
Presiden t: Sir David G ill, K .C .B ., F .R .S ., etc.

Discussion on “ The Telemotor.”
B y Mr. W. G. GIBBONS (Member).

M onday, November 7, 1910.

C h a i r m a n  : Mr. JO H X  M cLA REN (Member of Council).

Chairman : We have before us to-night a paper on “ The 
Telemotor,” which was read a t the Engineering Exhibition 
a t Olympia. Mr. Gibbons will be very pleased to answer ques­
tions on any points which require explaining, and I  shall be 
pleased if some members will now open the discussion.

Mr. Jas. H o r n  : Perhaps Mr. Gibbons will further enlighten 
us as to the arguments for and against the side and central 
springs. There are little difficulties in connexion with the 
different systems, and I  do not think it would be out of place 
to  receive a few hints on the good points of each. The by­
pass is an im portant part, and it would be useful if we had a 
few more details about it.

Mr. A. P. W illia m s : In  the event of a breakdown in this 
Telemotor arrangement, say a burst pipe, is there any m ethod 
of finding -where the leak is in a few hundred feet of piping ? 
In  a recent case we had to stop the telemotor and use the 
hand gear until we had the casing down to find the leak. We 
discovered it eventually by the water dripping out of the casing 
on deck.

Chairman : There is a point in connexion with the springs 
which is no t quite clear to me, and th a t is the question of the 
helm  and the cylinders centring themselves throughout,
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That is an im portant point and Mr. Gibbons will perhaps 
explain it further.

Mr. H ow ie : In  the event of there being no glycerine avail­
able, I  presume the arrangement would work very well with 
fresh water only.

Mr. G. W. N e w a l l  : I understand the glycerine would be 
used in cold weather to  prevent freezing.

Mr. G ibbons : Yes, in cold weather.

The H on. S e c r e ta r y  : I think most of those present 
are under the disadvantage of not having had experience with 
the telemotor. I  saw one of the first th a t was used, and, as 
Mr. Gibbons explained in his paper, it  has been very much 
improved since then. One great disadvantage a t first was 
th a t the quarter-masters were a little a t sea in the using of i t ; 
the action was easy, and the response quick compared with the 
old gear ; then the by-pass cock-lever was very often used as a 
foot-stool inadvertently, with the result th a t the telemotor 
got out of gear altogether. That has been rectified in the 
more recent developments, and in the last few years it has 
worked exceedingly well, and given no trouble on certain ships 
I  am acquainted with. I  should say it is very rare to have 
an experience of a burst pipe. The pipes leading aft are usually 
exposed, so tha t, in the event of a leak occurring between the 
telemotor on the bridge and the gear aft, it would a t once 
show itself. The pipes are not enclosed, bu t simply run along 
the pipe line on deck. The telemotor might be used for a 
variety of purposes apart altogether from the steering engine. 
I t  might be a means for actuating machinery of all kinds, and 
it is a great contrast to  the shaft and pinion gear w ith the 
rods led from the bridge, down through the bunkers possibly, 
and along a circuitous path  to the steering engine, with multi­
plication of pinions and risk of material, including rats and 
coal, getting about the gear to jam b it. From the first it was 
a great improvement over the old gear, with the rods and 
mitre wheels, and from experience of the telemotor of recent 
years, I  should say it is a very great improvement. The gly­
cerine used is the commercially pure glycerine, mixed with 
pure water, preferably distilled. Glycerine is, of course, quite 
essential in frosty weather, bu t I  apprehend th a t clean water
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w ould do equally  well in the  event of there being no liab ility  
to  fro st in th e  la titudes the  ship was going in.

Mr. W illiams : I  do n o t quite see from  the paper w hether 
there is any  in itia l pressure on the whole system  before the 
handle is m oved either way, or w hether the  m otion of the 
p iston tran sm ittin g  gear is relied upon only. I  should also like 
Mr. Gibbons to  explain how, when the  quarte rm aster lets go 
of the  wheel, the  tiller re tu rns to  the  m id-position.

Mr. B owie : I  have had  experience of two jobs w ith  the 
telem otor, and  have never had  an y  trouble w ith  it. The only 
po in t w here there  was th e  slightest difficulty was in  re tu rn ing  
the p iston  to  the  central position. In  cold w eather like th a t  
experienced in the  S tra it of M agellan, there  is a tendency  for 
the  m achine to  become sluggish, and  there is a slight difficulty 
in it  having a tendency to  re tu rn  to  the m id-position when 
p u ttin g  the  wheel “ h a rd o v e r ,” b u t I  th in k  th a t  was p a rtly  
due to  the  springs becoming com pressed, and  if the  load  on 
the  springs is reduced when fully compressed, th a t  difficulty 
would be done aw ay w ith. The only real trouble I  have had  
is w ith  people who do no t understand  the  telem otor interfering 
w ith  it. There is always a certain  am ount of leakage w ith  the 
pistons a t  the  engine, b u t n o t much. I t  would be a good 
th ing, in connexion w ith  the pins for th e  disconnecting gear, 
if one pin only could be supplied instead  of two. Otherwise I 
have no fau lt to  find w ith  the  arrangem ent a t  a l l ; i t  works very  
well indeed.

Chairman : Personally  I  should like to  hear from  Mr. 
G ibbons ab o u t the  pipe leads in some of the  ships fitted  up 
w ith  th is  in strum en t, because som etim es there is a g reat deal 
of tw isting  from  the  wheel house to  rig h t aft. E ven  w ith  
glycerine and  w ater, w ith  a h ard  frost I  should th in k  there 
would be trouble.

Mr. B owie : There is only one th ing  I would like to  po in t out. 
In  charging the system  care has to  be taken  th a t all a ir is 
elim inated from  the pipes. I t  should be worked freely until 
the  air bubbles out. If  any  air gets in a t  the  bends there  is 
troub le sometimes. I  would suggest th a t  perhaps small 
air cocks would be beneficial.

Chairman : W hen you consider the different clim ates the
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ship passes through and  the different expansions of the  gly­
cerine, i t  would seem to  be ra th e r h a rd  to  expel all the  air 
and  leave the  glycerine solid.

Mr. B ow ie : This is partly  made up. There is always a 
slight leakage and it only requires to open the cock on the tank  
for a few minutes to get over that. When the arrangement 
gets slack there is a backlash on the piston, so, if cocks were 
fitted on I do not th ink there would be any trouble.

Chairman : A nother po in t is to  keep the  pistons tigh t. T 
should th in k  th a t would w an t close a tten tion .

L

Mr. B owie : I t  runs very  well w ith  leathers.

Chairman : I  will now ask Mr. Gibbons to reply to the various 
points th a t have been raised.

Mr. Gibbons : There are no very  serious questions to  be 
considered. Mr. Howie rem arked abou t the springs. The 
original telem otor had  two springs, as shown in the  first illus­
tra tion . T h a t was in  use up to  abou t th ree and  a half years 
ago, and  the  reason we dropped it  and  adop ted  the one central 
spring, was the  difficulty in getting  two springs to  give equal 
resistances under very  heavy  loads. A large num ber of springs 
were ordered together and  p u t in the shop. They w'ere then 
tested  one w ith  another un til th ey  were paired off as nearly  as 
possible. Occasionally th ey  broke, and  then  the  trouble was 
to  get a suitable one to  m atch  the  unbroken one. The factor 
of safety  w ith  the tw o springs was ab o u t two, while in the 
new arrangem ent the factor of safety  is over eight. W ith  
the  tw o springs the standard  compression a t  m idships in  a 
large ship was 1,000 lb . and  w ith  the  new one-spring arrange­
m ent it  is the same ; while a t  hard-over i t  was 2 ,0001b., and 
w ith  the  new single spring i t  is 1,400 lb., a reduction  of 600 
lb., thus considerably reducing the  pull on the  wheel and, of 
course, the  hydraulic pressure. I t  represents 260 lb. per sq. 
in. to  p u t the  gear h ard  over, whereas i t  used to  be 380 lb. 
In  the  case of sm all ships the  spring is only compressed to  
675 lb. now, and  the  hydraulic pressure is of course reduced in 
p ro p o rtio n .

W ith  regard  to  the by-pass, Fig. 9 shows th e  arrangem ent 
in  use up to  ab o u t th ree years ago. The trouble w ith it was 
th a t  an  opening of :!’._,in. extended righ t round the cylinder,
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w ith  a radius on the corner, and  the leathers tended  to  get in 
due to  the fluid passing th ro u g h . If the  piston  is o u t of position 
there is a tendency for the fluid to  flow through  and  tu rn  the 
leathers in  to  th e  by-pass opening. A bout th ree years ago 
we m ade the by-pass consisting of parallel rows of small holes 
re in. d iam eter and  £ in. p itch . W e have k ep t in  touch  w ith  
120 of these and  there  has n o t been a lea ther changed up to  the 
present, so far as we can hear. W e asked all those in  charge 
to  le t us know how th ey  w ent on, and  there  was only one who 
reported  having  changed the  leathers, and  he, afte r i t  had  
been running  for ab o u t eighteen m onths, changed them  
because he th o u g h t it  be tte r, as the  old ones had  been in long 
enough. A nother po in t ab o u t i t  is th a t  i t  enables the  cylinder 
to  be m ade in one piece. W ith  the  old arrangem ent there 
were one or two jo in ts and  occasionally people p u t a jo in t 
in and  were n o t careful in doing so, w ith  the  resu lt th a t  the 
cylinder was throw n ou t of alignm ent. W ith  reference to 
working w ith  w ater, condensed steam  is the very  best th ing  
to  use, and  glycerine is only used when there is a danger of 
freezing. Condensed steam  is preferable to  fresh w ater. W e 
alw ays recom m end a proportion of one of glycerine to  
two of distilled w ater. T h at m ixture will work very  well 
down to  ab o u t 12° F ., th a t  is 20° below freezing point. On the 
R ussian ice-breaker, the Ermach, th ey  use 40 degrees glycer­
ine and  the  pipes are on deck. They used it  for tw o years, 
and  said the  m ix ture  was never frozen. I  do n o t know w hat 
tem peratu re  th ey  had  it down to, b u t it was very  low. W ith  
reference to  doing w ithou t glycerine, th a t  would be all righ t 
except where the  pipes were on deck in  frosty  w eather. M any 
people only use 25 per cent, glycerine. W e supply  a glyeero- 
m eter and therm om eter, so th a t  one m ay te s t w hat proportion 
there is. These instrum ents were supplied because we som e­
tim es had  com plaints th a t  the instrum ents w orked stiffly, and  
on investigating the m atte r it was found th a t  the  pipes con­
ta ined  nearly  pure glycerine. They were alw ays p u ttin g  in 
glycerine, and  as the  m ix tu re was coming ou t an d  the  pure 
glycerine going in, the m ix ture in tim e became m uch too 
stiff. Nowadays, w ith  the  glycerom eter, there is no reason for 
getting  either too m uch or too little  glycerine in  the  pipes. 
W ith  regard  to  the position of leaks in pipes, I  do n o t know 
of any  w ay to  find them  except by  pum ping w ater through 
and  looking to  see where the leak shows itself. B u t I  th ink
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th a t  cases of bu rst pipes are very  rare  ; we hard ly  ever hear of 
any.

Mr, W illiams : The case I  referred to  happened to  be a la te ra l 
burst.

Mr. Gibbons : W as it broken or dam aged from  outside 
causes ?

Mr. W illiams : I t  was through th e  action of the  gear itself. 
The pipes were pro tected  in a wooden casing. We p u t a new 
section of pipe in.

Mr. Gibbons : The pipes we supply are very much heavier 
than others we have heard of. We have had a pressure of 
over 5,500 lb. per sq. in. upon our pipes, and could not burst 
them, although it burst the pump and gauges. The working 
pressure under the worst conditions is about 300 lb. The pipes 
are only f  in. bore and over Lin. thick, so th a t you can estimate 
their strength. There have been pipes broken in twro. In  the 
case of a new ship one of the pipes was broken. In  the drawing 
the pipe was shown in a loop about 15 in. high to allow for an 
expansion joint in the ship, but in fixing it up it was stretched 
tight across the expansion joint.

Mr. W illiams : The burst occurred ju s t after heavy w eather.

Mr. Gibbons : I  do no t th in k  it would be broken by working 
i t  even under heavy  w eather conditions, except through there 
n o t being enough length of pipe allowed for the working of the 
ship in bad  w eather. With^ regard  to  the  in itial pressure in 
the system  ; of course when th e  telem otor tran sm itte r on the 
bridge is in the  m id-position, the  pressure is equal on both 
sides, b u t you m ay have a pressure of 50 to  60 lb. on the  system . 
T h at is due to  the relief valve being set on the pipe up to  200 
lb. pressure. The telem otor always slightly  overcharges itself, 
due to  the  compression of the fluid on one side when working. 
W ate r is slightly  compressible, and  the pipes, etc., expand 
slightly. T h a t is w hy the  two valves were placed on the by ­
pass. Y ou will notice on the  original telem otor shown in 
Fig. 3 those tw o valves were placed a t  each end of the tran s­
m itter. The function of these valves really  is to  allow the 
excessive pressure to  get ou t and  the fluid to  come in when 
w anted. Now we p u t the  valves on to  the by-pass, so th a t
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when th e  p iston  passes ou t of the  by-pass, the  valves are cu t off, 
so th a t  th ey  do no t affect the  working in any  w ay. In  fact 
it  does n o t m a tte r w hether the  valves are there  or n o t except 
when charging up, provided the  supply  tan k  is placed well 
above the  highest po in t of the system . The cock a t  the  bo ttom  
of the  tan k  should be kep t open all the tim e, except w hen charg­
ing.

Mr. B owie : I have found it  sh u t on several occasions.

Mr. Gibbons : I t  is very  essential th a t  i t  should be kep t 
open. In  the  original design there was a by-pass cock which 
the p resen t by-pass valve replaces. This by-pass cock 
was originally fitted  so th a t  should the  receiving cylinder 
get back to  its  m idship position th rough  leakage while the  
tran sm itte r on the  bridge was p u t hard-over, i t  w ould be pos­
sible by  opening th e  by-pass cock, to  bring the  tran sm itte r 
back to  its cen tral position w ithou t tem porarily  p u ttin g  the  
steering gear over the  opposite way. This la t te r  would take  
place owing to  the  p iston  in the receiving cylinder being forced 
from  its cen tral position (to which it  had  leaked back) b y  th e  
tran sm ittin g  piston  on its w ay to  its  cen tra l position. W hen 
the au tom atic  by-pass was opened the  receiving cylinder and  
its gear would be correctly  centred  to  m idship position b y  the  
large springs. Now we have on the  by-pass a strong  valve. 
On Figs. 7, 8 and  11 you will see a wheel on the  by-pass w ith  
the  inscription upon it ,  “ Keep this valve sh u t.” I  have 
never heard  of a case where it has had  to  be used owing to  the 
leakage and  getting  ou t of correspondence. If  people are 
allowed on the  bridge th ey  som etimes tam p er w ith  the  valve, 
so th a t  m any  take  the  wheel off altogether. The only tim e 
i t  is useful is when in po rt, when it  m ay  be opened and  left 
so. Then should any  one pull round  th e  wheel for cleaning 
or o ther purposes no thing is m oved aft. Mr. Adam son spoke 
of the  pipes being exposed. We always recom m end to  lead 
th em  th rough passages where th ey  can be seen. Mr. Bowie 
referred  to  th e  disconnecting pins. Only one is supplied, 
b u t some engineers m ake a spare one, which is ra th e r a bad  
th ing, we consider, as if there are  tw o pins one is liable to be 
placed in the telem otor control lever and  the  o ther in th e  m e­
chanical s tan d ard  control lever, w ith  th e  resu lt th a t  th e  gear 
would be locked. There is never any trouble w ith  ah' in the
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pipes, provided of course the charging tan k  is kep t so full th a t  
the pum p cannot get air when charging up. W ith the large 
pum p now supplied you get over any  air trouble. W ith  refer­
ence to  the  pipe leads, th a t  is a po in t which, w ith  the  tele­
m otor, does n o t m atte r so long as th ey  are reasonably acces­
sible and p ro tected  from  dam age and great heat. T hey m ay 
be tw isted and ben t round in any  position. In  the  case of the 
Lusitania, there is a length  of 810 ft. from  the  tran sm itte r to  
a ft, and  a boy eight years old was able to  p u t the  steering 
gear hard-over when going a t  full speed. I  m ay say th a t  a 
leaky pipe or jo in t is nearly  unknow n and  w ith  the large num ber 
of telem otors we p u t ou t now (upw ards of 100 th is year) we 
have n o t heard  of th ree cases of jo in ts or pipes giving w ay 
and  leaking in the las t five years.

The H on. Secretary : It would probably be interesting 
if the author described the process of charging up.

Mr. Gibbons : In  charging up the  appara tus on a new ship 
we always recom m end to  p u t clean w ater in the charging 
tan k  ; disconnect the pipe where it goes into the  tran sm itte r 
on the  bridge, and  pum p through. Then connect up to  the 
tran sm itte r and  disconnect the pipe leading from  i t  to  the 
receiving cylinder a ft, and  pum p th rough to  take th e  d ir t out. 
Then connect up, d ra in  out the w ater, p u t in  the  fluid and 
pum p through. I t  is quite a simple thing. W ith  the tran s­
m itte r on the bridge the leathers can be changed w ithou t any 
recharging w hatever. I t  will charge itself, in  fact some of our 
men never use a charging pum p when changing leathers.

The H on. Secretary : Is your new pump a lever pump ?

Mr. Gibbons : Yes. I t  is fixed up against th e  receiving 
cylinder aft and it is the same pum p th a t is used for the re ­
versing engines. I t  is arranged so th a t  an  ord inary  m an can 
p u t on a pressure of 600 lb. per square inch.

Chairman : In  pum ping up a new machine is there any 
difficulty in getting  the air out.

Mr. Gibbons : None w hatever. The pipes are only -|-in. 
bore and  the pum ps are so large. As a m a tte r of fact we use 
the same pum p for f-in. pipes, and  never have any  trouble. 
E ach stroke of the pum p accounts for 5 ft. 6 in. of the f-in.
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bore pipe and  will carry  the  fluid righ t p as t the bends. In  
some of the ships the pipes rise and  fall 40 ft. and  go up and 
down and  bend in all directions. W hen the  Lusitania  and 
M auretania  were first fitted  up, i t  took under an  hour to  
charge each of the  tw o sets used. In  each of these vessels 
there is a  lead of piping on each side and  tw o telem otors on 
the  bridge. The A dm iralty  requirem ents are th a t  there shall 
be two independent m eans of steering.

The H on . Secretary : Does it  obviate the necessity of 
having tw o engines ? I  presum e not.

Mr. Gibbons : I t  only m eans duplicating the control. In 
the  Lusitania  there are tw o steering gears, and  either of the  
forw ard telem otors will do for either of the  steering gears. 
I t  is only  necessary to  m ake the  change from  one to  the  o ther. 
There are tw o duplicate telem otors, either of which can control 
the steering gear. In  w arships such as the  Dreadnoughts there 
are  sometimes th ree telem otors, two steering engines and 
tw o a ft receiving cylinders against each steering engine.

The H on . Secretary : Is i t  used for any  o ther purpose ?

Mr. Gibbons : Only for working the  helm  signals. One 
great difficulty we have is to  persuade people th a t  the te le­
m otor does n o t steer the ship. I t  only controls the  steering 
engine and m akes it do the  work.

Mr. H owie : In  charging these pipes is there n o t a cock 
needed to  le t the air out.

Mr. Gibbons : The only air ou tle t necessary is the screw on 
the top  of the tran sm itte r, when the  receiving cylinder is 
placed horizontally , as it  p ractically  alw ays is in the m ercantile 
m arine.

Mr. W illiams : W ith  regard  to  the pipes tran sm ittin g  to 
th e  receiving cylinders, are these supplied solely by the 
m akers or are o ther firms allowed to  supply  them .

Mr. Gibbons : On two occasions only o ther firms have sup­
plied them  to our telem otor, b u t since these we prefer to  supply 
them  ourselves.

Mr. G. W. N ewall : M ight I  ask how, in the  by-pass 
arrangem ent, you m anage to  drill the  holes from  the  inside ?
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Mr. Gibbons : I t  is done by a special m achine w ith  a  special 
spacing arrangem ent.

Mr. N ewall : W h at is the d iam eter of the cylinder ?

Mr. Gibbons : The diam eter of the  present telem otor is 
2J in.

Mr. N ewall : M ight I suggest th a t  the instructions for 
charging up be p rin ted  along w ith  the  discussion. As there 
are m any ships which appear to  have the arrangem ent on board, 
I  th in k  i t  would be of value to  include th a t. [These in ­
structions are appended.]

The m eeting concluded w ith  a vote of thanks to  Mr. Gibbons, 
on the  proposal of Mr. Howie, seconded by Mr. Newall.

C on tribu ted  by Mr. W. W . Adamson (A ssociate):—
I t  has been said th a t  “ the function of h isto ry  is to  forecast 

the  fu tu re ,” and  in teresting  as is the  evolution of the  tele­
m otor, i t  would have enhanced the  value of th is paper if the 
au th o r could have given some experiences of the  device as 
it has been applied to  electric steering gear. This need for a 
good electric steering gear has been p u t forw ard as th e  p rin ­
cipal engineering objection to  gas engine electrically driven 
auxiliaries, and  th e  telem otor appears to  be especially fitted  
to  ac t as a m otor control. A lthough the telem otor is so 
sensitive in its  action, its  applica tion  to  the  engine room  
telegraph is som ew hat delayed, no tw ithstand ing  its ad a p ta ­
bility  for registering the  signalling a t  any  p a r t of the ship and 
for doing so on a tim e card  recorder for steering and  manoeu­
vring purposes. I t  is g ratify ing to  th in k  th a t  the  em bargo 
placed upon a too eager probing in to  the  science of telem otoring 
is more s ta ted  th an  im plied in the  rem ark  th a t  “ the  invention 
was a t  first regarded as altogether too scientific and  refined, 
and not to  be understood by  the  average sea-going engineer.”

Mi-. Gibbons : W ith  reference to  the  telem otor being used 
for controlling an  electrical or o ther gear, th is can be quite 
easily done. In  fact we have an  experim ental electrical 
steering gear in our works th a t  is arranged  for control and  is 
being controlled w hen experim enting by a telem otor. H y­
draulic steering gear, as will be well known to  some of you, has 
been controlled by telem otor for a considerable num ber of
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years, and there are still some ships running th a t were fitted 
with this upwards of tw enty years ago. W ith regard to the 
working of engine room telegraphs, etc., by telemotor, a British 
warship was fitted a considerable number of years ago with 
our late Principal’s “ Telemotor Engine-Room Telegraph,” 
and this I  believe worked quite successfully for a time, bu t 
the indicator in the engine-room had a tendency to  leak back 
to the central position. I  believe it is quite possible witli our 
present knowledge and appliances for making gear of this 
description, to  produce a telegraph worked by telemotor, 
th a t would be much more reliable than  the one supplied then, 
bu t as there is always the probability of the receiving gear 
tending to leak back to  its central position when allowed 
to stand over long periods, such as telegraphs do, I  fear there 
is no t much chance of getting it  adopted again. In  the case 
of the steering gear, the wheel is always more or less passing 
about its central position, so th a t the gear is being autom atically 
corrected, whereas an engine-room telegraph often stands 
for days, in some cases weeks, a t one position. I t  is possible 
there may be developments in this direction before very long, 
but I  am unable to say more on this m atter in the meantime.

IN S T R U C T IO N S  F O R  C H A R G IN G , A D J U S T IN G , A N D  W O R K IN G .

I t  is  o f th e  u tm o st im portance th a t  all jo in ts  be w ater-tig h t, as any  
leak age w ill e m p ty  th e  sm all tan k . A fter  all th e  p ip es are coup led  
an d  th e  con n ex io n s m ade to  cy lind ers an d  to  ta n k  in  w h eelh ou se, c lose  
th e  cook  u n dern eath  th e  ta n k  and  fill to  a b o u t one-th ird  full w ith  
fresh  w ater. F or co ld  c lim ates, ad d  30 per cen t, g lycerin e, w h ich  
keeps th e  parts lub rica ted , and  w ill resist frost to  a b ou t zero F ahren heit. 
(See ta b le  o f freezing tem p eratures o f variou s m ix tu res of w ater and  
glycerin e a t  end .) P u t th e  h an d  w h eel in  m id-gear, w h ich  w ill be  
seen  b y  th e  poin ter com in g  b etw een  th e  tw o  zero m arks o n  ind icator. 
T h is opens th e  b y -p a ss b etw een  th e  to p  an d  b o tto m  ends of th e  
cy lind er, and  a llow s th e  w hole sy stem  to  be charged b y  one operation  
from  th e  after  part o f th e  sh ip .

O pen th e  eocks o n  th e  side of th e  cy lind er K  or m otor  cylinder, and  
see  th a t  cock s J 3 an d  J  4 are open. W h en  pu m ping , great care should  
b e  ta k en  th a t th e  liq u id  in  ta n k  Z never g e ts so low  as to  a llow  th e  
p u m p  to  draw  air, as th e  good  w orking of th e  gear depends up on  th e  
air be ing  exp elled . T he liq u id  w ill sh o rtly  b e  seen  to  run from  th e  
sm all p ip e  b ack  in to  th e  ta n k  Z, b u t th e  pu m ping  m u st be co n tin u ed  
for  som e tim e, sa y  three tim es as lon g  as i t  to o k  to  com e back. B y  th is  
tim e  th e  air should  nearly  all h a v e  been  driven  o u t, and  each  strok e
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o f th e  pum p sh ould  sh ow  a  corresponding rush, and  n o t a  continuous  
flow  b ack  through  th e  return p ip es to  th e  tank .

B ein g  satisfied  as to  th is , th e  air cock  J 1 on  th e  to p  of th e  cylinder  
should  be closed , and  a  sligh t b u t continuou s stra in  k ep t on  th e  pum p. 
N o w , go  forw ard to  th e  w heelhouse, an d  on th e  v a lv e  casing  cover  
on  th e  tra n sm ittin g  cylinder A  w ill b e  seen  a  brass p lug W 1 ; rem ove  
it , and  press dow n th e  sp in dle  o f th e  in le t  v a lv e , w h ich  is  im m ed ia te ly  
underneath , w h en  th e  liq u id  w ill rush u p  ow ing to  th e  pressure being  
k ep t on  b y  th e  pum p from  aft. W hen  th e  casing is  q u ite  fu ll, and  no 
m ore air bubb les u p  screw  in  th e  p lu g  W 1 ; also th e  p lu g  A 1 on  th e  
top  of th e  tra n sm ittin g  cylinder sh ou ld  be slacked  b ack  to  a llow  a n y  
air im prisoned  in  th e  cylinder to  escape, afterw ards t ig h ten  up  th e  
p lu g , close th e  cock  J 2 on  th e  under side of th e  m otor cylinder K , 
w h en  th e  in sta lla tio n  w ill b e  fu lly  charged ; open  th e  cock  V  under­
n ea th  th e  ta n k  U , and  all is read y  for use. T he ta n k  U  in  w h eelhouse  
sh ould  be k ep t ha lf full.

T he gear m a y  now  b e  tried  b y  p u ttin g  th e  w heel over to  port and  
starboard, and  notic in g  a ft if  a  corresponding m ov em en t tak es p lace  
in  th e  p isto n  of th e  m otor  in  cylinder. Should  it  n o t respond on one side  
or th e  other, th en  an  in tern al leak age m a y  be su sp ected  ; in  w h ich  case, 
exam in e th e  leathers in  th e  te lem otor an d  m otor cylinder.

T o ta k e  o u t for ex a m in ation  or renew al th e  leathers on th e  p iston  
B  (a section  of th is  p isto n  w ith  its  leath ers, springs, nu ts, e tc ., is  show n  
to  a  larger scale in  F ig . 7), i t  is  o n ly  n ecessary  to  rem ove th e  cylinder  
cover an d  turn th e  w h eel so as to  bring th e  p isto n  up. T he rack is 
su fficien tly  long  to  enable  th e  p isto n  to  be run up  righ t o u t o f th e  cylinder  
a nd  so b e  easily  g o t at. I f  th e  b y-p ass, v a lv e  T , is  opened, and  th e  
cover le ft on u n til th e  p iston  com es aga in st it , th is can  be done w ith  
l ittle , if  any , loss of fluid. To g e t a t th e  leathers in  th e  after cylinder  
K  (Fig. 8 show s th e  p isto n  w ith  its  leathers, springs, n u ts, e tc ., to  a 
larger scale), i t  is  necessary  to  sh u t v a lv e  J 4, rem ove th e  cylinder cover, 
slack  off and  rem ove th e  tw o  large n u ts th a t bear on  th e  to p  y o k e  P , 
w hen th e  p isto n  rod, e tc ., can  b e  draw n su ffic ien tly  far o u t to  exam in e  
or renew  th e  leathers. A s soon  as th e  p isto n  com es o u t o f th e  cylinder, 
v a lv e  J  3 sh ould  be sh u t, so th a t no m ore fluid m a y  be lost. I t  sh ould  
n ot be c losed  before th e  p isto n  is  o u t, or d ifficu lty  m a y  be experienced  
in  g e ttin g  i t  so. A ll th e  leathers used  for th e  tw o  p isto n s (four in  all) 
are e x a ctly  alike, w h ich  is  a  great ad v a n ta g e, as o n ly  one size  o f leather  
has to  b e  carried as spare in stea d  o f tw o  sizes as in  th e  older designs. 
Care sh ould  be ta k en  th a t a n y  new  leathers ob ta in ed  are th e  proper  
d epth , as th e  action  of th e  a u tom atic  b y-p ass on  th e  cylinder A  m a y  
be rendered inop erative , if  th e y  are to o  deep  and  cover th e  holes. 
T he leathers in  th e  p iston s th em se lv es w ill n o t cause a n y  troub le  un til 
a ctu a lly  w orn o u t, and  ev en  w h en  in  a lea k y  con d ition  w ill w ork qu ite  
w ell an d  keep in  correspondence w ith  th e  gear a ft, in  v irtu e  of th e  spring  
a lw a y s p u ttin g  th e  rudder in  a  fore and  a ft central position  w h en  the  
p isto n  en ters th e  b y -p a ss portion  of th e  cylinder.

T he in le t  and  relief v a lv es  in  v a lv e -b o x  W  are n ot w orking, but 
a u to m a tic , v a lv es  ; th e y  m erely  open  an d  sh u t as occasion  requires, 
to  a llow  for ex p an sion  and  con traction  of th e  flu id  in  th e  p ip es due 
to  change o f tem perature.
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A fter h a v in g  m ade a n y  repairs th a t  m a y  h ave been necessary, and  
before recharging, it  is a d v isab le  to  c lean  o u t th e  p o ck et underneath  
th ese  v a lv es , th e  purpose of w h ich  is to  co llect a n y  dirt or sed im ent 
th a t  m a y  ha v e  been  in  th e  liquid . T his is don e b y  rem ovin g  th e  brass  
plu g  in  th e  b o tto m , w h en  th e  sm all q u a n tity  o f liq u id  th a t  flow s o u t  
o f th e  p ock et w ill carry a n y th in g  w ith  it.

W hen first charging up after  erection  or after a n y  repairs or a ltera­
tio n s to  p ipes, e tc ., i t  is  ad visab le  to  d isconn ect th e  p ip es from  both  
cylinders and force clean w ater through them , so as to  w asli o u t an y  
dirt or other foreign m a tter  th a t m a y  be in  th e  p ip es, and  so p reven t  
i t  g e ttin g  in to  th e  cylinders and  v a lv e  boxes.

In  a d d ition  to  th e  stu ffing b o x  of th e  v a lv e  T , there are o n ly  three  
m ore— one on  th e  cylinder on  th e  bridge an d  tw o  aft— an d  as th e  
w ater pressure need  never ex ceed  250 lb. per square inch , there is no  
reason  for a n y  serious loss o f th e  flu id  in th e  tank . K eep  th e  stu ffing  
boxes fu ll o f greasy  c o tto n  packing, and  screw  up  as lig h tly  as is  neces­
sary  to  secure tightness, b u t n o t stiffness. I t  is  ad v isab le  to  occasion ally  - 
ex a m in e  th e  leath ers in  th e  te lem otor  an d  m otor  cy lind er a ft w h en  th e  
sh ip  is in  port. T he n ecessity  for th is  can  b e  ascerta ined  b y  pu lling  
th e  steer in g  w h eel hard over  to  p ort and  securing i t  there. T he m otor  
cy lind er w ill be foun d  to  h a v e  responded  to  sam e e x ten t. I f  th e  gear  
is  n o w  le ft, sa y  for half-an-hour, th e  spring in  th e  m otor-cy lin der w ill 
h a v e  m o v ed  th e  p isto n  tow ards m idsh ip  p o sitio n  if  there is a n y  leakage  
in  th e  port leather. A  sim ilar tr ia l m a y  b e  m ade to  starboard, wThich  
w ill te s t  th ese  leathers.

I t  need  n o t b e  ex p ected  th a t th ese  leathers sh ou ld  be qu ite  tig h t, b u t  
th e  m otor  p iston  sh ou ld  rem ain  over for sa y  ten  m in u tes w ith o u t an y  
serious m o v em en t tow ard  m idsh ip  position , th a t  be ing  a b o u t th e  
m a x im u m  tim e  th a t, in  practice, a  helm  w ou ld  be held  hard-over ; and  
so  a n y  lit t le  d ev ia tio n  d u e to  lea k y  leath ers w ou ld  be a t  once adju sted  
w h en  th e  steering  w h eel is  le t  go, th e  m otor  springs running i t  back  
to  zero, and  th e  b y-p ass a llow in g  th e  free circu lation  of th e  fluid.

F ig . 5 is  a  sec tio n  of th e  te lem otor  through  th e  cen tre  o f th e  sh aft, 
and  sh ow s a  screw ed p lu g  X . W h en  i t  is desired  to  ta k e  o u t th e  sh aft  
E  (the  ind icator b e in g  a t zero), th is  p lu g  is w ithd raw n and  th e  other  
en d  screw ed in to  th e  cy lind er u n til it s  p o in t enters a  recess in  th e  rack  
C. T he rack is th u s k ep t in  it s  cen tral p o sition  u n til th e  sh aft and  
th e  p in ion  are replaced.

Care sh ou ld  b e  ta k en  to  lub ricate  w ith  good  oil th e  variou s w orking  
p arts o f th e  gear.

A  G lycerom eter and  T herm om eter are su pp lied  w ith  each  in sta lla tion , 
so  th a t  i t  is  p ossib le  to  te s t  th e  ac tu a l proportion  of g lycerin e in  th e  fluid  
a t  a n y  tim e  w h en  th e  gear is  n o t in  use, b y  draw ing som e of th e  fluid  
o u t o f th e  circu it an d  te stin g  in  a  sim ilar m anner to  th a t  a d op ted  for  
ascerta in in g  th e  d en s ity  o f  th e  w ater in boilers, th e  G lycerom eter read­
in g  r ig h t off th e  p ercentage of g lycerine.
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