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more enhanced than the former. This

| apparatus has several advantages; namely,

ON TORSIONMETERS. :
K. Suyemiro.

Since steam turbines were adopted as

propelling machinery of ships various instru-
ments for ascertaining their powers were
invented. However, they are all based
upcn one principle ; namely, the amount of
twist in a definite length of a turbine shaft is
measured by a method proper to each in-
strument called * torsionmeter” or “ torque
finder ” and thereby the turning couple is
found by the formula :— '

Moment of couple=Twist per unit
length x Modulus of rigidity x Polar
moment of inertia of section.

And then the power is worked out by the
formula :—

Power = Moment of couple % 27 X Num-

ber of revolution per unit time.

The principal ones are Denny Johnson’s
electrical, Féttinger's mechanical, Bevis
Gibsen’s flash light, and Hopkinson's mirror
torsionmeters.

The object of the present paper is to
explain the two kinds of torsionmeter both
devised by the author and it is not his inten-
tion to criticize the others.  Still I must say
a few words about their probable merits and
demerits. (I must use the word * probable,”
for at present in our country we have no

means of trying these apparatus except the
first one).

The idea of Denny Johnson's apparatus
(fig. 1) is exceedingly ingenious and the high
merit as the pioneer inventor of torsion-
meters worked under the above principle
must be attributed to them, but there is a
difficulty of detecting the point of minimum
sound, besides, as the apparatus is of very

cumbersome arrangement, it is rather incon-
venient for transportation. Fixing the wheels
and inductors involves another difficulty.

In the Fottinger's torsionmeter (fig. 2),
the centrifugal force acting on various links
is apt to cause error in the diagram and
the inconvenience of transportation and the

trouble of fixing the apparatus seems likely

one and the same apparatus can be applied
to the shaft of a reciprocating engine as well
as a turbine and the diagram showing torque
is self recording. Moreover the measure-
ment is taleen in one length of a shaft, there-
by excluding the effect of couplings.

It scems to me that | evis Gibson’s (fig. 3)
is the best of all, if the diffraction of light
which is unavoidable by a narrow slot does
not cause the inaccuracy in reading, and if
the fixing of apparatus in position in which

three narrow slots must be so adjusted as to
| be in one straight line, does not cause much
| trouble. This apparatus surpasses the others

in the simplicity of construction and in the

miniminizing of intermediate links.

Lastly, Hopkinson’s apparatus (figz. 4)
has less reputation, so I have missed to pay
attention to it.

Last month, Dr. Yokota teld me that
he knew the apparatus, while he was in
Scotland, and it was very similar to one of
those devised by the auther. According to
the description in the * Engineering,” which
was written by Mr. Hopkinson himself, the
principle is somewhat different from mine.

| As shown in the sketch, his apparatus con-

sists of two sleeves, ofle carrying a concave

| mirror M and the other a short arm C. The

image of light E is formed on the scale D.
The twist of the shaft between the

clamped parts causes the tilting of the mirror

and the image is displaced to D’. The

{ amount of torque is calculated from this

displacement DID’. This is a modified
Gauss’ method of measuring a small angular
deflection, This modification causes several
inconvenience, firstly to bring a focus of light
just to a point requires much skill, secondly
the observation can be made only in a dark
place, and thirdly feeble ray of light passing
over the scale once in a revolution may not
be clear enough for taking readings.

One of the auther’s apparatus is of the
same principle as the Hopkinson's in the
point that it is also an application of well
known Gauss’ method. But as I have
devised it independently and also as details

s T
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are different, I think I might say with
modesty the auther’s No. 1 apparatus is
an improved one even if not a new onc.

THE AUTHER'S No. 1 APPARATUS.

The chief object of devising a new tor-
sionmeter is to make it a simple one, simple
both in the construction of apparatus and
in the process of observation. Besides, to
eliminate the effect of coupling and to make
it applicable to a short shafting, I have
decided to measure the torque in a short
length, say 20 inches.

According to recent practice, the factor of
safety for shafts of marine engines are very
high, being about 12.
modulus of rigidity of mild steel at 5000 tons
per square inch and the ultimate shearing

Now assuming the

stress at 22 tons per square inch, the amount
of strain at the periphery will be about 555
for the working stress corresponding to the
factor of safety just described. Thus the
amount of torque on the periphery of a shaft
will be about 115 inch in the length taken.

There are five principal ways of measuring
such a small amount of displacement, name-
ly : 1°, by micrometer, 2° by magnification
by means of a certain mechanism, 3° by
microscope, 4, by reflection of light from a
mirror or (Gauss’ metheod, and 3°, by the
displacement of ray of light passing through
slots.

At first, I have attempted to apply the
third method, but for this purpose, a micros-
cope must be illuminated by strong electric

parks, and consequently several subordinate
apparatus were necessary which was contrary
to my object, so I gave up this method:
By applying the fourth method, I made a
model of No. 1 apparatus.

As shown in the annexed rough sketch
(fig. 3 A), the original pattern of No. 1
torsionmeter (this model has several defects,
for its parts made for
apparatus above described of which I failed
so the position of mirror and other details

main were the

were subsequently altered) have two collars
A is mounted a plane mirror M having its
axis perpendicular to that of a shaft. A

| wire is projected from the other collar B.
These collars are so fixed that the end of

lever L having two stays W made of steel

| the lever touches a knife edge on the back

| of the mirror.

| to see the scale.

| lamp.

The twist between these two
coilars cause the deflection of the mirror
which is measured by the Gauss’ method.
But in the present case, as the mirror
revolves with the shaft, an observer is unable
Therefore instead of read-
ing the scale directly, I have substituted the
following ways:—1". In the beginning of
observation, the positions of a telescope and
the

adjusted that the image of the filament

filament of an electric lamp are so
reflecting from the mirror appears behind the
When the shaft
rotates and is twisted by a certain amount,

cross wire of the telescope.
the image will disappear.  Then the lamp is
shifted until its image reappears behind the
cross wire of the telescope. During my
experiment the image was seen very dis-
tinctly though intermittently.

2. This process may be reversed.
shaft is revolving and being twisted, the
image is observed behind the cross wire.
This can be easily done, first focussing the
telescope to the centre of the mirror and then
to the distance to which the lamp is to be
placed.
fro, one can find the proper position of the
When the steam is cut off and the
shalt revolves idly in a vacuum, the lamp is
shifted so that the image reappears. If the
(Nachwirkung) is
negligible, both the first and the second

If now the lamp is moved to and

amount of after-strain

process give the same results,

In short, the amount of the shift of the
lamp (which corresponds to the difference
of readings on the scale in ordinary Gauss’
method) gives the angular deflection of the

| mirror.

Now, let

d be the distance between the mirror
and the lamp,

& the distance through which the lamp
is shifted,

@ the distance between the knife edge
on the back of the mirror and the
axis of the mirror,

L&)

When a.
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the distance of the knife edge from
the centre of shaft,
the distance between the collars,
¢ the relative motion of two collars at
level of the mirror,
and ¢ the angular deflection of the mirror,

Then, as « is very small

and zas=

T d
ab
= il
ad
Therefore 2d ab

*="Dl = 24D7

Where ¢=twist in radian per unit length,
Thus, the amount of twist is known.

By the above descriptions, it may be
easily seen that the auther’s apparatus is
very simple in construction, handy, and easy
for observation. There is no trouble of
fitting subordinate apparatus near a shaft
as usual in other torsionmeters. Mounting |
the apparatus on the shaft is only a work of |
“a few minutes,

In ordinary torsionmeters, the relative
twist of one of the clamped end is trans-
mitted to the other by means of a sleeve.
But it seems to me that the sleeve not only
causes the trouble of fixing the apparatus
and increases the weight, but also is apt to
cause errors due to strain in it if the bearing
is too tight, or errors due to the rocking and
bending of the sleeve if the bearing is too
loose. Therefore, 1 have used a lever in
place of a sleeves,

As to this substitution, it is doubtful that
the motions other than the pure twist effect

the deflection of the mirror. The cases of

such motion would probably be 1°. The
bending of shaft by gravity. 2° The bend-
ing due to the eccenticity of shaft. 3°. The

lateral vibration of shaft.

1° Effect due to the bending of shaft by
gravity. It is evident that by gravity only
a shaft is always bent in a vertical plane |
containing the axis of shaft whether the |
shaft be revolving or not, therefore there will
be no effect.

2* Effect by the bending of shaft due to
the eccentricity. In marine turbines, shafts '|

| placed

are well supported and the revolution is not
very high. so this effect will be negligible.

3°. Effect due to lateral vibration. There is
no doubt that the lateral vibration has effect
on the accuracy of observation. However if
the frequency of vibration is very high as
compared with the number of revolution, an
observer can easily determine the mean posi-
tion of the reflected rays whick gives the
correct’amouunt of torque.

The author’s eoriginal model was actually
fitted to a shaft of the turbine steamer
“Tenyo Maru.” The frequency of vibration

_ of the shaft was calculated as follow (—

If the shaft is assumed to be supported at
both ends, the period of the gravest vibration

is given by
2/* /‘/mﬁi_
=N B
Where [/=The distance between the

supports,

m=The mass of the shaft per
unit length.

E=Young’s modulus.

I=The moment of inertia of the
section.

T = .023 Second
Therefore

60
Frequency = 023
Thus in this case the frequency of vibra-
tion is roughly 10 times the number of revo-
Iutions, so it could be anticipated that the
mean position of reflected
observed.
Actually on board the “ Tenyo Maru,” 1

observed that the successive reflected rays

rays can be

were oscillating to and iro on both sides of
the cross wire of telescope, and without
much difficulty I could adjust the lamp in
such a position that the mean position of
oscillations coincides with the cross wire.
However, there is no doubt that this is a
défect of the original apparatus. To avoid
this, I made a new model as shown in the
fig. 5 B, In this apparatus,
between the axis of mirror and knife edge is
By

the centre

midway between the collars.

[ such an arrangement, if the apparatus is

o. at the

fitted at the middle of bearings, (e. g.

== — “= 2600 per minute.
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loop ol vibration) the deviation of levers be- | i i )
; : o = fan O+ tand = 2K — cos — x
ing equal in the same direction, the vibration 2 / {

will not cause the angular deflection of the | : T 7 ;

: % g I or g+ 6 =aK—=eos— i (2)
“mirror. This applies even if the apparatus 1s g & L
not fitted in the middle of bearings, comparing (1) and (2)

Proof: Supposing a shaft is suppcl)rted 20l Bt OB g
a‘t both end,. thc_: mode of the gravest vibra- OTT/ =QT'T
tion of shaft is given by i - e

. B Therefore OT=0T’
y=A sin TR sin ta N, Thus if the lengths of levers are equal, the

Therefore, in a definite time, the axis of deviations of the levers are equal and the
shaft makes the fotm. vibration does not affect the observation,

i Result of observation on board the “ Tenyo
y=K sin J Maru.”

Now in the fig. 6, let the curve ATT'B be The apparatus was fitted to the centre
the form of the axis of a shaft and OT | shaft just abaft the engine bulkhead. Actual
and O'T’ the the tangents to the curve at | measurements gave the following values :—
the point T and T’ respectively. (These d=354.5"
tangents correspond to the levers of the i| )
apparatus). ; a= 0.1;9"

Py ' s 1"
Then  zan a="1p" Dera0
I==z0.7"
K sin i(x—{- Ax)—K sin ’“—(1:-— AR 9 =The radins of the shaft=6.03"
/ Bt : LN e s
= = E =The modulus of rigidity of the shaft
20X
_ _ = 240 tons per sq. in.
K cos 7 sin 7 Az I==The polar moment of inertia of
Ax the section :‘T-?":'-.?O:F'O biguadratic

If Ax or half the distance between the | il i
-collars is small as compared with / or the 1 . )

L ’ s=The no. of rev. per min,==225,
distance between bearings, we have i Ay y j

hy ~ z=Twist in radian per 1 inch of length
sin Thr=tAs S
o T 2dDi T+ 24100
o tan v =K cos — ixIxExn |
’ = Z 3 WP
’. Horse power 28.14 = 3610
is a ver 11 1 i e ' ;
st sl il b i This result agrees faiily well with that
B = G %1. (1) measured by Denny Johnson’s torsionmeter.
‘ In the progressive trial, the shaft horse
Now tan 0=K-+ cos —(x+ A power as measured by it was 3650 under the
/ / &
" I | same revolution,
lan OIZK"Z cok Ty (X=Az) (After I had read this paper before the in-
fan B+ tan stitution, I devised a new mirror arrangment
7 T o by which the chief drawback of the No. 1
== 21{"}* cos —y % cos Ax ; ;
/ | apparatus i.e. the wear of the axis and the

By the same reasoning as before { knifeedge of the mirror can be entirely

- ’ avoided. The construction and the result of
cos pAX=1 | test will be reported later on.)
F——— S e T S e
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THE AUTHOR’S No. 2 APPARATUS.

As described above, the No. 1 torsion-
meter seems theoretically without much
defect and by an actual observation, I was
assured that it worked fairly well But there
is an unsatisfactory point in the construction
As the magnification
solely depends upon the distance of the axis

of the apparatus.

.of a mirror and a knife edge on it, and as

this distance is made very small because the
less the- distance is the more the torque is
magnified, even the slightest wear of the knife
edge or of the axis will affect the result.

To avoid such defect and also to do away
with links, I have designed the No. 2
sionmeter.

tor-
In this apparatus, the magnifica-
tion is made by the shift of a ray of light
through slots and the amount of shift of a
ray is measured by a travelling telescope,
thus being a combination of the first and the
fifth methods in the previous description.

As shown in the fig. 7, two levers L of
equal lengths are projected from the clamped
collars just similar to the improved pattern of
The end of one of
the levers is mounted by a rectangular prism

the No. 1 torsionmeter.

whose transverse face is covered with a thin
plate pierced with a rectangular slot B, say 1
mm. square, and the other lever has on its
end a diaphgram plate also perforated with a
small slot A, say 3 mm. wide and 1 mm.
long, The latter slot is inserted with two
ground glass pieces of different colours, say
white and red, (this is not necessary if the
edge of the slot is used for observation) and
this slot is lighted by an electric lamp.

| No. 1

By the total reflection of the prism, the [

images A’ and B’ of A and B are formed on
the back of prism as if they were fitted
transversely.

Now, to measure the amount of torque,
adjust the position of A and B in such a
way that one edge of the slot B, the joint of
the coloured glasses in the slot A (the edge
of the slot A may be used as well) and the
cross wire in a telescope to come in one
straight line.

If the shaft revelve idly, coloured band of
image will appear successively on one side
of the cross wire of the telescope, but when
the shaft transmitts power, A is displaced
relatively to B (so A’ to B’).  Therefore, the
telescope must be moved in order to recover
the original coincidence. The amount of
this displacement of the telescope gives the
required twist.

Where #=The relative motion of collars
at the level of slot.

4#=The distance through which
the holder of telescope is
moved,

s=The distance between the
slots.

/=The distance between the slot
1B and the holder of the
telescope.

I think this apparatus is better than the

torsionmeter as there is no inter-

| mediate links but two clamped collars are

independent of each other. By an experi-
ment with our college’s model shaft, this

| apparatus worked exceedingly wells




i T
B B O E &

OZBEAHLE SRBEE»S L~ LiAs d—Te—7 @HEF ¥ v 28 0% o B 5

%%
v 2= A2 BIEy v 22 =7 7 MBE BT I, SBLE—L
- JAN O—N—r R—FARMFBB vy 5B~y 215 - BHALEFEMIE25 v

FRBI~A, yv=frE2ANEF T vIikiv sl Vv 2, R EE
=M AERXHERS s VA ~ 2 v EHRR_ T v = b IHEL 2 v

w A

OREB—BE 7a21HMAI2v~2, t—=L1Ad—R—2BHI AR E E
=) v~z bAN— L~ 2y

OKBNRZH LA WI=vi7F) =

OREM—BE Ab—tLARI~H/W=W17B) ~*BABUE7 B v |
RANZAEDAN—LEYFT ) 2% '

OFBERH HETEI) ~ 22T AR BE -3 (LADLFvrataT )~
VHSWIEFAMRERE T EA A BAT I e v

OBREHR—E BO3AtAZ L—LIiA 9—N2—tHEve’ ¥RY ~2¥

OXBEHR-B o=, YEririlie~ay...

OBMER—BE LAR/ MY IV IRAFLARZIZLLIA»AL—2FLLIAY
HEe~22

OXREMHE Er~x

i ORER—-BHE 48 2ABLLIAZRv»Y, ~LRAILHZ? X ah—L
JAXY I =2 v F AN \

OKBB_B BB, ¥)~vzaB-sxrrvzils 5%y 73LL=M) 7 &4
FX) 22 FHB Ve RBIPSF I Y ANT v 2

ORHBFER MAXRB? SHAAMERY 79 ~v7, R=dPt—Liad—1t
—=2ff oy r =27 ) v AVREBRBZ FEA 2 v~ v 2, BELY CLF
Cm e MR =R L LY Ay DI B~ VI RABEE, 22 =F Y
FSEFA? FRAIME /  B=RBE v 22t 577 ) ~2, HhFTERRE BE=1+
SEHEA4 AP 2EEr IS - TRy T E Yy FRI, L BT o R
IFEY w2 s BAKEE B2 EA~S v ¥ 22 L ST Y -2 SWBEL

H ﬁ%§7=F%fV%ﬂv¥@%?$?%ﬁwﬁ\ﬁﬂ»ﬁﬁﬁin&-?mVEﬁ




5 M B ® @ B B L %

=Y IR ABVEIRB I EY E, B RO =50 TR, JEL—
Lty d—le—=f5KEBHMABANE=F ) ~ v 2 vIORBE 7 4= B0
BQRER/ WIMAMPIE=F v Bra b Tl 2y~ 2, Y vFREAHE
BARARE=F o7 Brar IR e=WE A2 ) ==V = HEG+ =7
€7 0y ENHBE=-WFE~ S BE-BR7EEY 7 RAFIRY S H=BIE=A»
H7at=F v PFBEAR VLB BRI R OB FES R4 =2 Y ¥
FARVRIBE~FT IR, v i v T PHEGyYIMEIHRGFHAPIE Y >
HER, Bi~~F=BRBER L Z 7 BT — YIRS L— L A D —Te—u iz
PER7 = b=F v EBREE B REE Y Y XEAR/BR LPIBY T =
FOEIMIRA e FHBRVvA~RBIFEFT ) w203, oL BIL=BESr
F¥I)FRp=FFvi, Jrv A= YHEG IR Y IR, LAEY IR
B IE v I RA R, TEYZL pEAR, F3Y b Ha b TIHARTFBEF A

OBMBER M4 v’ i RATFI AN v¥4 ~v 2, YV IRZ ¥
FEk 2 2 b o HigEe 2 x W

OREBR-B A/ BHBF7 B2 F v fa A 7B vF A0y RKRTVBAT T oo

OEMNBER E27F vkt r»BILEFEA 2 722

ORBERE N7 ER7REF7r*YF7 ) ~27 2F 7 XEH 7 B2 g v
E7 T rFEy ST A

OBMNBERE »v234022LA02 72 BAdrCTUFNECATYIEY, —
BEYMBAM LRIy P TR Rl A

OXKBHR -8 BEL H~ 22/’ F7HfHi~v2xr5ffr»8B~~2x, D20
7 i F My v e R

QEMNMEE 75 %27 ...

OKER=B MHMv> v vex

OENBER vAbU—1t—7Rrvisr=fvr=r yHE1E EBEr v 7 LA
sV THIRT 2 REIHGE =W F 7 v oRAERFTT ) v A, e LW — 37 5
R=hA=b=—FAVITBry P=b—2 20 LIAZrIF-R2FLRAL/ BBV

Bills 3CRY—LIATZYI 2R, Fav v F2EByaviiHt

Be~=2=

it



B B W # @ ® B b W

OBMMER Tr22 db—UFRUY BV ~R2 F VPR VR THI B 2
- :

ORBER-H L/ filv~vy2l)MiEtZ7 =2 7-BERIK 7B ~ =,
EH7 R o—NT V7 eE~FERIIFNYSESZ o9 r5svrver 78V v R
7=y XEH BRFT Y v &

OBMNER WIRRv~=2 i) 2 voBRBN/, BEF7 Y TR~ERAM, B5»
A2FF7I)=A2R

ORBEH-B ~2URA E #5277t Be~x2x, B~~~/ 7
Zval)ERAR) FTIRAIT, VAR IRFAY T T2 FA

OBNIBEE —BEIEA il rab~lEKF 47 5722

ORBER_F HE~r=

O=ZHBARE = vMER =y v R SH=B) ~=

OXKBEHR B LB MRV8Ky 7Ry, F7I~~23 7Rt Ly v
NP IRY v EF=FaV B T EY =R
YUVARRZIALTAZ AR, AL—TEISEM IV RT TRE TR Y~ Y
2, By EBEFYs v v 2 EAB R 3 R3A A =LA, D—— HE
IBRIRM<ITIv27 7, L EBEH/ (W 7ELI 74 ~ 2K 9f <~ v
2ty W=y 2§y, 7y 2 WEMr BV T b= fl7 k=94 - v
Ry FRISTIHERIPF A=V 2 P RE7=arHvy~eR, A2 7%

TEEFTIANT, FAVIEEI) TRy IR <A




FiGg |

™ -
uunei A " ........,r'
—t 'l 3\
FiG 2 1 -m \ r 4 =
| T;--r.l'l | ITT1.: _-1'?
e i i |
B = . Ff‘ll‘-o- e
e——

bt CUT T N o =nesiee
&_ » . - — h'l -
- : !

) —— o cnne A T |

* - Bl . " P— L i ARgemp e g
._:" | Lawvass samA L] Ao rme u-‘.

. f : pd
o LT

v “n —' i,.. "\':.\ A‘ :

P & T o P, . o ) LY
- | \ a '_)_‘_‘ Nhuo-u}

;. L {
= l:.E ‘e . - .o .‘1‘,
== o, o il - L] " ™
| e..', - ... q.

s
¢.-v-h_.¢‘f o B LTI
L P <™ g .
] U A traie n
)
-~
=3 _‘ﬁ
B e
e FLASH L1GNT vorgion muren Teaauy- = ] e
2 srutirernnnesTROPING

!F"- e ” o

e T — O / | \
Yo e I T

[ X f‘_""’_‘f‘_ “-.‘_‘-lq"??!q!.‘“(_!:t_o'!f vr_!fl}-ll'? | ‘\\‘ j
13 e - e = 7 i | N | /
J \\ -~
e T
JRAFT THANEMIFFING PowBR i - x
& TRt (Lianr adac,mes) n / ;
..... R e e = : i
- - - f b 1
(R
- . ——
'. U )
A ’ . i
= - IMAFT TRANEMITTING Fost M \ : K /
FINDEN Mevd O THESuGM A ANGLE BV L Te \\ 3 : .
o remn Auanr veiece) . sl

PBCT PEMPOREPID Twus Pow
llFﬂrluqr--. ANy

sssmmm=s
n.-:.f\w.rcrfd - -a e
@ @
L}
o -
mEew R
—_—l—-

Ll









