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The C h a i r m a n  : I t  is somewhat disappointing to the In s titu te  
th a t  we have not w ith  us Mr. E sk il Berg, who is the au tho r of 
the paper we are to hear read to-n ight. H e is, I  understand, 
a tten d in g  the tria ls  of the th ird  passenger vessel of the  la test 
type which has been bu ilt and completely equipped in  the 
U .S .A . for electric propulsion. W e are fo rtunate in th a t  we 
have w ith  us, in  the au th o r’s absence, Mr. W . J .  Belsey, of the 
B ritish  Thom son-Houston Company, of R ugby. H e has k indly  
consented to  take the place of Mr. E sk il Berg, and I  now have 
much pleasure in  asking Mr. Belsey to read the paper.

R ecently  electric propulsion has been applied to two large 
liners— in  fact, the la rg est passenger ships bu ilt in the U nited  
S tates of America. Both of these ships were b u ilt by the 
Newport News Shipbuilding Company and the complete elec
trica l equipm ent was designed and b u ilt by the General Elec-
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tr ie  Company of Schenectady, N .Y . These boats operate 
between New Y ork and San Francisco. The first ship was the
S.S. C alifornia, which made her m aiden trip  from New York, 
Jan u ary  28th, 1928, and has been in  continuous and m ost suc
cessful operation ever since. The second ship, the  S.S. 
V irgin ia , for the same line, had her m aiden trip  from New 
York, December 8th, 1928. The data of her perform ance 
during  the second trip  will be used in  this paper, as during 
th is run accurate readings were taken  of all the power used—- 
th a t is, readings were taken  every 15 m inutes of volts, amperes, 
power factor and k ilow atts. The power readings were also 
checked by in teg ra tin g  w attm eters, so th a t it is safe to say 
th a t the power of the ship was measured correctly w ith in  one- 
fourth  of one per cent.

P a r t i c u l a r s  o f  S.S. V irginia .
L ength  overall— 613 ft. 1J ins.
L ength on w aterline— 607 ft.
Length B .P .—586 ft. 4 ins.
Beam, moulded— 80 ft. 3 ins.
Depth to Shelter Deck—52 ft.
Load D raft to Bottom of Bar Keel— 33ft. 9£ ins.
Gross Tonnage—20,773.
D isplacement Tons—32,800.
D eadweight Capacity, Tons— 18,100.
Capacity of Fuel Oil, Tons—5,436.
R ated  Shaft Horsepower Continuous— 17.000
Speed— 18 Knots.
C ruising R adius a t 18 K nots— 16,000 Knots.
Passenger Capacity, F irs t Class—400.
Passenger Capacity, Tourist Class—400.
F re ig h t Capacity, Tons— 8,500.
R efrigerating  Cargo Capacity-—100,000 Cu. F t.

Propelling M achinery.—F o r the m ain propulsion there are 
installed two (2) steam  tu rb ine driven generators, having a 
ra tin g  of 6,600 k.w . a t 2,880 r.p .m . A t full power the 
voltage is 4,000 volts, and three-phase curren t is used.

Propelling Motors.— There are two (2) propelling motors, 
each direct connected to a propeller shaft. The m otors are of 
the  synchronous induction type, this type being lig h te r and 
more efficient than  the induction m otor type. The motors 
have a norm al ra tin g  of 8,500 h .p . a t 120 r.p .m . Each motor 
has six circuits in m ultiple. In  o ther words, while the  motors 
appear to  be ju s t one, there are in  rea lity  six independent
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m otors. I f  dam age should be done to one coil, a ll th a t would 
be necessary to do is to cut this coil open by a hack saw, separate 
and tape the ends and only one-sixth of the power of th a t one 
m otor is lost. U nder full power operation each m otor is con
nected to one turb ine generator, m aking two complete units 
en tire ly  separated from one another. A t reduced speed, how
ever, only one tu rb ine  generator can be used driv ing both 
m otors and under th is condition a speed of 15^ knots can be 
m aintained. (D uring tria ls 16 knots were run .)

Control A pparatus .-—This consists of necessary contactors 
for closing the electrical circuit between the generators and 
the motors. There are two m ain operating levers for each motor, 
and two small wdieels on the operating board th a t  regulate 
the speed (I t.P .M .) of the motors. One operating  lever has 
three positions— “ Ahead,” “ S to p ” and “ Astern.” The other 
controls the excitation of the motor and the generator and has 
four definite positions— “ Off,”  “  1 ,”  “ 2 ” and “  R u n .”  On 
‘ I  ” position double excitation is applied to the generator 

alone. In  th is position w ith the reverse lever on e ither 
“ Ahead ”  or “ A stern ,”  the propelling m otor is started  ahead 
or reversed as a pure squirrel cage induction motor. In  “ 2 ” 
position norm al excitation is applied to the m otor field, leaving 
double excitation on the generator. In  th is position the motor 
phases in  and becomes a synchronous motor. Position “  P u n  ”  
reduces the excitation of the generator to norm al.

Speed, Regulation  of the propellers is made by vary ing  the 
speed of the turb ine. This is done by a sm all wheel on the 
control board which changes the governor setting  of the tu r 
bine. A ll the sw itching is done w ith dead circuits as an in te r
lock is provided by which the operating lever cannot be moved 
before the excitation lever is on the “  Off ”  position. The 
switches are, however, designed to operate under fu ll power 
condition, in case any th ing  should happen to the interlock.

Boilers .— The boilers on the S.S. Virginia  are of the re
gu lar Babcock and W ilcox m arine type, th ir ty  sections wide 
w ith  tubes 10ft. 6in. long. The heating  surface per boiler is 
5,461 sq. ft. or a to tal for eight boilers of 43,688 sq. ft. Each 
boiler is fitted w ith a Babcock and W ilcox interdeck super
heater having 601 sq. ft. of superheating surface, or a to ta l 
for the eight superheaters of 4,808 sq. ft. Babcock and 
W ilcox feed w ater regulators are fitted on the drums of all 
boilers. The front p late of each boiler is equipped w ith  six 
(6) Babcock and W ilcox mechanical atomizer oil burners of
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the Cuyam a type. On the fu ll power run  from  Balboa to 
San Diego (2,829 knots) the V irginia  averaged 18-4 knots, and 
only s is  of the eight boilers were in  use, showing th a t  her 
boilers could easily be cut down in size.

Condensers.— These are bolted directly  under the tu rb ine 
to the tu rb ine casing, no expansion jo in t being used. A spring 
beam under the condenser takes care of any expansion due to 
tem perature changes. Each condenser has 11,000 sq. ft. of 
cooling surface consisting of f in . tubes. E ach condenser has 
two (2) W arren 18in. centrifugal pumps, having a capacity 
of 8,000 gal. per m inute against 30ft. head. They are each 
driven by a 100 h .p . direct curren t motor, 325 to 600 r.p .m . 
per m inute. The condensate pum p is also electrically  driven. 
Its  ra tin g  is 210 gal. per m in. against 60ft. head, driven by 
a 7 |  h .p . m otor at 1,200 r.p .m . A ir ejectors are used of the 
W heeler 2-stage R adojet type.

A uxiliary  E lectric Power P la n t.— As all the refrigeration , 
cooking, baking, and heating  of the staterooms are done by 
electricity  the power p lan t is ra th e r large, consisting of four 
(4) 500 k.w ., 240-120 volt, 3 wire system, d irect curren t geared 
turb ine generator sets. There is one condenser for each two 
sets w ith valves, so th a t e ither set can be operated alone on the 
condenser, or both a t the same tim e. Each condenser has 
2,800 sq. ft. of cooling surface, using f in .  tubes. One motor 
driven circu lating  pum p, having  a capacity of 3,600 gal. per 
m in ., is provided for each condenser, the motor having a 
ra tin g  of 30 h.p . a t 675-900 r.p .m . The condensate pum p is 
also m otor driven and W heeler 2-stage a ir  ejectors are used.

R efrigera ting  P la n t.— The Virginia  has 60,000 cu. ft. of 
cool a ir  space for carry ing  fru it and also 40,000 cu. ft. of 
frozen cargo space. There are four (4) Brunswick-Kroeschell 
C 02 3-cylinder compressors, each driven by a 100 h .p ., 250 to 
325 r.p .m ., direct current motor. The a ir is circulated through 
the cold a ir system by four (4) blowers, each of 25,000 cu. ft. 
capacity. The whole re frigera ting  system w ith  all its pum ps, 
etc., is m otor driven and, when runn ing  at m axim um  capacity, 
consumes about 800 h.p.

G alley.— The whole galley is electrically  equipped. There 
are, am ong other th ings, 12 large ranges and 2 bake ovens, the 
la tte r  hav ing  a capacity of 180 1-lb. loaves of bread. The 
electric galley  has proven itself most economical and will be 
adopted on all the new ships operated by the Panam a-Pacific 
Line.
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Steam  Consumption.— W hen operating a t 275 lb. pressure 
a t the th ro ttle  and 200° superheat, and w ith a vacuum  of 
28-5in., the steam consum ption per shaft horsepower hour w ith
17,000 h.p. delivered to the propeller shaft, including all the 
losses in  the generator, motors, cables and control, is 8-1 lb.

F uel C onsum ption.—On the second voyage west the ship 
ran  fu ll power from  New York to H avana and the fuel con
sum ption was -715 lb. of oil per s.h .p . hour. The same re
sults were obtained from Balboa to San Diego— a distance of 
2,829 knots— and also from  San Pedro to San Francisco. This 
figure of -715 includes everything on the ship and, when it  is 
considered th a t all the cooking and baking are done elec
trically , and th a t a very large re frigerating  p lan t is in  opera
tion most of the tim e, due to the fact th a t the ship carries 
bananas and other fru it, and has a re frigerating  cargo space 
of 100,000 cu. ft., th is figure of -715 is indeed a very fine 
result. This figure has been m aintained and even sligh tly  
improved on subsequent trip  of the Virginia.

E ngine Room.-—F igures 2 and 3 give sectional views and 
plan views of the engine room. The leng th  of the engine 
room is 48ft. and the w idth is 74ft.

Electrical Losses.— A t 17,000 h .p . and 120 r.p .m . of the 
propellers, the generators have an efficiency of 97-5%, exclud
ing excitation, which am ounts to 32 kw. per generator or less 
than  |% .  The motors have an efficiency of 98^%, excluding 
excitation, which am ounts to -68%. The loss in  cables, con
trol, etc., amounts to -04%. The to tal transm ission loss is, 
therefore, excluding excitation, about 4 |% , and w ith excitation 
about 5 j% . A t reduced speed of the vessel the efficiency of 
the generators and motors rem ains practically  constant as the 
voltage is then reduced in about the proportion of the square 
root of the horsepower, so th a t a t th ree-quarter speed the 
voltage is reduced from 4,000 volts to 2,600 volts. The tran s
mission loss has only increased from 5J% to 5f% , although 
the power has been reduced from 17,000 h .p . to only 7,000 h.p .

A d v a n t a g e s  o f  E l e c t r i c  D r i v e  f o r  L a r g e  L i n e r s .

1. E lectric transm ission gives a simple and practical means 
of speed reduction between the h igh  speed turb ine and the slow 
speed propeller in  almost any ratio . This means th a t the best 
tu rb ine speed (r.p .m .) can be adopted for the design of the 
most efficient turbine, also th a t the r.p .m . of the propeller 
can be made such as to give the best propeller efficiency.
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2. R ev ersa l: I t  affords means of reversal by simple change 
of electrical connections, w ithout changing the direction of 
rotation of the turb ine, and thus elim inates the space oc
cupied by reversing turbines and th e ir loss while the ship 
operates in forward direction.

3. Reversing T o rq u e: Any desired reversing torque up to 
the fu ll power of the turb ine can be obtained w ithout in any 
way affecting the efficiency of the equipm ent in the forward 
direction.

4. E lectric drive allows the turb ine as a ru le to be bu ilt 
in one casing, m aking an ideal condition for efficient design 
of tu rbine, e lim inating  all losses due to crossover connections 
and reducing the num ber of tu rb ine packings and steam seals.

5. Reversal of the propellers is obtained w ith a m inim um  
am ount of steam drawn from  the boilers as the fu ll inertia  
of the turbo-generators is first used in  the act of reversal and, 
in fact, in most cases actual reversal is obtained w ithout draw
ing any steam from the boilers, and steam is only used from  
the boilers to accelerate the speed in  the reverse ro tation . This 
fact releases all strains on the condenser tubes and prevents 
leakage of the same. In  fact, condenser troubles are practic
ally  elim inated on electric ships.

6. Power M easurem ents: E lectric  drive makes it possible 
to obtain accurate data, e ither by instantaneous readings or 
by recording instrum ents, of the load on the propeller shaft 
under all conditions of sea and wind. I t  elim inates the use 
of torsion m eters. The to ta l horsepower hours can be recorded 
during  any given tim e of journey. I t  makes it possible to have 
a real check between fuel consum ption and horsepower hours 
developed.

7. Economic Cruising S p eed : W ith  electric ships it  is 
possible to obtain very fine economy at th ree-quarter speed as 
during  th a t tim e only one-lialf of the generating  u n it w ith 
its auxiliaries will be used. U nder th is condition the fuel 
consum ption per shaft horsepower will be practically  the same 
as a t full power. This is a very im portant consideration for 
the very high-speed, high-power liners now being contem 
plated, as these ships can be run during  off season a t slower 
speed and still m ain tain  m axim um  efficiency.

8. Location of A p p a ra tu s : E lectric drive allows the power 
generating  un it, or units, to be put in any convenient place 
near the boilers, thus greatly  sim plifying the steam piping.
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They can also be p u t on any convenient height, and the con
densers can be mounted directly  under the turb ine. On the
5.5 . Virginia  they are hung directly  on the tu rb ine casing, 
thus elim inating  expansion jo in ts, and m aking for an ideal 
condition toward an a ir-tig h t system.

9. I t  has been found th a t the make-up w ater on the elec
tric  ships is less th an  one-quarter th a t on any other type of 
sim ilar steamer.

10. The propelling motors can also in most instances be pu t 
near the propellers, e lim inating  long, expensive shafting  
w ith its m any bearing losses.

11. H igh  Steam Pressure and Superheat: W ith  electric 
drive the adoption of the above is ideal. As the tu rb ine is 
never reversed it cannot have extrem e tem perature changes. 
Stage extraction for heating  the feed water becomes a very 
simple m atter and has proven itself most attractive and simple 
on the electric ships.

12. E lectric ships can be made practically  noiseless and 
the absolute absence of all v ibrations and noise on the S.S. 
Virginia, is strik ing  and always most talked about am ong the 

passengers.
TA BLE I.

5 .5 . “ V IR G IN IA .”  S H IP ’S PER FO R M A N CE. VOYAGE 2, W E S T .
N E W  YORK TO SAN FRANCISCO.

N e w  Y o r k  t o  H a v a n a .
Date Revolutions Knots Av’ge. K.W Speed Slip Tons Length of Day

P. S. Entf. Obs. P. S. Oil
20 Ja n . 118-0 117 4 473 6 403 6600 6600 17 7 14 '9  127 22 H r. 47 M in.
21 „  117’9 118-2 500 4 426 6600 6600 17 '8  14 '9  133 24 ,, 00 ,,
22 ,, 117'9 118 '2  415 2 336 6600 6600 16'9 1 9 1  110 19 ,, 55 „  

Average Speed : 17’5 K nots. Average Slip : 16'1. Oil, all purposes, per Shaft-
H orsepow er H r. : '715 lb.

H a v a n a  t o  B a l b o a  (C o l o n ) .

23 J a n . 117'2 117'7 373 1 323 6420 6460 18’0 13 4 98 17 H r. 59 Min.
24 „  113-8 113-9 482-7 393 6013 6036 16 4 18 '6  125 24 ,, 00 ,,
25 ,, 110-2 110'2 335-8 283 5404 5398 16 4 15 7 84 17 ,, 15 ,,

Average Speed : 16'9 K nots. Average S lip : 16 '1 . Oil per Shaft- 
Horsepower H r. : "742 lb.
B a l b o a  t o  S a n  D i e g o .

26 J a n . 1 1 6 8 117'3 187-1 167 6366 6416 18'5 10-7 51 9 H r. 03 M in
27 ,, 118-5 118-8 5 1 3 5 449 6600 6600 18'3 12'6 138 24 ,, 30 „
28 ,, 118-5 118-5 5 1 6 2 480 6600 6600 19'4 7 '0 138 24 ,, 40 ,,
29 ,, 118'5 118-6 516'4 447 6600 6600 18'1 13'4 138 24 ,, 40 ,,
30 , , 118'5 118'7 516-7 443 6600 6600 17'9 14'3 137 24 ,, 40 „
31 , , 118'9 119 1 514-8 446 6600 6600 18-2 1 3 4 136 24 ,, 30 „

1 Feb. 1 1 5 7 11 6 1 450"2 397 6080 6100 18-0 11-8 104 22 ,, 00 ,,
Average Speed 18'4 K nots. Average Slip : 12'0. Oil per S haft

H orsepower H r. : '715 lb.
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S a n  D i e g o  t o  S a n  P e d b o .

2 Feb. 95-1 94 '8  89 '8  83 3500 3300 1 5 5  7 ’6 18 5 H r. 21 M in. 
Average Speed : 15 '5  K nots. Average Slip : 7 '6 . Oil per Shaft- 

H orsepow er H r. : '843 lb.

S a n  P e d r o  t o  S a n  F r a n c i s c o .

4 Feb. 117-6 117 '6  396 '3  353 6600 6600 18 '5  10 9 106 19 H r. 05 Min.
Average Speed : 18'5 K nots. Average Slip : 10 '9 . Oil per S haft- 

Horsepow er H r. : '715 1b.

N e w  Y o r k  t o  S a n  F r a n c i s c o .

D istance of Sea Passage : 5,429 K nots.
T im e of Sea Passage : 12 Days, 16 H ours, 25 M inutes,
T o ta l Oil consum ed Sea Passage : 1,643 T ons. T ota l consum ption  (including New 

York)— 1,843 Tons.
Average Speed : 17'8 K nots. Average Slip : 13'6£.
Oil per Shaft-H orsepow er between pilot sta tions : '7396 lb ./h r.
Oil per 24 H ours : 129'6 T ons. Oil per 100 K nots : 30 '3  Tons.

T A B L E  I I .

S .S . “ V IR G IN IA .”  S H IP ’S PER FO R M A N C E. VOYAGE 2, E A ST .

SAN FRANCISCO TO N EW  YORK.

S a n  F r a n c is c o  t o  S a n  P e d r o .

D ate  R evo lu tions K nots Av’ge K .W . S peed  S lip  T ons L e n g th  of D ay
P . S. E ng . Obs. P . S. O il

10 Feb. 117-4 117 '3  401 '8  353 6600 6600 18 '2  12'1 109 19 H r . 23 M in. 
D isplacem ent leaving S an  F rancisco— 29,225 Tons.

Average Speed : 18'2 K nots. Average Slip : 12' 1. Oil per S haft- 
H orsepow er H r. : '724 lb.

S a n  P e d r o  t o  B a l b o a .

11 Feb. 1 1 6 2 116-0 108-7 94 6600 6600 17’7 13-5 30 5 H r 18 Min
12 ,, 117'5 117-1 490-3 425 6600 6600 18 0 13-3 132 23 ,, 40 „
13 ,, 116-8 1 1 6 6 487-8 435 6600 6600 18-4 10-8 132 23 ,, 40 ,,
14 ,, 1 1 5 3 115-1 481-4 424 6343 6370 17-9 11-9 130 23 ,, 40 ,,
15 ,, 113-1 112-7 468-7 404 5950 5966 17-2 13-8 124 23 ,, 30 ,,
16 ,, 113-3 1 1 3 2 469'9 424 5950 5966 18-0 9-8 123 23 ,, 30 ,,
17 ,, 109-3 109-2 453 5 376 5350 5375 I6 '0 17-1 115 23 ,, 30 ,,
18 ,, 95-8 95 7 375-5 329 3616 3591 14-8 1 2 4 79 22 ,, 12 ,,
D isplacem ent a t San P ed ro—28,957 T ons. D isplacem ent a t  Balboa— 28,422 Tons 

Average Speed : 17'2 K nots. Average Slip : 12 '7 . Oil per S haft- 
H orsepow er H r. : "742 lb.

C o l o n  t o  H a v a n a .

20 Feb. 1 1 0 1  109'9 361 '4  310 5710 5710 16 '7  14‘2 92 18 H r. 36 Min.
21 ,, 110-6 110-5 468-7 423 -5591 5583 17'6 9 '8  112 24 ,, 0 „
22 ,, 95-8 95-9 287 '8  274 3420 3440 1 6 T  5 ’0 58 17 ,, 0 ,,

D isplacem ent a t H avana— 28,422 Tons.
Average Speed : 16’9 K nots. Average Slip : lO'O. Oil per S haft- 

H orsepow er H r. : '76 lb.
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H a v a n a  t o  N e w  Y o r k .

23 Feb. 116-0 116'0 425 '0  400 6600 6600 19’3 5 '9  116 20 H r. 45 Min.
24 ,, 1 I6 '4  116'1 492 '0  449 6600 6600 18 7 8 ’9 135 24 ,, 00 ,,
25 ,, 116-7 116-7 365-5 321 6600 6600 18'1 12 '2  97 17 ,, 44 ,,

D isplacem ent a t New York— 28,155 Tons.
Average Speed : 18’7 K nots. Average Slip : 8"8. Oil per S haft- 

Horsepower H r. : '717 lb.
D istance of Sea Passage : 5441 Knots.

T im e Sea Passage : 12 Days, 22 H rs., 28 M in.
T ota l Oil consum ed Sea Passage : 1,584 Tons.

T ota l Oil consum ed (including San Francisco) —1,756 Tons.
Average Speed : 17 '5  K nots. Average Slip : 11 '4%

Oil per Shaft-horsepow er between pilot sta tions : '739 lb ./h r.
Oil per 24 hours between p ilo t sta tions : 122’4 Tons.
Oil per 100 K nots between p ilo t s ta tions : 29 '1  Tons.

Perform ance .— Tables I  and I I  give complete log data  of 
the second voyage of the S.S. Virginia, and F ig . 4 gives per
formance curve of the ship during this run. On her trip  from 
New York to San Francisco, a distance of 5,429 knots, the time 
of the sea passage was 12 days, 16 hours, 25 m inutes.

T otal oil consum ed sea passage ... ... ... . . .  ... 1,643 tons
Average sp e e d ...................................................................................................17 '8  knots

Average slip .......................................................................  ................. 13"6%
Oil per sh a ft horsepow er betw een p ilo t sta tions— '7396 lb. per S .H .P . hour

Oil per 24 hours ... ..............................  ...............................129"6 tons
Oil per 100 knots ... ... ... ... ................. . . .  30"3 tons

On her re tu rn  trip  from San Francisco to New York the 
following results were ob ta in ed :

D istance ..............................  ...............................5,441 knots
T im e of sea passage..........................................................12 days, 22 h ours, 28 m in .

T ota l oil consum ed sea passage ..............................  1,584 tons
Average speed ... .................  .................17 '5 knots
Average slip ... ... .................  ... 11 '4%
Oil per sh a ft horsepow er betw een pilot s ta tio n s- - '7 3 9  lb. per S .H .P . hour
Oil per 24 hours ............................... .................122'4 tons
Oil per 100 knots .. .  . . .  ... . . .  ... 29 '10  tons

In  looking over and studying the perform ance curve of the 
Virginia, what particu larly  m ust impress the M arine Engineer 
is the low horsepower curve of this ship. The reason for this 
is simple, nam ely : th a t w ith the electric ship we obtain ab
solutely accurate reading of the power consumed, and this 
accuracy can never be obtained w ith other types. In  this 
connection it is in teresting  to compare the A dm iralty  coeffi
cient of the ships given in  M r. J .  Johnson’s paper “  The P ro
pulsion of Ships by Modern Steam M achinery ,”  read before











S

Fig. 4.
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the Institution of Naval Architects, March 21st, 1929. H e give 
the following table in regard to this coefficient: —

Empress of Canada 
Montclare 
Minnedosa
Empress of Australia ...
Ducliess of Bedford  
Duchess of A thol

Comparing th is coefficient for the three (3) electric ships we 
h a v e :—

S .H .P . on DSBxV>
Service. S .H .P .

20,000 307
12,500 284
11,500 290
20,346 294
16,000 293
16,100 284

S .H .P . on D2,sx Vs
Service. S .H .l*.

17,000 345
17,000 350
17,000 355

California  
Virginia
Viceroy of Ind ia

In  olden days the power was obtained by indicator cards of 
the engines. As the power varies g reatly  w ith the waves, the 
engineers were in the hab it of taking tlie largest cards. The 
same th in g  also takes place w ith the torsion meters, and in 
the w riter’s experience of some th ir ty  men tak ing  torsion 
m eter readings on electric ships is th a t these readings were 
from 5% to 10% higher than  the electrical readings. In  
other words they all read more power out of the m otor than  
was pu t into it. W ith  Diesel engines, the shape of the in 
dicator card is such th a t to obtain anywhere near accurate 
results in  a seaway is p ractically  impossible. Ju s t recently  a 
large new tw in screw liner, equipped w ith B urm eister and 
W ain double-acting, 8-cylinder, 4-cycle engines, had her per
formance published in the M arine Jo u rn a l (New York), Feb. 
1st, 1929 issue. The particulars of th is ship as compared 
w ith the Virginia  are as follows: —

Diesel Ship. Virginia.
L ength  ......................... 608' 9" 613' 1J"
W id th  ... ... 78' 80' 3"

D isp lacem en t... ... 26,700 tons 32,800 tons
D r a f t .......................................29' 33' 91"
Speed ... . ... 18 knots 18 knots
H orsepow er ... . . .  26,000 Ind icated  17,000 S .H .P .

At 16-18 knots the starboard engine indicated 9,045 horse
power and the port engine 9,035 horsepower, or a to tal i.h .p .
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of 18,080. Fuel oil consumption, excluding lubrica ting  oil, 
77 tons for all purposes. M ean d ra ft of ship 25ft. 8ins. Tlie
S.S. V irginia  under th is condition takes bu t 11,500 h .p . to 
drive and her to ta l fuel consum ption is bu t 96 tons. As Diesel 
oil a t th is w riting  costs in New York ju st twice the price of 
fuel oil, the 77 tons of Diesel oil become the equivalent of 
154 tons of fuel oil, and compares w ith 96 tons of the Virginia, 
which is a m uch larger ship. The w eight of all the m achinery 
on the Virginia  is less th an  th a t of the Diesel ship and the 
space is also less, as well as the cost. I t  appears, therefore, 
as if Diesel engine drive for large passenger liners m ay not 
be correct from an engineering point of view, and we know 
th a t a g reat m any of the passengers do not adm ire them  from 
the point of com fort due to th e ir v ibration . The w onderful 
success, economy and popularity  of the California  and 
Virginia, have drawn the atten tion  of the whole m arine world. 
The W ard  Line and the Grace Line have recently  adopted th is 
type of drive. The Peninsular and Oriental Steam N aviga
tion Co. has completed the big liner Viceroy o f India with 
electric drive furnished by the B ritish  Thomson-Houston 
Company, of R ugby, E ngland , an associate company of the 
General E lectric Company in  the U nited  States of Am erica. 
H er perform ance will be even better th an  th a t of the 
Virginia  on account of h igher steam pressure and superheat. 
A t 18-5 knots, “  E ngineering  ”  (London) reports so little  sign 
of movement or v ibration  th a t i t  is hard  for a passenger below 
decks to believe the boat is not stationary . The popularity  of 
the all electric liners is going to be so g reat th a t the travelling  
public is going to dem and it, and w ith the adoption of h igh  
steam  pressure and superheat, and stage ex traction for heating  
the feed water, the economy will be so good th a t Diesel ships, 
even if the fuel price were about the same, could not compete 
due to the  lig h te r weight, less space, upkeep and first cost of 
the electric drive.

(For description and performance of the S.S. California, see 
paper entitled “ Description and Trials of S.S. California,” read 
by Capt. R oger W illiam s of the In tern a tio n al M ercantile 
M arine Company before the Society of Naval A rchitects and 
M arine Engineers, November 15th-16th, 1927, an abstract of 
which appears in  the Septem ber, 1929, Transactions of your 
In s titu te .)

A great deal of a tten tion  has la tely  been given to the w onder
ful perform ance of the S.S. Bremen, and the published data
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given, credits her w ith a fuel consumption of -685 per S .H .P . 
for all purposes. This compares w ith  -715 on the S.S. V irgin ia .

Br< m en V irg in ia
B oiler P ressure ... 330 300
T em perature S team 700 deg. 621 deg.
V acu u m ... V8'5" 28"
B oiler efficiency ... 85% 80^/t,
S .H .P . ... “ ... 110,000 17,000

The higher boiler efficiency of the Bremen is because her 
boilers are equipped w ith  economizers and a ir preheater. 
M aking proper allowance for the h igher steam  pressure, super
heat, vacuum and boiler efficiency, and the fact th a t more 
efficient turbines can be designed for .110,000 S .H .P . than  for
17,000 S .H .P ., the '715 for the V irgin ia  would be reduced to 
'61 as compared w ith the Bremen’s '685.

The V irg in ia  has about 800 H .P . of re frigera ting  m achinery 
and the figure '715 includes this as well. For the very large 
and fast liners which are a t present being considered, the 
General E lectric Company and also the B ritish  Thomson- 
H ouston Company of R ugby, England, have made up ra ther 
complete and ten ta tive  designs, bu t unfortunate ly  the same 
cannot be published a t th is tim e. The overall economy is, how
ever, so good th a t no one should seriously consider any other 
type of drive. The installa tion  of the m achinery in the engine 
room is simple, and all steam  piping is reduced to only a frac
tion of th a t required for a geared turb ine job sim ilar to th a t of 
the Bremen. I t  is hoped th a t at the reading of th is paper an 
announcem ent can be made th a t a contract for at least one or 
more of the large superliners has been closed writh  turbo-elec
tric drive. There is no doubt but th a t such an installa tion  will 
prove itself successful from the start, and will open up a new 
era in m arine propulsion for these high-powered, high-speed 
liners.



TURBINE ELECTRICALLY PROPELLED VESSELS BUILT BY GENERAL ELECTRIC CO.

Type of Year in Propeller. Turbine. Generators. Pressures. Superheat.
Name. Ship. Service. Speed. S.H.P. No. R.P.M. Stages R.P.M. No. Voltage. Gauge. Vac. Deg. F.

ss Joseph Medill F ire  B oat ... 1908 11'7 m iles 500 2 179 2 1800 2 275 160 27 0
ss G raem e S tew art ... F ire  B o a t ................. 1908 11'7 m iles 500 2 179 2 1800 2 275 160 27 0
uss Langley (ex-Jupiter) A irplane Carrier ... 1913 1 4 5 knots 5400 2 n o 9 1900-2100 1 2300-2420 175 27'5 0
USS New Mexico B attlesh ip 1918 21 knots 28000 4 161 10 2130 2 3000-4242 250 28'5 50
USS C alifornia ... B attleship 1921 21 knots 28000 4 170 10 2065 2 3000-4242 250 28’5 0
uss M aryland ................. B a ttleship 1921 21 knots 28000 4 170 10 2065 2 3000-4242 250 28 '5 0
uss W est V irginia B attlesh ip 1921 21 knots 28000 4 170 10 2065 2 3000-4242 250 28 '5 0
ss Eclipse Cargo ................. 1920 11 knots 3000 1 100 8 3000 1 2300 200 28'5 200
ss Invincible ... Cargo 1921 11 knots 3000 1 100 8 3000 1 2300 200 28'5 200
ss A rcher Cargo ................. 1921 11 knots 3000 1 100 8 3000 1 2300 200 28*5 200
ss Independence Cargo ................. 1921 11 knots 3000 1 100 8 3000 1 2300 200 28-5 200
ss V ic to r io u s ................. Cargo 1921 11 knots 3000 1 100 8 3O00 1 2300 200 2H-5 200
ss Cuba ................. Pass.-Cargo 1920 17 knots 3000 1 100 8 3000 1 1150 175 2 7 5 150-250
ss T am pa Coast G uard C utter 1921 ie knots 2600 1 130 8 3000 1 2300 200 28 75
ss H aida  ................. Coast G uard  C utter 1921 16 knots 2600 1 130 8 3000 1 2300 200 28 75
ss Mojave Coast G uard C utter 1921 16 knots 2600 1 130 8 3000 1 2300 200 28 75
ss Modoc Coast G uard C utter 1921 16 knots 2600 1 130 8 3000 1 2300 200 28 75
ss* San Benito* Pass.-Cargo 1921 1 2 5 knots 3000 1 100 9 3000 1 1100 190 27 '5 200
H U M S  Kam oi ................. Fuel S h ip ... 1922 15 knots 8000 2 120 10 2400 I 2300 250 28 '5 150
SS H ayw ard  ................. F e r ry b o a t................. 1923 17 m iles 1200 2 100-125 3 3600 1 500 210 28 '5 50
SS San Leandro F erryboat ... 1923 17 miles 1200 2 100-125 3 3600 1 500 210 28'5 50
SS W . E . H earst Ferryboat ... 1923 16 m iles 2200 2 123-176 8 3240 1 2300 250 28 5 200
SS K odm an W anam aker Ferryboat ... ... 1923 16 miles 2200 2 123-176 8 3240 1 2300 250 28’5 200
SS Geo. W . Loft F erryboat ... 1924 16 m iles 2200 2 123-176 8 3240 1 2300 250 28'5 200
USS Lexington ... A irplane Carrier ... 1927 33 knots* *180000 4 317 13 1800 5000 265 28'5 50
USS Saratoga Ail-plane Carrier ... 1927 33 knots* *180000 4 317 13 1800 5000 265 28'5 50
SS T. W . Robinson ... Bulk F re igh te r ... 1925 13'8 miles 3000 1 100 8 3450 1 1150 300 28'5 200
ss C alifornia ... Pass.-Cargo 1928 18 knots 17000 2 120 16 2888 4000 250 28’5 100
ss Carl D. Bradley B ulk F re igh te r ... 1927 15 miles 4800 1 105 8 3600 1 2300 300 28’5 281
ss V irginia ................. Pass.-Cargo 1928 18 knots 17000 2 120 16 2880 2 4000 275 28'5 200
ss* Viceroy of India* ... Pass.-Cargo 1929 19 knots 17000 2 109 17 2690 2 3000 350 28'5 258
ss Viking ................. Y acht 1929 16 knots 2600 2 168 10 3600 2 1150 240 28 150
ss P ennsylvania Passenger-Cargo ... Bldg. 18 knots 17000 2 120 16 2880 2 4000 275 28’25 200
ss W ard L ine 1 Passenger-Cargo ... Bldg. 20 knots 16000 2 144 13 3168 2 31-50 275 28-25 200
ss W ard L ine 2 Passenger-Cargo ... Bldg. 20 knots 16000 2 144 13 3168 2 3150 275 28'-5 200
ss G race L in e ... Passenger-Cargo ... Bldg. 18 knots 12600 2 120 13 3000 2 3000 275 2 8 5 200
ss Pere M arquette 1 Car Ferry Bldg. 18 miles 7200 2 120 14 3600 2 2300 300 28'5 200
ss Pere M arquette 2 Car Ferry Bldg. 18 miles 7200 2 120 14 3600 2 2300 300 28 5 200
ss ------ Y acht Bldg. 18 knots 6000 2 257 10 3600 2 2300 285 28'5 190

^Equipped by British Thomson-Houston Co.. L td.. of Rugby, England, associate company of the General Electric Company, U.S.A.
**Designed speed.
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D ISC U SSIO N .
The C h a i r m a n  : W e are much indebted to the au thor for the 

tim e and trouble he has taken in the preparation of this paper, 
which is now open to discussion. I  th ink  it w ill be very appro
p riate  if the discussion is opened by the reading- of a contribu
tion from one of our V ice-Presidents, Mr. B. P . F ielden, who 
was in very close touch w ith the au thor during the bu ild ing of 
the California  and Virginia, both of which vessels a re  fitted 
w ith this type of m achinery and the records of the la tte r  are 
embodied in the paper we have heard.

Mr. B. P . F i e l d e n  (By correspondence) : AVe reg re t th a t Mr. 
E skil Berg has been unable to personally deliver his lecture and 
v isit our In s titu te . The tria ls of the sister vessel of the S.S. 
Virginia  were held last week, and these, w ith probably other 
im portant work, have prevented him from honouring us w ith 
his presence. W e should have been glad to welcome him 
because of the work he has done for the advancem ent of 
engineering.

The title  of the lecture appears to me to show the  class of 
vessel for which this type of propulsion m achinery is suitable, 
and it is doubtful w hether it would be economical to use tu rbo 
electric m achinery in o ther than  special types of vessels.

Mr. Berg states th a t the data of the second trip  of the 
Virginia, is used, as during this run accurate readings were 
taken. Someone m ight assume th a t the readings on the first 
trip  were not accurate, and I  am sure th a t “ more detailed ” 
instead of “  accurate ”  would express w hat the au tho r intends 
to convey to  us.

Num ber 5 claim of the advantages of electric drive for large 
liners includes a statem ent about leakage of condenser tubes 
being elim inated in th is type of m achinery. I  hope th is is 
correct, but I  have serious doubts of its accuracy as my experi
ence is th a t small p it holes on the  w ater side of the tubes are the 
principal defects from which condenser tubes suffer, and I  fail 
to see th a t stra in  causes them . These p it holes do not appear 
in one particu lar spot, bu t m ay be six inches from the end of 
the tube, or they may be four feet from the end, and neither 
are they confined to the top rows of the tubes or in any other 
position.

A nother advantage of electric drive which Mr. E skil Berg 
has not claimed is th a t owing to the h ig h er revolutions of the 
tu rb ine, as compared w ith a geared turbine, the size of the 
tu rb ine is much sm aller and consequently it is very  much easier



E l e c t r ic  P r o p u l s i o n . 7 0 3

to open up for exam ination or (renewal of blades, and if i t  is 
necessary tb a t the ro tor m ust be removed to works on shore the 
job is com paratively a simple one. I t  will be noticed 011 the 
plans showing the general arrangem ent of the m achinery of the
S.S. V irginia  th a t the m ain propulsion turbines and generators 
are on a flat which is practically  under the sky ligh t. The parts 
which are liable to require renewal or repairs are therefore con
veniently  situated , and as all the turbines run in a sim ilar direc
tion, spare gear can be kept w hich w ill su it any engine of either 
ship of the class.

Being able to place the generator at any desired level, the 
leng th  of the engine room can be less than  is necessary for a 
geared turb ine, and a good arrangem ent of pumps and other 
auxiliary  m achinery can be made to provide proper access to 
these and the p iping.

I  do not th ink  num ber 10 of the claims of advantages to be 
of much im portance in a passenger liner. The m otor has to be 
kept under observation, and if it is pu t a t the aft end of the ship 
a t least one tunnel would be required, and the ven tila ting  of 
the m otor would m ake a complication. The operation by the 
staff would also be more difficult and for overall reasons I  th ink  
the best place for the m otor is where it is s ituated  on the S.S. 
V irg in ia .

Owing to the fact th a t the turbines and generators are kept 
runn ing  w hether the propellers are w orking or not, also the 
large percentage of astern power, the steam ers C alifornia  and 
Virginia  are easily navigated, and on the particu lar trade in 
■which the vessels are employed, going in and out of various 
ports and th rough  the Panam a Canal, this handling efficiency 
is a big  advantage.

The au tho r gives a comparison of A dm iralty  coefficients of 
different vessels. Theoretically horse-power has a definite 
value, bu t practically  w hat w ith assum ptions used w ith torsion 
m eters and estim ated losses in turbo-electric m achinery the 
actual horse-power can only be approxim ate and I  th ink  th a t 
the b e tte r coefficient to use in m aking such comparisons is to 
substitu te  for S .H .P . the oil consum ption per day, or b e tte r 
still, the heat un its . The displacem ent and speed and w hat the 
shipowner has to pay for are all definite.

I t  was m y privilege to be associated witli Captain R oger 
W illiam s, M anager O perating D epartm ent, and Mr. G. H . 
G askin, Superin tendent E ngineer of the In tern a tio n al M ercan
tile M arine Company a t New Y ork during the bu ild ing of the
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steam ers C alifornia  and Virginia , and when the tim e arrived to 
appoint the staff of engineers and electricians, these officers 
were transferred  from other ships of th e ir fleet. Previously 
these men had had no experience of turbo-electric m achinery, 
bu t they very quickly learned w hat, to them , was a new m ethod 
of propulsion, and were soon favourably impressed w ith  it. 
M arine engineers soon adapt themselves to progress, and w ith in  
the last few years there has been a g reat advance of the  in tro 
duction of m otors to replace steam  engines, especially for 
auxiliary  purposes.

Mr. A. C. H a r d y , B . S c . : Mr. B erg’s paper would appear to 
be particu larly  valuable to those of us who are in terested  in 
obtain ing  accurate operating data upon turbo-electric ships, 
bu t from a point of view of the m atter one would expect to find 
contained in the paper as a result of the title , it  is somewhat 
disappointing.

I t  would appear from w hat he has said, th a t Mr. B erg  is 
particu larly  favourable towards turbo-electric propulsion, and 
indeed the  trend of his rem arks would appear to be ra th e r in  the 
natu re  of a justification for this form than  an unbiased discus
sion as to the relative m ethods of generating the curren t which 
afterw ards goes to the propellers.

The C alifornia  and her s iste r ships appear to be in every way 
notew orthy vessels, and I  have always fe lt th a t such ships, 
when developed along the rig h t lines, as they appear to be 
developing a t present, will be very strong com petitors of the 
direct driven Diesel ship.

One has always felt th a t apart from certain  advantages of 
manceuvreability and a necessarily complete absence of v ib ra
tion, electric propulsion can be justified only on the counts of 
cheapness w ith which curren t can be delivered a t the shafts, 
and the ease w ith  which it  can be tapped off for auxiliary  pu r
poses. I t  is difficult otherw ise to justify , w ith  the necessarily 
h igh in itia l cost th a t an electric ship m ust have, such a fuel 
consum ption, as for example the C alifornia  of 96 tons per 24 
hours, even w ith the relative prices of coal and of oil as they 
are. Even so, too, i t  m ust be remem bered th a t the electric ship 
has to carry  the ex tra  w eight of fuel about w ith  her, and th is 
should be taken  into account when assessing the relative 
w eights of turbo-electric and D iesel-electric p lants. Mr. Berg 
in  his paper states very generally  th a t the w eight of the 
V irgin ia 's  m achinery is less than  th a t of the Diesel engined 
ship (obviously the K ungsholm ) he uses as the b u tt of his
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m otorship criticism . B ut General de Vito in his recent I.N .A . 
paper has shown th a t the to ta l m achinery w eight, including 
fuel, of a 26 knot 100,000 S .H .P . turbo-electric liner is 16,880 
tons, while for a sim ilar D iesel-electric ship it is only 14,315 
tons. A direct Diesel layout driving through V ulcan gears 
w eighs 15,915 tons— a sort of mean between the two. The 
d irect tu rb ine  layout weighs 18,130 tons. P u ttin g  i t  another 
way, the turbo-electric p lan t weighs 378 lbs. per S .H .P ., the 
Diesel electric p lan t weighs only 320 lbs. per S .H .P . The root 
difference which accounts for th is very im portan t lig h te r 
w eight is the fact th a t the turbo-electric ship m ust carry 11,880 
tons of fuel oil, whereas the Diesel-electric ship needs only to 
carry 8,515 tons. In  o ther words, 3,365 tons— the carrying 
capacity of a small coaster— is saved in the m otor-electric ship, 
which assum ing the same dimension can be th a t much smaller, 
or a lternatively  this space can be used for cargo or for pas
sengers. The Diesel-electric p lan t is to use 0'5 lb. per S .H .P . 
per hour, whereas the turbo-electric plant uses 0'7 lb. per S .H .P . 
per hour. The Virginia, according to the data published by 
M r. Berg, uses over 0‘7 lb. per S .H .P . per hour, which figure 
includes some 800 H .P . required for re frig e ra tin g  m achinery. 
The D iesel-electric m achinery per se is 800. tons heavier than  
the turbo electric p lant, but these figures alone are not a 
criterion.

General de V ito’s figures are all for large m am m oth type 
passenger liners, and in  th is class the difference in fuel require
m ents becomes all the more m arked, and unquestionably will 
have to be taken  into account when new designs for electric 
m am m oths are considered. Mr. Berg dismisses D iesel-electric 
propulsion from his paper w ithout even a reference, and thus 
perhaps unconsciously echoes the a ttitu d e  of some electrical 
firms towards electric propulsion. A turbo-electric ship repre
sents for them  a complete contract, tu rbines and electrical gear. 
T hat is why electric propulsion has gone ahead so m uch in 
Am erica. A D iesel-electric p lan t necessarily means co-opera
tion w ith  an outside engineering firm, in such a way th a t two 
heads are not always b e tte r th an  one. Some electric firms have 
attem pted  to develop a Diesel engine specially for their own 
purpose, bu t not generally  w ith  complete success.

Mr. B erg  certain ly  has a strong  case in his plea for tu rbo
electric propulsion for the tran sa tlan tic  type of passenger liner 
of m oderate or average size, although he does not m ake the best 
case on account of his apparent very definite bias in favour of
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turbo-electricity . Tlie turbo-electric ship constitu tes a very 
dangerous rival to the motorship— not on the grounds of tons 
of fuel per horse-power per hour, but on considerations of cost 
per un it of power delivered at the propeller. This in the 
Viceroy of In d ia  costs about 0‘‘346 pence. T aking a long shot 
it would seem safe to predict th a t electricity  as applied to the 
general type of transa tlan tic  liner will be in nearly every case 
turbo-electricity  whereas for the largest of tran sa tlan tic  ships 
there may be some successful examples of D iesel-electric pro
pulsion— on grounds of sm aller fuel bulk and w eight and the 
ease w ith which the very heavy auxiliary  loads can be handled. 
The ease w ith which the to ta l load can be apportioned by 
cu tting  in and out various generator sets will also unquestion
ably recommend itself. In  this connection, however, the possi
b ility  of dangerous vibrations w ith certain  sets runn ing  and 
certain  o ther sets cut out will have to be taken into considera
tion. Mr. Berg, too, would no doubt suggest here th a t an 
alm ost equal flexibility can be obtained by the use of one or two 
generator sets and the cu ttin g  out of certain  boilers in  con
junction w ith the num ber of generators used. In  e ither case 
there seems to be an advantage over direct steam propulsion in 
a great m any cases, but the economics of the whole business are 
very involved. The best th a t can be done a t p resen t is to put 
the hors d’oeuvres on the table and let the shipowner use his 
judgm ent in selecting the olive.

F inally , Mr. Berg suggests as an advantage of electrical 
propulsion generally, th a t the propelling motors could in most 
instances be put near the propellers, thus e lim inating  long 
excessive shafting  w ith its m any bearing lo sses; bu t recent 
practice surely has shown th a t the tendency to pu t motors near 
propellers has been abandoned in  favour of having them  in the 
same com partm ent as generator sets, because th is m akes for 
ease of com m unication between the two. E arlie r ships were 
fitted w ith motors in separate com partm ents, bu t in nearly 
every case in modern practice, the two have been arranged  
together.

Mr. P . J a c k s o n  (V isitor) : I t  has long been adm itted  th a t the 
electric drive has m any advantages compared w ith  the direct 
drive. These advantages are very well outlined in Mr. Eskil 
B erg’s paper, in particu la r on page 692. The advantages with 
regard  to space occupied, the position in which the prim e mover 
can lie placed, the w eight of the m achinery, and the position of 
the controls are all im portant features of the electric drive.
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These advantages do not apply solely to the turbo-electric 
d r iv e ; they also apply to the D iesel-electric drive, so th a t 
where the au tho r refers to the tu rb ine in his list of advantages 
the term  “ prim e m over ” could be substitu ted , to cover e ither 
type.

The advantages of electric drive depend upon the size of the 
v esse l; the h igher the power of the  vessel the g rea ter the advan
tages of electric drive. W ith  powers of 50,000 b .h .p . and 
over, it is p ractically  the only type of drive available. W ith  
regard  to m oderate powers, such as required for the g reat 
m ajority  of cargo vessels, the choice of drive is m ainly a ques
tion of cost. The advantages of electric drive claimed by the 
au th o r hold for m oderate powers, bu t the choice depends upon 
cost. W ith  tu rb ine  motive power the in troduction  of an elec
tric  drive does not cheapen the steam  p lan t m uch. No g reat 
increase of tu rb ine speed is possible, and I  cannot see th a t the 
ex tra cost can be justified. W ith  regard  to the D iesel-electric 
vessel, however, a high speed engine can be used, which should 
mean a lower cost as compared w ith the slow speed direct drive 
engine, bu t in  this country  at any ra te  it is difficult to estab 
lish the D iesel-electric drive. There have been m any enquiries 
from shipowners during  the past few years to the large elec
trica l firms in th is country on the subject of D iesel-electric 
drives. I  rem em ber one about 18 m onths ago for a vessel of
15,000 h .p ., p ractically  a cross-channel vessel. The electrical 
firm tendering  pu t forw ard in the first instance a scheme com
prising  six 2,500 h.p. Diesel sets runn ing  at 300 r.p .m . and 
costing £10 per h .p . inclusive of generating  units, propelling 
m otors, and cables. You gentlem en who are more concerned 
w ith  direct drives will be able to compare th a t cost w ith  your 
own figures. I  th ink  it is quite com petitive. The ow ners’ 
representatives objected to the speed of the engines, saying it 
was too h igh , and th a t there was no such speed in operation at 
sea. W hen pressed for a definite reason for th e ir objection 
they  m entioned vibration. They had m any examples showing 
th a t  300 r.p .m . or 300 oscillations per m inute seemed to be p a r
ticu larly  favourable for the hull of a ship to take up. The 
h ig h er the speed of the. m achinery the more likely  it is th a t 
there will be v ibration, bu t I  cannot see why 300 r.p .m . in par
ticu lar should be any worse th an  300-400, and I  shoiild expect 
s till more v ibration  at 500. I  should like to ask w hether Mr. 
B erg has any experience in Am erica of ill effects at about 
300 r.p .m .
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In  the particu lar instance 1 have quoted naval arch itect 
concerned said th a t the engines m ust not run a t more than 
250 r.p .m ., and consequently the proposal was amended to  
provide for eig'ht instead of s is  engines, and the cost was 
increased to £13 per h .p . The vessel was a fast one and th is 
enabled one C ontinental m aker to offer direct drive engines 
runn ing  at 180 r.p .m . Obviously such a direct propulsion was 
m uch sim pler and cheaper. I  repeat th a t the present position 
in this country w ith regard to electric propulsion is— many 
enquiries, bu t little  business.

The electric drive as a whole, not only the Diesel bu t also 
the turbo-electric drive, has disadvantages, for instance com
plication of m achinery in the form of electric transm ission 
units. I  am surprised to see th a t according to the au tho r the 
difference in fuel consum ption due to transm ission losses is only 
5% . I t  is usually assumed to be more in the  region of 
12% -15% . The additional w eight of the generating  m otors 
is also a disadvantage of the turbo-electric drive.

F or obtaining larger powers of 50,000 h .p . and over, w ith 
Diesel engines, we are compelled to adopt either a geared 
drive or an electric drive. The geared drive has been de
veloped somewhat on the C ontinent, b u t has not found favour 
in th is country. The electric drive will undoubtedly find 
favour for powers of th a t order. P robably the u ltim ate  
solution will be engines som ewhat on the lines of those which 
have recently  been designed for the new Germ an cruiser E rsatz  
Preussen, i.e ., double-acting engines of 300 r.p .m . W e are 
told th a t the w eight of these engines will be som ething like 
20 lb. per s.h .p . I t  seems unbelievable, bu t if such can be 
done there is much to be hoped for from Diesel-electric drive. 
W ith  such h igh  speed double-acting engines one can get
1,000 h.p . per cylinder, so th a t 10-cylinder engines would be 
sufficient for a ship of the largest size bu ilt to-day, viz., 100,000 
s.h .p . W ith  ten engines there would always be one out of 
action, bu t there would be an ample factor of safety.

R eferring  to the au tho r’s comparison on page 698 between 
the Virginia  and a ship fitted w ith  B urm eister and W ain  4-cycle 
engines, he claims m any advantages for the V irginia . Are 
these due to the tu rb ine or to the electric drive ? The inference 
seems to be th a t they are due to the la tte r , b u t the electric drive 
could be equally well adapted to  the  Diesel ship. I f  on the 
o ther hand the economy is solely because the oil-fired boilers of 
the V irginia  can use a poorer class of oil than  the Diesel engines
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m entioned, th a t reason is likely  to fail in general eases because 
there are m any Diesel engine m akers who will guaran tee their 
engines to run  on any oil which can be b u rn t under a boiler. 
M oreover m any of the advantages quoted by the  A uthor apply 
to the two ships only under the particu la r conditions taken , and 
cannot be applied generally  to every case.

Mr. E . Gr. W a r n e :  There are several figures quoted in the 
paper which I  am not sure th a t members of th is In s titu te  will 
accept w ithout question.

The fuel capacity of the V irg in ia  is 5,436 tons, i.e ., enough 
for the round voyage from New Y ork to San Francisco. There
fore the V irginia  will always bunker at the la tte r  port, where 
fuel is much cheaper. At San Francisco the price of Diesel
oil is 17% h igher than  th a t of fuel oil. On Mr. B erg’s own 
showing the fuel consum ption over the whole run is practically  
0'74 lb. per s.h .p . h r. I t  is also known th a t an outside figure 
for the consum ption of a corresponding D iesel-engined vessel 
is 0’45 lb. per b .h .p . hr. The net resu lt is th a t the V irginia  is 
burn ing  65% more oil than  a m otor vessel, which bunkers the 
best quality  fuel a t a cost only 17% h igher than  th a t of the 
steam er. I  venture to suggest th a t Mr. B erg ’s comparison of 
prices at New Y ork does not represent the tru e  position.

W ith  regard  to the economic cruising speed, the “  very fine 
eco n o m y ”  a t 3 /4 th s  full speed, using only one half the 
generating  un it, is not borne out in practice w ith the turbo- 
electric drive. The fuel consum ption is not, as stated  in the 
paper, “  p ractically  the same as at full pow er.”  The tab le  on 
page 695 shows during  a voyage from San Diego to San 
Pedro, at a speed of 15'5 knots, a fuel consum ption of 0'843 lb. 
per s.h .p . h r ., which is 18% h igher th an  the best recorded at 
18'4 knots, nam ely, 0‘715 lb. per s.h .p . h r. In  a D iesel-electric 
vessel under the same conditions the fuel consum ption would 
scarcely rise more than  2% or 3% .

In  m aking a note of electrical losses I  am ra th e r touching 
upon the same points as the last speaker’s, bu t accepting Mr. 
B erg’s figure of 4A% (or 5J%  inclusive of exc ita tion  losses), 
this represents a rem arkable increase of efficiency, even allow
ing for a lte rn a tin g  current instead of the direct cu rren t system  
employed in  previous vessels. I t  has been adm itted  th a t a 
transm ission loss of 13% is a custom ary figure for these losses 
in direct curren t p ra c tic e ; are we to assum e th a t the  increase of 
efficiency in  the case of the V irg in ia  is due to unexplained 
causes ?
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Lastly , w ith regard  to indicatois, the accuracy of which has 
been questioned in  the paper, I  subm it th a t the accuracy of 
these instrum ents of up-to-date design, intended for Diesel 
engines, is not usually doubted. Cards of exact tria l trip  
results are not usually  taken  wholly in such a seaway th a t the 
engineers have to despair of their value. However, allow ing 
for some inaccuracy, if the au thor insists, we have to face the 
fact th a t it will cut both ways, and the average resu lts m ust 
work out in such m anner as to cancel out any possible e r ro r ; 
the figures are not calculated from a few isolated diagram s.

Mr. W . J .  B e l s e y  (for the A uthor) : On the question of 
efficiency m entioned by Mr. W arne, there is a very big  differ
ence in efficiency between large size a lte rna ting  and small size 
direct current m achines. The com m utator losses alone are 
quite considerable on d.c. m achines. The figures given by Mr. 
Berg are absolutely correct for a turbo-electric drive of the 
capacity under discussion; w ith  machines of less capacity the 
efficiency would be lower and w ith m achines of g rea ter capacity 
the efficiency would be higher.

Mr. D. G r E M M E L L : I am sure th a t Mr. B erg’s excellent paper 
on E lectric Propulsion will prom ote increased in terest am ongst 
those connected w ith shipping. In  the year 1921 I  had the 
good fortune to survey for classification purposes the  electric 
propelling m achinery installed in the S.S. S an  Benito, and my 
impression diiring the tria ls of th a t vessel were th a t the electric 
drive woxild be especially suitable for passenger vessels where 
re liab ility  and comfort are the chief assets. I  was particu larly  
s truck  by the complete absence of v ibration and noise, and the 
rem arkable manoeuvring capabilities. These impressions are 
now supported by the excellent perform ances of the S.S. Viceroy 
of In d ia  and o ther vessels which M r. B erg has m entioned in 
his paper.

I have no criticism  to offer on the main p art of Mr. B erg ’s 
paper, which deals w ith  the propelling m achinery, bu t I  would 
like to draw his attention to the paragraph on page 6,91 
under the heading “ R efrigera ting  P la n t .”  He says tha t the
S.S. Virginia  has 100,000 cubic feet of re frigerated  space, and 
th a t to cool this there are four C 02 re frigera ting  m achines, 
each driven by an electric m otor of 100 h .p ., m aking a to tal of 
400 h.p. for these m achines alone, w ithout tak in g  their 
a tten d an t auxiliaries into account. H e then says tha t the 
whole re frig era tin g  p lan t when w orking at maxim um  output 
consumes 800 h .p ., so th a t 400 h .p . m ust be used for auxiliaries



E l e c t r ic  P r o p u l s i o n . 7 1 1

alone. Now, taking- a liberal allowance of 1'7 h .p. per ton of 
refrigeration , 400 h.p. would be sufficient for 235 tons of 
re frigeration . This appears to be out of all proportion to usual 
practice, and I  would like to know if the re frig era tin g  m ach
inery has o ther duties which demand such a heavy consum ption 
of power, besides cooling the cold storage spaces. W ith  
ordinary  practice, allow ing one ton of re frigera tion  to 1500 
cubic feet of storage space, which is a liberal allowance, the 
approxim ate capacity of the machines required  for 100,000 cubic 
feet would be 66 tons. The 400 h.p. used for auxiliaries in the 
re frig era tin g  p lan t appears to be extrem ely  high , and it would 
be in te resting  to have an explanation from the au thor.

Mr. G. P . H u t c h i n s o n :  Mr. B erg’s paper is an in teresting , 
if controversial one, b u t I  would like to have seen more 
inform ation concerning the control mechanism. I  th in k  th a t 
if we had been given a w iring  diagram  for the Virginia  most of 
us would have found it helpful, while it  is not inconceivable 
th a t its piiblication would have given the ordinary geared 
tu rb ine  quite a good “  leg up ”  ! There is no doubt th a t to 
m ost B ritish  m arine engineers, the in sta lla tion  looks very 
complex, and while I  am full of adm iration for the fool-proof 
arrangem ents which are provided and the proved re liab ility  of 
the control system s used on m odern electrically-driven ships, 
its  com plexity strikes one very forcibly when one looks a t the 
diagram s. In  fairness to electric propulsion, however, it 
should be pointed out th a t the A tlan tic  Refining Company 
carry no electricians in th e ir D iesel-electric ships, which is a 
good testim ony to the electric drive.

M r. Berg m entions a fuel consum ption of ‘715 lb. for all 
purposes. I f  we consider the Duchess of lied  ford  and her sister 
ships, they  are fa irly  com parable w ith the V irginia  as regards 
speed and power. I  th ink  th a t in their case, speaking from 
memory, they  show a fuel consum ption of about ’63 lb. for all 
purposes, which is quite an appreciable reduction  on the figure 
given above. The Canadian Pacific “  Duchess ”  liners are 
equipped w ith single-reduction geared turbines w orking with 
ra th e r b e tte r  conditions for economy as regards steam  tem 
perature and pressure. I  would like the au thor to comment on 
this comparison. My own opinion is th a t the electric ship is 
only s ligh tly  inferior in economy to the B ritish  ship, thus con
firm ing Mr. B erg ’s figure of 5J%  for electrical losses.

I  th ink  the m ost in te resting  part of the paper is Mr. B erg ’s 
lis t of the advantages which he claims for the electric drive.
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As regards item  1, I do not th ink  the electric drive shows any 
advantage at all. E xactly  the same can be done w ith a geared 
tu rb in e ; it  is all a m atte r of design. If  people were not so 
afraid  of double-reduction gearing to-day the geared in sta lla 
tion would show even more wonderful economy than  has, for 
instance, the “ S ta tendam ,”  and I  th ink  the turbo-electric 
drive would then  be hard-pressed to equal geared vessel per
formances.

A dvantages 2 and 3 are of course very im portan t. As regards 
item  5, the statem ent referring  to condenser tube trouble is 
very debatable, and I  cannot follow the A u th o r’s reasoning. 
I f  one uses good cupro-nickel of 30-40% nickel, w ith  bell
m outhed ferrules on the inlet ends of tubes, m etallic packing 
and well designed w ater boxes, I  do not th ink  the condenser 
bogey m atters very much to-day.

A dvantage 6 is a good point for the electric drive, a lthough 
it m ight be added, in parenthesis, fa irly  reliable torsion-m eters 
are to be had at the present tim e.

As regards economic cruising speed, th is feature seems to be 
one of the principal argum ents in favour of the electric drive. 
On the o ther hand w ith  suitable s tag ing  and nozzle arran g e
m ents, one can obtain good economy at 3 /4 th s  down to 1 /2  
power in a geared installation as the tria ls of H .M .S . Nelson  to 
quote an instance, showed. A curve is given herew ith by per
mission of the E ditor of “  Shipbuilding and Shipping R ecord ,” 
which I  am sure will in terest both Mr. Berg and Mr. Belsey. 
I t  shows th a t the ra te  of fuel consum ption of the Nelson  a t 1 /2  
power is very little  below th a t a t full power, the overall results 
being as good as could be obtained over the same range of 
powers w ith  the electric drive on a lower w eight and cost of 
m achinery.

R egard ing  the hanging  of the condensers underneath  the 
L .P . turbines, the same has been done for years in geared 
installa tions.

I  can fully appreciate th a t the quan tity  of m ake-up feed 
w ater in an electric ship will be less than  in any other type of 
steam er, but I  cannot understand how it can be less than  one 
quarter, as the au thor claims, and I  would like more inform a
tion. As regards the claim th a t the  propelling motors can be 
placed aft, near the propellers, th is claim has already been 
referred to by a previous speaker. U sually  one sees the motors 
placed amidships in the engine room, which has certain  prac
tica l advantages. A nother point in this connection is the fact
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H.M.S. Nelson. Results of comparative steam  consumption trials.
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th a t  for a fairly  big  ship of high speed the diam eter of the  
m otors w ill be probably such th a t it  w ill be difficult to  a rran g e  
them  aft because of the breadth  of the vessel a t this point. This 
is probably the principal reason for placing them  am idships in 
such a vessel as the V irginia , and Mr. B erg ’s comments on th is  
po int would be of in terest. The shafting  losses are n o t suffi
ciently  g reat to worry about.

W ith  regard  to v ibration, I  again disagree w ith  the au tho r 
because there is no reason why there should be less v ib ration  in 
an  electrically-driven ship than  in a geared turb ine vessel of 
the  same dimensions, form, r.p .m . and propelle rs; it is a m atte r 
of mechanics, not of w hether turbo-electric or geared drive is 
used.

The perform ance figures of the V irginia  are certain ly  very 
good. W ith  reference to the A dm iralty  constant figures given 
on page 698, are we to assume th a t there is some in trinsic  m erit 
in  the horse-power produced electrically as compared w ith  th a t 
of the geared in sta lla tion?  Does th a t account for the be tte r 
A dm iralty  constants, or are we to suppose th a t the builders of 
passenger ships on Clydeside are inferior to A m erican firms ? 
I  th ink , seriously, th a t it  looks like a case of inaccurate power 
m easurem ents in the geared tu rb ine  ships quoted, a fact which 
lends w eight to the au th o r’s claim for absolute accuracy of 
power m easurem ent w ith  the electric drive.

R eferring  to the comparison of the Diesel ship and the elec
tr ic  ship, I  prefer to leave Mr. B erg to Mr. W arne. The m otor- 
ship figures are not the best th a t could have been obtained and 
I  have no doubt th a t the au th o r’s figures will no t cause the 
owners of the K ungsholm  to regret th e ir choice of m achinery.

The au thor is w rong in his figure for the s.h .p . of the Bremen. 
Instead  of 110,000 it should be 130,000 s.h .p ., and as far as I  
know the boilers are not fitted w ith  economisers. F u rth e r
more, I  do not th ink  th a t this fine vessel has y e t shown w hat 
she can do in the way of specific fuel consum ption.

F inally , I  would like to refer to the au th o r’s deligh tfu l con
cluding rem arks. I  do not agree w ith  him , bu t then  we all 
hope th a t the pioneers of new m ethods and system s will “  get 
there ’ ’ ! On the fe'ce of it I  cannot see th a t electric propulsion 
is going to oust either the all-steam  ship or the direct Diesel, 
particu la rly  th a t excellent proposition the double-acting Diesel 
engine w ith  gearing . I t  is all a question of economics and I 
th in k  th a t the various system s now in vogue are likely  to con
tinue to find favour for economic as w ell as technical reasons.
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The C h a i r m a n  : The thanks of the In s titu te  are en tire ly  due 
to  Mr. J .  M. D ewar, who has been largely  instrum en tal in 
o b ta in in g  th is paper for the In s titu te , and I  understand th a t 
it is partly  due to him  th a t we have been favoured by Mr. 
B elsey’s presence to -n ight. I  th ink  it would be fittin g  th a t we 
should pass a vote of thanks to Mr. Dewar for the assistance he 
has rendered in this connection. (A pplause. Carried w ith 
■enthusiasm.)

Mr. .T. M. D e w a r :  I  thank  you for your kind rem arks. Ii 
was only in Ju ly  last th a t a t one of our Council M eetings the 
P apers Com mittee reported th a t they  had been unable to secure 
a  paper on electric propulsion. They approached me, and 
know ing th a t Mr. E skil Berg was an au th o rity  on these 
m atters, hav ing  dealt w ith num erous ships of th is type, I 
cabled him  and gave two dates, in October and next M arch. 
W hen I  te ll you th a t he consented and has compiled th is paper 
since the  end of Ju ly , I  am sure you w ill agree w ith  me w hen I  
propose th a t we accord Mr. B erg  a h earty  vote of thanks, and 
also to his colleague, Mr. Belsey, for coming to -n igh t to read 
the paper. (Applause. Carried w ith  en thusiasm .)

Mr. W . J .  B e l s e y  (for the A uthor) : I t  has been a g reat 
pleasure to come and give this paper for my old friend Mr. 
E sk il Berg. I th ink  he will be pleased to reply to the dis
cussion. Perhaps I  m ight remove a little  m isapprehension as 
regards the relative m erits of the electric drive. Personally  I  
hold this belief, th a t for every type of vessel there is a par
ticu lar form of propulsion which is best su ited  to th a t type, and 
the old, efficient, reciprocating engine will never disappear. 
Th e geared tu rb ine  will find its place, and the Diesel, the  elec
tric  Diesel, and turbo-electric systems will find th e ir places. 
To say th a t any particu la r form of propulsion is applicable for 
all ships is a m istake. I  hope to discuss th is subject more fully 
in a pajier which I  am to read next Spring before another 
In s titu tio n .

The C h a i r m a n  : Possibly there are several members present 
to -n igh t who have not had an opportunity  to read the paper 
prior to this m eeting and who would like to con tribu te  to the 
discussion. They are invited to forw ard such contributions 
to  the H onorary Secretary  in w riting .

A vote of thanks to the Chairm an was proposed by Mr. A. 
•Tobling, seconded by Mr. P .  S. Kennedy, and carried unani
mously.
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Mr. W . E . F a r e n d e n  (By correspondence) : Tlie steam  con
sum ption of the Virginia , nam ely, 0'715 lb. of oil per s .h .p . 
hour a t 18‘5 knots is very good, including as it does re frig era
tion, electric cooking and all power in the ship. This figure 
shows a saving of over 30% on quadruple reciprocating  engines, 
and b e tte r than  single reduction turbines w ith Scotch boilers 
by 15%.

No separate tu rbine has to be installed  for going astern , 
which is im portant. The fu ll power of the m ain turb ines can 
be used when required for going astern .

The ship can be ru n  a t reduced speed very economically as 
only one tu rb ine generating  u n it need be used for driv ing both  
motors and shafts and s till m ain tain  high efficiency, a lthough 
in the sh ip ’s perform ance given in table 1, the consum ption 
increased to 0'843 lb. per s.h .p . hour a t 15'5 knots.

I  th ink  th a t i t  is too soon to sta te  th a t condenser troubles are 
practically  elim inated on electric sh ips; we hope th a t th is is 
the case, bu t it requires verification.

W ith  regard  to the 800 h.p . m entioned for the re frig era tin g  
m achinery installa tion , th is appears to be very excessive for 
dealing w ith  a to ta l cargo space of only 100,000 cubic feet. If  
each of the four machines takes 100 h .p ., it leaves 400 h.p. for 
the brine, w ater, and other pumps, a very high figure for deal
ing w ith this work.

N othing is m entioned in the paper as to the cost of upkeep 
and running  repairs; this should be considerably less than  w ith  
either reciprocating, or Diesel m achinery.

R eference is made in the paper to the Viceroy of In d ia , the 
first large passenger electrically driven steam er to be bu ilt in 
this country ; her perform ance should be be tte r than  the 
Virginia  on account of h igher steam pressure and superheat. 
This vessel is giving excellent results, the m achinery working- 
quietly  and well, w ith entire absence of v ibration , a very im
portan t m atter on a passenger ship.

Mr. S . A. S m i t h , M .S c . (By correspondence) : Mr. Eskil 
B erg’s paper which Mr. Belsey so ably read bears out to a large 
ex ten t the excellent results which have been obtained on the 
Viceroy of In d ia . This vessel in service has a speed range 
under voyage conditions of 14A knots to 18J knots. To meet 
these vary ing  conditions of service w ith  economy the electric 
drive lends itself adm irably and in the Viceroy of In d ia  each 
a lte rn a to r has been made of sufficient power (11,600) to give 
the vessel a m aintained sea speed of 16i knots.
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W ith  one a lte rn a to r runn ing  a steam  consum ption of 7’92 lb. 
per s.h .p . is obtained for tu rbines only, w hilst a t full power 
of 17,000 s.h .p . the steam  consum ption is 7'83 lb. per s.h .p . on 
28 inches vacuum . This means th a t for a reduction in power 
of 32% the steam  consum ption per s.h .p . is only increased by 
1'15% . There is also to m y mind the considerable advantage 
of practically  elim inating  the trouble of a leaky condenser, an 
item  of note where w ater-tube boilers are concerned, not to 
m ention the reduction in cost of upkeep, as for a la rg e  portion 
of the voyage only one a lte rna to r is in use. On a recent cruise 
the whole voyage was accomplished at an average speed of 
15'8 knots on one a lternato r.

The Viceroy of In d ia ,  like the V irginia , has all auxiliaries 
electrically  driven and has a large “ hotel ’’ load, to m eet 
which she is installed  w ith  four turbo-generators, each of 
500 k .w . ou tput. The steam  pressure for the m ain tu rbines 
and  the auxiliary  turbo-generators is 350 lbs. gauge a t 700° 
F ah . to ta l tem perature, generated  in six Y arrow  w ater-tube 
boilers having a boiler efficiency on service of 85% . The 
aux iliary  load on the Viceroy of In d ia  consumes about 30,000 
pounds of steam  per hour including galleys, laundry  and calori- 
fiers, and th is taken  as a percentage increases as the shaft horse
power is reduced. W ith  these services in  operation the fuel 
consum ption works out at ‘69 lb. per s.h .p . when two turbines 
a re  delivering 14,500 s.h .p . and auxiliary  generators 870 k.w .

A voyage comparison of the Viceroy of In d ia  and the 
R a w a lp in d i on sim ilar voyages a t sim ilar tim es of the year is 
as follows :—

w o M g  o 2 - oeo . 2  r* a) n  — Q. — y  ri m r
Q Q oq Q O O eJa

Viceroy o f In d ia  ... May 806 13,146 16*31 20,195 3,521 264‘5 
R a w a lp in d i  .................  May 818 12,996 15'88 19,187 4,477 339 5

The R a w a lp in d i is fitted  w ith  quadruple expansion tw in 
screw  m achinery and Scotch boilers of 215 lbs. w orking 
pressure.

There is no m ention in the paper regard ing  feed hea ting  and 
feed system  or of the m ethod of supplying the make up feed 
w ater. In  th e  Viceroy of In d ia  we have three s tage hea ting , 
and incorporated in the feed system  is a low pressure evaporator 
and W e ir’s closed feed system  is installed. The condensate is 
draw n from the  bottom  of the condenser by the W .E . pum p and 
passes th rough the air e jector and drain cooler, increasing the
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tem perature by about 10° Pali, to the L .P . heater in which th e  
tem perature is raised by about 65° Fall., g iv ing a final tem 
peratu re to the suction of the turbo feed pum p of about 174° 
Fah. when the regenerative condensers are w orking a t 28 inches- 
vacuum and turb ine a t 11,600 s.h .p . The discharge pressure 
of the W .E . pump is 25 lb. gauge (267° F ah .) so th a t there is 
no possibility of vaporisation in the suction pipe of the tu rbo  
feed pump. From  the feed pum p the feed w ater is pumped 
through  the I .P . heater, the tem perature being raised to 230° 
F ah ., thence through the H .P . heater, from w hich it passes to  
the boilers at 300° Fah. The heaters are supplied w ith bled 
steam  from the 15th, 13th and 9th stages of the turb ine respec
tively. The m ake up feed from the evaporator is passed as dis
tilled  fresh w ater vapour to the L .P . heater, the steam  con
sum ption of the evaporator being 1’28 lbs. of bled steam  (bled 
from stage 13) per lb. of w ater made, which is equivalent to 
"595 lb. of live steam  per lb. of w ater made, a saving in 
evaporator steam  consum ption of 53%.

Mr. Berg on page 698 queries the method of recording 
the i.h .p . of Diesel engines. I  have before me the actual 
log of a large m otor vessel and it  is rem arkable to note th a t 
this installa tion  running  a t 80% of full power shows a con
sum ption per i.h .p . of 0'286 lb. and per s.h .p . of ‘44 lb. The 
ratio  between these two gives a m echanical efficiency of 65%. 
Now it is doubtful if the Diesel engine m aker is prepared to  
adm it th a t his m echanical efficiency is only 65% a t 80% power. 
This efficiency is dependent on the power reg istered  by the 
indicators, and I  am inclined to the opinion th a t in th is respect 
the au thor is correct in his finding. A gain w ith regard  to the 
geared turbine, here we have to obtain the s.h .p . by means of 
torsion m eters. R ecently  there was read a paper on Geared 
Turbines in which the fuel consum ption per s.h .p . for all pur
poses was given as 0‘625 lb. W orking  out a heat balance for 
th is consum ption one finds th a t the turbines have an excep
tional efficiency. H ere again we are forced to the conclusion 
th a t all is not well w ith  th e  power m easuring instrum ent. W ith  
turbo-electric m achinery we m easure the power delivered to the 
m otors w ith the s p i e  accuracy as in power station  work, which 
I  th ink  all will agree is the most accurate method obtainable.

On page 691 the au thor gives the power of the re
frig era tin g  p lan t as 800 b .h .p . for a refrigerated  space of
100,000 cubic feet. This appears exc-essive, as it  allows an 
auxiliary  power of 400 b .h .p . and m achines 400 b .h .p . In  a 
recent installa tion  having  180,000 cubic feet of space th ree



E l e c t r ic  P r o p u l s io n . 7 1 9

m achines, each of 95 b .h .p ., were proposed, i.e ., 285 b .h .p . for 
the  m achines, the auxiliary  brine pumps and circulating ' 
pumps being 60 b .h .p . combined.

On page 692 the au thor gives the advantages of electric 
drive. My views on these are as follows : —

No. 1. The advantage claimed here can be equally well met 
w ith  geared turb ines.

Nos. 2 and 3. The reversal of the propellers is more effi
cien tly  and expeditiously done w ith  electric drive, w ith  the 
added advantage of fu ll power in the astern  direction. On the  
Viceroy of In d ia  the propellers are reversed from 109 revs, per 
m inute ahead to revolving astern  in 30 seconds. In  service all 
pilots have spoken of the ease and quickness w ith  which the 
vessel can be manoeuvred.

No. 4. There is the advantage pointed out by the au tho r and 
also the  sim plicity  of overhauling the tu rb ines, w ith  conse
quent reduction in costs.

No. 5. I  should like the au thor to give a fu ller explanation 
w ith  regard  to “  s trains on the condenser tu b es .”  I  am of 
the opinion th a t if the in sta lla tion  requires both condensers 
to be in  operation over long periods of the voyage one is no 
b e tte r off as regards leaky condensers than  w ith  geared 
m achinery. In  the Viceroy of In d ia  we have m et the advan
tage  more com pletely th an  in the Virginia  by m aking each 
tu rb in e  capable of driving the vessel a t 16i knots on load dis
placem ent, thereby m aking it possible for one set of m achinery 
w ith  its auxiliaries to be closed down over considerable periods 
of the  voyage. In  this case we have a standby condenser, and 
since w ear and tear are reduced the upkeep b ill is also reduced.

No. 6. Pow er M easurem ent. As m entioned above the  
horse-power is obtained w ith  power station  accuracy every 
w atch, and is logged six tim es a day, thus g iving a continuous 
record of the power. I also th ink  tha t the th ru s t m eters which 
are also continuously read enable one to obtain valuable data 
regard ing  the propellers and the effect of hull foulness.

No. 7. On the Viceroy of Indict under service conditions 
w ith  one tu rb ine  developing 10,400 s.h .p . the fuel consum ption 
for m ain engine, propelling auxiliaries, 800 k.w . auxiliary  
tu rbo-generators, galleys, laundry and calorifiers is '77 lb. per 
s.h .p . hour. W hen it is remembered tha t the auxiliary  load ia
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practically  constant and is therefore a much g reater percentage 
at reduced powers, the result, I th ink , is in keeping w ith the 
au th o r’s statem ent.

No. 8. There is certainly an advantage in being able to place 
the  main tu rbo-a lte rnato r in any convenient position. This 
cannot be done w ith geared m achinery, as the location of the 
gearing  and shafting  determ ines the location of the turbines.

W ith  regard to the underhung condenser this is standard  
w ith either geared or turbo-electric drive.

No. 9. The m ake up feed will be less than  w ith  geared tu r
bines, but I  th ink the au tho r’s figure ra th e r optim istic. On 
the  Viceroy of In d ia  it does not exceed two tons per 1,000 s.h .p .

No. 10. If  the vessel’s afte r lines will allow the m otors to be 
placed aft, there is a decided gain, not only in the reduction of 
shafting  and bearings bu t in increased cargo carry ing capacity 
by the elim ination of the tunnels and reduced leng th  of engine 
room.

No. 11. There is a decided advantage in  overcoming 
extrem e tem perature changes, and the electric drive lends itself 
adm irably to h igh  pressures and superheat.

No. 12. The absence of v ibration  on electrically driven 
vessels is rem arked upon by passengers and on the Viceroy of 
In d ia  a t all speeds above and below 92 revs, per m inute there is 
an absolute absence of v ibration th roughout the ship. For all 
ships there is generally  at least one revolution which synch
ronises w ith a n a tu ra l hull v ibration. In  the vessel m entioned 
one revolution e ither side of 92 elim inates the v ibration , which 
even at the synchronous revolution is not more than  generally 
persists on ships installed  w ith  reciprocating m achinery.

The au tho r’s reply to the foregoing discussion will be pub
lished in  a la te r issue. See index.

---------- o-----------
T h o m a s  N e w c o m e n :  F a t h e r  o f  t h e  S t e a m  E n g i n e .  — B y  

W. T .  Tucker (Member).
In  the Septem ber issue of the In s titu te ’s Transactions there 

is an artic le on “  Newcomen,”  which was taken from the 
“ E ng in eer,”  and was w ritten  by M r. H . W . Dickinson. This 
artic le  is very in teresting  and no doubt it  would be more so 
if  a fu ller history of the Newcomen engine was known. By 
way of adding  to th is history, I  thought it would in terest you 
to know th a t a few Newcomen or Cornish engines were at 
work for m any years in the Furness d istric t near D alton and
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Harrow. As a boy I  often went to see those old engines at 
work near Barrow, and I  feel sure th a t if you were to apply 
to the Barrow Steel Company, who controlled the old iron ore 
m ines near Barrow , you would get some particu lars of those 
•engines; also a le tte r to the editor of the  “  Barrow News ” 
m ight get some old local m iners to give some in teresting  ex
periences w ith those old Cornish engines.

As fa r as I  can recollect or estim ate, those old Cornish 
engines were erected some six ty  years or more ago, and I be
lieve they  were second-hand engines then, and they  worked 
away u n til about 30 years ago when the mines were closed 
down, as foreign ore could be got cheaper th an  w hat it cost at 
Barrow  to raise. There is still good ore to be got in Furness ! 
U nfortunately  those old engines I  refer to were broken up and 
sold as scrap. I f  my memory is correct I  would say the boiler 
pressure was about ten pounds.

I  well remem ber how as a lad of about twelve I  touched a 
lever of the largest engine at S tank near Barrow, and the re
su lting  crash as the beams came down on the supports fr ig h 
tened the driver and everybody else out of th e ir wits, bu t I 
am  glad to say there was nothing wrong afte r all. Those 
engines were beautifu lly  polished, and the engine room floor 
was scrubbed snow white. The drivers took great delight in 
th e ir  jobs, and there was g reat keenness to get appointed as 
drivers. D rivers had to graduate from stoking in  those days. 
They had no certificates or much education, bu t they had to 
be stric tly  sober, sound men, and they  worked eight hours per 
sh ift per day every day in the year.

In  conversation, w ith one old driver some 40 years ago I  was 
interested to hear from him  of, to h im , his g reat “  adventure ”  
in  going w ith o ther Cornish drivers to H olland in his younger 
days to drive Cornish beam engines installed there to pum p out 
reclaim ed land in connection w ith the drainage system. This 
would indicate th a t Cornish pum ping engines had a world-wide 
reputation , say 60 to 75 years ago, and it  would be in teresting  
to find out w hat became of those Cornish engines used in 
H olland and worked by my old friend in  his younger days.

I t  is a g reat p ity  th a t  one of those old Cornish engines near 
Barrow was not preserved, b u t possibly there m ay vet be in 
the country some other good old examples th a t could be pro
cured and kept in tact. They really  were wonderful engines.

I  also have a recollection of hearing  from a Cornish engi
neer th a t some 60 or 80 years ago some Cornish engines
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were sent to the U nited  States for pum ping mines there, and  
th a t it was from these old engines th a t Am erican m arine engi
neers got th e ir ideas for bu ild ing  the m achinery of th e ir famous 
lake steamers, which, as you know, have or had huge beam  
engines for driv ing the paddle wheels. The beams could be 
seen from the shores working above the ship—quite a p re tty  
sight.

A n  E a r l y  “  I n t e r n a l  C o m b u s t io n  ”  E n g i n e .

C o n tr ib u te d  b y  H .  C o k e  P o w e l  ( M e m b e r ) .

In  1882 I  resigned the position of M anager of the A ntofagasta 
R ailw ay to take an in terest in, and m anagem ent of, the well- 
known engineering works of Thomas Powel, a t Rouen in 
F rance, which had been established there about 100 years. 
Soon afte r jo in ing  the firm, I  went to examine a gas engine 
which we were asked to m anufacture. I  found it to be a far- 
sim pler engine than  any then on the m arket, and I  advised th a t 
it should be taken  up. I t  was of the type then known as the- 
O tto four-cycle type, and know ing th a t Messrs. Crossley Bros., 
the m akers of the Otto engines in E ngland, were successfully 
defending- legally  the Otto paten t, I  advised our not accepting 
any responsibility in defending any law suit for in fringem ent 
of the Otto or any other P a ten t.

French p a ten t specifications were not then published, and 
one had to get copies made at the French P a ten t Office; this we 
did of the Otto patent, and the Delam are-D eboutville and 
M alandin patents of the Gas E ngine to which I  refer. W e sub
m itted  these copies to a French legal expert on such m atters 
and some tim e afterw ards he gave the opinion th a t there was no' 
infringem ent of the Otto paten t. This new engine was known 
as the “  S im plex,”  and we thereupon commenced its m anu
facture. The sim plicity of the engine was in its electric ign i
tion which was really ‘ fool-proof.’ Messrs. Crossley Bros., the 
celebrated gas engine m akers, a t th a t tim e used a flame 
ignition, followed la te r by the tube ign ition— a great improve
m ent.

The “  Simplex ”  had at the  back of the cylinder a slide valve- 
face, in which there was a sm all port opening into the cylinder, 
w ith  sim ilar ports th rough  the slide and its  cover; the port in 
the cover opened into a closed chamber, contain ing th e  original 
ign ition , or spark ing  plug, which was bu t li tt le  different in 
design from the m illions of spark ing  plugs now used. W e tried'
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to replace the electric spark by spongy p la tinum ,bu t it was not 
practicable. The m agneto was then  little  more than  a scientific 
toy. F o r the continuous spark required we used a liquid 
b a tte ry  which gave no trouble, and we guaranteed  it for 100 
w orking hours. W ith  the slide valve the point of ign ition  could 
be easily fixed. A fter several experim ents we fixed the ign ition  
point a t 15° past the dead centre, our compression being h ig h er 
th an  then generally  adopted.

The following is a description of some of the details which 
may be of in terest.

The general arrangem ent of the horizontal engines was th a t 
now adopted for such engines. W e made b u t one vertical 
engine to order for, we understood, a boat a t Bordeaux. The 
vibrations in a horizontal engine are not so objectionable as 
in a vertical engine, hence the m ultiple vertical engines now 
installed  in  m otor vehicles. The piston design was the same 
as th a t used to-day. The piston rings, except the first one, 
were the F rench ligh t ham m ered m etal ones as now generally  
u se d ; this type made of cast iron had been used by the French  
for m any years for their steam  engines, and when properly fitted 
lasted  the life tim e of the e n g in e ; they  w'ere adopted la te r for 
locomotives in  this country  and were known as R am sbottom  
rings. W hen selecting the first rin g  we tested  the several 
E nglish  paten ted  ones and adopted one of these.

W ork ing  to O'Ol in. was then  hard ly  known, and had anyone 
suggested  w orking to O'OOl in. we should probably have turned  
the m an out of the build ing as being of doubtful m ental balance. 
One or two of our original engines, when on the test bed, sud
denly stopped a fte r a few revo lu tions; we sim ply re tu rned  th e  
p iston to the tu rn in g  shop to have it eased. The cylinders were 
never scored by the  sudden s to p p ag e ; w hat happened was th a t 
the piston, a wee b it too tig h t a fit, got heated  by the explo
sions to the point a t which the la s t one expanded the piston, 
suddenly fixing it  w ith  its  large surface in the cylinder. This 
could also occur th rough  w ant of lubrication and explains some 
sudden stoppages in o ther in terna l combustion engines for 
which the engineer was dismissed for allow ing his connecting 
bolts to get loose. G enerally these bolts act as safety devices, 
and give way. I  have come across two such cases.

Two or th ree of the first engines th a t we made for experi
m ental purposes had the in let and outlet valves placed hori
zontally, the valves having knife-edges closing on fiat surfaces, 
a Germ an design which we used in a Germ an ice m aking
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m achine which we m anufactured. The knife edge quickly 
flattened to the necessary surface to resist the pressure of w ork
ing. A lthough we saw no th ing  against th is type of valve, we 
had to adopt the coned-faced valve to satisfy  the Consulting 
Engineer.

The exhaust valves we placed low down, surrounded by a 
large volume of water. In  the small engines the valves were 
worked by a lever w ith cam ac tio n ; in the larger engines this 
valve was worked by an arrangem ent of lever which, from a 
dead slow upward movement rapidly increased its speed and 
valve opening. This we considered had practical advantages 
over the cam movement. The lever also had the advantage of 
giv ing a powerful leverage to s ta rt the valve off its  face. From  
dead slow to rapid rise of valves is seen in the Corliss and 
P e rk in ’s steam  valve arrangem ents. W e had no trouble w ith 
our exhaust va lv es; if we had, we should have heard of it, for, 
except in the larger engines, the valves could not be got at 
except by removing the pistons.

In  our first engines we made the crank-shafts of cast steel, 
for, by their stiffness the shock of the explosion was taken  up 
entirely  by the crank-shaft bearings. W e purposely broke two 
or three for exam ination after they had been working some tim e, 
and although they were not quite free from blow holes, gas 
engine shafts were made large to resist the effect of the explo
sions ra th e r than  the small B .H .P . developed. This we had 
also to do away w ith to please the Consulting Engineers who at 
th a t tim e in France, at least, were too theoretical. The 
governor was the ‘ h it  and miss ’ type, and we found no reason 
to abandon i t ; for the larger engines it was designed to vary 
the am ount of the m ixture en tering  the cylinder to m eet the 
vary ing  resistance. For driving dynamos we first used the long 
b e l t ; bu t its  wobbling, a t h igh  belt speeds, did not please. W e 
considered it m ust, a t high speeds of the belt, take up uselessly 
some of the engine power; and experim ents la te r on gave the 
loss of the to tal H .P . as about 5% . W e then arranged to drive 
the dynamo by the pulley on the flywheel, attached  to it by 
leather fric tion ; it s tarted  off all rig h t, bu t proved not to be 
‘ fool-proof.’ W e then placed the dynamo on a balanced lever 
to give the fric tion necessary for the belt to work and we placed 
the dynamo so near the flywheel pulley th a t the belt of the 
dynamo pulley em braced ju st enough to drive the dynamo and, 
a t each explosion, to  allow a sligh t slip. This acted perfectly 
and was adopted for all such drives.
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W e liad two large engines (70 B .H .P .)  w orking most suc
cessfully in  factories, w ith  Dowson’s gas generators. W e only 
m ade such engines as an advertisem ent, they being la rger than  
any then  m ade by other m akers. On our sm aller engines we 
m ade over 50% profit, and only from 10 to 15% on the  la rger 
ones.

Most of the engines at th a t date used town gas as fuel, but 
we had a most successful ca rbu re tter for petrol. The car
b u re tte r consisted of a cylinder surrounded by a jacket of the 
hot w ater from the engine cylinder. The petrol supply tan k  
was fixed on top of the carbure tter and fitted w ith  a sm all cock 
to feed the spiral brush  in  the carbure tter. The engine drew 
its supply of petrol m ix ture from the bottom  of the carbure tter. 
One day when tes tin g  an engine w ith petrol, we were surprised 
a t the engine stopping, and on exam ination we found the brush 
fid l of snow. M allindin added a second cock to give a sm all 
qu an tity  of hot w ater w ith  the petrol. The resu lt was su rpris
ing  for it allowed the whole of the petrol to be used up, and not 
the  lig h te r portion as before (the petrol of those days was no t 
of the h igh ly  refined quality  now supplied) ; it  also reduced th e  
consum ption of petrol per H .P . and carbonisation of the piston 
heads was unknown.

One of the first engines made was a tw o-cylinder 20 H .P . set 
for the P aris  journal “  Le P e tit  P a ris ien .”  About a week 
a f te r  it was started , the Otto Company commenced an action 
ag a in st us for in fring ing  their paten t, and the engine was 
removed. A few days afterw ards we received an anonymous 
postcard suggesting  our g e ttin g  a copy of Beau de R ochas’ 
paten t specification, which we did, and found the Otto paten t 
p ractica lly  a copy of it, so we continued to m anufacture the  
‘ S im plex.’ W e won the law -suit and got -55,000 francs 
dam ages and the publication of the verdict in ten journals. 
The only copy of the Beau de Rochas specification in E ngland 
was in the B ritish  Museum. The E nglish  judges would not 
accept it as having been published, so Messrs. Crossley got an 
in junction  aga inst any firm using the Otto cycle w ithou t th e ir 
perm ission.

S ta rtin g  our engine was a simple affair; we filled th e  
cylinder w ith  the explosive m ix ture when the p iston  was 
a t half-stroke during  the explosion portion of the cycle, 
and then fired it  by means of the electric spark. T he 
ind icator cock told us when the cylinder was full. Dr. 
L anchester, designer of the only wholly E nglish  car and petrol 
engine, came to see us at R ouen to suggest our adopting his
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very simple s ta rtin g  system, l>ut we showed th a t we practically  
did the same th ing . The L anchester system  had one advantage 
over ours— th a t he could fill the half cylinder at any part of the 
cycle. U r. L anchester’s system  was such th a t when the gas 
came through the indicator cock he fired it and quickly closed 
the  cock, so firing the gas in the cylinder. Our drivers m anaged 
the stopping of the engine a t any p art of the cycle by 
manoeuvring w ith the indicator cock, and seldom m issed; if 
they  did miss i t  m eant only tu rn in g  the engine w ith  no com
pression to overcome. I  have been much surprised a t Dr. 
L anchester’s system  not being generally  adopted.

W e exhibited a t the P aris  E xhibition  a large gas engine 
which was intended to be worked by a gas generator, designed 
by  the g reatest au thority  on furnaces in F rance. I t  did not 
work and we applied for assistance to Mr. Dowson, who imme
d iately  sent' us two of his small generators, by m eans of which 
the engine worked during  all the tim e of the E xhibition . W e 
had also exhibited a W orth ing ton  h igh  duty  pump for supply
ing the exhibition w ith  w ater, and also a four-cylinder triple 
expansion engine and an Am erican A rm ington and Simms high 
speed engine. I  had given me personally the hig-hest award, 
the  Diplome d’H onneur, and our Paris agent the m edal and 
green ribbon, an educational decoration. I  %vas told th a t if I  
applied through our Am bassador, the award of the Legion 
d ’H onneur would be considered, b u t foolishly I  did not apply. 
I  had previously been awarded the Gold Medal a t the H avre 
Exposition.

In  1889 my firm was tu rned  into a company, the m anaging 
d irector being a young Frenchm an who had the College degree 
of E ngineer and so had only to teach, and noth ing  more to 
learn.

In  1892 the m anaging director was persuaded to take  an order 
for an engine w ith a cylinder of 1 m etre (39*37 in .) diam eter. 
I  refused to have any th ing  to do w ith  it, for we had had no ex
perience of cooling such a volume of flame as the explosion of 
such a volume of gas in the cylinder would generate, also as I  
had complained of the deterioration of the good workm anship 
which the firm was well known to tu rn  out, this led to my 
resigning, w ith  a prophecy th a t the firm would be bankrup t in 
seven years as orders were taken for o ther large engines. This 
1-metre engine had the cylinder end and the shaft replaced 
before it reached the scrap heap, and seven years la te r the 
ground on which the shops once stood was occupied by 
m aisonnettes.
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Both Edw ard Delamare and M alandin died soon afte r the 
ia i lu re  of the w orks. M. M alandin, a re tired  naval engineer, 
w as the real inventor and a charm ing and clever m an.

I  hope th a t the M embers will find this h istory  in te resting  in 
•connection w ith  the up-to-date h istory  of the oil engine already 
published.

T h e  “  M a u r e t a n i a  ”  a n d  t h e  B l u e  R i b a n d .

G reat prom inence has very r ig h tly  been given in  the daily  
papers and technical press to the fine achievem ent of the new 
N orddeutscher Lloyd express liner B rem en  in  w resting from  
the veteran C unarder M auretania  the Blue R iband of the 
N orth  A tlan tic , which she held unchallenged for upwards of 
tw o decades. I t  is equally fitting  th a t a tten tion  should be 
draw n to the subsequent rem arkable perform ances of the 
M auretania  in  her a ttem pt to regain  the laurels, thereby de
m onstrating  her continued high  efficiency a fte r so long a 
period of service. As a m onum ent to B ritish  skill in  ship
build ing, naval architecture and m arine engineering, the re
cent perform ances of the famous C unarder w ill serve for all 
tim e ; and while the skill of her designers, constructors and 
“  rejuvenators ” is deserving of' h igh  com m endation, it is 
•only fitting  th a t a word should be said in praise of her adm ir
able engineering personnel. H er chief engineer, M r. Cockburn, 
has shown him self to be obviously possessed of all the skill of his 
c ra ft in  m ain ta in ing  the vessel’s m achinery a t th a t p itch  of per
fection which is essential when the last ounce of power and 
efficiency are demanded, not m om entarily bu t for an  A tlantic 
•crossing of several days duration. Furtherm ore, the en thusi
astic co-operation of his subordinates, down to the hum blest 
m em ber of “  the black squad,”  is im perative under such ard u 
ous conditions. The m aintenance of condenser vacuum  and 
steam  pressure at the highest possible level im plies con
scientious application not only during  the stress of a record- 
seeking crossing bu t also in  port. Members of th is In s titu te  
know fu ll well w hat the perform ance of the Mauretania, exacts 
from  her engineering staff, and it is to be hoped th a t some 
day a facile pen will place on record the p art they have played, 
not only recently bu t during  her splendid twenty-five years of 
existence in m aking her fine perform ance possible. I t  is fit
ting , however, th a t the adm iration of members of the In s titu te  
of M arine Engineers should be placed on record in  th is con
nection.

G .R .H .
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A n  E n g i n e e r ’s F e a t  a t  S e a . “  Syren and S h ipp ing ,”  7th 
A ugust, 1929. Block for illustra tion  kindly  len t by th e  
Editor.

Opposite the m ain gate  of the M ercantile D ry Dock Company, 
Jarrow -on-Tyne, there  is exhibited the strange object shown in 
our illustra tion . I t  bears, as will be seen, an uncouth resem 
blance to a sh ip’s screw, and it is, in fact, a propeller w hich was 
improvised hundreds of miles from land. In  1899 the S.S.

A M akeshift Propeller.

K ennett lost her propeller when well out a t sea. An accident 
of this kind, though decidedly unwelcome, is by  no means 
novel, and it appeared at first th a t w ith  a little  delay the spare 
propeller would be m ounted in place. However, an  exam ina
tion showed th a t the  specially-prepared end of the engine shaft 
had broken away w ith  the lost propeller. The chief engineer 
was thus faced w ith  the unpleasant fact th a t his “  spare ” was 
useless. B ut being a resourceful m an, he resolved to provide a 
substitu te . He cast about for m aterials which could be per
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suaded into the shape of a propeller and he adapted to the 
broken ta il shaft. A fter 16 days of toil a clumsy bu t effective 
replacem ent was m ade and fitted. Iron  plates from bunker 
doors, odd bolts and such homely m aterials as cem ent and wood 
were pressed into service. I t  w ill be observed th a t the boss is 
unusually  large  in proportion, being 3 |  ft. across— the whole 
is 6J ft. in diam eter. The boss itself is formed by a block of 
concrete clamped between two plates. I t  holds four blades— 
very solid ones made of 3-in. blocks of W'ood strengthened  by 
iron plates and fu rth e r secured by iron stays. So m uch for the 
propeller proper. How was the much more form idable job of 
fitting  it achieved ? The broken end of the shaft had originally  
term inated  in a threaded portion on which a re ta in ing  n u t was 
screwed against the propeller. This was m issing, bu t there 
rem ained the keyw ays for the flat keys of steel th a t  prevented 
the propeller from ro ta tin g  on its shaft. Slots were therefore 
provided in the central hole of the improvised boss, so th a t it 
could be keyed on. As th is alone would not re ta in  the  pro
peller, a flat b ar having  two holes was m ounted across the  hole. 
Now came the critical and dangerous work of fitting  the pro
peller. A slot intended for the flat bar was cut across the end 
of the broken s h a f t ; in this slot holes were bored and threaded, 
and screwed studs inserted. The propeller was keyed on the 
s h a f t ; the flat b ar dropped into its special slot, and nu ts were 
run on the studs, which now projected th rough  it. The 
engineer had made a thoroughly  stu rdy  m akeshift, and when 
the  engine was again  w orking and the ship under way he 
pruden tly  rem ained satisfied with the low speed of four knots. 
H is ingenu ity  and caution were rew arded—for the ship safely 
sailed 1,200 miles to Barbados, where the  ju ry  propeller went 
in to  retirem ent. T h irty  years have gone by since the feat, and 
the  iden tity  of the  engineer who b rought it  into being is lost, 
b u t no doubt it  is inscribed somewhere in the  annals of the sea.

H e a t  T r e a t m e n t  o f  S t e e l . “  Syren and S h ipp ing ,”  7th 
A ugust, 1929.

In  view of the a tten tio n  being given to low -tem perature 
carbonisation, it is in terestin g  to note th a t one of the m ost 
im portan t fields is in the iron and steel in d u s trie s ; th a t is, 
tre a tin g  bitum inous coal dust and smalls to obtain smokeless 
solid fuel in large pieces along w ith low -tem perature ta r  and 
lig h t oil, and using  all the clean rich gas direct for the heat 
trea tm en t of steel. A t the present tim e the general method 
adopted is hot uncleaned producer gas, bu t there is also em
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ployed, to a lesser degree, coal or o ther solid fuel in the lump 
form, pulverised coal, oil, na tu ra l gas and coke oven gas. In  
this connection a paper, “  Fuel Used in H eat T reatm ent of 
S teel,”  has been read in P hiladelphia by Mr. M artin  J .  Conway, 
fuel engineer to the Lukens Steel Company, Coatesville, P a ., 
which firm are tak ing  all the gas from a “ K .S .G .”  low-tem- 
peratu re carbonisation p lan t. Mr. Conway sums up the advan
tages of low -tem perature carbonisation gas for steel works 
furnaces as against hot uncleaned producer gas as follows: (1) 
Cleaner operating- conditions w ithout soot and deposits in the 
gas m ains, and en tire  absence of ash and clinker; (2) C onstant 
calorific value of the gas, which does not obtain w ith  producers, 
especially because of the necessity of c lin k e rin g ; (3) Ease of 
control, due to constant pressures and calorific values, thus 
allowing of h ighly  efficient autom atic gas supply w ith constant 
h ea t; (4) F lex ib ility  in the sense th a t low -tem perature carboni
sation gas of this character can be piped w ith the g reatest ease 
to any part of the plant, whereas hot, d irty  producer gas cannot 
be sent for long distances, and the supply pipes, lined inside 
w ith  firebrick, are costly to install and to keep in o p era tio n ; 
and (5) G reat accuracy in the actual heat trea tm ent of the steel 
in th a t the flame can be altered  in stan tly  so as to give a sligh tly  
reducing or sligh tly  oxidising atm osphere at will, w ith con
tinuous m aintenance of these conditions in a m anner impossible 
w ith producer gas or oil firing. The “  K .S .G .”  p lan t now 
being erected by In ternational Combustion E ngineering  Cor
poration adjoining the Lukens Steel W orks, consists of six 
standard  ro tary  cylindrical steel re to rts, each w ith  a th rough
put of 80 tons of coal per 24 hours (480 tons for the complete 
p lan t). The re to rts are slightly-inclined steel cylinders 85 ft. 
long and 5 ft. 6 in. diam eter, carry ing an outer cylinder 72 ft. 
9 in. long and 10 ft. diam eter, runn ing  a t a slow speed of one 
revolution in 90 seconds, driven by suitable gearing, and giving 
2J hours’ carbonisation w ith a m axim um  tem perature of 925 
deg. to 1,025 deg. F ah r. by m eans of ex ternal hea ting , along 
w ith steam ing of the charge, and blending, if necessary, w ith 
a small am ount of the smokeless fuel smalls.

T h e  L oad  L i n e . “  Shipbuild ing and Shipping R ecord,”  5th 
September, .1929.

The Board of Trade are charged by P arliam ent with the 
adm inistration of m any restrictions imposed by m erchant ship
ping legislation, bu t of all these restrictions no one of them 
is so im portan t in the operation of the shipping industry  as the
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restriction on loading by tbe compulsory m arking of the load- 
line disc on the sides of ships. I t  was first institu ted  for safety 
of life a t sea and is still regarded as prim arily  for th a t im 
portan t purpose. Its  usefulness as a factor in  safety is beyond 
a ll dispute, although it m ust never be forgotton th a t in the 
last resort safety oftentim es depends more upon the hum an 
elem ent—the skill, the judgm ent and the resourcefulness of 
the experienced navigator—th an  upon any th ing  else. I t  is, 
however, obvious th a t to restric t the loading of ships m ust 
gravely affect the economics of the shipping industry , and 
thus the position at which the load line is fixed is of para
m ount im portance also to those who operate ships. I t  is, 
therefore, essential to the well-being of a nation dependent 
upon sea-borne commerce th a t the position should be regulated 
so as to ensure safety w ithout ham pering unduly  freedom to 
trade.

The old “  Plim soll L ine ”  sim ply indicated  for each voyage 
the position beyond which the shipowner did not propose to 
load his s h ip ; but since 1890 the load-line disc has indicated 
the position beyond which the Board of Trade will not perm it 
a ship to be loaded. The Board of Trade have never a rb i
tra r ily  fixed the position of the Governm ent load line on th e ir 
own o p in io n ; they  have always enlisted the best advice ob
tainable, notably those possessing experience in  dealing w ith 
the design and strength  of ships, in order to form ulate rules 
under which the position should be fixed. The rules adopted 
by the Board in 1890 were those contained in the report of the 
Load L ine Committee appointed in 1883, which was issued in 
1885. These rules were largely  based upon rules put forward 
earlier by L loyd’s R egister of Shipping, and since 1890 they 
have been subject to modifications b u t only as the resu lt of 
investigations by Load Line Committees appointed as necessity 
arose. The latest Committee was appointed in 1927, and th e ir 
report, ju s t issued, is before us as we write. I t  is, perhaps, 
the most im portant and the most comprehensive of a ll the re 
ports on the subject, and will probably be the  most far-reach- 
ing  in  its influence. I t  is bound to affect the though t and 
action of all those concerned w ith the fixing of load lines the 
world over.

The report is really  a com bination of four separate reports 
on allied subjects, so well-balanced in  princip le th a t they 
dovetail one into the other and form a clear and in teresting  
study of m odern load-line problems. The four subjects dealt
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with a r e : (1) The sufficiency of the present load-line rules 
(which have operated since 1906) to provide adequately for 
existing conditions ; (2) the regulation of the carriage of tim ber 
deck cargoes and the assignm ent of special load lines for use 
when ships carry such cargoes; (3) the g ran t of preferen tia l 
trea tm ent to oil tankers in  the assignm ent of load l in e s ; and 
(4) the definition of the geographical areas w ith in  which the 
seasonal load lines shall operate. In  each case the Committee 
make definite recommendations upon conclusions which it  is 
evident from the report were arrived a t afte r patien t and 
thorough inquiries. Em phasis is very properly laid  upon the 
wealth of evidence taken from shipm asters and officers as to 
the actual conditions met w ith at sea and the behaviour of 
ships of all types under those conditions. W e would add th a t 
it was equally im portant for the Committee th a t  shipowners, 
shipbuilders and ship-repairers were also represented so fully  
among the witnesses. I t  is im portant to the shipping in 
dustry, and will reassure the general public, th a t  the Com
m ittee found th a t by an exam ination of the facts of shipping 
casualties; of the experience of the Board of Trade, L loyd’s 
Register, B ritish  Corporation and B ureau V eritas, who assign 
load lines and deal w ith the structu ra l efficiency and equip
m ent of ships and of the experience of shipm asters, shipowners 
and others, it was “  proved th a t the freeboards given by the 
Rules of 1906, both to cargo ships of the older type and to 
those of more modern design and construction, were sufficient 
for the average conditions m et w ith on the trade routes of the 
world.”  I t  has, however, been recognised for m any years by 
technicians, both at home and abroad, th a t in  applying the 
Rules of 1906, inequalities between ship and ship occurred, and 
the Committee did not overlook th is fact. F u rth e r, there has 
been a lack of sim plicity in  procedure. Therefore, once satisfied 
on the essential point of the sufficiency of the rules for existing 
conditions, they  undertook the difficult task of form ulating new 
rules to deal w ith these facts. The Committee state th a t  “ in 
fram ing the new Rules for D eterm ining Load Lines our m ain 
endeavour has been to sim plify the structure and arrangem ent 
of the Rules so as to facilita te  th e ir application, to provide 
equitable treatm ent for different types of ships, and to avoid 
the anom alies and inequalities w hich exist in  the present 
ru les.”  A first exam ination of the new rules shows th a t the 
Committee have accomplished th e ir  task and have, moreover, 
approxim ated closely to the present m inim um  freeboards. No 
doubt there will be technical criticism  of the new rules, bu t



T h e  L o a d  L i n e . 733

one au tho rity  has inform ed us th a t they are the best which 
have ever been devised to deal w ith the in trica te  problem  of 
load-line assignm ent.

I t  is refreshing to find th a t the Committee have exposed so 
relentlessly the anomalous position created by the operation of 
the present regulations for the carriage of tim ber deck cargoes. 
They point out th a t these regulations “ have undoubtedly 
lim ited , especially since the beginning of the present century, 
the em ploym ent of B ritish  shipping in  the tim ber trade to this 
country, and have discouraged the building of steamers speci
ally  suitable for the trad e ,”  and fu rth er, th a t  in  some respects 
they are ‘ ‘ liable to increase the risk to life and property ra ther 
th an  to dim inish i t .”  I t  is no wonder th a t the Committee re
commend the repeal of the law containing the regulations and 
th a t power be given to the Board of Trade to make new regu la
tions for the fu tu re , applying everywhere instead of only to 
voyages to th is country, as at present, and to m odify them  
from  tim e to tim e in  consultation w ith the interests concerned. 
They also provide in th e ir new rules for the assignm ent of 
special tim ber load lines which will perm it, under specified 
conditions, steamers carry ing deck cargoes of tim ber to load 
deeper than  the ordinary  load line allows. The provision in 
th is  respect was only made afte r exhaustive exam ination of the 
practice, extending over 20 years, of the Scandinavian coun
tries, an exam ination which included a personal v isit of in 
spection of the actual loading at Swedish ports and the actual 
condition of the loaded ships on arrival a t C ontinental ports. 
The handicap to which B ritish  shipping has been subjected is 
thus fu lly  recognised and remedied.

In  dealing w ith  the load lines of oil tankers, the Committee 
points out th a t the tanker is a m odern development, b u ilt to 
meet a modern need, so m uch so th a t there was no necessity 
for the Rules of 1906 to provide for th is type of steam er. They 
therefore propose th a t p referen tial trea tm ent over the ord inary  
cargo steam er should be given to tankers in  the assignm ent 
of load lines. The Committee state th a t  “  W hile fu lly  ap
p reciating  the special construction of tankers, th e ir com para
tive im m unity  from sea-damage, and the value of the fore and 
a ft gangw ay in  providing a satisfactory heigh t of working 
platform , one main ground for accepting the principle (of pre
feren tial trea tm ent) is the efficient protection provided for 
openings in w eather decks by means of w atertigh t covers.”  
Scarcelv any inform ed au tho rity  will quarrel w ith  this con-
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elusion. The Am ericans have consistently acted upon the p rin 
ciple, bu t on th is side of the A tlantic it has not been done. 
The Committee do not agree w ith  the am ount of ex tra d raugh t 
to which the U nited  States shipowners have loaded th e ir 
tankers, and they  do not state the am ount of deeper loading 
w hich they th ink  would be permissible. They leave the de
cision on th is point to an In ternational Conference, bu t they 
do specifically lay down the conditions to be complied w ith 
before a a j  deeper loading is perm itted. A pparently  they  con
sider tha t the am ount of deeper loading is debatable; the 
qualify ing  conditions are m atters of fact.

In  view of the desirability  of an in ternational load line, 
it is significant th a t in  dealing w ith the application of the 
seasonal load lines, the Committee have come to an arrange
m ent on the subject of geographical areas w ith the U nited  
States Load Line Committee, which is now engaged in  the 
preparation of rules to apply to A m erican ships when the com
pulsory m arking of loadlines becomes operative in  September, 
1930, under the new M erchant Shipping A ct, passed a few 
months ago. The m ap which accompanies the B ritish  Com
m ittee’s report is an in teresting solution of a much-discussed 
problem.

W e p rin t in  another column the conclusions and recom
mendations of the Committee, bu t the whole report is worthy 
of close study. I t  is cautious against com m itting th is  country 
to additional adm inistrative action w ithout in terna tional agree
ment, especially on regulations for the uniform  application 
of in ternational load-line rules once they are agreed. W e con
g ra tu la te  S ir Charles Sanders and his colleagues on a memor
able contribution to the complicated subject of the assignm ent 
of load lines to m erchant ships.

T h e  W e s t  I n d t a  D o c k s . “  The E n g in ee r,”  13th Septem ber, 
1929.

On th e  afternoon of Thursday of last week, Septem ber 5th, 
the Union-Castle m ail steam er Llandovery Castle, of 10,609 
gross tons, entered the South-W est In d ia  Dock by the new 
lock entrance, thereby inaugura ting  one p art of the new 
scheme of im provem ents recently  undertaken by the P ort of 
London A uthority . By constructing a new entrance lock, 35ft. 
deep, w ith a w idth of 80ft. and a length of 590ft., compared 
w ith the 54ft. 6in. and 480ft. of the earlier lock, and providing 
a system of inter-connecting channels, w ith a uniform  depth
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of 28ft., i t  is now possible for larger ships to use the W est 
In d ia  Dock system, and to pass conveniently to any desired 
berth . The actual w ater area of the new dock system is 127 
acres, and the warehouse and railw ay facilities have been 
g reatly  improved, at a to tal cost of over 1 | m illion pounds. A 
notew orthy feature of the new entrance lock is the fact th a t 
large ships can use it  from an hour and a h a lf before high 
w ater u n til four hours a fte r h igh  water, whereas w ith the old 
arrangem ent the m argin  was a com paratively narrow one, and 
most of the en tering  vessels had to be berthed a t h igh  tide. 
I t  is hoped th a t m any of the ships which previously would 
have hesitated to use the W est In d ia  Docks, 4 |  miles above the 
K ing  George V. Dock, will now freely use them , and th a t th a t 
traffic will be brought fa rth er up the river th an  previously.

T h e  S c h n e id e r  T r o p h y  C o n t e s t . “  The E n g in eer.”  13th 
Sept., 1929.

On S aturday, Septem ber 7th, the ten th —or eleventh, count
ing  the annulled m eeting at Bournem outh in  1919— contest 
for the Schneider Seaplane Trophy was held over the Solent. 
Six m achines, three B ritish  and three Ita lian , were engaged in 
the race. All three B ritish  machines completed the course, 
the w inner being F ly in g  Officer W aghorn on a Superm arine 
Rolls-Royce “  S 6 ”  m achine, w ith an  average speed for the 
seven laps of 328-63 miles an  hour. F ly in g  Officer A tcherley, 
on a sim ilar m achine, achieved an average speed of 325-54 
miles an hour, bu t was disqualified for fa iling  to round one 
of the marks correctly. On two of his laps he established the 
record speed for a closed circu it of 332 miles an hour. F lig h t- 
L ieu t. Greig on a Superm arine N apier 11 S 5 ”  m achine pro
duced for the previous contest in 1927, was awarded th ird  place 
w ith  an average speed of 282-11 miles an  hour. Of the Ita lian  
machines, only one, a M acchi F ia t, produced in 1927 and flown 
by W arran t Officer D al M olin, completed the course. This p ilo t’s 
average speed was 284-2 miles an hour, and he was awarded 
second place. The two new Ita lia n  m achines, both M acchi 
Iso tta  F rasch in i a irc raft and piloted by Lieuts. C adringher 
and M onti, were forced by m inor defects to descend on th e ir  
second laps. T heir speeds on the first lap were respectively 
284 and 301 miles an hour. G reat B rita in  has now won the 
contest four tim es, I ta ly  th ree times, the U nited  States twice, 
and F rance once. The trophy  becomes the perm anent pro
perty  of any country which wins i t  three times in  five successive
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contests. This country will therefore secure it for good if  we 
win any one of the next three contests. I f  I ta ly  is to rob us 
of final possession, she will have to win the next two contests. 
America to do likewise would have to win three out of the next 
five contests. The final destination of the trophy is, however, 
by no means as clearly indicated as these figures would im ply. 
A t one time Ita ly  and at another tim e Am erica were in  pre
cisely the same favourable position as we are to-day. I t  ap
pears, too, th a t the g reat expense of competing in  the contest 
m ay possibly prevent its being perpetuated. L ast S a tu rday ’s 
race, it is said, cost the Ita lian  Government from first to last 
about ,£1,000,000, and the B ritish  Government about £250,000.

F r a c t u r e  o f  a  Ca s t - I r o n  T e e - P ie c e  i n  S.S. “  M a c h a r d a . ”  
“ E ng ineering ,”  13th Septem ber, 1929.

*Tlie S.S. Macharda is a vessel of 6,209 tons register, belong
ing  to Messrs. T. and J . Brocklebank, L im ited. She has four 
cylindrical boilers, w orking a t 220 lb. per square inch. The 
auxiliary  steam  pipes are of steel throughout, the general lay 
out was well designed to allow for expansion and shock, and the 
pipes were supported by clips to the side bunkers. Over one 
boiler, however, were two isolating valves, a righ t-angled  
vertical bend, and a cast-iron tee-piece connecting the system  
to the boiler stop valve. W hen the ship was on voyage from 
G ibraltar to Boston, U .S .A ., on December 9th, 1928, th is  cast- 
iron tee-piece fractured, and two L ascar stokehold hands unfor
tunate ly  lost their lives through scalding. Exam ination made 
im m ediately a fte r the accident showed th a t the m ateria l was 
sound, b u t th a t the break was open about § inch. A t th e  tim e 
of the accident, the ship was experiencing bad w eather, and it 
was though t th a t the shock of a heavy sea strik in g  the ship was 
transm itted  to the  tee-piece which failed. In  his observations 
on the report, the E ngineer Surveyor-in-Chief said th a t it  was 
evident the constructors fully appreciated the need for provid
ing  ample flexibility, “ and it  m ust be assum ed th a t it  was by 
oversight so short and Tigid a connection was made between 
the tee-piece which fractured , and the s tra ig h tes t p a rt of the 
steam  pipe ra n g e .”  A fter the accident, a gun-m etal tee-piece 
was fitted.
H e a t  T r a n s m i s s i o n  i n  B o i l e r s . “ S h ipbuild ing and Shipping 

R ecord.”  19th Sept., 1929.
The am ount of heat transm itted  through the plates and 

tubes of a boiler depends, not only upon the thickness and the
* For full Report see p. 678 October Issue.
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m ateria l of which these are made, but also upon the difference 
of tem perature which is m aintained between the two sides of 
the m etal. I t  has been shown, by num erous experim enters, 
th a t, in  order to keep th is difference of tem perature at as large 
a figure as possible, adequate circulation  must be m ain tained , 
both on the w ater side and on the flue gas side of the m etal. 
A n  in teresting  development in the m ethod of c ircu lating  the 
hue gases over the heating  surfaces of boilers, as a resu lt of 
which a considerable increase in  the heat transm ission is ob
tained , consists in  using baffles so arranged th a t  the Hue gases 
flow transversely, instead of in  a longitudinal direction, across 
the heating  surface. In  the case of the m arine type boiler 
with corrugated flues, the desired result is produced by insert
ing  a sm aller corrugated tube in the flue, so as to leave an 
an n u lar passage for the gases w ith corrugated walls on each 
side, while for w ater-tube boilers, corrugated baffle plates are 
inserted between the rows of tubes. I t  is fu rth e r suggested 
th a t a corrugated strip  m ay be inserted in the smoke tubes. In 
a series of tests on an experim ental boiler fitted w ith various 
baffles in this m anner, it was found th a t the heat transfer 
coefficient could be increased from two to two and three-quarter 
tim es the value attained  w ithout the baffles, a lthough it  is to 
be noted th a t the d raugh t required was m ultip lied  to 9 fold. 
This increase of draugh t is not though t to be prohibitive, and 
no trouble is an ticipated  from fouling of the heating  surfaces, 
as the increased velocity of the flue gases tends to keep the 
hea ting  surfaces clean.

T h e r m a l  E c o n o m y  o f  S t e a m s h i p s . “  Shipbuild ing  and 
Shipping R ecord.”  19tli Sept., 1929.

In  any investigation as to the most suitable type of 
m achinery to employ for the propulsion of a ship, i t  is not 
sufficient to consider m erely the efficiency of the m ain engines, 
the effect of the aux iliary  m achinery both in the engine room 
as well as on deck, together w ith  the problem s of ligh ting , 
heating  and ventilation, m ust also be taken into account, since 
these la tte r  are often profoundly affected by the type of pro
pelling  m achinery which is employed. In  form er tim es, when 
nearly  all the aux ilia ry  m achinery was driven from the m ain 
engine, the question was relatively  un im portan t, bu t to-day, 
particu la rly  in  large passenger steamers where the aux iliary  
power for all purposes m ay represent 20% or even more of the 
power of the m ain engines, i t  is essential th a t the therm al



738 T h e r m a l  E c o n o m y  o f  S t e a m s h i p s .

economy of the vessel as a whole should be considered if  the 
best operating results are to be achieved. A very good ex
ample of the consideration of the therm al economy of a vessel 
as a whole is to be found in the design of the H olland- 
Am erican liner Statendam , which claims to be the most econo
mical steamship in  the world. The relative interdependence 
of the m ain and the aux iliary  equipm ent on th is vessel, to
gether w ith the very efficient results obtained, were described 
in  a paper w hich was recently read before the Koninklyk In- 
s titu u t van Ingenieurs, a t the H ague, by Dr. I r .  W . M. Meyer, 
the superintendent-engineer of the H olland-A m erica Line. In  
his introduction, Dr. Meyer points out the various purposes 
for which heat is necessary, either directly  or indirectly , as 
energy on a large passenger liner, these being, in addition  to 
operating the m ain and the aux iliary  m achinery, navigation, 
ligh ting , ventilation, food preparation, cooling cargo and pro
visions, and loading or unloading cargo.

The m ain engines take by fa r the largest p a rt of th is heat, 
and it is only na tu ra l th a t the chief endeavours should be 
directed towards increasing to the utmost extent the heat 
economy of the propelling m achinery, and w ith th is end in 
view, high-pressure, h igh-tem perature steam is employed, the 
in itia l pressure being 28 kg. per sq. cm. (398 lb. per sq. in.) 
and the in itia l tem perature 350° C. (662° E .). Moreover, the 
condensing system is such th a t a vacuum  of 95% is 
m aintained, which is equivalent to 28-5in. w ith a 30in. baro
m eter. Since, however, the bulk of the heat which is lost in 
any steam -engine installa tion  is due to the la ten t heat of 
evaporation which is lost when the steam is subsequently con
densed, for all additional purposes, the attem pt is made, as 
fa r as possible, to utilise the steam in such a way th a t where 
condensation occurs this la ten t heat rem ains in  the system. 
Thus, as m ight be expected, the feed heating  is perform ed by 
means of steam, two stages of surface heating  being employed 
u tilising  steam bled from the interm ediate and the high-pres
sure turbines, the drains from the interm ediate-pressure heater 
passing to the condenser and th a t from the high-pressure heater 
d irect to the condensate. Thus, all th is  steam  apart from 
small rad ia tion  losses, operates a t fu ll 100% efficiency. As, 
however, the steam  m ust be clean if  i t  is to be made to yield 
usefully its la ten t heat of evaporation, it  follows th a t, as far 
as possible, steam should not be employed for driv ing the 
aux ilia ry  m achinery, and this led to all the auxiliaries, with 
the exception of the feed pumps, being electrically  driven,



T h e r m a l  E c o n o m y  o f  S t e a m s h i p s . 739

four 400 kw. Diesel-driven generators being installed. The 
feed pum ps are steam -driven by means of reciprocating pumps, 
since i t  is considered inefficient to use electrically  driven ro tary  
pum ps for th is  purpose, the exhaust from these pum ps 
being utilised  for various heating  purposes. Among the o ther 
purposes for which steam  heating  is employed, m ention may 
be made of heating  the ventilation  a ir, w ater heating  for do
mestic purposes, food preparation in  the galleys, and heating  
the  hot plates and cupboards in the pantries. In  all of these, 
attem pts are made to condense the steam, the condensate being 
passed th rough steam traps back to the system.

As indicating  the overall efficiency which has resulted from 
the adoption of these measures, a few figures m ay be given 
which ju stify  the assertion th a t the Sta tendam  is the most 
efficient steam ship in the world. D r. M eyer states th a t on the 
tr ia l and during  the first voyage the daily  consumption was 
143-6 m etric tons of fuel oil and 7 tons of Diesel oil for a 
power of 22,140 s.h .p . Expressing this in  term s of the equiva
len t consum ption for all purposes w ith a calorific value of 
10,555 calories per kg. (19,000 B.Th.TJ. per lb .), the figure is 
149-2 m etric tons per day, which is equivalent to 280-7 gm. 
(0-619 lb .) per s.h .p . per hour for all purposes, which repre
sents an overall efficiency of 21-6%. Considering m erely the 
tu rb ine  afte r m aking allowance for the heat u tilised  for various 
h ea ting  purposes and assum ing a boiler efficiency of 87%, 
D r. M eyer estim ates th a t the efficiency of the tu rb in e  is 
25-3%. B ut while these figures certain ly  indicate th a t the 
perform ance of the Statendam  taken as a whole is h igh ly  
economical, the paper is of g reat value as suggesting means 
whereby the equipm ent of a vessel m ay be considered as a 
whole ra th e r th an  as a num ber of separate and independent 
parts, and i t  certain ly  m erits the careful study of a ll M arine 
Engineers who are desirous of seeing the overall economy of 
the steam ship improved.

A  N e w  A i r  S p e e d  R e c o r d . “ The E ng ineer.”  20th S e p t . ,  
1929.

On Thursday, Septem ber 12th, Squadron Leader Orlebar, 
flying the Superm arine Rolls-Royce “  S 6 ”  m achine, which 
won the Schneider Trophy, succeeded in sligh tly  surpassing 
the three-kilom etre stra igh t course speed record. From  355-8 
miles an hour, he took the average speed for four 
consecutive laps of the course to 357-7 miles an hour.
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H is successive lap speeds were 354'6, 358'7 352'5 and 
365’1 m.p.h. I t  is of interest to note that on the previous 
Tuesday, when the w eather conditions were deemed to be 
p artia lly  unfavourable, his successive lap speeds were 368-8, 
345-3, 365-5, and 343-7 m .p.h . I t  w ill therefore be seen th a t  the 
highest speed on the Thursday was less th an  th a t achieved on 
two of the laps on the Tuesday. The figures provide a com
m entary on the effect of wind velocity on the speed of airc raft. 
They show, for example, th a t an aeroplane of given speed will 
perform  a given journey, out and back, in  the least tim e when 
there is no wind. I t  is a simple arithm etical fact and does not 
involve any aerodynam ical considerations th a t the benefit of 
an assisting wind in  one direction m ust always be more th an  
lost by the ham pering effect in the other direction. The fact 
th a t a irc raft can now a tta in  a speed equal to h a lf the velocity 
of sound m ust have raised in the minds of m any people ques
tions as to whether, and, if so, how much, fu rther progress in 
a irc raft speed is possible.

P r o g r e s s  o p  S y d n e y  H a r b o u r  B r i d g e . “  E n g in ee rin g ,”  27th 
Septem ber, 1929.

According to a sta tem ent made recently  by Mr. F . R . L itch 
field, supervising engineer of the Public W orks D epartm ent, 
the to tal w eight of the steelwork of the Sydney H arbour B ridge, 
erected up till the beginning of A ugust last, was 19,200 tons. 
The work so far completed includes the five approach spans on 
the northern  side and the five approach spans on the southern  
side, the deck steelwork through both pylons, and the first three 
panels of the arch span on the southern side. The build ing of 
the arch span on the  northern  side was commenced recently . 
The to ta l w eight of the steel to be used in the five northern  and 
five southern approach spans and in the m ain arch span am ounts 
to 50,200 tons.

Coal a n d  Oil  F i r i n g  o n  Sh ip s . “  The E n g in e e r ,”  27 th  S ep t., 
1929.

An official m em orandum  has been issued to surveyors by the 
M ercantile M arine D epartm ent of the Board of Trade regard
ing the sim ultaneous use of coal and oil as fuel on board ship. 
The practice of using coal and oil either sim ultaneously or 
alternatively  on a passenger ship, although not definitely pro
h ib ited , is strongly deprecated. The mem orandum  instances 
two recent fires on ships which were using coal and oil sim ul
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taneously, the Carmarthenshire, which took fire in the Thames, 
and the Trojanstar, which met w ith m ishap off the Pacific 
Coast of N orth  Am erica. The case of the Trojanstar is pro
bably more illum inating  than  th a t  of the Carmarthenshire. 
The vessel le ft port as a coal burner, and was being converted 
to oil burn ing  a t sea when a pipe jo in t failed, and caused a 
spray of oil to be directed on to the fron t of a coal-fired boiler, 
a furnace door of which happened to be open at the tim e. A 
fierce fire was started , which resulted in  the loss of one life, 
and which, bu t for the g allan t action of a fireman, would 
alm ost certain ly  have led to the abandonm ent of the ship. The 
Board has now instructed its surveyors not to g ran t passenger 
certificates to steam ers in which it is intended to burn  coal and 
oil in a common stokehold unless adequate provision is made 
for isolating the oil fuel boiler space from the coal fuel boiler 
space, and the fu ll fire appliance equipm ent required for an 
o il-burning vessel is also provided. I f  pulverised coal and oil 
are burned sim ultaneously, the risk of fire, it is adm itted , is 
less th an  with ordinary  coal and oil, bu t it is held to be greater 
th an  if oil only is used. Modified requirem ents are laid  down 
to meet this case. Cargo vessels are also dealt w ith in the 
m em orandum . The dual system of firing, and especially the 
practice of conversion a t sea, are to be held as rendering a 
vessel unseaworthy, unless precautions are taken, to render the 
risk of fire remote, to lim it its extent by division of the boiler- 
room, and to ex tinguish  it by the provision of adequate fire 
appliances.

Save F u e l  o n  S h ip p in g  B o a r d  V e s s e l s .  “  M arine  R ev iew .”  
S ep t., 1929.

The F uel Conservation Committee of the U nited  States 
Shipping Board, M erchant F leet Corp. has given out its semi
annual honour roll and honourable mention list of chief engi
neers and m asters, covering the six months period Ju ly  1st, 1928 
to December 31st, 1928. The fuel conservation section of' the 
F leet Corporation, which is responsible for carry ing  out the 
Com m ittee’s policies, is headed by C. J .  Jefferson. As a 
means of s tim ulating  in terest am ong the personnel of the fleet, 
the Committee decided several years ago to issue these honour 
rolls and honourable m ention lists of the vessels m aking the 
best showings. As a fu rther inducem ent, the Board authorised 
th e  paym ent of a $50 bonus to each chief engineer and m aster 
on the honour roll.



742 S a v e  F u e l  o n  S h i p p i n g  B o a r d  V e s s e l s .

The honour roll consists of fifty ships, representing the best 
perform ers of the fleet, and is accompanied by an honourable 
mention list of fifty vessels, whose perform ance, while fa lling  
short of the standard  required for the honour roll, was so good 
as to deserve m ention. These vessels were selected from the 
reports of 254 active vessels inspected during th is period. The 
to tal mileage covered by the vessels in the six m onths was 
5,820,541, the hours at sea being 563,179-5 and in  port 
475,890-5. To en title  an honour roll listing , a vessel m ust 
have travelled a t least 20,000 miles during the period and m ust 
have attained a combined sea and port efficiency equal to or 
better than  95% of tlia t obtained by the leader of her class 
and equal to or better than  95% efficiency.

In  spite of the large progressive fuel savings made in the 
several years past and the increasing age of the vessels, i t  is 
in teresting  to note th a t the fuel economy has still fu rth e r con
tinued during this six months period. This saving in fuel 
consumed taken in conjunction w ith the low prices of fuel oil 
now prevailing, represents a sizeable saving in the fuel bill. 
Com paring the last half of 1928 w ith the first h a lf of 1928, 
there has been an actual fuel saving of $221,905-67. This figure 
is conservative.

N e w  B o il e r  S t e e l  to  b e  m a d e  i n  O h i o . “ M arine R eview .” 
Sept., 1929.

A rem arkable new alloy steel, used in  the boilers of the 
N orth German Lloyd Brem en  is to be m anufactured in 
Am erica under K rupp patents exclusively by the C entral Alloy 
Steel Corp. of Massillon, O. Announcem ent th a t the m etal 
soon w ill be introduced in th is country is made by F . J . 
Griffiths, chairm an of the company.

The alloy will be produced under the name of “  Iz e tt ,”  
coined from the Germ an letters I . Z., which stand  for Im m er 
Zahe— always tough. L eading m etallurgical au thorities of 
the world regard Izett as one of the five greatest developments 
in the a rt of steelm aking in the last 15 years. I ts  largest 
demand will be for construction of boilers and steam -generat- 
ing  equipm ent.

A point of in terest to A m erican technical men in  the trip  
of the B rem en  was its dem onstration of an economical boiler 
m aterial which is able to m eet the growing m odem  require
m ents for more power and h igher boiler pressures. These re
quirem ents have reached the lim it of the capabilities of exist-
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power, will be available for driv ing the vessel ahead. The 
fifth, fitted witli a negative p itch  propeller, will be used when 
the m otion has to be reversed. This arrangem ent is more 
or less tem porary. L ig h t alloy propellers are now 
being developed which may enable the original p lan of fitting 
all the propellers w ith reversible blades to be carried out. The 
A irship G uarantee Company’s vessel “  R  100,”  which has been 
constructed a t Howden and which is of rad ically  different 
design, is expected to complete her shed tria ls w ith in  the next 
fortn ight.

G l e n i f f e r  H i g h - S p e e d  D i e s e l  E n g i n e . “  The M arine 
E ngineer and M otorship B uilder.”  Oct., 1929.

Gleuiffer Motors L td ., A nniesland, Glasgow, have produced 
a new high-speed light-w eight Diesel engine of o rig inal de
sign. Three, four, and six-cylinder engines are being made, 
and all have a cylinder diam eter of 6in. and a stroke of 7in. 
The power per cylinder is 15 b .h .p . a t 700 r.p .m ., while 20 
b .h .p . is developed at 900 r.p .m . As the sectional draw ing of 
the Gleniffer engine which is reproduced w ith  th is article 
shows, it has horizontal valves w ith a compact form of com
bustion cham ber wherein h igh  turbulence is prom oted by the 
projection on the piston crown entering  the combustion chamber 
as shown. The fuel valve is centrally  placed between the 
valves. Each cylinder has a separate fuel pum p, the fuel 
pum p u n it and autom atic fuel valves being of Bosch m anu
facture.

The tim ing  gear is m ounted a t the fly-wheel end of the 
engine, the cam shaft being driven by a duplex roller chain 
from a sprocket on the crankshaft. This chain, afte r passing 
round an autom atic tensioning jockey support, is led over a 
pum p-driving sprocket to the cam shaft sprocket and thence 
back to the crankshaft sprocket. The cam shaft operates di
rectly  on to the exhaust valves and, through pull rods, on to 
the in le t valves.

The bottom  h a lf of the crankcase forms the m ain bedplate, 
while the top portion constitutes the m ain fram e and carries 
the cylinder liners, which are of cen trifugally  cast iron. E ach 
cylinder head is a separate casting secured against the upper 
flange of the cylinder lin er by six studs. L ubrication is on 
the dry  sump system, the delivery and scavenging forced lu b ri
cation pumps being of the oscillating p lunger type. An Auto- 
K lean stra iner is incorporated in  the system, which is notable
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in  having an absence of in terna l oil d istribution pipes. Oil 
d istribution passages, with cast-in pipes, are used in the crank-

Section through Cylinder of New Gleniffer High-Speed Diesel>Engine.



746 G l e n i f f e r  H i g h - S p e e d  D i e s e l  E n g i n e .

case, while the crankshaft is drilled in  connection w ith the 
forced lubrication system.

The engine is started  by means of a small four-cylinder com
pressed a ir  motor driving through a Bendix type pinion on to 
a gear ring  on the flywheel. The a ir  receiver for the com
pressed a ir m otor is charged from a leak-off valve on one of the 
engine cylinders. W hen the engine is runn ing  and the re
ceiver has to be charged, the fuel valve of th is cylinder is cut 
out and the leak-off valve opened, whereupon pure a ir  is com
pressed into the s ta rting  a ir  receiver.

Eor propulsion purposes the new engine is fitted w ith  the 
m akers’ patented reversing gear, while 2 to 1 reduction gear
ing can also be fitted if  desired. On test the engine has given 
a specific fuel consum ption of about 0-43/0-44 lb. per b .h .p . 
per hour between fu ll load and three-quarters load, the fuel 
having a specific grav ity  of about 0-89.

T h e  L a t e s t  D e v e l o p m e n t  o f  t h e  M a r i n e  D i e s e l  E n g i n e .*  
“  T h e  M a r in e  E n g in e e r  a n d  M o to r s h ip  B u i l d e r .”  O c t . ,  
1929. B y  H .  H .  B la c h e ,  D r . - T e c h .H .C . ,  M a n a g in g  
D ir e c to r  o f  B u r m e is t e r  & W a i n ,  C o p e n h a g e n .

The characteristic feature of the different types of two-stroke 
cycle engines as being b u ilt to-day by the leading firms is 
the scavenging method. The earlier types of two-stroke cycle 
engines, having the scavenging valves arranged in the covers 
and exhausting through ports in the cylinder liner, directed 
by the piston, have been completely abandoned. The scaveng
ing is now, as a rule, carried out by means of scavenging 
and exhaust ports, opened by the piston close to its 
bottom  position, and the u tilisation of the various scavenging 
devices according to this system  is the  location and shape of the 
ports allowing the scavenging a ir to be forced up into the 
cylinder, clearing it  of the exhaust gases.

According to the tests carried out by B urm eister & W ain 
with special devices in an experim ental engine, none of these 
scavenging methods have proved fully  satisfactory, which 
particu larly  is the case for double-acting engines, where the 
piston rod passes th rough  the combustion space in  the bottom. 
This relation  is of g reat im portance as the scavenging of the

* Abstract of paper read a t the General Meeting- of Civil and M arine Engineers and 
Naval A rchitects from the Northern Countries. August 28-31, 1929, in commemoi'ation of 
the  Centenary of the Royal Technical University, Copenhagen.
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cy linder determ ines w hether smokeless combustion shall follow, 
and thus affects the horse-power and working re liab ility  of the 
engine.

The best known double-acting two-stroke cycle type is the 
M .A .N ., of w hich the H am burg-A m erika L ine have 13 ships 
in  service. These engines are working exceedingly well ac
cording to the reports of the voyages, bu t w ith a very low mean 
pressure on account of the scavenging m ethod. The largest 
num ber of ships in  service fitted w ith  two-stroke cycle engines 
is, according to the available figures, of the Sulzer type. The 
difficulty w ith respect to the scavenging is evaded by fitting  a 
special set of ports for filling the cylinders w ith  fresh air, a fte r 
the exhaust ports have been closed by the p is to n ; the  engine 
therefore works w ith a combustion a t a h igher pressure and 
w ith  a m ix ture of combustion gases and air.

The only really  effective way to scavenge a cylinder is to 
blow fresh a ir in a t the one end of the cylinder, thereby forcing 
the gases out of the other. This principle is adopted for the 
Doxford engines, which are of the so-called opposed piston 
type. The latest two-stroke cycle type is the B urm eister & 
W ain  engine, which is being b u ilt double-acting as well as 
single-acting.
B. fy W . D ouble-Acting Two-Stroke E ngine.

The design of all the m ain parts of the double-acting engine, 
shown in F ig . 3, is based on the experience gained by B ur
m eister & W ain ’s double-acting four-stroke cycle type. The 
parts of the  engine which are subjected to the high combus
tion tem perature and pressure, viz., the piston and piston rings 
w orking on the cylinder liners, are cast of P e rlit iron, partic
u larly  resistible to wear and heat stresses. The piston rod is 
thus provided w ith a loose liner of P e rlit iron, and the stuffing 
box is fitted w ith piston rings working on the piston rod 
liner. This design, which is proved from B urm eister & W ain ’s 
four-stroke cycle double-acting engine, has been fu rth e r de
veloped in the new two-stroke cycle type, the stuffing box being 
portable and provided w ith external piston rings, working in 
the central apertu re of the bottom cover. The portable stuffing 
box directs the exhaust by means of ports, and a cylindrical 
piston is arranged  in a sim ilar way in  the top cover. The two 
pistons are rig id ly  connected to each other, and operated by 
means of a system of rods from a chain-driven aux iliary  crank
shaft, fitted in the forced lubricated  crank casing. The scav-



Fig. 3.—B. & W . Two-Stroke Cycle Double-Acting 
M arine Diesel Engine.



enging a ir is adm itted  through ports arranged in  the centre 
around the whole of the circum ference of the cylinder liner, 
and directed by means of the piston.

The advantage of th is design is th a t the m ain piston does 
not pass over the exhaust ports, subjecting  the piston surface 
to strong heat from the rebounding of the exhaust gases from 
the rem ainder of the cylinders, as is the case w ith the other 
types of two-stroke cycle engines. The cylinder itself is de
void of exhaust p o rts ; thus the difficulties encountered w ith 
the otherwise strongly heated bars between the exhaust ports 
are elim inated, and the whole of the cylinder circum ference 
m ay accordingly be u tilised  for the adm ittance of the scaveng
ing air. This is adm itted  at a low pressure, 0-2 atm ., through 
ports of ample area, evenly d istribu ted  around the whole of 
the circum ference to obtain good scavenging. On the other 
hand, the exhaust ports do not require a large area, owing to 
the small specific g rav ity  of the hot gases. These ports may 
therefore be distributed on a cylinder diam eter which is about 
one-half of the m ain cylinder, and the guiding piston valve has 
only a stroke which is about l/5 th  of the main piston. The exhaust 
piston valve does not require so m uch lub rica ting  oil owing to 
the  low piston speed, as the m ain p iston for engines having 
the exhaust ports in the centre of the cylinders, which is of 
im portance, as most of the lubrica ting  oil covering piston 
rings and the piston passing exhaust ports is lost th rough  these. 
There is also a certain  sim ilarity  w ith th is  engine and a steam  
engine fitted w ith piston valves, bu t while a certain  am ount of 
work is expended by the piston valve motion of the  steam  en
gine to overcome the fric tion due to the piston valves, the con
dition in  this case is quite the reverse. These exhaust piston 
valves develop a certain  am ount of useful work, and on account 
of th e ir  lead in  relation to the crankshaft, the ind icator card 
will even be very fu ll. I t  is therefore necessarv th a t the engi
neers take cards of the m ain cylinders as well as of the piston 
valves, and the work developed by the la tte r  is about 10% of 
the whole of the work in  the cylinder. On account of the good 
scavenging conditions, the engines have proved to work smoke
less w ith  a m ean pressure which is 5% h ig h er th an  the m axi
mum for a four-stroke cycle engine w ithout pressure on the 
in let air.

The first set of engines to be constructed by B urm eister & 
W ain  of th is  type is a six-cylinder m ain engine for a ship 
bu ild ing  to the order of The E ast Asiatic Company. The
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cylinders are 620 mm. diam eter by 1,400 mm. stroke, and low 
revolutions, 100 per m inute, are chosen w ith regard to the pro
peller efficiency for single-screw. The engine is capable of 
developing 7,000 b .h .p . and the w eight is 380 tons, correspond
ing to 5-15 tons per 100 b .h .p . Single-acting engines of the 
trunk-piston type are being b u ilt according to the same system 
as aux iliary  and stationary  engines, as well as for Diesel elec
tric  locomotives and fishing craft. F ig . 4 shows a section 
through a single-acting trunk  piston engine. The m ain char
acteristic difference between th is and the crosshead type is 
th a t the single exhaust piston valve in the top is operated by 
eccentrics from the crankshaft itself by means of a system 
of rigid rods.

D i r e c t -C u r r e n t  E l e c t r ic  M o t o r s . S y s t e m a t ic  M a in t e n 
a n c e  t h a t  w i l l  R e d u c e  t h e i r  L i a b i l i t y  to  B r e a k d o w n . 
B y  W . E. W arner. “  Ice and Cold S to rage ,”  Oct., 1929.

Electric motors are used to a large extent in  the cold storage 
industry  for driv ing compressors, a direct-coupled electric 
motor form ing an efficient d riv ing un it.

E lectric motors have a high efficiency, and are reliable in 
service. Various defects, however, appear from tim e to tim e, 
being brought about either by wear or defective operation.

F requent cleaning and system atic m aintenance will greatly  
reduce the liab ility  to breakdown. The com m utator and 
brushgear are the parts th a t give the most frequent tro u b le ; 
they are continually  wearing and therefore require constant 
attention.

Sparking at the brushes is a frequent tro u b le ; it also brings 
on other troubles such as blackening and roughening of the 
com m utator, roughening and burn ing  of the brushes and over
heating  of both. Sparking may be due to e ither electrical 
causes or to d irt, etc. ; the form er can be detected by being 
bluish and vicious, while sparking due to the la tte r  is reddish- 
brown.

Sparking due to electrical causes may be due to some fau lt 
in  the arm ature such as an open circuit, short c ircuit, or 
earth s; these fau lts should be detected and remedied. I t  may 
also be due to the brushes being in  the wrong position round 
the com m utator. I f  the m otor has an interpole w inding this 
w inding may be either too strong or too weak, or quite possibly 
reversed in d irec tio n ; the la tte r  being particu la rly  likely after 
a machine has ju s t been connected up.
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Sparking D ue to D irt.

Sparking due to d irt is m uch more frequent and liable to 
occur in the case of m achines the com m utator and brushgear 
of which are very d irty , sparks m ay jum p between adjacent 
b rushholders; th is is known as ring  fire.

The com m utator and brushgear of motors should be cleaned 
weekly of all collected dust. The com m utator and brushes are 
continually  w earing, and the dust formed by th is wear, which 
is h igh ly  conductive, collects on the brushgear, e tc ., and if left 
will lead to electrical leaks as well as sparking. A comniu- 
ta to r in good condition should develop a smooth, chocolate- 
coloured glaze which should be m aintained in  service by the 
abrasive action of the brushes. If , however, it tends to blacken 
and roughen it should be given a cleaning w ith  some fine sand
paper w hilst runn ing , this being held against its surface as it 
rotates.

Mica Troubles.

A cause of m uch sparking is micas. The copper segments 
wearing more rap id ly  th an  the mica between them , the m ica 
projects above the segments and causes the brushes to chatte r 
as the com m utator revolves. In  some m achines these mica 
segments are cut down below the surface of the copper, known 
as u n d e rcu ttin g ; in o ther m achines, known as flush mica 
m achines, the surfaces of both the copper and the m ica are 
flush w ith one another and have both to wear equally if the 
com m utator surface is to keep true.

W ith  undercu t micas, the mica cannot project, bu t dust and 
d irt soon collect in  the narrow  slots between the segments, 
tend ing  to cause shorts between them .

W ith  high-speed motors th is dust and d irt will be prevented 
from settling  by the centrifugal force when revolving; w ith 
these motors undercu tting  is often adopted. W ith  low-speed 
motors there is insufficient cen trifugal force to throw  the dust 
out of the slots which therefore tends to collect and cause 
shorting between the segm ents; these m achines are usually  
used as flush m ica m achines. The slots can, however, easily 
be kept clean w ith  an old tooth b ru s h ; the usual way to u nder
cut mica being to hold a steel rule along the edge of the m ica 
and cu tting  w ith a piece of hacksaw blade, the ru le acting  as 
a guide in  keeping the hacksaw from cu tting  the copper. 
W ith  flush mica com m utators it  is usual to use sligh tly  more
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abrasive brushes th an  otherwise, the abrasive action of these 
wearing down the mica and keeping the com m utator surface 
true.

The use of a lubricant such as vaseline on a com m utator is 
inadvisable. I f  the brushes squeak the application of a stick 
of paraffin wax horizontally across the com m utator w ill give 
sufficient lubrication, and is a ll th a t should be necessary. Some 
grades of brushes have lubrican t im pregnated into them  dur
ing m an u fac tu re ; these give continuous autom atic lubrication 
bu t are liable to sm ear the com m utator.

Brushes S ticking .

A nother cause of sparking is brushes getting  stuck in th e ir 
holders. W hen a brush sticks it sparks badly and overheats. 
Brushes should move easily up and down in th e ir holders, and 
should be a good but not tig h t fit in  them . W hen the brushes 
are an easy fit the usual cause of th e ir sticking is d irt accum u
la tin g  round the sides. E requent cleaning and inspection are 
necessary.

A nother possible cause is the brush becoming heated and the 
expansion causing it to s tick ; m etal g raph ite  brushes expand 
more w ith a tem perature rise th an  carbon brushes, and sticking 
is more likely.

Sometimes one set of brushes only will spark continuously. 
The cause of this, in  the absence of any fau lt a t the brushes, is 
a fau lty  field coil above the arm ature coils undergoing com
m utation  at th a t set of brushes. The m agnetic flux coming 
from each of the poles round the arm ature m ust be roughly 
eq u a l; if any of the tu rns in  a coil get short-circuited or the 
a ir  gap between the pole shoes and the arm ature is increased 
due to wear a t the bearings, the m agnetic flux coming from 
th a t pole will be reduced and sparking will take place a t the 
set of brushes connected to the arm ature coils acted on by th a t 
coil. A fau lty  field coil can often be found by feeling the 
co ils; if  one of them  is found to be cooler th an  the rest there 
is probably a fau lt in th is coil, its coolness being explained by 
the fact th a t some of its tu rns are short-circuited or it  is 
receiving less curren t th an  the rest, causing there to be less 
heating  due to the  current.

The a ir  gap between the field pole shoes and the arm ature 
should be kept as near equal as possible. The a ir gap m ay be 
tested w ith  a long p a ir of feelers, these being inserted into
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the gap, and when the m axim um  a ir gap exceeds the m inim um  
a ir gap by more th an  50% the arm ature bearings should be 
taken up. The greatest wear usually  takes place on the bottom  
halves of the bearings, causing the a ir gap to increase under 
the top pole shoes.

W ear of Brushes.

The grade of brushes used g reatly  affects the am ount of 
sparking and wear a t the com m utator. There are m any grades 
in  use, including carbon, carbon graph ite , g raph itic  and m etal 
g raph ite  brushes. The principal properties of brushes are h ard 
ness, abrasiveness, resistance and m echanical strength .

Hardness means the resistance of a brush to m echanical 
w e a r; these brushes do not wear rap id ly  themselves, b u t are 
ap t to cause wear on the com m utator. However, they  make 
little  dust, due to the lesser wear, w hich is an advantage in 
some cases.

Abrasiveness in  a brush is the effect which causes w ear; a 
proper am ount of abrasiveness in  a brush will scour the com
m utato r and keep i t  clean, and on flush m ica com m utators w ill 
keep the m ica level w ith the copper.

Brushes th a t are too abrasive cause excessive wear on the 
com m utator. As a rule brushes should have sufficient abra
siveness only to keep the com m utator clean, although on flush 
m ica m achines very abrasive brushes m ay be necessary to wear 
the mica down.

The specific resistance of a brush means the ohmic resistance 
it offers to the c u r re n t; a h igh  resistance increases the voltage 
drop through the brush, and for a given curren t density in 
creases the heating.

The resistance of a brush should be kept as low as possible 
except in the case of non-interpole m achines, where h igh-re
sistance brushes help to prevent sparking. Brushes also need 
m echanical streng th  in  order to stand up to the operating con
ditions w ithout breaking. Carbon brushes usually  have the 
greatest s treng th  and graphite  brushes the lowest, b u t are 
sufficiently h igh  to stand up to the ord inary  service conditions.

The cu rren t-carry ing  capacity  of brushes vary . Forty* 
amperes per square inch is the lim it for ordinary  carbon 
brushes, b u t some types of g raph ite  brushes have a capacity 
of seventy-five amperes per square inch, m aking it  possible to 
use sm aller and lig h te r brushes. G raphitic brushes have much
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to recommend tliem, bu t the dust they make as they wear is 
h ighly  conductive, adhesive and greasy, and may cause trouble 
through its settlem ent 011 conducting parts. A trouble th a t 
may occur is through this dust being carried through the com
m utator risers to the back of the com m utator and inside the 
arm ature by the ven tila ting  air. This dust will collect on any 
surface and in  crevices, and causes much operating trouble 
through earths and short-circuits. Owing to its greasy natu re  
it may not be removed by blowing out, and it tends to collect 
in inaccessible positions.

The best remedy is to varnish the surfaces behind the com
m utator with a smooth insu lating  varnish, and use brushes th a t 
produce a m inim um  am ount of dust.

I 11 softie cases the spaces between the com m utator risers have 
been closed by a w rapping of m uslin or duckcloth, which pre
vents the passage of dust behind the com m utator, b u t also 
interferes with the ventilation and is liable to lead to over
heating.

A nother defect th a t may lead to sparking and overheating 
a t the brushes is through th e ir not bedding over th e ir entire 
area. Brushes are bedded and ground to the com m utator sur
face by sand-papering. The best way of doing th is is to 
ad ju st the brushes to a moderate tension, obtain a strip  of 
sand-paper and place this under the brushes, rough side toward 
the brushes, and pull the strip  backwards and forwards, thus 
g rind ing  the face of the brushes to the curvature of the com
m utator. W hen the brushes have been well bedded down, 
replace the sand-paper used w ith a strip  of very fine sand-paper 
and employ th is as before, but pu ll in  the direction of ro ta
tion, only tak ing  off the tension on the brush for the backward 
stroke. This trea tm ent gives a smooth and true surface. 
A fter the brushes have been bedded they  should be rubbed 
w ith a soft cloth to remove any g rit th a t m ay have become 
embedded in  the carbon, the whole of the com m utator and 
brush gear should also be blown out to remove any trace of 
abrasive dust.

System atic m aintenance is necessary to get the best results 
from electrical m achinery. A great num ber of the fau lts th a t 
develop w ith electric motors are avoidable and come about 
p rincipally  th rough  neglect.
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L a r g e  W a t e r - t u b e  B o i l e r s . “  The S h ipbu ilder.”  Oct., 
1929.

The present trend  of m arine steam -engine development, 
which is leading so definitely towards h igher steam  pressures 
and tem peratures, is g radually  bu t surely overcoming the 
n a tu ra l an tipathy  which the m ajority  of M arine Engineers 
have h itherto  shown against the w ater-tube boiler. I t  is 
generally  recognised th a t the safe upper lim it of pressure for 
the large-diam eter Scotch cylindrical boiler cannot, w ith pre
sent-day design and m aterials, exceed 300 lb. per sq. in .;  and 
as the fu ll benefits to be derived from  high-pressure steam 
cannot be realised except at pressures substan tially  above th a t 
figure, it follows th a t the Scotch boiler m ust, of necessity, 
make way for the water-tube boiler. I f  th is consideration of 
pressure alone were the only factor, the water-tube boiler m ust 
sooner or la te r displace the Scotch boiler in  the m odern high- 
powered steam ship ; bu t there is another and equally im portan t 
advantage enjoyed by the w ater-tube boiler in regard  to the 
power which may be developed or generated in  individual 
boiler units.

A fa ir  average figure for the power generated in the ord inary  
double-ended Scotch boiler of the largest standard  dimensions 
as usually  b u ilt will be found to be about the equivalent of
2.000 h .p . Thus, for, say, a 12,000 h .p . installa tion  an a r
rangem ent m ight be six double-ended Scotch boilers, or, w hat 
is more general, four double-ended and four single-ended 
Scotch boilers. As the to tal power required increases, i t  is 
apparen t th a t in such a vessel as the A quitan ia , for exam ple,, 
a large num ber of boiler un its is required , as well as very 
great lengths of steam piping. Such an arrangem ent w ith 
large rad ia tin g  surfaces, all of which require careful insu la
tion, inevitably  results in m aterial heat losses. Taking for 
comparison such representative m odern ships w ith w ater-tube 
boilers as the Canadian Pacific S team ships’ Duchess class, or 
the p ractically  sim ilar P . & O. L ine’s Viceroy of Ind ia , each 
of these vessels is fitted w ith  six large w ater-tube boilers for 
propulsion. As the to tal power developed is about 18,000 to
20.000 s.h .p . per ship, each boiler generates the equivalent of 
more th an  3,000 h .p . The corresponding arrangem ent w ith 
Scotch boilers m ight be 10 double-ended boilers, or, a lterna
tively, e ight double-ended and four single-ended boilers. I t  
is apparent th a t  the w ater-tube boiler arrangem ent requires 
less space, has a m uch sm aller exposed surface from  which
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rad ia tion  losses may arise, and requires a g reatly  simplified 
p ip ing  arrangem ent. I f  the two new N orddeutscher Lloyd 
liners Brem en  and Kuropa are considered, the advantage 
secured by the adoption of water-tube boilers is even more 
strik ing. In  each of these vessels there are 20 large water- 
tube bo ilers; and as the m axim um  power developed by the 
Brem en  on tr ia l exceeded 130,000 s .h .p ., the ind iv idual boiler 
ou tput was roughly equivalent to 6,500 h .p . W ith  Scotch 
boilers, th is very h igh  power would have required between 60 
and 70 double-ended boilers, which it m ight or m ight not have 
been possible to accommodate in  the available space.

L arge as the boilers of the two Norddeutseher Lloyd liners 
appear to be in  comparison w ith  the capacity of the Scotch 
boilers, they are eclipsed by the water-tube boilers a t present 
under construction for the converted m achinery of the four 
vessels of the A lbert B a llin  class owned by the H am burg- 
Am erika Line. As has already been recorded in our columns, 
these four 20,000 ton transa tlan tic  liners— which are a t pre
sent fitted, as orig inally  bu ilt, w ith m achinery of about 12,500 
s.h .p . tak ing  steam from four double-ended and four single
ended Scotch boilers— are about to be given new propelling 
m achinery of much higher power in  o lder to raise the service 
speed from 1 5 | to 19 knots. The designed output of the new 
propelling m achinery is 28,000 s .h .p ., and the eight Scotch 
boilers are being removed and replaced by four large w ater- 
tube boilers arranged in pairs, two abreast. In  other words, 
each of these boilers will generate the equivalent of 7,000 
s .h .p ., which must be a record output for any m ercantile 
m arine boiler. The length  of the drum s in boilers of th is  
capacity is na tu ra lly  considerable; and the new boilers for 
these ships will be unique in being double-ended, i.e ., they 
will, as the term  implies, be fired from both ends. The double- 
ended water-tube boiler—never previously utilised in any 
m erchant ship so fa r as we are aware—has certain  obvious 
advantages. F or a given power one large double-ended water- 
tube boiler costs substantially  less than  two sm aller boilers, 
and, ceteris paribus, takes up less space. W ith  two sm aller 
boilers, the back of the furnace represents a dead wall from 
which heat radiates ; whereas, w ith the double-ended boiler, the 
equivalent is two single-ended boilers back to back, bu t with 
the two backs or dead walls elim inated. T hat the Targe boiler 
un its save space is apparen t from the fact th a t, in the con
version of the H apag  ships, the space from which the eight 
Scotch boilers are being removed is more than  sufficient to
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accommodate the four water-tube boilers, which are moreover 
of almost 2J times the power.

In  central power-station practice ashore, w ater-tube boilers of 
very large dimensions are the rule and m any of these boilers 
are rated  at the equivalent of more than  10,000 h .p . per un it. 
There would appear to be no practical obstacle to the adoption 
of the 10,000 h.p. double-ended w ater-tube boiler is m ercantile 
tonnage. On the contrary, the advantages of such high-pres- 
sure boilers appear to be so pronounced as to render th e ir 
adoption for the largest liners a logical and almost certain  
development of the near fu ture.

T h e  D e s i g n  o p  M o to r - S h i p  M a c h i n e r y . “  T h e  M o to r  S h i p . ”  
O c t . ,  1929.

A short tim e ago a statem ent was widely published th a t a 
new oil engine had been developed which was likely to revolu
tionise in terna l combustion m otor m anufacture. As a well- 
known Diesel engine builder rem arked last m onth in the 
course of a dissertation on m arine Diesel engines which we 
*publish elsewhere, there is no likelihood of any such revolu
tionary  change. There is, however, as much and as im portant 
progress along sound and m oderate lines now being made in 
the design and construction of the m achinery of m otor ships as 
has ever been the case; bu t i t  cannot be term ed revolutionary.

In  sum m arising the position which has now been reached 
and in estim ating fu tu re possibilities there are certain  lines 
of progress which stand out in  a m arked degree, although 
they  have proceeded so gradually  th a t th e ir im portance has, 
perhaps, not been fu lly  estim ated. I t  is bu t a year or two 
since the m axim um  economic ou tpu t for four-stroke single- 
ac ting  m achinery was placed by nearly all engineers a t about
3,000 b .li.p ., bu t tria ls  were run a t the end of last m onth of 
a ship w ith  such engines capable of developing 4,500 b .h .p ., 
and vessels are on order to be propelled by four-stroke single- 
acting  motors of 5,000 s.h .p .

M any useful improvements have lately  been made in  steam 
m achinery, bu t in  most cases they have not effected a reduc
tion  in  fuel consum ption g reater th an  10 per cent. This is 
approxim ately  equivalent to the advantage which the adoption 
of' airless in jection  confers on Diesel engines, and the ex ten t of 
the advance of th is system will come as a surprise to m any
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when it is mentioned th a t 46 vessels are now in course of con
struction to be fitted w ith one type of airless-injection Diesel 
motor alone. There would almost appear to be som ething of 
a flight from the air-in jection  engine, and this applies to four- 
stroke m achinery, both of the trunk-piston and crosshead 
d esig n ; also to two-stroke double-acting and single-acting 
engines.

A steady evolution w ith a view to the a tta inm ent of h igher 
efficiency in  the widest sense is to be observed w ith  the aux iliary  
p lan t installed in motor ships. An economy which may reach 
3% to 5% of the to tal fuel is now obtainable by the use of an 
exhaust gas boiler which is becoming a common feature on 
motor ships. New and improved types of cen trifugal purifiers 
have ju s t been produced, and w hilst aux iliary  Diesel engines 
in most instances now operate at h igher speed than  was common 
in the past, and airless injection is gain ing  ground w ith  them  
also, i t  is not unlikely th a t still faster runn ing  and lig h te r 
motors will make th e ir appearance shortly. A new system 
of centralised control for the engine room electrical m achinery 
is described elsewhere in this issue* and should represent, if 
not an improvement in  efficiency, an advantage from  the 
operating standpoint, which, in the end, is much the same 
th ing. Even in the construction of propelling Diesel m achinery 
new types are still m aking th e ir appearance as exemplified by 
two new double-acting two-stroke engines, which are described 
la te r in these pages.*

The conclusion to be reached afte r reviewing the present 
position of the design of motor-ship m achinery is th a t the lim it 
of progress has not by any means been reached, w hether pro
gress be viewed from the aspect of h igher efficiency, reducing 
the w eight or rendering the conditions of operation more ad
vantageous. No vast and unexpected im provem ent is likely, 
and no engine of any particu la r class, four-stroke or two-stroke, 
double-acting or single-acting, trunk-piston or crosshead, is 
likely to a tta in  universal adoption at the expense of all o ther 
types. T hat appears to be the lesson which has been learned 
from the experience of 17 years of Diesel engine service at 
sea, during  the course of which it  has m any times been pre
dicted th a t one class of m achinery would u ltim ate ly  replace 
all others. B u t of this there is no sign.

* See “ The Motor Ship,” Oct., 1929.
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M a c h in e r y  W e i g h t  f o r  F a s t  P a s s e n g e r  L i n e r s . “  Tlie 
Motor S h ip .”  Oct., 1929.

In  the paper of exceptional in terest which Gen. E . de Vito, 
D irector of N aval Construction of the Ansaldo Y ard, pre
sented last m onth before the In stitu tio n  of N aval A rchitects, 
he gave some figures re la ting  to m achinery and fuel weights, 
calculated for a 26-knot tran sa tlan tic  liner equipped w ith 
m achinery of 100,000 s.h.p.

A lthough the estim ated fuel consum ption for a m otor ship 
of th is type appeared to be somewhat h igh  (0-5 lb. per s.h .p .- 
hour) the noteworthy fact was brought out th a t, when com
paring Diesel-electric propulsion w ith  turbo-electric propul
sion, there is a saving in  to ta l w eight of 2,565 tons in  favour 
of the m otor ship for propelling m achinery and fuel oil for 'a 
double trip . Com paring Diesel m achinery w ith geared tu r 
bine p lan t, the saving in favour of the m otor vessel is 2,215 
tons. The respective weights in  lb. per s.h .p . are : —

Geared turbines ... ... ... ... 405 lb. 
Turbo-electric m achinery ... ... ... 378 lb. 
Diesel-electric m achinery ... ... ... 320 lb. 
Diesel motors w ith  Vulcan gears ... ... 356 1b. 

General de Vito comes to the conclusion th a t h igh  speed 
can be obtained w ithout runn ing  into increased displacem ent. 
In  order to effect th is he would avoid double bunkering and 
would reduce the fuel oil reserve from  20% to 10% . This is 
an in teresting  point, for if i t  be done, one of the m ain ad
vantages of single bunkering, nam ely, the possibility of ob
ta in in g  cheap fuel in  Am erica for the round journey, is aban
doned. As the difference in price between boiler and Diesel 
oil is greater in America than in Europe, the fact has some 
bearing on the question of the em ploym ent of steam and Diesel 
m achinery for transa tlan tic  liners.

* P i n i o n  D e s i g n  o f  t h e  “  B r e m e n . ”  The “  M arine E ng i
neer,”  October, 1929.

5, S lagim or Gardens,
Bloomfield, Belfast.

Sept. 3rd.
To the E d ito r of “  The M arine E ng ineer.”

I t  is w ith  great in terest th a t  I  followed your artic le  on the 
Brem en  in  your issue for September, particu larly  the illu s tra 

See p. 670, October, 1929 Transactions.
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tions and description of the pinion. Here you refer to the 
in teresting nature of the divided pinion, and point out th a t 
“  the torque of the turbine is transm itted  directly to the flange 
in the centre of the pinion and from there equally to the two- 
tooth faces— an arrangem ent which minimises the torsional 
deform ation of the pinion and equalises it as between the two 
halves, although it  entails the adoption of a sleeve shaft or 
quill d rive.”

W ith  the remarks quoted I  am in complete agreem ent, and 
sincerely congratulate our Germ an friends on th e ir choice of 
design. I  should like, however, to have some more inform a
tion about this pinion and its wheel, the form of teeth  being 
my especial interest. B ut the design is not new, for it  w ill be 
found fully discussed, as regards loading, e tc ., in “  The M arine 
Gear P roblem ,”  of the A .E .S .D . series of technical pam phlets, 
and also in my second paper, “ A Basis for the E xp lanation  of 
M arine Gearing- T roubles,” read before the In s titu te  of 
M arine Engineers on December 18th, 1923 (Transactions, 
February , 1924)— see paragraph  41 and F igs. 32, 48 and 49.

I  wish to draw your atten tion  particu la rly  to Case 9 in 
appendix “  C ,”  and in Table, F ig . 50 of the paper, in which 
the “  hollow pinion, mid point drive, graded dedendum tee th ” 
is shown to be the ideal form of pinion.

In  my concluding remarks afte r the discussion (see Trans
actions, A pril, 1924) my three years’ private work on the sub
ject was dedicated to the engineering public for them  to use 
as they th ink  fit; and there the m atter rests.

W il l ia m  S e l l a r .

o

IN S T IT U T E  NOTES.

Mr. H . F . Carmichael, Member 1674, has been appointed 
M ayor of the Borough of W orth ing , according to  a P ress notice 
which we read w ith pleasure and appreciation.

Sir D ugald Clerk, K .B .E ., J .P . ,  D .Sc., F .R .S ., has been 
elected an Hon. V ice-President of the In s titu te  by the Council.
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L ist of those elected a t Council M eeting of October 14th, 
1929:—

Members.

Percy Jarv is  Boaler, M.S. K istna , B .I.S .N . Co., L td ., ejo  
Boustead & Co., S ingapore.

A lfred Bradshaw, 5, Parkfield Road, W aterloo, Liverpool.
D avid Croll, B .Sc., c/o  Drydock Company, Tandjong P riok , 

W este rs traa t ii, R otterdam , Holland.
R ichard  Em bleton, M .B .E ., M.C., P rem ier B uildings, Orchard 

S treet, Newcastle-on-Tyne.
John  Archibald F orrest, Central Technical College,

B irm ingham .
S tanley H ard ing , 88, Ormonde S treet, Sunderland.
W illiam  Francis H un t, G leneagles, Stoke Road, Slough, Bucks.
A lexander H endry, 43, Balfour S treet, Leith .
Edw ard John  Jo rdan , 77, P reston  Avenue, N ew port, Mon.
Jam es Sheridan L ockhart, 43, S trathfield Gardens, Faircross, 

Barking1, Essex.
H ugh  M acniven, 1172, A rgyle S treet, Glasgow, C.3.
Alan Hanwell M iller, 78, Church S treet, Newcastle, N .S .W .
John  P ra t t  Moralee, 25, W ater Lane, Seven K ings, Essex.
A lexander R obert M urrison, 26, Cliff Road, Dovercourt Bay, 

Essex.
A rchibald John  Campbell Ross, (S ir), K .B .E ., S t. P e te r’s 

W orks, Newcastle-on-Tyne.
Edm und Tom R yland, Anglo-Saxon Petroleum  Co., L td ., S t. 

Helens Court, E .C.3.
E rnest Edw ard Tuck, 49, Aldersey Gardens, New B arking, 

Essex.
H ector H enry R eginald  W alker, 117, V icarage Road, Sunbury 

Common, M iddlesex.
John  W hite , 23, P a rk  Crescent, S trathaven , L anarkshire .

Companion.

Francis B artram  Snell, Room 64, 110, Fenchurch S treet, E .C .3.

A  ssociate-M embers.

Jam es Percy  Anderson, c/o  G. & J . WTeir, L td ., 78, G racechurch 
S treet, E .C.3.
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Donald Gordon M cDougall, M.V. Port H uon, c/o  Common
wealth and Dominion Line, L td ., 9 and 11, Fenchurch 
Avenue, E.C.3.

Edward H arry  P atterson , 184, Battlefield Road, Glasgow, S .2.

Associates.

Laurence Andrew Jam ieson Anderson, c/o  Mrs. Davies, 1, The 
Drive, Ilford, Essex.

George H enry Hayward, School House, Ricardo S treet, E.14.
E rnest John W oolgar, R .A .F . S tation, Felixstow e, Suffolk.

Graduates.

P eter A ldbury Beresford, W aterside, K ings Langley, H erts.
Charles Paterson, 3, Malcolm S treet, Dundee.

Transferred from  Associate to Member.

Andrew Cecil Kennedy, 10, W aterloo Road, H akin , Milford 
Haven.

Transferred from Associate to Associate Member.

John Hodson Trickey, 8, Claremont Eoad. H ighgate, N.6.

Transferred from  Graduate to Associate-Member.

A lfred H arold Jobling, Red S tar Line, Rhine Quay, Antwerp, 
Belgium.

W alte r Nicholson, Ivyholm e, 2, Aldersg-ate Terrace, P ark  
Road, W est Hartlepool.
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L ist of those elected at Council Meeting- of Novem ber 4th, 
1929:—

Members.

Joseph Edwin Cham berlain, 21, B ennett P ark , B lackheath, 
S .E .3.

Andrew Grieve, 2, B runton  Avenue, W arw ick Road, Carlisle. 
Charles Edward H all, 111, Dominion S treet, Barrow-in- 

Furness.
D avid F arq u h ar M ackie, c/o M essrs. J . King- & Co.. 90, Garden 

Read Road, K idderpore, C alcutta.
George A lexander M ussett, 218, Brockley Grove, S .E .4.
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R obert Jam es R aine, E n g .-L ieu t., R .I .M ., K .P .T ., M anora, 
Sind, Ind ia.

Anders R isoe, M essrs. Mansfield & Co., L td ., Penang', S.S. 
John  Brown Sanderson, c/o  McLa chlan, 108, Pollok S treet, 

G lasgow, C.5.
Jo h n  R obert Storey, 48, H ighbury  Grove, London, N .5.
A rth u r Edw ard Tvrer, Yennadon, Lodge Lane, Salfords, 

Surrey.
H erbert W illiam  W allis, 273, Coventry Road, Ilford , Essex. 
E dw ard Stanley W ood, The F irs, Belm ont Road, Southam pton. 
R eginald  Lew orthy Bennee, 1G, Glenshiel Road, E ltham  P ark , 

S .E .9.
A  ssociate-M embers.

W illiam  George H iggs Beaucham p, The Quest, L iberton , 
E dinburgh.

George Brownless, c\o  M essrs. M ackinnon, M ackenzie & Co., 
S trand  Road, C alcutta.

Jo h n  F ro st, 21, M oorland Road, W oodsmoor, S tockport. 
W illiam  M itchell, Cheviot Mills, B udge Budge, B engal, Ind ia . 
W illiam  Alan Yose, 35, Parkw ay, Seven K ings, Essex.

G raduate.
Ellis R obert Cham berlain, 17, Chalk Road, P laistow , E.13.

!Transferred from  Companion to Member.
Geoffry Anderson, elo  Fyvie & S tew art, Box 1210HH, G .P .O ., 

Sydney, A ustra lia.

BOOKS ADDED TO T H E  L IB R A R Y . 
P u r c h a s e d .—

B ritish  E ngineering  S tandard  Specifications:—
No. 44— 1909. Cast Iron  Pipes for H ydraulic Pow er. 2 /2  

post free.
No. 164— 1924. L im its and F its  for E ng ineering . 2 /2  post 

free.
No. 190— 1924. B ritish  S tandard  W hitw orth  (B .S .W .), 

B righ t H exagon Bolts, N uts, Set- 
Screws, Split-P ins, W ashers and Studs, 
Dim ensions. 2 /2  post free.

JSo. 191— 1924. B ritish  S tandard  F ine (B .S .F .) B righ t 
H exagon Bolts, N uts, Set-Screws, Split- 
P ins, W ashers and Studs, Dim ensions. 
2 /2  post free.



764 B o o k s  A d d e d  t o  t h e  L ib r a r y .

No. 192— 1924. B ritish  S tandard  Spanners, D im ensions. 
2 /2  post free.

No. 292— 1927. Ball Bearings and Parallel-R  oiler B ear
ings, Dim ensions. 2 /2  post free. •

No. -327— 1928. D errick Cranes. 2 /2  post free.
“  Naval E lectrical M anual, 1928.”  Published by H .M . 

S tationery  Office (by A uthority  of the Lords Commissioners of 
the  A dm iralty ). P rice 12/6.

“  R eport of the F uel Research Board for the Y ear ended 31st 
M arch, 1929." Published under the A uthority  of His M ajesty’s 
S ta tionery  Office by the D epartm ent of Scientific and In d u stria l 
Research. P rice 2 /-.

L loyd’s Calendar, 1930.”  Published at L loyd’s, London, 
E.C.-3. P rice 3 /6 .

P r e s e n t e d  b y  t h e  P u b l is h e r s  :

Electric Arc W elding O perator’s Handbook, published by 
Alloy W elding Processes, L td ., F erry  Lane, W altham stow , 
London, E.17. Pp. 38. Illu stra ted .

The A .W .P ., L td ., in publishing this O perator’s H andbook 
supply m ost useful inform ation to those in terested  in repairs of 
all kinds. The trea tise  relates principally  to the various elec
trodes necessary for different kinds of m etals, ferrous and non- 
ferrous.—A.-I.

B ritish  E ngine, Boiler and E lectrical Insurance Co.,. L td .—  
Technical Report for 1928. Pp. 150; num erous illu s tra tio n s. 
Published by the Company at 24, Fennel S treet, M anchester. 
P rice 7 / 6.

Of la te  years w elding practice has advanced to such an ex ten t 
th a t it no t only competes w ith the older methods of assembly, 
bu t com pletely supplants them  in certain  directions, and is now 
a recognised factor in  the engineering w orld ; consequently th e  
Technical Report of the B ritish  E ngine, Boiler and E lectrical 
Insurance Co., is of particu lar in terest, as it is alm ost exclu
sively devoted to a detailed description of an exhaustive series 
of tests and investigations by the Com pany’s staff in to  the use 
of fusion welding, m ostly for non-fired pressure vessels.

The R eport contains definite recom m endations and pro
visional rules have been prepared for the guidance of m anu
facturers m aking fusion-welded vessels.

I t  is pointed out in the preface th a t  the  use of welding for 
pressure vessels is extending, and it  is of the u tm ost im port-
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ance th a t th is should he controlled and confined to leg itim ate 
channels. I t  would no doubt have been preferable had some 
au th o rita tiv e  body taken  steps in the m atte r, bu t since none in 
this country has done so, the company, as being' to some ex ten t 
in a tu te la ry  position in regard  to the public, has decided to 
conduct its  own investigations and to publish the resu lts, and 
the inferences draw n therefrom . I f  as a resu lt official regu la
tions a re  issued, the position which exists— some claiming- th a t 
welding is suitable for all purposes, and others damning- i t  for 
any— will be simplified.

The tests carried oiit have necessarily been of an extensive 
n atu re , including electric arc welding-, carbon arc welding', and 
acetylene w elding. These tests  are tabulated , together w ith 
m icro-prints, su lphur prin ts, and photographs, also the form 
in which some of the test pieces were especially designed for the 
enquiry .

R egulations are required  if the leg itim ate  developm ent of 
welding is not to be re tarded , and until such regulations are 
fram ed and enforced it  is inevitable th a t trouble and disappoint
m ent will be the lot of m akers and purchasers alike.

A. .T.
----------- o-----------

B O IL E R  EX PLO SIO N  R EPO R T S.

R e p o r t  N o . 2968. S t e a m  T r a w l e r  Harvest Moon.
O.N. 120335.

Investigated  and reported upon by Mr. E . R ae, B .o .T . 
Surveyor, London.

The boiler was of the  usual m arine type. I t  was 8 feet long, 
8 feet 6 inches in in ternal diam eter, and fitted w ith  two plain 
furnaces 2 feet 8 inches outside diam eter. The combustion 
cham bers were separate and the back plates were orig inally  
17/32nds inch, the side w rapper plates 15/32nds inch and 
the bottom  w rapper plates 9 /1 6tlis inch in th ickness. 
T he backs of the com bustion cham bers were stayed by screwed 
stays 1^ inches in  diam eter, pitched 8J inches horizontally and 
7 i inches vertically . The com bustion cham ber side stays were 
1^ inches in diam eter, pitched 8 inches vertically  and 6 inches 
horizontally, and the tops of the cham bers were supported in 
th e  usual m anner by girders and stays.

The necessary m ountings were provided, including two 
sp ring  loaded safety  valves w hich, it is s tated , operated a t a
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w orking pressure of' 110 pounds per square inch. The boiler 
was constructed for a working pressure of 130 pounds and was- 
stam ped as having been tested in 1904 to 260 pounds per square 
inch.

The boiler was made by Messrs. R iley B rothers, S tockton- 
on-Tees, in 1904, and was, therefore, about 24 years old.

No repairs had been carried out since the present owner 
acquired the boiler in Septem ber, 1926. There is no available 
record of repairs prior to th a t date, bu t welding had been 
carried out on the landing edges and flanging of the  starboard  
combustion cham ber back plate, also some build ing up on the  
bottom  w rapper plate.

No adequate and regu lar exam ination of the boiler had been 
carried out.

The boiler was not insured.
The explosion was of a m inor character. A hole about 

5 /16 ths inch in diam eter was formed in the lower w rapper p la te  
of the starboard  combustion chamber, through which the con
ten ts of the boiler escaped.

The w rapper plate, having been thinned by severe corrosion 
on the w ater side, was unable to w ithstand the ordinary w ork
ing pressure of the boiler.

This vessel was built in 1904 by Messrs. C rabtree and Com
pany, Lim ited, G reat Y arm outh. She was form erly named 
Joe M u d d  and Progress. The firm th a t previously owned the 
vessel is defunct, and no inform ation regarding the ship, before 
the  present- ownership, has been obtained. She was purchased 
from K ent Traw lers, L im ited, on the 27th Septem ber, 1926, by 
Mr. S tanley Row den. Since th a t date the vessel has been em
ployed fishing from R am sgate.

The boiler was originally  constructed for a w orking pressure 
of 130 pounds per square inch and it has not been ascertained 
when the working pressure was reduced to 110 pounds. I t  is 
stated  to have worked w ithout trouble since the vessel was 
acquired by the present owner.

The vessel had been fishing prior to the  explosion and 
returned to R am sgate on Friday, the 16th November, w ith her 
catch. The boiler was w orking on Saturday  m orning supply
ing steam  to the winch and when the cargo was discharged fires 
were banked u n til 11 p.m . th a t evening. At th a t tim e every
th ing  appeared to be in order and steam  was raised, the vessel 
proceeding to sea at 1.15 a.m . on Sunday, the 18th November.
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A bout balf an hour afte r leaving R am sgate there was a sligh t 
explosion and w ater was observed issuing from  the starboard  
furnace, the fire being soon extinguished. The enginem an 
stopped the engines and tried  to m aintain  the w ater level by 
m eans of the donkey pump, b u t w ithout success. He then 
re-started  the engines and worked the steam  off the boiler. The 
skipper was inform ed of the position and, as the vessel was near 
her home port, it was decided to request tow ing assistance from 
the  Kestrel which was in the vicinity . The la tte r  took the 
H arvest Moon in tow and R am sgate was reached a t 4 a.m . 
w ithout mishap.

W hen the boiler was exam ined it  was found th a t a hole about 
5 /1 6 th s  inch in  diam eter had formed in the bottom  wrapper 
plate of the starboard  combustion chamber, the plate having  
been thinned by corrosion on the w ater side. An a ttem pt was 
made by the local repair firm to build up the wasted p art by 
welding, b u t the plate buckled and th is m ethod was abandoned. 
They then decided to renew the bottom  of the combustion 
cham ber, th a t is the lower w rapper p late  and a portion of the 
back plate.

These parts had been cut out when I  inspected the boiler and 
the  repairs th a t  were in hand were found satisfactory  and 
sufficient to restore the soundness of the boiler. The new 
plates fitted were § inch in thickness and new w ater space stays 
were fitted  as required in the plates. The work was inspected 
on com pletion and the boiler was examined generally  and found 
in a sa tisfac to ry  condition.

The advantages of having  the boiler properly and regularly  
exam ined was im pressed upon the owner, who has taken  the 
necessary steps to have it insured w ith a reputable company.

Observations of M r. A . E . Laslett, Engineer 
Surveyor-in-C hief.

The danger arising from the use of steam  boilers th a t  are not 
regu larly  inspected by some com petent person is em phasised 
by this explosion. I f  an inspection had been made the condi
tion of the boiler would have been ascertained and the explo
sion avoided.

A fter the  explosion had taken  place an a ttem p t was made to 
repair the wasted plate by w elding, bu t this m ethod had to be 
abandoned because the p late buckled, which appears to indicate
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th a t the w astage was widespread. Repairs of this nature 
should not be undertaken w ithout full consideration and inspec
tion of the defective parts.

The wasted plate has been renewed and the owner has very 
wisely taken steps to have the boiler insured, which should 
entail regular inspection.

R e p o r t  N o . 2984. S.S. K ildrum m y.
O.N. 144825.

The circum stances were investigated  and R eport made by 
Mr. G. Bi own, B .o.T . Surveyor, Aberdeen.

The boiler was a donkey boiler of the B lake type,
6 feet in te rn a l diam eter and 12 feet 6 inches to tal 
heigh t. The shell was a vertical cylinder w ith a hem i
spherical top. The upper half of the firebox was cylin
drical, the lower half being in the form of an oblique 
truncated  cone. The bottom  plate of the firebox was 
19/32nds inch th ick  and was attached to the lowest rin g  of the* 
shell by a double riveted seam. The shell p late at th is p art was 
15/32nds inch thick. Smoke tubes were arranged horizontally 
between the upper part of the firebox and the shell. The usual 
m ountings were provided, including a pair of spring-loaded 
safety valves adjusted to lift a t a pressure of 100 lbs. per square 
inch.

The boiler was made by the B lake Boiler, W agon and E n
gineering Company, L im ited, Alliance W orks, D arling ton , in 
November, 1924. I t  was therefore not quite four years old a t 
the tim e of the explosion.

About M arch, 1925, all the rivets wrere recaulked in the  seam 
by which the case of the firebox was attached to the shell. The 
wasted portion around a small hole which appeared in the  shell 
plate close to the blow-down cock was bu ilt up by means of 
electric welding in June, 1928. These appear to have been the 
only repairs made.

The boiler was surveyed during construction by Surveyors to 
L loyd’s R eg ister of Shipping, who w itnessed a hydraulic test 
to  200 lbs. per square inch on completion. A t the time of the 
explosion the boiler had not become due for the next L loyd’s 
survey. In  the  m eantim e, the boiler had been under the 
superintendence of M essrs. P irie  and Sm ith, Consulting 
E ngineers, Aberdeen, and had been inspected by the chief 
engineer of the vessel.
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The explosion made a loud report, a hole about f  inch by 
|  inch being formed in the shell close to the bottom  of the boiler 
and near the back. Through this the w ater and steam  escaped 
from the boiler.

Sufficient allowance had not been made for the upward expan
sion of the firebox when at its w orking tem perature. Undue 
m echanical stresses were thereby imposed locally on the lower 
shell plate, which became corroded and reduced in thickness 
until it could not withstand the pressure to which it was subjected.

The S.S. K ild ru m m y  was built in December, 1924, and the 
donkey boiler was installed at the same tim e. On the 8th June, 
1928, a small hole was discovered in the shell ju s t below the 
blow-down cock. This was repaired by electric w elding. On 
the 23rd October, 1928, a t 12.30 p.m ., while the chief engineer, 
M r. W . L. Sang, was on deck, he heard  a report like a rifle shot. 
Owing to dense volumes of steam  he was unable to en ter the 
fidley door, so he proceeded to the stokehold via the engine 
room. W hen the stokehold was accessible he had the donkey 
boiler fire drawn and when the steam  had cleared away an 
exam ination revealed a hole f  inch by § inch in the shell at about 
the  same h e ig h t as, bu t about 4 feet 2 inches nearer the back 
of the boiler than , the first hole. W hen the defective plate was 
removed from the boiler careful m easurem ent showed th a t it 
had become considerably reduced in thickness over an area of 
from one to four inches vertically  and extending for more th an  
half the circum ference of the boiler in the form of a band a few 
inches above the seam whereby the firebox was connected to the 
shell. As the boiler, which was s itu a ted  in a recess in the 
centre of the stokehold bulkhead, was accessible all round, 
the  lower p art of the  boiler was no t likely  to become 
damp, and, as the shell plate below the furnace attachm en t 
seam had not corroded, the bottom  of the boiler m ust have been 
dry. According to the evidence of the chief engineer, who 
thoroughly  examined the boiler on the 19th A ugust, 1928, there 
were no signs of leakage from this or any of the o ther boiler 
seams, either by bulg ing  of the lagg ing  which covered the 
seams or by dampness below the lagg ing . Both of these defects 
i t  w ill be noted occurred before the boiler was four years old and 
several reasons were put forward to explain such unusual occur
rences. These included the follow ing:—

(1) In ferio r plate m aterial.
(2) In ju rious boiler cleaning fluid.
(3) Composition of lagg ing .
(4) L eakage from seams covered by lagging .
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No good case, however, could be made for any of these and it 
would appear th a t the real cause was fau lty  design causing 
undue mechanical stresses to be imposed on the plates form ing 
the lower part of the shell and firebox.

In  boilers of types sim ilar to this it is frequently  the practice 
to carry the downward load, caused by the steam  pressure on 
top of the firebox, e tc ., by means of a specially th ick  base ring , 
by which the firebox is connected to the shell. In  the present 
case, however, it  appears to have been the in ten tion  of the 
designer to carry most of this load on two plate stays suspended 
from the crown of the shell. These were of substan tia l con
struction, each being 1 1 | inches by 15/16ths inch connected 
to the shell and fire-box crowns by double angles 3^ inches by 
3 |  inches by |  inch. U nder a cold hydraulic test every th ing  
would appear to be in order, b u t w ith the boiler under w orking 
conditions and the tem perature of the firebox plates much 
g reater than  th a t of the outer shell, th ings would be different. 
The firebox having become longer and being unable to expand 
upwards on account of the rig id ity  of the stay ing  system  of 
the furnace crown would exert a downward th ru st, which would 
pass along the cone-shaped plates of the furnace side and tend 
to push outw ard the bottom  of the shell plate, a t the same tim e 
throw ing considerable stress on the base of the firebox. T hat 
this was the action th a t had been tak ing  place appears to  be 
proved by the following :—

(1) The bottom  of the shell plate was in a wasted condition 
for nearly the entire circum ference and for from one inch to four 
inches vertically .

(2) W here the shell p late had been stiffened locally, by 
m eans of a mudhole com pensation ring , etc., the plate reduction 
was m ore severe bu t extended for a shorter distance vertically . 
I t  was at such a place a t this, ju st below the riveted pad fo r 
the blow-down cock, th a t the first hole appeared in June, 1928.

(3) W here the th ru s t was in a practically  vertical downward 
direction, as a t the back of the firebox, the base of the firebox 
p late suffered ' also where the  shell plate was stiffened by m eans 
of the  plate overlap a t the double riveted vertical seam.

(4) A t the front of the  boiler, where the m outh piece of the 
firing hole diffused the th ru st, the plates did not suffer greatly .

(5) S ligh t grooving of the firebox crown, close to the heel 
of the back stay , shows th a t there has been an upw ard th ru st 
there .
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The boiler has sinue been repaired under the supervision of 
Surveyors to L loyd’s R eg ister. Most of the lower rin g  of the 
shell, which was originally  15/32nds inch th ick , has been 
replaced by a p late § inch th ick , and the base of the firebox has 
been reinforced as required by electric w elding. The boiler 
will in fu tu re  be carefully  watched to see th a t fu rther trouble 
does not arise.

Observations of M r. A . E . Laslett, Engineer 
Surveyor-in-Chief.

This boiler had apparently  been in use less than  four years, 
and the  unusual w asting of the lower p art of the shell is a t t r i 
buted to fau lty  design. A pparently  it became necessary a few 
m onths afte r the boiler was b u ilt to recaulk all the rivets secur
ing  the base of the furnace to the shell, and, later, to repair 
the lower part of the shell where a small hole had developed. 
I t  would have been prudent when the la tte r  repair was effected 
to have ascertained definitely the ex ten t of the  w astage of the 
shell plate, which m ust then have been very serious.

R e p o r t  jSTo . 2987. S.S. Constance.
O.N. 115934.

R eport No. 2987 deals w ith an explosion in the boiler of the 
S.S. Constance, investigated  by Mr. 1). G. G uthrie, B .o.T . Sur
veyor, L eith .

The Constance is a vessel of 166 tons gross, reg istered  at 
L eith  and engaged in th e  coasting trade. She was built in 
1902, and was purchased by the present owners in 1914.

On 25th M arch, 1929, about 4 p .m ., the vessel le ft A berdour 
for Grim sby, and proceeded down the F ir th  of F o rth  w ithout 
any incident of note u n til 8.15 p.m ., when the explosion 
occurred w ithout w arning, the steam  pressure being at the 
tim e 110 pounds per square inch.

The boiler and engine are in the same com partm ent, the 
engine p latform  being about one foot h igher th an  the firing 
platform  in fron t of the boiler. The enginem an had ju st 
attended  to  the engine, and was about to step down to the  firing 
platform  when the explosion occurred. He and his assistan t, 
considering th a t  it m igh t be impossible to  m ain tain  the w ater 
level in  the  boiler, drew the starboard  fire, and being unable 
to  approach the port fire from the  engineroom , they  ex tin 
guished it by means of a hose m anipulated from the deck.
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A t 9.55 p.m . the vessel was taken  in tow by the S.S. R attray  
H ead  (a vessel belonging- to the same owners) and arrived in 
L eith  a t 2.30 a.m . on 26th M arch. The defective p art was elec
trically  welded so as to fill the hole and reinforce the adjacent 
p la ting , and I  inspected it afte r this had been done. A satis
factory repair has been made.

There is no evidence th a t the boiler had required any repairs 
prior to 1914. Of recent years, defects have developed in the 
combustion chambers and were dealt w ith as previously m en
tioned. Mr. A lexander Reid, the  owners’ superin tendent, has 
been in sole charge of the boiler as regards inspection and m ain
tenance since 1915. He has had considerable experience in the 
inspection of boilers and is the holder of a Board of Trade certi
ficate of competency as first class engineer. He states th a t  the 
collision chock was removed about two years ago and he did 
not consider such w astage as the plate had then sustained to 
be alarm ing. The plate afte r removal of the chock was 
thoroughly  chipped and painted and the chock replaced. The 
space between the collision chock and the boiler would re ta in  
wet ashes, the m oisture content of which would be m aintained 
by the frequent dam ping of ashes against the boiler and plate. 
The conditions, therefore, favoured active corrosion, which 
finally reduced the thickness of the plate until it could no longer 
w ithstand  the pressure. The plate was also corroded in ternally  
about one-eighth of an inch in depth over a considerable area.

Observations of M r. .4. E . Laslett, Engineer 
Survey or-in-C hief.

The p art of the boiler end plate which failed was hidden by 
the  collision chock and could only be properly examined by hav
ing the chock removed. The explosion shows how necessary 
it is during inspection to pay special atten tion  to any p a rt of a 
boiler which cannot in  the ordinary way be seen, especially 
where the plates are subject to corrosion due to the w etting  of 
hot ashes or other causes.

This is another case in which the Insurance Company cover
ing the vessel did not require inspections of the boiler to be 
made.

R e p o r t  No. 2996. S.S. Inanda.
O.N. 147310.

R eport No. 2996 deals w ith an  explosion from the aux iliary  
stop valve chest on the S.S. In a n d a , the cause of which was 
examined by M r. W . L. W atson, B .o.T . Surveyor, London.
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The combined valve chest was made of cast iron from 1 |  ins. 
to 1 3 /16 th  ins. in thickness in  the body, and contained the 
header and aux ilia ry  stop valves; the form er, a screw lif t  
valve, was d irectly  over the outlet from  the boiler and adm itted  
steam  under the au x ilia ry  stop valve, which was of the non
re tu rn  type. The aux ilia ry  steam  pipe branch  had a bore 
of six inches, and the header branches, port and starboard, 
were five inches in  in terna l diam eter. In  addition, there was 
a branch  two inches in diam eter from  under the header valve 
to take the m ixing steam  valve, and also a branch of s im ilar 
size above the aux iliary  valve to which was fitted the circu
la tin g  steam valve for the superheaters.

The length  of the chest was 3 2 | inches and its breadth  19^ 
inches, both dimensions taken over the flanges. The casting 
was provided w ith a flanged support under the p art form ing 
the aux iliary  stop valve chest.

Two drain  cocks, each having  a bore of inch, were fitted,, 
one above and one below the aux ilia ry  stop valve.

The valve chest and cover were fractured , the centre portion 
of the cover being blown out of position, and a fte r the  explo
sion it was found to be ly ing  on the top of the boiler close to 
the chest. The explosion was caused by w ater-ham m er action.

The Inanda  is a steel single screw steam er of 5,985 tons, of 
the passenger and cargo type, and was employed in the W est 
In d ian  trade . She has one aux iliary  boiler and two double- 
ended m ain  boilers, fitted w ith superheaters, w hich supply  
steam a t 220 pounds pressure to quadruple expansion engines.

The vessel arrived at London from abroad on the 6th in s tan t. 
The m ain boilers and th e ir m ountings were then shut down for 
cleaning, overhaul and periodic inspection. The aux iliary  
boiler was kept continually  a t duty  supplying steam  in connec
tion w ith the deck m achinery, dynamo engines and heating  
of crew ’s quarters. Steam  was, however, shut off the au x ilia ry  
steam  range about 5.30 p.m . on th e  8th A pril, to  enable the 
port and starboard aux iliary  stop valves on the m ain boilers 
to be overhauled, and, during  the same evening, th a t  work 
being completed, steam  was again turned  on, and the au x ilia ry  
range rem ained under steam  pressure u n til the explosion 
occurred.

On the 13th instan t, owing to certain  ballast tanks having 
been filled, the vessel took a list of aboUt four degrees to port. 
The list was m aintained u n til the 15th instan t, when, a t about
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8 a.m ., the filling of the starboard fresh-w ater tank  was com
menced. The list on the vessel was gradually  reduced, u n til, 
a t about 11.30 a.m ., the vessel reached the u p rig h t position, 
bu t im m ediately afterw ards took a slight list to starboard. 
A t the same tim e a dull report was heard from the top of the 
boilers, followed by an escape of w ater and steam. T he stop 
valve of the aux iliary  boiler, which, fortunately , had only 
been opened slightly , was shut im m ediately and the emission 
of steam  stopped. An investigation showed th a t the port 
au x ilia ry  stop valve chest had been damaged in the m anner 
already described, and it was also observed th a t the appear
ance of the top of the boiler indicated th a t a considerable 
q u an tity  of w ater must have escaped when the explosion oc
curred.

A fter the vessel took a list to port on the 13th instan t, water 
would collect in the port aux iliary  steam pipe, and, as it was 
allowed to rem ain there, conditions favourable to water- 
ham m er action existed when the vessel was brought to the up
r ig h t position and the explosion resulted.

The chest appeared to be of am ple streng th  for the purpose 
intended, and no old flaws were found in it when examined 
a f te r  the explosion.

A dditional shut-off valves are now being fitted in the 
au x ilia ry  steam pipe range at positions m arked A on P la te  I I . 
This will enable certain  sections of piping to be shut off when 
not required. The drains will then be opened and the pipes 
kept clear of water, and a repetition  of the conditions which 
led to the explosion will be avoided.

Observations of Mr. 4 .  E . L aslett, the E ngineer 
.Survey or-in-Chief.

The arrangem ent of the aux iliary  steam pipes was such th a t 
when any one of the three boilers was used separately for 
supplying steam to the aux iliary  range, there would be no 
flow of steam in one section e ither on the port or starboard 
aide according to w hich boiler was in use. Very little  fall 
was provided in  the lead of the pipes and consequently any 
list to the side away from the boiler in use, would cause con
densed steam to collect and conditions favourable to water- 
ham m er action would be set up. A dra in  cock would not be 
effective in  such a case unless set to drain  continuously any 
water th a t m ight collect, or, a lternatively , fitted with an effi
cient autom atic steam trap . This is the second explosion th a t
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lias taken place on board th is vessel due to w ater-ham m er 
action, but now th a t shut-off valves have been fitted to isolate 
sections of the pipe line not in use, and provided each section 
is drained before the isolating  valve leading to th a t section 
is opened, a repetition  of the conditions which led to the ex
plosion is improbable.

R e p o r t  N o . 3008. Explosion from a steam  stop valve on the 
Steam  Traw ler Poivis Castle.

The investigation  was undertaken  by Mr. N. S. Couch, B .o.T . 
Surveyor, Swansea.

The valve was m ade of cast brass w ith an overall len g th  of
7 inches between the flanges which were 5 inches diam eter and 
f  inch th ick . The body of the valve was 3J inches outside 
d iam eter w ith  a thickness of £ inch at the side which failed 
and 3 /16 ths inch a t the other. The diam eter of the valve was 
1J inches and th a t of the in le t and outlet branches 1§ inches. 
The w orking pressure was 180 pounds per square inch.

The Poivis Castle is a vessel of 275 tons gross and 107 tons 
net reg istered  tonnage and is propelled by a set of trip le  expan
sion engines tak ing  steam  from one single-ended boiler w ork
ing at a pressure of 180 pounds per square inch. The vessel 
was built in 1916 by Messrs. Sm iths Dock Co., L td ., M iddles
brough, and was engaged in the fishing industry . The valve 
which failed was fitted direct to the top of the  boiler and was 
used for controlling the supply of steam  to the  whistle.

At about 4 a.m . on the 13th F ebruary , 1929, w hile the vessel 
was off the Old Head of K insale, Ireland , the second engineer, 
who was on watch, reported to the chief engineer th a t steam  
w asescap in g  from the w histle valve. On exam ination it was 
found th a t a piece of m etal about § inch in diam eter had blown 
out of the body of the valve below the seat. As the m etal 
appeared to be very thin the hole was enlarged in an a ttem p t to  
get a sufficient thickness of m etal to tap the hole and fit a 
screwed plug. This, however, was not successful, so it  was 
decided to reduce the pressure from 180 pounds to 120 pounds 
per square inch and run for the nearest port, which was Bere- 
haven. On arrival the valve was taken  off the boiler and the 
aperture blanked off. W hen the vessel re tu rned  to Swansea a 
new valve was fitted. As previously s ta ted , th is valve was 
fitted to the top of the boiler and, im m ediately above it in the 
boiler casing, was a hinged iron g ra tin g  for purposes of access
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to the boiler top. In  such a position i t  was exposed to  th e  
effects of sea w ater which, in  these small vessels, is shipped in 
fa ir quantities in heavy w eather; fu rther, as the boiler lagg ing  
was recessed to  clear the valve, th is formed a pocket in which 
sea w ater would lie un til i t  was evaporated by the heat of th e  
boiler. U nder these conditions it  m ight be expected th a t, 
sooner or la ter, the m aterial would be affected, and unless the 
valve was designed and m ade of such a uniform  thickness as 
would allow for w astage, or the lag g in g  kep t sufficiently clear 
to perm it of a thorough exam ination, such a failure as is dealt 
w ith in this report m ight be anticipated.

The owners are paying particular attention to similar valves 
on their fleet of traw lers, and several, w ith which they were not 
quite satisfied, have been renewed.

Observations of M r. A . E . Laslett, Engineer 
Survey or-in-Chief.

The body of the valve chest which failed appears to have been 
originally  somewhat lig h t in construction, so th a t when sub
jected  for some tim e to w astage, i t  became insufficiently strong 
to sustain  the ordinary w orking pressure. The access of w ater 
to the space above the boilers of such sm all vessels as traw lers 
is likely to occur unless the covers of the manholes are a good 
fit and kep t w a te rtig h t. The danger of w ater en tering  this 
space is obvious, and m ay include serious corrosion on th e  parts 
of the boiler shell surrounding the  recesses in the lagg ing  w here 
th e  m ountings are fitted.

R e p o r t  No. 3024. S.S. R im utaka .
O.N. 111355.

R eport No. 3024 deals w ith  an explosion from a m ain steam  
pipe on the S.S. R im utaka . The cause was investigated  by 
M r. H . Proudf'oot, B .o.T . Surveyor, London.

The pipe fractured  on the forw ard side a t the neck of the 
socket jo in t in a circum ferential direction for about two inches, 
resu lting  in sligh t emission of steam.

The explosion appears to have been due to a condition of 
fatigue in the m aterial of the pipe, caused by the expansion 
of the m ain steam  range, together w ith structu ra l movement 
incidental to the hu ll and m achinery.

The R im utaka  is a twin-screw passenger and cargo vessel 
of 8,997 tons gross register, and was b u ilt in 1900 by Messrs.
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W illiam  Denny and Brothers, D um barton. The propelling 
m achinery consists of two sets of trip le  expansion engines, 
steam  for which is supplied by four single-ended boilers of the 
cylindrical m u ltitu b u lar type working at 180 lbs. per square 
inch. The m ain steam pipes were orig inally  fitted w ith Pope 
jo in ts, bu t for some tim e past these jo in ts have been in process 
of substitution as opportunity  offers, the pipe which forms 
the subject of th is inquiry  being so dealt w ith in M ay, 1927.

The vessel left Monte Video for Las Palm as on 17th May 
last, in continuation of the homeward run from V  ellington, 
New Zealand, to London. On the 21st M ay steam was ob
served about the lagging  of the m ain steam pipe to the port 
engine, and on exam ination the pipe was found to be fractured  
as stated. A clamp covering the fractu re was fitted as a tem 
porary measure, the revolutions of the port engine were re
duced and the vessel headed for B ahia for repairs. The means 
a t th is port for executing a suitable repair appear to have been 
somewhat lim ited, but afte r an ineffective a ttem pt to braze 
over the fracture , a collar of spelter was b u rn t on to the pipe 
which successfully withstood a hydraulic  test of 250 lbs. per 
square inch.

This repair, in conjunction with three long bolts fitted as 
stays between the flanges—a commendable reinforcem ent 
—proved sufficient for the rem ainder of the voyage. The pipe 
was subsequently broken th rough in my presence, when it 
was found th a t the fracture had extended u n til complete or 
p artia l separation had taken place throughout the section of 
the pipe. I t  is probable, however, th a t a considerable part of 
this extension occurred during the process of repair which, 
incidentally , destroyed all evidence regard ing  the physic al 
condition of the m aterial im m ediately prior to the explosion.

Observations of Mr. A . E . L aslett, the Engineer 
Surveyor-in-C hief.

Trouble had been experienced on several occasions w ith this 
steam pipe, apparently  from concentration of stress due to 
vibration and expansion, and where such is the case a modifica
tion of the arrangem ent is the only sure method of preventing  
failure. The repair of copper pipes by brazed socketed jo in ts 
is not satisfactory for a perm anent repair.



BO ARD  OF TR A D E EX A M IN A TIO N S.

I jist of Candidates who are reported as having passed examina
tion for certificates of competency as Sea-going Engineers under 
the provisions of the Merchant Shipping Acts.

For week ended 28th September, 1929:

N A M E . G R A D E . P O R T  O F  E X A M IN E

E v a n s , A aro n  C ................................. i.e. C ard iff
P a r r y ,  J o h n  M. B. .............. I.e.
H e w itt , F r a n k  W . R ...................... 2.C.
D avies, R e g in a ld  ........................... 2.C.M.
B eaton , C h a rle s  ........................... i.e. L eith
H a n s o n , A le x a n d e r  I).................... i.e.
M o rris , A le x a n d e r S- .............. i.e.
R eid . D av id  R .................................... i.e.
S co tt, R o b e rt ........................... i.e.
B la c k m a n , R ic h a rd  J ..................... i.e. London
Q u a c k , B ry a n  M . A. 2.C.M.
D iam ond , H a ro ld  G ........................ l.C .M .E . L ive rp o o l
E d w a rd s , Jolhn A .............................. i.e.
G od frey , T h o m a s G. ............... i.e. t>
Jo n e s , E v an  R .................................... i.e.
M a d re ll, H o race  H. .............. i.e.
M aw dsley, W a lte r  L ........................ i.e. ,,
M cR o b erts, Jolhn ........................... i.e.
P a r k e r ,  R o b e rt S. B ........................ i.e.
T o m lin so n , H a r r y ........................... i.e.
W ood, J o h n  S. ........................... i.e.
G riffith s , E lia s  ........................... 2.C.
H a r m s , Geoffrey ........................... 2.C.
P in n in g to n , A lf re d  ............... 2.C.
S ilv e r. T re v o r  ........................... 2.C.
S m ith , W a l te r  ........................... 2.C.
D od sw o rth , G eorge M ..................... 2.C.M.
F o rd e r ,  Jolhn E . P. .............. 1 C. N orth  Shie
P o tts , F rederick  J .  .............. 2.C.
S u th e rlan d , G ilb ert .............. 2.C. Jf
A rm stro n g , F re d e r ic k  J .
B rand , Jolhn W .................................

l.C .M .E . ,,
l.C .M .E

Russell, H enry  ......................... l.C .M .E . Glasgow
Sim pson, H aro ld  ......................... l.C .M .E .
Andrew, A lexander .............. i.e. ,,
C a irn s , Owxen ......................... i.e.
M attocks, F ra n k  E . ............... l.C .M .E . Southam ptc
Steel. B eniam in H . .............. 2.C.
M ackay. A lexander M ................... 2.C. B elfast
R eid, H aro ld  ........................... 2.C.
Vogan, Robert J ................................ 2.C. ”

F o r  w e e k  ended 5 t h  O cto b e r,

Thomson, P e te r  ...............

1929: -

l.C .M .E . L o n d o n
Cowell, C harles H . ............... i.e.
Lowe, Thom as P ................................ i.e. ,,
O ttle y , G eorge  B ................................ 2.C.
B ru ce , A n d rew  F . ............... 1 r Glasgow
C a m e ro n , A lexander S .................... 2.C .M .E.
K in n ear, Jo h n  T. ... i.e. ,,
Thom son, A lexander ............... i.e. s»
B iggam , Jolhn ........................... 2.C.

778
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For w e .k  ended 5th October, 1929—continued.
NAME. GRADE.

L o ck h ead , J a m e s  W ........................ 2.C.
M c ln n e s , J o h n  ........................... 2.C.
M cK ay , D onald  ........................... ■l.C.
P o t te r ,  D av id  ........................... 2.C.
Y oung , Ja m e s  ........................... 2.C.
B ra d le y , C h a rle s  D- ............... l.C .
C a m p b e ll, K id h a rd  H .................... l.C .
G ib so n , L e o n a rd  J .  W .................... l.C .
G ra y , C h a rle s  W ............................... l.C .
G u rn e y , G eorge W . ............... l.C .
B rid g e , J o h n  H ................................. 2.C.
B u t le r ,  A rtlh u r ........................... 2.C.
H u n t ,  A r th u r  A ................................ 2.C.
W h a lle y , S ydney  B . ............... 2.C.
C la rk so n , E d w a r d ........................... 2.C.M.
T a y lo r , T h o m a s \V . ............... l.C .M .E .
P a u l ,  S idney  ........................... l.C .M .E .
F o r s te r ,  G eorge  J .  ............... l.C .
K a n e , C h a rle s  F ................................ l.C .
S m ith , F re d  ........................... l.C .
T u rn e r ,  R ic h a rd  S. ............... l.C .
R obson, E d m u n d  V . ............... 2.C.
U sh e r, W ill ia m  J .  ............... 2.C.
R o b in so n , J o h n  G. ............... 2.C.M .

F o r . w e e k  e n d e d  1 2 th  O c to b e r , 1 9 2 9  :—

G a r d in e r ,  W ill ia m  0 ...................... l.C .M .E .
C a m p b e ll, A lla n  ........................... l.C .M .E .
C o lth a r t ,  D av id  ........................... l.C .M .E .
G a r d in e r ,  A rc h ib a ld  W . l.C .
M ille r , F e rg u sso n  A ........................ l.C .
J a r  v ie , J a m e s  ........................... 2.C.
W e ir , J a m e s  ........................... 2 C.
K ir  w an , W ill ia m  T ......................... l.C .
L aw son , F r a n k  ........................... l.C .
S tev en so n , W ilf re d  P ...................... l.C .
S to k es, H e n ry  J ................................ l.C .
T ip la d y , E d w a rd  P .  ............... i . e .
Leatih ley , D av id  C. ............... 2.C.
P o t te r ,  F re d e r ic k  E ........................ 2.C.
G il le t .  Jo se p h  ........................... l.C .
R ochell, H e r b e r t  ........................... l.C .
V en ab le s . Joihn C ............................... l.C.
B a r ry ,  D oug las G. ............... 2.C.
D av id so n , T h o m a s H ...................... 2.C.
T il« to n . S ta n le y  B . ............... l.C .M .E .
K e m b a ll. C h a r le s  V ........................ 2.C.M .
B a m fo rd . T h o m a s ............... l.C .
D av ies , H e n ry  ........................... i . e .
<le Ja-ger, A lfre d  E . ............... l .C .
G av in , J a m e s  S ................................. l.C .
G ong'll, H o ra c e  W - ............... i r
M unn , A rc h ib a ld  W ........................ i . e .
T h o m so n , R ic ihard  ............... i .e .
L a n e , G eorge L .................................. 2.C.
D uffy, A r th u r  P . .. l.C .M .
B u rk e , A n th o n y  V . ............... l.C .
H oy, W ill ia m  F  ... ............. l.C .
F o rs y th , G eorge H . ............... l.C .M .

PORT OF EXAMINATION 
G lasgow

L iv e rp o o l

N o r th  S h ie ld s

London
G lasgow

D u b lin
H u ll

L iv e rp o o l

London

N o r th  S h ie ld s
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F o r  w e e k  e n d e d  1 2 th  O c to b e r ,  1 9 2 9 —continued.

NAME. GRADE.
H o rsm a n , G eorge C ......................... l.C .M
B ip le , E r l in g  K .................................. l.C .M .
E ll io t t ,  F r a n k  J ................................  2.C
B a k e r, L e o n a rd  ........................... l.C .
K yle, G eorge T ..................................  l.C .
M ille r , T h o m a s S ..............................  2.C.
P eaco ck , A lfre d  ........................... 2.C.
B ob in so n , C y ru s  W . ............... 2.C.
S m ith , T h o m a s ........................... 2.C.
Sw an, J o h n  W ....................................  2.C.
B ro w n , D o n a ld  E ........................... 2.C.M.

F o r  w e e k  e n d e d  1 9 th  O c to b e r ,  1 9 2 9 :

G ra y , D av id  F . 
Jo h n so n , Jolhn M. ... 
B o b e rtso n , G eorge 
V ideon , Ja m e s  M- ... 
B ed fo rd , J o h n  D . ... 
B o b e rtso n , A lex an d er 
W ood, Jo sep h  G. ... 
Cow ell, C h a rle s  H . 
V eran o , F re d e r ic k  E . 
W oolley , A lla n  A. ... 
Beckiingiiam , H e n ry  <J. 
C raw ley , L e o n a rd  ... 
H ogg, B id h a rd  W . 
G ordon , C h a rle s  E . 
T h om son , J o h n  K . 
C u m m in g , B o b e rt  ... 
M cColl, A ngus 
P ro c te r ,  Jo h n  
W a lk e r , G eorge S. 
Lasihm ore, E rn e s t  G. 
T hom son , B o b e rt  H . B . 
Joyce, P e te r  H . 
B eyno lds, J a c k  S. ... 
B ich a rd so n , J o h n  A. 
W a lte rs , L ew is L . ... 
D unlop, S am u el H . 
G ran tth am , E r ic  
Griffitlh, C h r is to p h e r  
W ile m a n , C y r il 
M ilton , Ja m e s  H . ... 
P r ic e , S idney  A. ... 
T h o m as, Iv o r  
M aw dsley . W a lte r  L . 
M c L ach lan , Jolhn M c l. 
W oodw ard , H e r b e r t  M. 
N idhol.son. C h a rle s  B . 
C lem en t, H e n ry  
F o rm a n , C h a rle s  E . 
F r ie r ,  Jo h n  W . 
G ilb e r tso n , J o h n  G . D . 
B ob inson , L eslie  
S h ils to n . T h o m as D. 
Y oung , H u g h  
C ra n d e ll, T h o m a s C. 
J a m e s , D av id  A.

l.C .M .E . 
l.C . 
l.C .
1.C.
2.C . 
2.C.  
2.C.

l.C .M .E . 
l.C .
1.C. 

•2.C.
2.C. 
2.C. 
l.C .
1.C.
2.C. 
2 .C . 
2.C. 
2.C.

l.C .M .
1.C.M. 

2.C. 
2.C. 
2.C. 
2.C. 
l.C . 
l.C . 
l.C .
1.C.
2.C. 
2.C.

2.C.M. 
l.C .M .E . 
l.C .M .E . 
l.C .M .E  
l.C .M .E

2 .C . 
2.C. 
2.C . 
2.C. 

E x .l.C . 
E x .l.C . 
E x .l.C . 
E x .l.C . 
E x .l.C .

PORT OP EXAMINATION 
N o r th  S h ie ld s

S u n d e r la n d

L e ith

London

Glasgow

S o u th a m p to n

C ardiff
»»

L iverpoo l

N o r th  Shields-

S u n d e r la n d

L ondon
L iverpoo l
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For week ended 26th October, 19 2 9 :-

NAME.
P a u l ,  A le x a n d e r D . 
U r q u h a r t ,  R o b e r t  ... 
D ick ie , R o b e r t  W . 
J a c k , A n d rew  H . ... 
C onw ay , Hugih 
Jz a t ,  A le x a n d e r  
L iv in g s to n , H u g h  ... 
C a m e ro n , A le x a n d e r  S. 
M cA rtih u r, A rc h ib a ld  
H o b a r t ,  H e n ry  J .  ... 
W ilso n , J d h n  G. 
B o w te ll, A lb e r t  E . 
F e r r i s ,  C la ren ce  R . 
H ow e, A lfre d  
S m ith , J a m e s  R .
C a in , F r a n k  C. 
C h r is t ia n ,  E d w a rd  S. 
R ip ley , G eorge  A . ... 
T h o m p so n , W allace  
C o v e rd a le , H e n ry  ... 
B ro w n , H e r b e r t  H . 
P lu m m e r ,  Hugih C. 
Jo n e s , R h y s T .
L each , W ill ia m  S. ... 
W ilso n , R id h a rd  ... 
B e n ja m in , A lf re d  M. 
R u sse ll , W ill ia m  F . 
Afifi, A m in  I .
L it t le ,  E dw in  W . T . 
S ibson . J o h n  P . 
S tro n g , G eorge W . 
W ilso n , R o b e r t  
W o r th y , A lfre d  
S o m erv ille , A lf re d  H .

GRADE.
I.e.
1.e.
2.C. 
2.C .

2.C.M.
2.C.M.i.e.

l.C.M.E.
l.C.M.E.
l.C.M.E.
l.C.M.E.

l.C .
l.C .
i.e.
1.e.
2.C . 
2.C. 
2.C. 
2.C.
1.C.
2.C.

1.C.M .
1.C.
2.C. 
2.0 .

2.C.M.
1.C.
2.C. 
2.C. 
2.C. 
2.C. 
2.C. 
2.C.

2.C.M.

PORT OP EXAMINATION. 
G lasgow

L iverpoo l

London

N o r th  S h ie lds

S u n d e r la n d







member of the Custance Committee which was set up to put the 
scheme into shape and operation. In  October of the same year he 
became Manager of tlie Engineering Department of Portsmouth 
Docky ard. H e was subsequently appointed to the Adm iralty as 
Engineering Assistant to the Director of Dockyards, and was 
promoted to the rank of Engineer Captain in 1916 In  this 
position he also received the honour of C.B. in 1918, and in  May, 
1919, he was transferred to the Department of the Engineer-in- 
Chief. He was promoted to Engineer Rear-Admiral in December. 
1919, and in June, 1920, on the retirement of Rear-Admiral 
Edouard Giaudin, C.B., of Belleville boiler fame, he became Deputy 
Engineer-in-Chief. H e succeeded to the highest office open to an 
engineer officer, that of Engineer-in-Chief of the Fleet, in June, 
1922, on the retirement of Engineer Vice-Admiral Sir George 
Goodwin, K.C.B., LL.D,

Admiral Dixon was elected a Member of the Council of the 
Institution of Naval Architects in 1923. and received the honour 
of Knighthood (K.C.B.) in 1924. H e is also a Member of the 
Council of the Institution of Mechanical Engineers. In  1926 
Sheffield University conferred on him the honorary degree of 
Doctor of Engineering, and the same year he was elected President 
of the Junior Institution of Engineers. In  April, 1927, he was 
elected a Vice-President of the Institution of Naval Architects. 
H e is a Member of the Fuel Research Board, and Chairman of 
the Committee on the behaviour of materials at high temperatures.

H e retired from the Active L ist of the Royal Navy on the 1st 
June, 1928, since when he has become prominently identified with 
recent developments of marine high pressure steam propulsion 
following his appointment as a member of the Board of Directors 
of Messrs. Babcock A Wilcox Ltd.

Throughout his career, Admiral Dixon has taken a keen interest 
in everything relating to the entry, training and status of engineer 
officers of the Royal Navy, and he gained the affection and 
confidence of those officers in a very remarkable degree. H e had 
a very important share in adapting the regulations to meet 
the Selborne-Fisher scheme.

I t  is gratifying to know that our President is continuing in the 
vanguard of technical progress in marine engineering, in connec
tion with which his outstanding abilities and wide experience are 
invaluable.


