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HAMOBILRCTEGTEROIOD ) (RHEDEIZ I L B 5 LIFFICHLE
ZB2ZEXBLTZENERIIDD bo
i UCBRICEATE 2t & LTIk
(1) SBEEDEME 3 EERBMELY BT 5 BRRDAICMIEL, T ~+F v
2 ) GrEEmEl X p MR Y BT 5 H ks
(2) BERLMBREEOERLI F e v~y L ORICHA M E I E R Y
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BIMBERBYAE T REIEHET,
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(1). Controlling by Direct Loading of Dead Weight.

BRI MEEBEORBICA T, —M5E Y %X ) THREBBRITEL,
BOPEHRE Y BENT 5 Poise Weight RER Y KER & LHR ZEFIC, B U CTHEHEM
BELHPMELSHELIPERIWWY ) TREYIER b,

HEREIE—-RIUREI M AEDFEHTHRC L000ks oOfFEICE L, Prolable
Indication i 1,002kg 1 L CH L BEEHMORROBBIC. THOZORBIE I3

TLYBERYE Yo
TABLE 1.
Control Test by Direct ILoading of Dead Weight.
(Nov. 16th 1920.)
Load applied. Load indicated. Diffcrence
i (Mean of 5 tests) (indicated-—nppliad) Rema‘;-ks_
kg. i kg. kg,
1,000 - 1,005 5 T . e
2,000 2,005 5 .Pxol.,-a.l,le 1i11...c(u—
8,000 3,011 11 tn uoder
4,000 4016 16 1,000 kg==1.002 kg
5,000 5,01€ 16 '
6,000 ' 6,018 12
7,000 7,021 21
8,000 8,018 18
9,000 9,020 . 20
10,000 10,018 18
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(2.) Controlling by Using a Control Lever.

KEWT, FI@IRT M3 Control Lover ¥ fifJ LC Pan & iz 20 kg 3D HBEE
LRR 600kg 2 CRIR LIROTBRIKERE L AN 2 R I B & i L C 864
DD ORYMEY b o

i LC Lover OIRKIIIKDOEFTHRG 24, 49.704 % 3 2 ETBERE Y, WL
Pan EREHRY 2 BROWIHESFEEROBTRHEL LCH 2 \EX b

BERILIEUEORHRYL RE 53D b,

Hombeolifyobel s 504, %o,ooﬁw.
P Y

’ :
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T ‘[‘*,f—'wi T

e
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1 ! i

(3.) Determination of the Error of the Testing Machine used.

BIAL Direct Load Bk Control Lever OEER L b AR ORE L e L,
BERRZE AU BB O RIE X b 8T UE . S EOHMICE LT HER SEOHEY
F25 LBE~NLo

Now put L=Actu:l Load
z. P.
A—a
B

I

i

Il
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where . P=Weight on Pan in kg.
z=Maultiplying Ratio of the Control Lever.
A=Reading indicated in kg.
a=TError observed by Direct Loading in kg. (in the

Table IIL.)

Above equation holds in the series of observations, therefore by Methed of Least Square
the he multiplying ratio “a2” will be determined.

Put Zx. 1).-AZ?::;Z

TABLE. IL

P p: B P. B.
20 400 994 19,880
40 1,600 1,993 . 79720
60 3,600 2,982 178,920
80 6,400 3,972 317,760

100 10,000 4,968 496,800

120 14,400 5,961 715,320

140 19,600 6,954 973,560

1¢0 25,600 7,954 1,272,640

180 32,400 8,948 1,610,640

200 40,000 9,946 1,989,200

154,000 | 7,654,440

then 2 (x. P— B)’=2 2’=y

In order that the “y” be minimum, ---33-9— must be zerc. Therefore
i)

23 P P—1)=0
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whence

By the observation result, the calculation follows as the table II.

Direct Loading, and above 10 tons those by the Control Lever are adopted.
' L=a.P.= 9,941kg.

when
when
when
when

when

XHBETHE SKHELR

P=200kg,
P=300kg,
P=400 kg,
P=500 kg,
P=600 kg,

{T=

2 P.B.

3P

7,654,440
€r=—

154,000

=49.704

In the correction curve of Errors, the actual loads below 10 tons ave due to the

L=a.P.=14,911 kg.
L=2.P.=19,882 kg.
L=2.P.=24,852 kg.
L=2.P.=29,822 kg.

D@ Controlling T ) b CAEBIOEEICER T XAIMBABRBROISTRIME Y BER
ELHBRLCEBOBEEYEHL, Bty Cuve 1T TRYIZE=E D 3 Diagram ¥ 48,
BT —ORE2Cix “Dead Weight” 2522 ififfix & 5. —ORELL EIX “ Control

Lever ” (Ratio, ®=49.704) L 304 2 fif5 s L 7 5 Faror Curve 7 b

3 Curve Z{H2 THEARIT Box. @ Reading ¥ check L T#5» CTROME Y RELER

Ls

BT, A0 Lever Ratio “o” OMEIRKIE ZAEAIMOIH FHTH T AIASHIS
SFEEORBOMR, 0=1977 LPRE L. 4B RCOFBITHM LA b L5, Bk,
EROEA SEB L, RERBEL I« LB LEN 265, 46, BHOERORR
2=49.704 L XM bo AR RT Y. BEOMY ER BB 4. BH OMIREH
TR T, +=49.704 X BT 5 2 L CHER b

3T EROMR L b HIHNRBROMTHE L ITET N 2BERAEO ML, (F

&2

kgs.
0
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~ |
© | &
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Correcting Errors,
Load in | Error in
Tons.
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WL THBEYE—DMERANBHEET 2 L BRI VRE I THEHTTHEL LT b,

RILE R KBOEHRAWFERCRG 2 ABOERHIEHOBRKEDRH » 1T Set ¥
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A, BHIT, AMOBITR TAEEUTE MOBILC—DXELNE, HED [ 2
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[Set D& TH )5

LiOBEIZ X b THIEFBICHF 5 Ascending & Descending & DI FF{ A NI L3 L
BT, BREHD Set LARLLANT DD, A, LTFORFHEDCEHED
M2 2z vt JYRETIE2 Ty BRARHWEZOWED! FAH 3 £ b jix depend § 5
BORT I'Fh Tz, D Set X EEOFHOMBICRLY KL 2 2 DX
FULT L b JDURH TPt Seb X ML 722 3D Y LACI T b DI & L L EHED
B L b TC=OMDED a2 v 22 v | EX LR b,

WOFBEIHB X HRINTBEVOBEL b,

B UCHEDR, M, —OHi, —Fdfl, “OMi, ZHW, ZOWDOEHIHET 3
Fazvrxzrr JYWREL, BN H®, 22 Diavazer (LEBELRZD D, 8
LEERT b, |

fil, R, BT APBREREAT 7 2 2 5 -~ SO R B R ORI R RS T8
WL (o2 v v JHOWEMHEBRCABYER L TER L2 2RI NEDmM 1T
LT, BN 4EHFRZFLATz v2x v+ JLHIELR 2P DEEARITRYE b,

REFFEDFy Ve~ + JICHT 23E T HEBY 2 3 DX IC TRE 214
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KR CHIEREBTR TEHO O XM BRI T IO M G DRE Y R 5,4
B L ESERHRIECHRT 55 HE D Hysteresis Effect if B R XEk LD HE L b fEN
2PDLRBMIRZIOIRLT, HEL, ABROMIBETR TR, b\ IRZZBER
NBI3IDLFRI S 6T

fE Bilin DT AF X =24 v rex, 2 2 Vi UCKIKM FINTET 33

Fotr B ey URR, JIIREORTmaREZ B2 h

1B U, BEAMERERIE RO Lo

AR B E T Y - v - NIEEAT R R SRR

X KR # I Fr Fx e v RIS EEH R B

B R 7 %A gk 0y - v~ I AR R B

o om| o @ P [y = v~ IR E S EEAR 3 B AR

= K ® W M P, b 7 A - 2 IR R
*x K @ F W Fovy 2 v v B B B

5. #&%  Bo
PEORRLO 2, BET 3L HBUEEYRL S IDR ¥, 2 A HEOHBOM

. OB, BEEEM, BEOEEROEREOPIRECHEE T 23D% b0

Hysteresis Effect 12 L C 13448 Residual Elongation |34 2 RN THEL ., #F
Er i BEIWREINE & —EHH, KB Y RANEHAKE DM T Plasticity ¥
B L THARZ2/PEY 2 L, Permanent Set D#imy .23 DX b o BlTAKBRME
BEROHBODTHEEDREL. S BEBY IBOSFESOREL BT LIF—K
DEBATLEBTMROTEBEX VBRA a2y JDED MHTLIFATS
OIS DIIHUOHZ 6 ML TCHSEIOEEICR T, Ko7 <., ﬁb%&ﬁi’%l‘é’e?
3728, B Blank Test ¥ —, Z[E), 2 E2ZTH L C. Set X {2 EgHE—& B
BNCEYTHB T HESI I EN D FFLREIRI VAL Z v, ENKTIMIERES
A 1IH LEED TR b6

KB OB LT 134,27 % L HEE 5508 RILE B IR CIRMBA S TE
OB ENT Modulus of Elasticity. E. I3 BE L EEMFEOXITC
it = ONDEYET DAL T, SEOERIBRTHE X b +EEHEDMBIC
TIURZIDR T 7 227 - |G DEARRBOBITHC D RERE S (BB R.R
Z2BUENY LIDRLULBET, W, WTFEAN~ EAY 3 ABRHIBEDRER
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T, 2 2 DR L EBRARZUL SBREDZE, KA R, KEANCHIRS
AL DEEBYERTCED B2 ~A4 2702 -2~ DEBRERLAET ST
Lx LI, PEL. 4EDMS EOUDBEDETLRTRIBALEEBELORELZ S
X 2~Lo

RICIZ L X b IR L T LR T 2 HBIX T BT~ 2 JKBDE IR
QREEDDOBICLKEDOBERD T AT E E KR EDEERDRDIT, K4 KR
HOUBT22Ehbe HMEHEREIR2ZIT ~42v -2 JYEEBLCTAY,
Dl e x4 vt |EARBHEOYGE Y —BE LU ST BB THERTEEDRIRICH
EBOBBYEINI ~427ve 2 -2 - | OBHO—TE _OREREH TR IB Lo
ST, A RBRI D C—BKHBEBRYBEET 2 CE ) THRt#EREORRSIT, 4£F
DTEHBEYBOIT £059% LRAML, B, £10% o Magin Ll €%
DHBEREY =15% WHELREIFEL bo

fFL EBROBBOMEY A IHFIRL, REZIBEYERLESDID VI L, HE
B 4, Dead Weight {2C check L., AL L 3N HF, 22 DIl =2vzzrt |HEY
RIIET22¢, BB TEEZIRXELHRRI.

RER O B,

— B RBROR T Y IRET 52 LWRC, BEER 20— Y DRFIXEHEDREZ
32&E%K D0

BALZERAIEGIREE Y & L,y 8310, B 24501 & § 5 Critical Friction. D /b7 5
RDOYCERIFE T,

BEARBBICED T, BOERCEBER YR L T, BROEBNL DOXER
BrF A4 7e =, F Y HBELTETURHYE LG IBYDTHEL T, WOAEY
“ Angle of Sensilility” r#Ed o
e, Wk T2 2 EBEOBERE H EIEEORICE 2 R ZKRFHRBETFLEALFD—
5E. R LR2GOMBERE Y C HFOMECHT 2 HELY -, X, KE
KABICIE D T, (9 2 | OEEI Y RIC USSR BICE S | ZN LR L THREOH
BT X b THETIULZ bo ‘

IR A ZEERETSO—TIE—ESD—HHER b o BLRIEEE ORI
AT 2RBOMAIDORE) TRHESFO—DBEYH T 530 HM T OF
LMt B0 ma B2 3 RN TR, ZTH0—DRAXBCHEREDRE
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2O RARBROBERE LTEBAMMTIRO 2S¢ URITREOMDF itk L, KRB
IR B I CRAROMOB X b B33, Eocikmic « Lo LES
ZBPDLBIII B 635

s ABIHREEIROME SR 1T BRI Y W13 2 it € RAVLOBIEE
W LEIFRABEE T, |

ZYETICRBRKRAYET 28, HESHOFLHIBLORERTREL. &
PERMEAEOBBMNDO IO E LT ERBSEEIC., #ET 2R3 3D L BHY
53\ X b -
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Control-Test by Using a Lever.

EM BT AR LR

TABLE III.

November 17th 1920.

Weight on Pan kg, i Load Applicd kg, | Loat indivated (Mean | Dufleroncs G
20 995.4 999.0 3.6
49 1,920.8 1,998.0 7.2
60 9,986.2 2,993.0 6.8
80 3,981.6 3,988.0 6.4
100 4,977.0 4,984.0 7.0
120 5,972.4 5,979.0 6.6
140 6,967.8 6,975.0 72
160 7,9¢3.2 7,972.0 8.8
180 8,054.6 8,968,0 9.4
200 9,954.0 9,904.0 10.0
220 - 10,949.4 10,960.0 108
240 11,944.8 11,957.5 12.7
260 12,940.2 12,935.0 14.8
230 13,935.6 13,955.0 19.4
300 14,931.0 ' 14,950.0 19.0
320 15.926.4 15,947.5 21.1
340 16,921.8 16,945.0 219
360 17,917.2 17,947.0 30.3
380 18912.6 7 18,947.5 34.9
400 19,9.8.0 19,043.0 35.0
420 20,903.4 20,950.0 46.6
440 21,898.8 21,9525 53.7
460 22,894.2 92,947.5 53.2
480 23,589.6 23,950.0 60.4
500 24,885.0 24,945.0 60.0
520 25,880.4 25,952.5 72.1
540 26,875.8 26,955.0 79.2
560 27,871.2 - 27,955.0 83.8
580 28,866.6 28,960.0 93.4
600 29,862.0 29,956.0 94.0
Muliiplying Ritio of the Lever=49.77
TABLE 1V.
Mean Differences of Conirol Test.
Differences.
= . i i T
o f"‘ 1 | m |] 11 ‘ iv v Mean
Ton ~ { . .
i ‘ —li4 l 46 1 4.6 i 4.6 4.6 3.6
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a —-0.8 9.2 9.2 9.2 9.2 7.2
3 3.8 3.8 8.8 8.8 8.8 6.8
4 —16 8.4 8.4 8.4 8.4 6.4
5 3.0 3.0 8.0 8.0 13.0 7.0
6 2.6 26 7.6 7.6 12.6 6.6
7 122 2.2 7.2 2.9 12.2 7.2
8 6.8 6.8 11.8 6.8 11.8 8.8
9 11.4 16.4 11.4 6.4 11.4 114
10 11.0 6.0 16.0 6.0 11.0 10.0
11 10.6 10.6 — — — 10.6
12 15.2 10.2 — — - 12.7
13 19.8 9.2 — — — 145
14 2.4 . 14.4 _ — — 19.4
15 24.0 14.0 29.0 9.0 19.0 19.0
16 28.6 13.6 - —_ 21.1
17 28.2 18.2 _ — — 23.2
18 37.8 22.8 — — — 30.3
19 424 ar4 — — — 34.9
20 52.0 32.0 42.0 22.0 27.0 35.0
21 £6.6 36.6 — — 46.6
22 71.2 36.2 — — — 53.7
93 65.8 40.8 — — _ 53.3
24 75.4 45.4 — — — 60.4
25 75.0 50.0 65.0 55.0 55.0 60.0
26 84.6 59.6 — — —_ 721
o7 94.2 64.2 — — — 79.2
28 98.8 68.8 — —_ — 83.8
29 113.4 73.4 — — — 93.4
30 118.0 88.0 108.0 68.0 88.0 94.0
TABLE V.
Tension Test Reading. Room Temp. 17.5°~19.6°C. November 1920.
Aotna a .
Tonn | e I I I v v Mean | Jorrected
kg. kg. g
0 0 0 0 0 0 0 0 0
995 1.000 0256 | 0.361 | 0295 | 0283 | 0292 0.297 0.298
1.995 2.000 0585 | 062 | 0599 | 0595 | 0.593 0.609 0.611
2,989 3.000 0915 | 0932 | 0874 | 092 | 0.898 0.914 0.917
3984 4.000 1214 | 1.305 | 1183 | 1205 | 1210 | 1.3 1.228
4,984 5.000 1528 | 1.600 | 153% | 1520 | 1517 | 1.540 1515
5982 6.000 1835 | 1904 | 1840 | 1830 | 1820 | 1846 1.852
6,979 7.000 2111 | 2230 | 2153 | 2157 | 2133 | 2153 2,160
7,982 8.060 2425 | 2535 | 2455 | 2446 | 2449 | 2462 2468
8,980 9.000 2751 | 2844 | 2723 | 2750 | 2756 | 2765 2771
9.922 10.000 3.056 | 3152 | 3.073 | 3065 | 3.066 3.082 3.088
14,916 15.000 464 | 4712 | 4650 | 4628 | 4630 4,645 4.657
19,979.2 | 20.000 6150 | 6279 | 6210 | 6194 | 6290 6.207 6.226
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24,907.3 25,000 7.780 7.855 7.721 7.770 7.770 7.779 7.808
29,866.7 30,000 9.366 9.430 9.326 9.340 9.355 9.363 9.405
marx.
24,907.3 25,000 7.807 7.818 7.752 7.796 7.754 7.785 7.614
19,939.2 20,000 6.231 6.245 6.235 6.217 6.185 6.223 6.242
14.961. 15,000 4.661 4.658 4.662 4.696 4.609 4.657 4.669
9,982 10,000 3.094 3.092 3.091 3.076 3.041 3.079 3.085
4,984 5,000 1.541 1.538 1.532 1.533 1.496 1.528 1.533
0 0 set. --0.080] +0.020 | —0.047 |—-0.036 |-+40.019 | set.—-0.0248| -~ 0.025
TABLE VL

Compression Test Reading. Room Temp. 15.4°~17.6°C. November 1920.

Actual . Loa.d Corrected
Ll(()ad indicated I II T v v Meun Reading.
g. kg.
0 0 0 0 0 0 0 .0 0
995 1,000 0.325 0.292 0.319 0.309 0.305 0.310 0.312 °
1,995 2,000 0.625 0.611 0.668 0.618 0.620 0.628 0.630
2,989 3,000 0.935 0.930 0.941 0.940 0.939 0.941 0.944
3,984 4,000 1.250 1.216 1.232 1.250 1.260 1.242 1.2t7
4.984 5,000 1.540 1.521 1.546 1.560 1.570 1.547 1.5%
5,982 6,000 1.874 1.825 1.843 1.887 1.8¢0 1.862 1.868
6,979 7,000 2.187 2131 2.170 2.195 2188 2.174 2.181
- 7,982 8,000 2.490 2.446 2.479 2:514 2.498 2.485 2.491
8,980 9,000 2.800 2.783 2.770 2.821 2.810 2.797 2.803
9,982 10,000 3.078 3.061 3.075 3.139 3.125 3.096 3.102
14,961 15,000 4.590 4.601 4.619 40671 4.655 4.627 | 4639
19,939.2 20,000 6.130 6.131 6.146 6.202 6.180 | 6.158 6.177
; 24,907.3 25,000 7.610 7.610 7.658 7.730 7.709 7.669 7.698
293,866.7 30,000 9.100 9.130 9.150 9.220 9.150 9,150 9.150
max. o :
24,907.3 25,000 7.640 7.619 7.637 7.630 7.640 7633 7.661
19,939.2 20,000 6.128 6.100 6.152 6.1(2 6.145 6.125 | €.144
14,961 15,000 4.587 4.580 4.615 4.606 4.610 4.600 46812
9,982 10,000 3.051 3.061 3.083 3.080 3.072 3.069 3.07%
4,984 5,000 1.544 1.541 1.503 1.534 1.540 1.532 1.87
0 0 set.—0.081] +0.000 | 4+0.02¢ |+0.010 §{40.120 +0.0329 | +0.033

TABLE VII.

Calibration for Amsler Standardising Box
by Dead Weight Testing Machine.
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Tension Result.
(Mean of 10 times)
Measured Constants. New
in Tons Adoptea | COnSIOntS | i rorye | Dift, in 95
" | Ascending | Descending| Mean Constants
5 1.545 1.533 1.539 1.54 1.55 +0.01 +0.65
10 3.088 3.085 3.087 3.09 310 +-0.01 +0.32
15 4.657 4.669 4.663 4.66 4.66 0 0
20 6.226 6 242 6.234 6.23 6.23 0 0
25 7.808 7.814 7.811 7.81 7.89 —0.01 -0.12
30 9.405 9.430 9.417 9.1 9.38 —0.0¢ —0.42
Set —0.025 Mean Diff, +0.07
Compression Result.
 (Mean of 10 times.)
Measured Constants. New
. I‘%M Adopted G(c)):st}:;:;s Difference | Diff.in 9§
o Zons. Ascending Descending' Mean Constants
5 1.552 1.537 1.544 1.5¢ 1.54 0 0
10 3.102 3.075 3.088 3.09 3.07 -0.02 —0.65
15 4.639 4.612 4.625 4.63 4.60 —0.03 —0.65
20 b 6.177 6.1{4 6.160 6.16 6.13 —0.03 —0.48 |
25 7.698 7.661 7.679 7.68 7.64 —0.04 —-052 F
30 9.190 9.156 9.173 9.17 915 —0.02 —-0.22
Set +0.033 Mean Dff. —0.42
TABLE VIII.
Comparison of the Results for Teishinsho & Tokyo Tmperial
University Machine with that for Dead weight
Machine in K. I. U.
For Tension Test.
Load Constants Teishinsho T. 1 U.
in Tons, by D. W. M. Constants Diff. in 9% ; Constants Diff. in 9%
5 15¢ 1.55 +0.65 1.53 —0.65
10 3.09 3.10 +0.32 3.14 +1.60
15 4.66 4.62 —0.69 4.67 +0.21
20 6.23 6.20 —0.48 6.20 —0.48
25 7.81 7.87 +0.77
30 9.42
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Yor Compression Test.

Toad Constants Teishinsha T. L U.
in Tons. | by D.W.M. | (oigtants | Diffin 9% | Constants | Diff. in %

5 154 158 +2.60 1.57 +1.95
10 3.09 3.10 +0.32 3.02 —2.96

15 4.63 4.60 —065 458 —1.08

20 6.16 6.12 —0.65 6.07 ~1.46
25 7.68 7.67 -013

30 9.17

Calibration by Amsler Standardising Box.
Total Result for Tension.
(Mean of 30 times.)

Load in Tons. %‘;LZ?:;?B' éﬁ;a:;;ﬁg. Error Error in 9% ‘
5 1.55 1.546 — 0.004 — 0.26
10 3.10 3.096 — 0.004 - 013
. 15 4.66 4.633 - 0.037 - 0.79
20 6.23 6.193 - 0.032 - 051
25 7.80 7.867 © + 0.067 + 0.86

Total Result for Compression.

(Mean of 30 times.)

t
Load in Tons. ggﬁg&‘}f& C%I,f;‘;‘n’fg Error. Error in 9%
5 1.54 1.575 + 0.025 + 2927
10 3.07 3.097 + 0.027 + 0.88
15 4.60 4.601 + 0.001 + 0.02
20 6.13 6.119 — 0.001 ~ 018
23 7.64 7.672 +0032 + 042

Machine used: Amsler 80 Ton Testing Machine in Teishinsho.
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Calibration by Amsler Standardising Box.

Total Result for Compression Lests.

(Mean of 10 times.)

Standard Meafured
Load in Tons. Cofxstcag:s. 005;333. Mean Error. Error in %
5 1.54 1.566 + 0.026 + 1.690
10 3.07 3.022 — 0.048 — 1.560
15 4.60 4.578 — 0.022 — 0.478
20 6.13 G6.066 — 0.064 — 1.043
Total Result for Tension Tests.
(Mean of 10 times.)
St rd M d .
Load in Toms. (?ogtslgzants. CO:IS:;:S. Mean Error. Error in 9§
5 155 1.531 - 0.019 —-12
10 3.10 3.142 + 0.042 + 13
15 4.66 4.670 + 0.010 + 0.3
20 6.23 5.201 - 0.029 — 0.45-

Machine used:

Buckton’s 50 Ton Testing Machine in Tokyo

Imperial University.

Date: Oct. 19th, 1920.
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