gears coated with
soft materials, such as MoS,", Cu?, graphite ¥ and etc. with respect to scoring. It was clarified
that the scoring resistance of the gears is increased due to those soft coatings. Lately, cutting
tools and some machine parts which are coated with hard materials such as TiN and TiC, are
becoming popular because of its significant effect on increasing wear resistance and also wear life. The
authors ¥ have been investigated the wear life and the frictional characteristics of the balls coated
with TiN when the tests were carried out at the room

temperature. However, it is necessary to clarify the 0il pressure
wear and frictional characteristics of TiN coating at high -
temperature since the bulk temperature of the gears run 1R
N
at high speed and under high load remarkably in- E
creases. 1 .
In this report, the effect of TiN coating on seizure Q I
at relative high oil temperature was clarified using J—:i { 4
J F Fixed
Soda—type four ball testing machine. The seizure load, Y D
the diameter of wear scar, the coefficient of friction and Fixed );;J,,-
the surface temperature of the balls at different combina- T
tions of the ball pair were investigated. )
A : Rotatory ball F : Spring plate
B : Stationary ball G : Strain meter
C : Bearing H : Pen recorder
D : Torsion bar I : Thermocouple
2. EXPER'MENTAL METHOD E : Heater J : Thermostat
For investigating the seizure load and the frictional Fig. 1 Schema of four ball
characteristics of the ball coated with the TiN film, testing machine
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tests have been carried out by a Soda —type four ball testing machine shown in Fig. 1.

Test ball
The diameter and the average sphericalness of the balls before coating with the TiN film are
19.05 mm and 0. 18 ym Rmax, respectively. The chemical compositions of the ball material are
given in Table 1. The balls were normaliz-
Table 1 Chemical composition of ball material ed at 443 K after quenched from 1173 K.

The surface of the balls before coating had
Composition %

a Vickers microhardness of approximately
800 HV. The TiN coating was deposited
by physical vapour deposition.  The

C Si P S Cr Mn
0.98 0.32 | 0.019 | 0.007 | 1.40 0.42

L . coating thickness of the TiN film was
Table 2 Combination of ball pair
measured to be about 2 ym. The hardness

Ball pair Stationary Rotatory and the surface roughness on the TiN film
A Uncoated Uncoated were 2000 HV and 0. 22 #m Rmax, respec-
B Coated Uncoated tively.
C Uncoated Coated Tests were performed with four types
D Coated Coated of combination of the ball pair as shown in
Table 2.

Lubricating oil

The balls were lubricated with number 140 turbine oil (with viscosities of 28 x 10 ~6 m?/s at 323
K and 8x 1076 m%s at 363 K), which was straight mineral oil without additives, and the oil
temperature was controlled to 373+5 K by a thermostat. The rotatory ball (upper ball) was im-
mersed about 1/3 diameter deep into the oil bath.

Test procedure

Tests were performed at two sliding velocities Vs=0.173 m/s and 0. 461 m/s until seizure of
the ball occurs. The normal load acting on the balls was applied by exerting oil pressure on a
bowl in the test machine. With regards to the measurement of the frictional force occurred dur-
ing the test, the displacement of the spring plate contacted to a part of a bowl was detected by a
strain gauge and recorded by a pen recorder.

The oil was heated by a heater mounted around the bowl until the temperature reached to
about 373+5 K. The normal load per unit ball was increased by about 40 N increments at 30 s in-
tervals. In this case, the load was increased for initial 15 s and was kept for 15 s.

3. TEST RESULTS AND DISCUSSION
3.1 FRICTIONAL FORCE

As an example, the variation in the firctional force for ball pair C against the load is shown in
Fig. 2. The variation in the frictional force makes a very interesting behavior. That is, after the
steady state in which the increment in the frictional force against the load continuously increased
was finished, the frictional force was irregularly varied with a short frequency. However, it is
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possible to be continued the test until the
i\' : destructive damage by seizure occurred. In
this report, the above—cited phenomenon is

=

®
|
|

considered to be an incipient stage for seizure,

l and it is termed an initial seizure of the ball (in-
dicated by the symbol I.S.). The load at which

Fes “"all seiure the initial seizure was observed was varied with

=]
=

I.S. : Initial seizure

Frictional force Wf kN

0 :; 3 . . . .

0 0.75 0.80 0.85 0.90 the combination of the ball pairs. After initial
formal foad per unit ball ¥ seizure was finished, the destructive damage
Fig. 2 Varition in frictional force by seizure was occured, and then the testing

against load for bhall pair C machine was stopped. The above—cited

phenomenon is considered to be a final stage

(a) SEM image

(c) Ti-Ka image (d) Fe-Ka image

Fig.3 EPMA analysis of scratching wear scar of stationary ball at initial seizure

for seizure, and it is termed a final seizure of the ball (indicated by the symbol F.S.).

Figures 3 and 4 show the EPMA analysis on the scratching wear scar of the stationary ball at
the load corresponding to the symbols I.S. and F.S. in Fig. 2.

Figure 3(a) shows the secondary electron image (SEM image) of the wear scar at the initial
seizure. The scratching debris occurred in the direction of the sliding was observed. The degree
of the damage by seizure in the vicinity of the upper portion of the wear scar was destructive.
Figure 3(b) shows the SEM image at a portion A in Fig. 3(a). Figures 3(c) and (d) show the



4 RTXREFMERMARRE B24% F2H (1989)

33um

(a) SEM image (b) At a portion B in Fig. (a)

(c) Ti-Ka image (d) Fe-Ka image

Fig.4 EPMA analysis of scratching wear scar of stationary ball at final seizure

Ti—Ka image and the Fe —Ka image at the same portion of the scratching debris as in Fig. 3(b).
The TiN coated film at the scratching debris in which the degree of the damage was destructive
was torn down, and a part of the matrix of the material of the ball was observed on its debris.
However, the particles of Titanium were present at the wear scar in which the degree of the
damage was light. From these photographs, it can be found that the TiN coated film is formed
enough within the conjunctional area at the incipience of the surface damage by seizure, and the
film significantly affects the irregular behavior of the frictional force against the load.

Similarly, Figs .4(a), (b), (c) and (d) show the SEM image, Ti—Ka image and Fe —Ka im-
age of the wear scar at the final stage of seizure, respectively. The particles of Titanium
distributed on the scratching debris could not be so much observed, and a large part of the
matrix of the material of the ball was exposed on the wear scar. The degree of the surface
damage by seizure was destructive.

3.2 WEAR SCAR

The relationship between the diameter d of wear scar of the stationary balls and the normal
load W applied per unit ball is shown in Figs. 5(a) and (b) at sliding velocity Vs=0.173 m/s and
Vs=0.461 m/s, respectively. The diameter of wear scar is the mean value of the three stationary
balls measured perpendicular to the sliding direction. The load was removed after the tests were
run for 30 s at an initial normal load of W=0.09kN, at the sliding velocity of 0.173 m/s and at a
constant oil temperature of 373+5 K. In the case of 0. 17kN, the load was increased by about 40
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Fig. 5 Relation between diameter of wear scar of stationary ball and load

N, increments in 30 s intervals from W=0.09 kN to W=0.17 kN. After running for 30 sat W=
0.17kN, the test was stopped and the stationary balls were removed and the diameter of wear
scar was measured. On the succeeding tests, the balls and the lubricating oil were replaced by
new ones. Similarly, the diameter of wear scar at every load was measured with the above —men-
tioned method.

At Vs=0.173 m/s, the diameters of wear scar for ball pairs A, C and D were a little larger
than that of the Hertzian contact zone. For the case of ball pair C, the diameter of wear scar
when the load W lay between 166 N and 811 N was a little larger than the Hertzian contact zone.
When the load exceeded 0. 85 kN, the diameter of wear scar was suddenly increased. In this case, the
TiN coated film was perfectly removed from the conjunctional area on the stationary ball. On the
other hand, the diameter of wear scar for ball pair B significantly increased with increasing load,
and it was the largest for all the ball pairs. According to the visual inspection of the wear scar, it
can be seen that the degree of the surface damage due to an abrasive wear for the case of ball pair

(a) Uncoated ball (b) Coated ball

Fig. 6 Micrographs of uncoated and coated balls



6 RTEFEHEMERITRE F24% F25 (1989)

B is remarkable. The conjunctional area on the uncoated stationary ball can be considered to be
scratched by the asperities with high hardness which are distributed on the coated rotatory ball
as shown in Fig. 6 (in this figure, a small black spot indicates the small particles deposited on the
surface during the operation of TiN coating).
At Vs=0.461 m/s, the variation in the diameter of wear scar for the ball pairs against the
load was similar to that at Vs=0.173 m/s. However, the diameter of wear scar was larger than
«~that of wear scar at Vs=0.173 m/s because the total length of the wear track while the tests are
running at Vs=0.461 m/s is about 2. 7 times longer than that at Vs=0.173 m/s and wear on the

conjunctional area is progressed.

3.3 COEFFICIENT OF FRICTION
In the relationship between the coefficient of friction and the normal load Wis shown in Figs.

0.12
= 0,10 0.08
=
~S =2
g 5
= pot
' 0.08} 4 . 5 0.06 LC\M
bl e
=] \ — Y
2 ‘ £ 0.4l
b 0.06 4“—_’1\ S: Seizure g g S: Seizure
§ ! —o— Ball pair A, : —0— Ball pair A
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0.04 r‘kg—— —o— Ball pair C 0,02 }pb———+——— -0~ Ball pair C
B3 —o— Ball pair D I —©— Ball pair D
0 0
a 0.4 0.8 1.2 1.6 0 0.5 1.0 1.5
Normal load per unit ball W kN Normal load per unit ball W kN
(@) Vs=0.173 m/s (b) Vs=0.461 m/s

Fig. 7 Relation between coefficient of friction and load

7(a) and (b) at Vs=0.173 m/s and Vs=0.461 m/s, respectively. The measurement of the coeffi-
cient of friction was carried out twice for each ball pair. As two measured values of the coeffi-
cient of friction have similar tendency, the mean value of the measured values is shown. The
symbol S indicates that seizure occurred at the next load stage at least once in the two time ex-
periments.

At Vs=0.173 m/s, for all the ball pairs, the coefficient of friction just after running the test
had a maximum value, and it rapidly decreased with increasing load. After that, the coefficient
of friction had a constant value regardless of the load and/or the increment of the coefficient of
friction against the load was very small. However, just before seizure occurred, the coefficient
of friction suddenly increased except ball pair D.

After the running —in was finished, that is, when the load exceeded 0. 40 kN, the coefficient
of friction for ball pair D was the smallest for all the ball pairs. With respect to this behavior, it



Effect of TiN-coated Film on Seizure in Four Ball Test

seems that the smoothability of the conjunctional area for ball pair D is more progressive than
that for the other ball pair since the asperities with high hardness which are deposited on the sur-
face are torn down due to the abrasives under a sliding contact for the case of the ball pair with
coated rotatory and stationary balls.

At Vs=0.461 m/s, the variation in the coefficient of friction against the load for the ball pairs
was similar to that at Vs=0.173 m/s. However, the coefficient of friction was smaller than that
at Vs=0.173 m/s because the sliding velocity is larger than that at Vs=0.173 m/s, and conse-
quently the oil film thickness formed on the conjunctional area of the balls at Vs=0. 461 m/s is
larger than that at Vs=0.173 m/s.

3.4 SEIZURE LOAD
The seizure load W for each ball pair at Vs=0.173 m/s and Vs=0. 461 m/s is shown in Fig. 8.

The measurement of the seizure load was car-
1.5

ried out two trials with each ball pair. The

[ 7 vs=0.173 m/s %
Vs=0.461 m/s

seizure load indicates the normal load per unit
ball corresponding to the final load in which the
tests can not be carried out due to seizure.

—
o

From this figure, it can be seen that the seizure
loads for the ball pairs at Vs=0.173 m/s are

smaller in the decending order of ball pairs D,
— C, B and A. Further, the seizure load for ball
pair D of which the stationary and rotatory

o
i
7%

Seizure load of balls W kN

balls are coated is approximately 5 times larger

D700

27772

than that for ball pair A without coating.

\
N\

‘ §§
|
.
N

0 A B ) \\ D Therefore, TiN—coating plays a significant
Ball pair role in increasing seizure load of the ball. Also,

the TiN film coated on the stationary ball is

Fig. 8 Variation in seizure load for ball pairs more effective for the seizure load of the ball

than that coated on the rotatory ball.
At Vs=0.461 m/s, the behavior of the seizure load for the ball pairs was similar to that at
Vs=0.173 m/s. However, the seizure load for each ball pair was smaller than that at Vs=0.173
m/s.

3.5 FLASH TEMPERATURE RISE

The Hertzian contact stress on the conjunctional area of the balls corresponding to the nor-
mal load per unit ball W=0. 13 kN just after the tests were started is about 240 MPa. As the com-
pressive yield strength of the balls before TiN coating is approximately 226 MPa%, it can be con-
sidered that the contact surface of the ball is plastically deformed even at its load, and the
distribution of the heat intensity generated by friction is uniform over a circle with a diameter d.

On the other hand, the effect of the thermal properties and the thickness of the TiN film on
the flash temperature rise for the case of the composite solids of which the thermal properties of
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Table.3 Values of thermal properties the coated film are different from those in
of TiN® and SUJ2? the core of the ball is negligible because
— p— the calculat'ed values of the parameters W
Material conductivity diffusivity and 6V, which are expressed by the ratio of
K, W/(mK) &, m¥/s . .
the thermal contact coefficient of the
SUJ2 27.6 7.74%x10°¢ .
: coated film to that of the core, and express-
TiN 20.0 5.256Xx 1076 . .
ed by the ratio of the contact width to the

thickness of the coated film, are about 1. 14 and
6.25x 1073, respectively. The values of the thermal properties of TiN coating and SUJ2 material
are shown in Table 3. Therefore, the following equation® is used for evaluating the flash
temperature rise in the conjunctional area of the balls under a pure sliding contact.

WV 2 Ky
2m =V
0 =
K2 2 K]l )
ﬂ"K](Kl 2*\, IV+J;
where ] Flash temperature rise, K
r Radius of heat source, m
|4 Moving velocity of heat source, m/s
x . Thermal diffusivity, m?%s
K : Thermal conductivity, W/m K
w Normal load, N
u coefficient of friction
160 160
e e
© 120 © 120
bt b
3 =
o o
= =
=} =
= 80 e 80
td =
(] o
= * o Ball pair A = —o— Ball pair A
E 40 —o— Ball pair B E 40 —e— Ball pair B
- — | —o- Ball pair C = —o— Ball pair C
L —&— Ball pair D —o— Ball pair D
0 0
0 0.5 1.0 1.5 0 0.5 1.0 1.5
Normal load per unit ball W kN Normal load per unit ball W kN
(a) Vs=0.173 m/s (b) Vs=0.461 m/s

Fig. 9 Variation of flash temperature against load
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Figures 9 (a) and (b) show the variation in the flash temperature rise on the conjunctional
area of the ball against the load at Vs=0.173 m/s and Vs=0.461 m/s, respectively, which is
calculated by substituting the measured values of the coefficient of friction and the diameter of
wear scar into the above—cited equation.

At Vs=0.173 m/s, the calculated value of the flash temperature rise with ball pair B was
lowest for all the ball pairs. With ball pairs C and D, the flash temperature rise increased with in-
creasing load to about 150 K, and then remarkably decreased with increasing load because the
diameter of wear scar increased and the heat intensity distributed on the conjunctional area
decreased.

If the oil temperature in the tests is assumed to be a bulk temperature of the ball, the sum of
the flash temperature rise and the oil temperature which is regarded as the critical temperature
for seizure was approximately 523 K with ball pairs C and D. For the case of ball pair A, the
critical temperature for seizure was about 326 K. Therefore, it can be seen that the seizure
resistance of the ball was increased due to TiN coating.

At Vs=0.461 m/s, the variation in the calculated value of the flash temperature rise against
the load for the ball pairs was similar to that at Vs=0.173 m/s, and the calculated value of the
flash temperature was higher than that at Vs=0.173 m/s.

The calculated value of the EHD film —thickness hp, ® at the load 0. 13kN and at Vs=0. 461
m/s for the case of ball pair A was approximately 4.3 X 10~3um. The value of 1?, defined as the
ratio of the oil film thickness to the combined surface texture, with ball pair A was about 0. 02.
Therefore, it can be found that the tests were run under boundary lubricating condition.

4, CONCLUSION

The effect of the TiN coated film on the wear and frictional characteristic at high
temperature was investigated using four ball testing machine. From the test results, the follow-
ing conclusions can be obtained:

(1) At comparatively low load, the diameters of the wear scar with ball pair A, C and D were
a little larger than the Hertzian contact zone. However, in the vicinity of the load at which
seizure occurred, the diameter of wear scar remarkably increased with increasing load.

(2) Just before test were started, the coefficients of friction for all the ball pairs have max-
imum value, and then it suddenly decreased due to the progress of the smoothability of the
coated film. After that, the coefficient of friction had a constant value regardless of the load.
The coefficient of friction for the ball pair coated with the TiN film was smallest for all the ball
pairs, and the coated film was effective for decreasing frictional force generated on the contac-
ting surface.

(3) The significant role of the TiN coated film in increasing seizure load of the ball pair D of
which the stationary and rotatory balls are coated was approximately 5 times larger than that for
ball pair A without coating.
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Temperature Characteristics of Luminous Flux of Compact Fluorescent Lamps

Kazuhiko HARADA
Tsutomu YAMAZAKI

Fluorescent Lamps in the shape of a straight tube are known to be the most effective when
the temperature is between 20 C and 25C. The characteristics of the temperature of luminous
flux are examined on a compact fluorescent lamp of a three-band type.

The following results were obtained;

At the fluorescent lamp in the shape of an electric bulb, and of the choke coil type the
luminous flux does not change very much for the temperature, on the other hand, at the fluores-
cent lamp of the electronic type it shows a U shape.

The lamp of a 4-limbed tube type shows the same characteristics as the lamp of the straight
tube type. The lamp of a 2-limbed tube type shows the best efficiency when it is 3°C or 4C col-
der than at that of a 4-limbed type.
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Measurement of the Population Density of Argon Metastable
Atom in the Hollow Cathode

Tsutomu YAMAZAKI

Experimental results of the population density of metastable atom in the hollow cathode
glow discharge are reported. Radial distribution of argon metastable state in the cylindrical
hollow cathode, 19.4 mm in diameter and 150 mm in length, are measured by optical absorption
method under the condition of the discharge currents of 30 and 90 mA, the gas pressure ranging
from 10 to 250 Pascal.

Calculation of the radial distribution of metastable atom with a simple model is also carried
out to explain the experimental results qualitatively.

Obtained results show that the population density of metastable atom is almost uniformly
distributed in the radial direction, about 4 x 101! cm~3, except near the cathode surface. These
results may be due to the de —excitation process of dual—metastable collisions and the radial
distribution of the electronic collisional excitation to the metastable state.
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A Method for Estimating MSPS Ratings for Instruction-mix on Computer Systems

Nobuya SUZUMURA

A MIPS rating for instruction-mix on a computer is used to estimate the performance of a
CPU. This paper proposes a simplified method for estimating MSPS rating for instruction-mix
which can be employed by users for the sellection of computer system for their own uses. In the
proposed method, the estimation can be performed by only referring to full data in detail (i. e.,
frequency distributions of instruction set, executing time of each instruction) in a certain prac-
tical application environment for a reference computer. Using this method we can simply
estimate the MSPS rating for a presumed instruction-mix on a target computer to be compared
with others only by employing limited data which is obtained by measuring executing time per
one statement for a high level language. It becomes clear after applying the method to practical
computers that a MSPS rating for instruction-mix is an estimating indicator, can be used in-
stead of a MIPS rating.

1 AL

A—HFHBFHLVI LU E 24 L 2FLR2BATIRETIOBEETOOOFME LT, BEEE
FEPH D, i, CPUDHERERZHLEULIEIFMTHD, v 25 ik 23 CPU MY
FBEOEEM» SLAVLINTL S,

EFEL O —¥HBTHIMEEERIBIZCPU N~ FY 2 7OBEMNOFHEFEE LT, REDN
AL - 2OMGHRERF -4, BOETBRF -2, RUBSHEORNRELDI 1 —4
BO#solF—20p0, 2D 5 —40 MIPS{E (Million Instructions Per Second) % f
DBLT HFEABCRRL, ZOEMELRBEL TV 50 COFER, BERESS 1 -7 2K
THMIPSEZEBOREIC LY RD B EDEUVOEOREARRET 21201, 68EFHBD
HEOTF— 2 EACIHREEETH - 12,

KT, FRF -2 ETFHBERTO E0ITE» S, BREJFO1I A7 — b2 b Y hOE
FRB2ERIL, In% FEHENROI L P2 -2 OHKSEABMON S0y F— 4 O_bbicfE
BULT, BHEEGS T v 7 2iextd 5 MSPS {&( Million Statements Per Second) %k 2 FiE %



26 AT ESEMPRRHE B24% $25 (1989)

BET D, £77, XFE2 6 HEDS2Ey bR — -1 23 . — 2 IEALIER»&ic, £F
%, NMUBEE®GS I v 7 2ic3T 5 MSPSEOB A VW TEET 3,

2 EFHWIR
LT, BEMNSBHELT, ARTRETHI>FHEOUSZHEL, 12, BEOHBEE51 35,

2.1 FFHE0IH
%7, ARTRETHIFEOUHE2EEHDILERDL T 5,

(1) AFHROBHAFEZ 2 —ITOBRBEREICE £, REABONRE L D30 2 — 4B,
BULII7 %7 2F » 285 THEVIRBRIID. CCTEHI»7—37 77 » OFELMER, 2o
Ya—202 352 (AAK, =3 %0REE, RISCHE, CISCEIDIIE) FE—T, WS, L
C2ADER, N~ KU 7 FIEEBESRIIASETHHT L B2ET,

(2 BEZA—FY 7 EEEE GG, 14754 UFIE, Fr o dax T YEES)
DR EERICANIL N,

(8) HMLHMESEECERL T (HE0S, v/ oms%) OPREPERCANLL,

4) MSPS{EOHEHFHE, MIPSHOEHCRABEAVOSNT VS, BEREGTS I v 7 2Dy 5 2
DOEWEGSOYYETHMA2EEL, Chot s S 2BOEAE» SBHTAHHBRICEL D, &£
FHETIL, BBRFEGSOVHETREAORDL DK, &7 7 20BHMECEYT28REED01 27
—F AU P HORTHHOERF -4 2HEAT %,

(5) BRSEDO1IRAF — b4 b YD OEFHEBOBEL, 7 /%4 5 ORI & 285 % )18
DEtERE D, BE, BRSED1 25— bx v FEHOEFTRER, BREHEI v I 2EHTS
BURTESAI2 b D= 7 — b x o+ hEFFER (MSPS ) wEAanz’ cOBHEBE » 7 2CHT
ZMSPS {#id, BREFEL N VI 2FMERED 1 5T, 3 /%4 5 ORHE L 9 1 F M A
Elst, Ft, T—FF5F v DORLDBIA LY 2 —2HOTHER LIRS D B, A TRD 2R
EMS T v 2T AMSPSEIZ, ERETOI A SOBHORBEEFTIL1I AT — X
FYDOETEMOF -2 2HVE2CEICED, BRSEI v 7 2 T5MSPSELNZLLS
MIPS {HiTiEVAHERIE L L 2 L EA N D,

2.2 A i)

iz, RAEOHBPZEA S,

BEHEONRELDZI L —LBEDSL, ZO5LD0—D2%BELT [{EHNa P21 —2 ]
EESRTERRL, IO v —2 %2 [4 =5y barPa—4% ] LA,

RENZ o ¥2—4 T, BLUMIPSEZ>EHTIORETIBELADT -8 BAFTELED LR
ET 5,

3 HMEESSIvIXICWITBEMSPSIEOB X
Tk 5w FIRIE > MSPS EOBHE#BET 5,

1) REM2 2420, HFRRET TOBBFEGSOERERE -4 1 b, BREGS 1
I 2BEHT S,

(2 REM2UE -2 OBEEMASOEAEMF — 2 XE S TEEMDOESEM 2 IMRERS
OEFTHBMCERT Z2BEXRZERT 5,

B) #—% o barELi—2DERSEDL 27— kx> b4 HOETERZ2EAT S,



g 2v . —2 OMSPSEOEH -\ T

4) 4=459 b3 —20LAFEAUF— 4 REETBER»S, BHEEBEMNS I v 7 2ity$T23M

SPS 2 HH T %,

UTF, FHZE > TAFEOFMZ RN, BREOID K 1 CABEORN 2R T,

EFEOORFEIL, FiiBRE LI
L€ . — 5 OMIPSEOMSH " ¢
AETHhH, REMNI P2—-2E0LT
VAX-11/780 #ZEEL T 5%, %12,
ZOBRTHIRBEEMEDS v 7 2,
ROEVAX-11/780 B3 2RERESD
IBESS~OBERE, ZhZinXl,
F21WRd,

3.1 BBREED1RF—bXv bED
EfTeEMoAlE

BEEMT I v 7V ARBII BRI TR
OHHECHYTIREREED L 27 —
Mt b2 OETREEZRIET %0
HiEe, BEELE S ET2257—bx
ybhZ2nE (nidF EFCRET FlA
1£100, 000) #H X L, %D b K LN
DOl 2 n THb, 127 —Frx2 Y
h OEFREME 2K 2, s b, TE‘%
WEEDI LA SOREOEERH B
RS2 EHHREEELLND,

3.2 MSPSBEDHE

ZEBRHEDS T v 7 2T 5 MSPS{EiId, FHIF — 2 ROBERLL, RO I H>iLTKD S

N5,

15
MSPS fif (Whetstone-Mix) =1/ W,

LT, W,':W.,,ixj‘i

START

HEGREBarE.—-4%2{C1, C2, -,
Cn ) Dkdrb blREsSHEEEEF -4 &
OEERMEOSETRM 7 — 2 U5 b FMic
AFWEL I v 2 —42 C1 2 BE

[

Ci FoFERBSICETs v 7 20HE

[

C i LOBREMSFIIIICN§ 2R ROHF

{c1,c2,,C
oW THBmEERZAV
MSPSEDEE

B1 MSPS EOEHE

(T; : =3

W XTiXa; (T; : )
Wi : Whetstone-Mix it} 2RSS DEHA
T: %25 — b2 b OETHERE (sec)
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&1 BEZHSSI1s2 R

i} Instruction Whetstone-Mix Multi-Mix Gibson-Mix
Wwi (%) woi (%) wgi (%)
1 | Add/Sub/Load/Store 33.7 3.3 33.0
2 | Multiply 3.9 1.43 0.6
3| Divide 0.77 1.43 0.2
4 | Branchl 1.37 12.40 6.5
Branch2 10.32 16.93
Branch3 3.55 0.41
Branch4 3.55 1.16
5 | Compare 4.72 9.26 4.0
6 | Transfer 3.30 9.53 17.5
7| 8hift 0.22 0.61 4.6
§ | AND/OR 2.53 4. 1.7
9 | Index on 0.20 19.0
10 | Short Floating 12.50 1.02 5.8
Add/Sub
11 { Long Floating 0.55 3.16 1.5
Add/Sub
12 | Short Floating 8.64 2.95 3.2
Multiply
13 | Long Floating 0.44 0.82 0.8
Multiply
14 | Short Floating 2.90 0.41 1.3
Divide
15 | Long Floating 0.22 0.4t 0.3
Divide

F2 VAX-11/780 LH 3 5 REHSOMBEGS ~OBREX

i & % NUE a
1 | Add/Sub/Load/Store 1
2 | Multiply 4
3| Divide 20
4 | Branchl 1
Branch2 3
Branch3 20
Branch4 g9
5 | Compare 1.5
6 | Transfer 2
7 Shift 35
8 | AND/OR 1
9| Index 10
10 | Short Floating Add/Sub 2
11| Long Floating Add/Sub 35
12 | Short Floating Multiply 3
13| Long Floating Multiply 8.5
14 | Short Floating Divide 1.5
15 Long Floating Divide 21.5




B a2 —4% OMSPSEO#EHiz> T 29

4 ERGILFEME
MREN TV A82E y PR =X~ =232 €0 -4 6BEROVTAFHRLED L 7. M, A88
%u,ﬁ5~-757477-91%Amwﬁﬁﬁimﬁﬁﬁﬁotﬁﬁﬂmw?‘amgﬁmf“
Ho BMAHBORRENL DAL 2 — s BT %7757 » DFBE R 3 TRT. BHBHS 200
A%, L Y25 B2080%, ZUTHREDI L Ca— 2B 4BRVUSRD/1 75 4 L6, 128KB
HOLIBKBO* ¢+ v 22 xEYRFLTH D, AFEOBAORRES > TOBE7 — %75 F v
~ Bl 3EWMEL TR EEA SN,

F3 BHERA—— IO . —4DF—FF7F » OB

A¥ | B# | C# | D# | E# | F#
#5480 75 2% ~45 07055 AEEER ‘
BHEDS K 450 283 138 170 467 248
LY Ra¥ 20 33 20 16 8 16
RA TS 4 O O X O O O
F oy oy Loa X EYHME @) O X O O O
0 T O B A o o o o x x

4.1 RIFEEMSPSEDEE
LT, BHREFELLUTCFORTRANEZE#FAL, M2 RTL5%, 825 — b 22+ %
100,000 El42 b3 Z$DO NV — T L ARE Fu r I a e Hu T, BITEEII A — 2 ORET L 257 A

C FORTRAN PROGRAM TO FIND INTEGER MATH SPEEDS
INTEGER BUFFER(4),LO0OP,DUMMY
PARAMETER (ITERATIONS=100000,ADJUST=60.0)

COMPUTER LOOP OVERHEAD

aQaaa

BEFORE = TIMES(BUFFER)
DO 10 LOOP = 1 , ITERATIONS
10 DUMMY = 0
OVERHEAD = (TIMES(BUFFER)-BEFORE)/ADJUST
PRINT 102, OVERHEAD

INTEGER ADD

aaQaao

1 = -34500
Il = 345
BEFORE = TIMES(BUFFER)
DO 20 LOOP = 1 , ITERATIONS
DUMMY = 0
20 I =1 + 11
ELAPSED = (TIMES(BUFFER)-BEFORE)/ADJUST - OVERHEAD
PRINT 101, ITERATIONS, 'ADD',ELAPSED

.
.
.

K2 FORTRANZEZED1IAF7— A v b Y hOEAHEBAE S0y 5 4
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BT, FEEAR BUCBEAEHCEEAETHY, 7ol S5LD0FETEL TV E 25 TfTo
2o F12, A4 SDFATL s VBEBEE LT, DOV — TN 2R EEOBEEX» 28481 ),
INeEALLWC EE LT, HIER, BHE, HEEENE, ROSEEEENEONAIEEDS %
F—hALPMRIBLUTIT- 1, ZORREELRRT,

F4 EHRA—/N—T=3.¥.—-4DFORTRAN S3Eitsi} %
1RF— X b EHOEFFRRE Ti(usec)

i 2F—FAh A %t B %t C % D # E # F #t
1 Add/Sub 1.840 | 5.290 | 3.304 | 2.600 | 2.161 | 1.842
2 Multiply 1.430 | 10.380 | 4.876 | 15.325 | 13.049 | 2.829
3 Divide 9.220 | 15.510 | 23.605 | 26.400 | 13.167 | 8.527

10 Short Floating Add/Sub 3.230 5.820 3.599 | 28.650 9.440 7. 565
11 Long Floating Add/Sub 5. 060 8.290 6.159 | 42.775 | 11.717 | 11.240
12 Short Floating Multiply 1. 140 2.930 3.788 | 28.375 | 16.475 6. 583

13 Long Floating Multiply 1.980 | 4.570 | 6.803 |42.725 | 41.565 | 13.950
14 Short Floating Divide 1.460 | 3.150 | 4.601 | 34.900 | 18.044 | 27. 520
15 Long Floating Divide 1.980 | 4.500 | 8.178 | 74.900 | 43.293 | 64.880

AFEPRAOLIEBRENS v 7 2N TIMSPSEOBHER XS5 KRT, T, {iE
ZUTOVROVERESSD I SRANTE DROVTIE, ThiXai it -> TEHLTWS, #lAL,
At Whetstone -Mix N4 2 MSPS Ofiid, XD I > LTRKDENZ, i, We i2FE1 %,
a; i3k2%, T, X4 2 7hZThBRL TV 3,

3 9 15
Wi=EWwix7‘i+Z‘WniX7‘l+2 Wm'XT.‘

i=1 =4 i=10
={33.76x1.84+3.90x1.43+0.77x9.22+[7.37+10.32x3+3.55% (20+9)
+4.72x1.5+3.3x2+0.22x3.5+2.53+0.11x10]x 1. 84
+12.50x3.234+0.55%5.06+8.64x1.14+0.44x1.98
+2.90x1.46+0.22x1.98}/100
=4,2657 (usec)
MSPS & (Whetstone -Mix ) = 0.234

E£5 f&HA—/—TzZaL . —2DMSPS &

BEI@S I v 272 A# | B# | CH | D | EH | F#
Whetstone-Mix 0.234 0.084 0.129 0.074 0.121 0.158
Multi-Mix 0. 276 0.110 0. 166 0.126 0. 189 0. 240
Gibson-Mix 0.171 0.061 0.095 0.082 0.115 0.135

42 F @&

HEO1 S, HHAHEL X 2 MIPSHoBHERE 22 6 cRT. 6 Tit, ~—2AOKEH
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BHREGS I v 2 2 A # B %t C #t D % E # F #
‘Whetstone-Mix 1.340 0. 609 0.559 0.664 0.472 0.813
Multi-Mix 2. 145 0. 907 0.718 1. 208 0.783 1. 079
Gibson-Mix 1. 366 0. 590 0.451 0. 818 0. 530 0. 683
B OB OE — 1 1 — 0.6 1
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The Study on the Panel Reinforcing for the Reinforced Concrete Shear Wall

Yasuhiro FUKUHARA

Two types of panel reinforcing, diagonally reinforcing type and vertically —transversally
reinforcing type, for the reinforced concrete shear wall was discussed through analyzing and
testing.

The stress and deformation of the shear walls was analyzed by the finite element method.
Then the some characters through analyzing were compared with the test results by author.

This report cleared that the diagonally reinforcing is more effective than the ver-
tically —transversally reinforcing to decrease the stress of panel concrete and also to prevent

panel concrete from decreasing the stiffness.
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The Japanese Translation and Annotation of Chung-qiu Zheng-yi (#FF#(E#) Part 15

Hiroji MASUMOTO

This paper is Part 15 of the Japanese translation and annotation of Chung-giu Zheng-yi (HIKIEE).

Part 15 cotains the 1st and 2nd year of duke Min (B4).
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