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ESULTS OF TRIALS AND EXPERIMENTS

R
MADE ON
H. 1. M. FIRST CLASS BATTLESHIP “ YASHIMA.”

S. SASOW, MEMBER INST. N. A.

I°—Report of official speed trials taken on july 13th and 14th 1897, off
the mouth of the River Tyne, over the 9.6-knot course.

The trial with forced draft was the first taken, and four conse-
cutive runs were made over the 9.6-knot course, two with and two
against the tide, the results are given in the table below.

No. of run. Time on course Revolutions. Speedin True mean

mins, secs. knots. speed.
1st, North 29 7 120 19.782
2nd, South 30 27 122 18.916 9.997
3rd, North 30 5 1213 19.146
4th, South 29 1 1213 19.85 |

Speeds were taken as the 1-knot posts were passed, during each
yun and the mean of these 4 knots gave a speed agreeing very closely
with that on the longer course.

The average indicated horse power during the forced draft trial
was 14.075 ; the pressure of air in stokeholds never exceeding 11 ‘nches
of water.. The sea was smooth and a gentle breeze was blowing.

On the following day the natural draft trial was made with open

stokeholds the vessel running for 6 hours continuously.

Tour consecutive runs were again taken with the results shown

below.

No. of runs. Time on course, Revolutions. Speedin Ture mean

mins. secs. knots. speed.
1st, South 34 17 109 16.801
2nd, North 32 29 106 17781
T MTEE
3rd, South 33 5 108, 1741
4th, North 34 42 1082  16.6

The true mean of the above speeds was 17.35 Knots, and this was
fully maintained till end of the trial, the average horse power during
the runs was]9570. On hoth trials the vessel was run at her designed
load draft of 26 ft. 5 inches with all her weights or their equivalents
on board. The weather was again favourable and the sea smooth.

After the completion of the trial with natural draft, turning
circles were tried with various degrees of helm.  With 10 degrees of
helm the circle made by the vessel had a diameter of 1050 feet, or
about 21 times her length and she turned through 180° i 1 min. 26
secs; as the helm angle increased the diameters grew less till with
the full helm angle the circle had a diameter of only 720 feet or about
11 times the length of the vessel; the time of going through 180° being

only slightly less than with 10° of helm. The heel caused by turning

| in such a small circle was of course considerable and was 5 degrees

with 10° of helm and 101° with full helm.
The rudder was put over from hard a port to hard starboard in 16

seconds and from midships to hard over in 8 seconds with the steam

gear.
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II°—IncLviNg Experiment TAKEN Seer. 6ra 1897. Draught :—
26'-6" ford. 27'-4" aft. =26'-11" mean. '
o Condition of Ship. | Density :—
Sinasarll '\ 35. 15 e.ft, per ton.
s : . |
i Six completely filled, four empty. 1 Displacement :—
My . Gy S
resh water tanks: ‘ ‘_LET% % 35=12,680 tons. \
Partly filled. , B
Feed water:— l Weights shifted :—
Torward veservefsad, bl Blleid, \ 25 tons through 55'-0" gave a mean reading of 5jin. on pendu-
After reserve feed tank empty. ' "| lums, 12 {t. long
. 4 244 ‘
Bilges :— ' Hence GM:ZO X 55 x 12 ﬂ' - 12 =272 {t.
} 12,680 x 5% in
Dry throughont. i 3
5 1.e. Metacentre, above base 29.72
Stores :— : Bl 1 Emeting o
Greater part on board, say 30 tons, to finish. SIS o (amity e e 2101
Coal :— Normal Condition.
About 1080 tons on board. l Tons. Dif.;rl:‘l;li%l; of centeo of - Moment.
Ammunition :— | T to go n . line.
All except 12 tons on board, part still on upper and main decks. 1‘ Water in 4 boilers to working level 66.8 s 768
Boats :— ; Water in condensers and pipes 25.0 16.0 400
Allin place. | Stores and provision to complete 30.0 25.0 750
Inclining weights :— | Ammunition to complete 12.0 12.0 144
25 tons on upper deck. | Crew and effects to complete 30.0 36. 1,080
Men :(— | 163.8 3,142
About 300 workmen and about half of crew. | Ttems to come out
Qi ! Coal 1080-700 tons 380.0 30.5 11,590
About 2 tons of tools, benches &e, on board and about 2 tons of F. water 93-54 39.0 25.6 998
mooring hawsers. Reserve feed water 32.0 175 56




W

0
£/

Iixcess of water in 6 boilers 80.0 16.5 1,320 Light condition.
Tools ete on deck. ; 2.0 30 60 Weight to come ot THnE. 1;{51%:?1%;%1;’%9‘%1&55 Moment.
Mooring hawsers. 2.0 44 S8 ) " ;i(?e. i
Workmen (about 300) 20.0 36 790 | Fresh water ‘)4'9 = ’ el )
Inclining weights 95.0 45 1125 1 Provisions and stores 93.0 1,984
o) i 44 .
- [ ater 1 ilers 167.0 11.5 1,920
Ammunition to go below (15} tons) 560 Water in boilers 61 . . ) ;
580.0 16.517 »  condensers ete 25.0 16.0 400
' ’ ; i 900.0 13.5 2,700
Condition as inclined 12,680 27.00 342,360 § Ammunition 07 ; )
To go in 164 3,149 Cool 700.0 16.0 11,200
i 12.844 345,509 1,239 19,608
844 3 1 :
To come out 580 16 517 Normal Condition 12,264 328,985
g2 b are
12,264 398,985 e 32‘) 2 :
Draft mean=26'—11" 26.83 } Mean Draft 24'9" .._zb.‘r :
99.79 M above base 30.20
GM. 9.89 ft. GM ' _ 214 f

Deeyp Condition.

Tons. Distunce of centre of Moment,

gravity ubova busc II°—First trial of steam steering engine worked by the wheel on
me.
Normal. - 12,264 528,985 bridge.
Additional coal in lower bunkers. 67 27.5 1,942 No. of men at wheel - - - - - - - - 1
- !
g a upper , 381 33. 12,573 |
o ‘ No of revelution of |
2 & wmg - 441 20.5 - 9,041 ‘ i | Time in Com- | 0 of end | Time i Angles at wheel | cnginesat the end |
| How wheel is it ae Time Time in & Aisator of cach trinl., |
Water in reserve feed tanks 66 1.75 115 | e, | Ml PRGe T — [ J
. (tO fill . W. ta,n]{s) S4 26.6 3’150 \ Mid to ELP. _J :)é.’ 70u 4r_9g' —g! g 30° 39 :b ’
—_— _os 6" | —30°to +30° 89 6
: o ~ } HP.tod.S. |4 -85 -6 |4 —28-22 1 £ s
13,303 354706 | |ES.toHP. |4 —28-22 |4 —2§-30 87| +30°to ~30° | 90 85 /
Mean draft 27'. 11" 26.66 | |H.P.toMid.|4 —25 —30 |4 —28-41 11| 30° s6 | 88
M above base 29.60 ‘
GM. 2.94 it. |

& i ; (1=
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Second trial of steam steering engine worked by the wheel on bridge.
No of of men at wheel - - - - . '

- - - -1
5= No of revolution of
How wheel s | TH0€ I COM- | iygn0 ¢ ong | Time in | Angles at wheel animm:f Bulzo m;)fl
taken. | mencement | ™ op seconds. indicator. of each trial.
of trial. —
i
Mid toH.P. | 4» =37 -G |4% —37' — 10" 10 35° 70 T2
HP.toH.S. |4 -37-10"4 —37 -18 8| —30°to +30° 70 T4
HS. toHP. |4 —37 —18 |4 —37 -7 9| 430°to —30° 72 76
H.P.toMid.|4 —37 —27 |4 —37 —43 10 30° 75 8
Trial of hand steering wheel on upper deck.
No of men at steering wheel - - - - - - - - 8
Time requred to change steam to wheel - - - - 1'—47"

S No of revolution of
Time in Com-| qy;0 of end

How wheel is | - 0% 5 -0 ) Time in | Angles at wheel engilﬂl%s Pnttté}flwd
taken. of trial, of trial, scconds. indicator. ol cac -
] P
Mid to H.P. | 4% —48' —0" [ 4% —50' —48"| 2'—48" > 18h9 58 56
HP. toH.S. | 4 -50 —-48 {4 —56 -1 5 —13 —35° to +35° 51 64
H.S.toMid.| 4 =56 — 1|4 —57 —1 1-0 35° 50 64

4 -
Trial of hand wheels in steering engine room, when engines were
running 100 revolutions per. min.
No of men at wheels - - - - - - - = - 6

How wheels were taken Time in seconds.

Midship to Hard-a-port 50"
Hard-a-port to Hard-a-starboard 130"
Hard-a-starboard to Midship 32"

engine room is 5 10" from the time of order given.

\
'\

Time taken for changing steam steering to hand wheels in steering

EFFECT OF INERTIA OF MOVING PARTS OF
AN ENGINE ON PISTON AND CRANK
PIN EFFORT.

By A. Inokuty M. E.

In high speed engines, the inertia of the massive parts dirvectly
connected with the piston and reciprocating with it, and also of the
connecting rod and the unbalanced part of the crank, greatly alters
the piston and crank pin effort. The following is an exact method of
determing the various forces arising from the acceleration of moving
parts. .

The mechanics of the connecting will be considered first and then
the result of it will be applied to the calculations of inertia effect of
other moving parts.

Referring to Fig. 1, let AB=FR be the crank radius; BC=L
the connecting rod length; P any point in the centre line B of the
conneeting  rod,
distant [ from

the crank pin B.
Let ¥V the
' r" velocity of the

crank pin B; 6=

be

the angle (AB which the erank makes with the line of stroke AC;

a=the angle BAC; and {=the time measured from the beginning of
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the stroke. The angular velocity of the crank, which we assume to be

* Taking 4 for the origin and AC for the

axis of abscissa, the coordinates of the point P are

uniform, is w= V+R-_—f£

z=2R cosf+Icosa

_ B TP TY ¢))
y=Rsinf—Igin «
The two angles § and « have the relation
sime=dsin g ...........l@

where n is put for the ratio L+ £ for simplicity. TFrom this, we

have

W st a8
L (n*— sin%i)é

2
Differentiating again and observing that —gg: 0, we obtain

d'a _ (n—l)smé’ (d’ﬂ)

Now differentiating the first of the equations (1), we have

de a6 da .
dt R—E‘ sin H_EW sin «,
Differentiating again, we obtain
2

2 a6 \2 da \* d’u
%:*R(W) cosﬂ—l(—({;—) cos a—1 zt_,suna: ..... (5)

Substituting the expressions given by (2), (3)’ and (4) and
simplifying, we obtain the equation

d*x dd l
TE= ( 7 )iRcosL‘HE

7? cos 20+ sin*d

(n*— sinzﬁ)%'

f (5"

This is an expression for the resolved part of the acceleration ‘
parallel to the line of stroke, of any point in the centre line of the
connecting rod ; by making ! equal to L we obtain the translational E
acceleration of the piston and other parts directly connected with it ; |
and by making / equal to zero We obtain the component acceleration \1
of the erank pin parallel to the line of stroke. In particular, putting
I=I= distance of the centre of gravity of the connecting rod from the |
crank pin end, we obtain the component acceleration of that point

parallel to the line of stroke, which may be written thus

" g 1 n*cos 26-+sin'
_%%— (gt) ili’cosé’ = s 2‘ +§;n§ .......... (6) (
(n*— sin?#)* ‘
Differentiating the second of the equations (1), we obtain ’
dy dﬁ du
T gy
, - . . < - -
Differentiating again and remembering that e = we obtain |
' .‘
d*y de
FE=— R( )smﬁ{—?’( )Smu - /d—CD::U j
Making substitutions from (2), (3) and (4), we obtain ;
dy _ (cza By L. —
T 77 (R ﬂ)sm., ................ (7') |

which is the component acceleration at right angles to the line of

stroke, of any point in the centre line of the connecting rod. This

Making I=1, we i

obtain. i

result may be written down at once from Fig- 1

& W e 8

4R
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ies
dy  (db i : If, in any particular engine, the pressure on piston becomes |
=G (B Dsme . (®)

Now, leaving out of consideration the foree of gravity on the
moving masses, there are only two other external forces acting on the
connecting rod, one at the erosshead pin and the other at the crank
pin. These may be decomposed parallel and perpendicular to the
line of stroke. TLet these be represented by X, X,, Y7 and Y, as

indicated in Fig. 1. The dynamical equations of motion for the

connecting rod are then as follows:—

R . S e AP ©)
d4 .
Mﬁézh—ﬂ.“u“”””””“_”““”ﬂm
7 < U s "
In'?zfjg':(L—l) sine X, +1sina X,
—(L—l)cose Iy—lcos e ¥, ... (11)

Since we are considering the forces arising from acceleration only
and the external force causing this acceleration is supposed to be
supplied by a part of the pressure on the piston through the
instrumentality of the crosshead pin, it is evident that there can be
no resistance in the direction of motion of the crank pin, acting on
the connecting rod at the crank pin.  We have, therefore, equation of
condition ‘ :

Aysinf+ Yoeos60=0. ...................... (12)

In the equations above, 4/ is the mass of the connecting rod and

Iy its moment of inertia about an axis passing through the centre of

gravity and perpendicular to the plane of motion.

insuflicient to produce the force X, at the crosshead pin, the defficien- |

ey will be supplied by the inertia of the crank shaft and other rotating l

part, acting through the crank arm and finally at the erank piny  Jn

this case the equation (12) does not hold ; in fact the piston effort and
consequently the erank pin effort will heve be negative. \
Again if the pressure on the piston become nothing or negative
as in most gas engines and oil engines, it is the inertia of the flywheel
and crank shaft that canses the acceleration of the connecting rod.
It is evident that in this case there can be no resistance in the direc-
tion of motion of the crosshead pin, acting on the connecting rod at
the crogshead pin. We have, therefore, an equation of condition
3 S O (127
From the four equations, namely, (9), (10), (11) and (12), we
can determine the four component forces and then knowing the pres-

sure on piston, a complete investigation relating to the forces and
speed can be made.

Take the equation (111 first. It can be written thus

2 )

I”gig =Lsin v X, —Leos ¢ ¥,
+1sin o (X,— X,)+1cos a (¥Y,—- 7).
Substituting the values of X,—X, and Y,— Y, given by the
equations (9) and (10), we obtain

i %8 o
IDCZ: lﬂf(smacl{x + COS ¢ ?f/)

=L(sina X; — cos « X)).

\\
\
i

|
|
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Making substitutions from equations (5) and (7), we obtain after
reduction '

d-

8 gF TR w*Isin (f4a)= L(sin Z Xi—cos a 1)),....(13)

where I,=1,+PM= the moment of inertia of the connecting rod
about the axis of the crank pin as the axis. Trom the equation of

condition (12), we have.

Y,=—2X, tan .
Putting this value of ¥, in the equation (10), we have

M%? o b

Eliminating X, between this and the equation (9), we have

rlcc

M(cosﬁ 27 st ) X, sin 0+ ¥, cos f.

df*
* Substituting the expressions given by (5) and (7'), we obtain
after reduction
MEBw Klsin §=L(sinX;+ 6 cos¥ Yl)
where for simplicity we put

weos 26 +sintd

K= cos 6+ =
- (n*—sin*0)*

Eliminating Y; between (13) and (14), we obtain
LX, sin(f+ ) B

‘ b -
m—_I;d:i- cost) +{ M Rw* { Ksintlcos a + cos @ sin (04-«) { ..(15)

This determines the value of X,.

_ Eliminating X, between (18)
and (14), we obtain

LY, sin (6+4)

da.

=l— TF sinf + I MBw*{ K sin ¢ sin « +sin Asin (A+a){ ... .(16).

This determines the value of ¥,
The equation (11) can be written in the form

d*a

I — TE =(L-0)sina (X —X;)—(L—1) cosa(Y;— Y2)
+Lsina X,— Lecosa Y.
Substituting the value given by (9) and (10), we have
dyy
i)

=L(sina X,—cos a V).

A dl; +(L—-1 M(Sln 2 EH + cos -

Again substituting the expressions given by (5) and (7), we obtain
I, —(L=1)T M %‘; —(L—=1) MR w*sin (#+ o) .
=IL(sina X, —cos a Y.,).

But the equation of condition (12) gives

Y,=—X, tan .
Hence we obtain
L X, sin (0+a)
={Lh—(L—- Z)M 7}

u

clt*’ cos
A7)
This determines the value of X,. These equations are too com-
plex for practical application.
If we assume as an approximate ‘truth that the force arising from

the translational acceleration of the connecting rod parallel to the line of

f —(L—1) MR o* cos fsin (8 +a). |

|
|

|
|
!
|
1
|
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stroke acts at its centre of gravity, then the equation (9) at once
enables us to determine that force; for using the value of the ac-

celeration given by (6), we have the translational resistance of the
connecting rod equal to

4
"—W(d )%Pc056’+ T n cos2ﬂ+sm b %!
- (n? —-511126)'«
where W is the total weight of the connecting rod. But since nR= Ls

if we put .I=I+ L, the above can be written as follows :—

N _ 2008 26 4 sint §
—%(1-—.Z)Wcli’mzcos()—%.lW;Rmzicosﬁ-i— o0 o B }

(n? —sin’) ¥

The last expression within the twisted brackets is the same
factor as in the expression for the acceleration of crosshead and piston.
Hence we conclude that so far as the translational inertia of the con-
necting rod parallel to the line of stroke is concerned, the effect is
just the same as if its entire mass were concentrated at the centres
of the crosshead pin and the crank pin in the inverse ratio of the
segments into which the centre of gravity divides the length between
the two centres.

Now let W,= the weight of the piston, piston rod and cross

head; W,= the weight of the unbalanced part of the crank webs,
eccentrie dises, &e. Then the total resisiance due to translational
acceleration of the whole moving parts may be separated into two
parts. The first part, which is due to the simple harmonic motion in

the line of stroke, is

;13 Wtk (L= D)W+ . T W,+ W,} Ro* cos 0,

i €. }—( 7 Wi+ W.+W,) R o* cos 4.
and the second part, which arises flom the angularity of the con-

necting rod, is

)

_l_( ZW—I—W)P , W cos 20 4+ sin’
(n*— sm“ﬁ)”

In these expressions .- is the distance of the centre of gravity of

Wy from the axis of the erank shaft, expressed in fractions of crank

length. Putting w=R(1—cos f) for the distance through which the
projection of the crank pin on the line of stroke moves from the
begmnmg of stroke, the expression (4) takes the form
E( W+ Wt W) (R—z). ... ... ... . . ... ... (4')

Hence this part of the resistance can be represented by a straight
line. TIn Fig. 2, let 40B be the diameter of the crank pin circle on
the line of stroke; OP a position of
crank; PM a perpendicular from P on
Take CB=AD=
the expression (4') with = equal to

to the line of stroke.

zero and 2R, vespectively, at right

angles to 40B. Join (OD. The
ordinate of this straight, then, repre-
sents the resistance (4). Now for the

second part B, we first transform the

term containirg ¢, thus:—

- n'cos 20+gintd
£lo)= oo Pt ey
(n*—sin*f)*
__#*(cos’ —sin®f) +sin*f(1 —cos™f)

= ;
(n*—sin’d)?




cos*f(n’ — sin’6) — (n*—1)sin*d

(n*— Sin"’ﬂ)%
__ cos*l—(n*—1) tan’
- 1 COS &
2y (VLI'—R? tan o)
5 R cos*t — e {
T akR CoS «

Now in Fig. 3 let OP be the crank, P(' the connecting rod and
OC the line of stroke. Draw OD at right angles to OC and meeting
the crank pin cirvele in . TFrom D set off DE equal to the connec-
ting vod length, cutting the line of the stroke in X and draw EF
parallel to OP and meefing 0D in F. Take O@ equal to OF and
draw HG@ parallel to 4F. Then we have

OF=0F tan a
V=DE*< 0D tan «
v =I*~Rtan a
But by construction, we have

_ (Vv IP—R*tan «)?
= v .

Now draw PM perpendicular to OC and MN perpendicular to
OP. Then we have

ON=0Mcost
=(0P cost)) cos
=R cos’ b, ;
i ' S | ON—OH
Hence we have SfO=— e

Take OR equal to ON. Set off LK equal to the length RH and
draw KL at right angles to FKO, meeting EF in L. Then we have
ON—-OH

cos a
The expression B, therefore, becomes

nlg( AW+ W,)w* 1 (B

If, in Fig. 2, the accelerations CB.and AD at the dead centres |
were drawn to the scale

—4p— (Wt W+ W)
CB=AD= =TI,

then in order to obtain the curve of resistance due to translational

FL=

acceleration, we have simply to set off $7'in Fig. 2 equal to ZL in Fig,
3. A number of such points as 7' can be found to complete the curve,
The effective piston effort diagram and the corresponding crank
pin effort diagram can now be drawn without difficulty.
In modern high speed single acting steam engines and in gas and oil

engines, the effect of inertia of moving parts forms an important matter,

oOH OF .
OG T 04 and some of the equations above given may be of use in checking the
OF OF. 0G OF: result of ordinary caleulation or graphical determination of the forces
- o4 — R due to acceleration.
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