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This report compriseG a discussion of the factors affecting the choice 
of a charging procedure for use in chargin5 sub.nar lne stor.c.be be. t tar ie;;; in 
whrtime . 'I'he churglng procedure whlch is consldereJ betit i~ the pre .. rnnt 
standHr•.i Bureau charge. 'I'he princlp~l reco;n,nen,iution in this report is 
that some designated sub□arine, such as one about to be deco,llilllssl oneu, be 
used to s t udy in detail 11&.rtime c:rn.rging procedure by r.s.i a ing L!,e 6 ::-~vl ty 
of its main storage battery and operati ng it unuer conditions s imulating 
t:1ose aoticipi::.ted in time of 'llo.r . 
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_AUTHORlZJ\ Tl,9~ 

1. This report was authorized by reference (a); other pertinent ref-
erer.ces are given from (b) to (e). 

Reference: (a) Bu.Eng.ltr.SS/S62(7-30-Dl) of 7 August 1935. 
(b) NRI. Report on Problem P-12 of 30 December 1932. 
{c) NRL Report No. P-1243 of 4 March 1936. 
{d) Bu.M&S ltr.S38/SS{071) of 10 July 1935 forws.rding 

report 11Submarine Patrols in Tropical Waters -
Effects of high temperature and humidity on personnel; 
USS CUTTLEFISH11 • 

(e) Material Laboratory, Navy Ya.rd, N.Y., Test No. 2527-A 
of 2 July 1934. 

STATEMENT OF PROBLF.M 

2. Submarine main storage batteries are engineered with sufficient 
active material and current-carrying cap&city so that sulphuric acid of 
specific gravity of 1280 or greater would be r equired to use up that active 
material. Experience shows that i t is inadvisable ever to use sulphuric acid 
of specific gravity greater than 1280 . In order to insure economic long life 
and to have a reserve of life still left in a battery in the event of national 
emergency, submarine bs.tteries during peacetime are operated with 1210 speci
fic gravity electrolyte. Upon the outbreak of war, the gravity is immediately 
r&ised to 1280 in accordance with war plans. The problem, then, is to study 
the charging procedures best adapted to use with this gravity under wartime 
conditions of operation. 

KNOWN FACTS BEARING ON THE PROBLEM 

3. Actual operating experience with wartime specific gravity dates 
back to the World War under conditions so different from those anticipated 
in the future as to make that experience of little value . 

\. • 4. A suitable wartime charging procedure for sublllE.rines must 

~ (a) Charge the battery under the most f~vorable military conditions. 
(b) Make the procedure as convenient as possible to the operating 

personnel. 
(c) Be as economical as possible of time, fuel and batterJ wnte~. 
(d) Be safe. 

The procedures for peacetime should attempt to insure long life of the bat
teries for reasons of economy, but this is not so important in time of war. 
The criterion as to life in wartime is that the battery should last at 
least one year and, if possible, last as long as any anticipated war. 

5. Two possible basic methods of operation suggest themselves: (a) 
to use an operating procedure which will insure that the battery be kept 
healthy at all times, and (b) to use a procedure which will be somewhat detri
mental to the health of the battery and then periodically to restore the bat-
+ .. -ry t.o health by the use of appropriate kno1VD methods. As will be seen later, 
conditions may require that the second 01 'l,tl800 UC:: Uocu. 
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6. One important f&ctor in discussing the wartime churging procedure 
is that a principal effect of raising the gravity of the storage battery is 
to incre&se the capacity of that battery. For example, in the battery of the 
US& CUT!LEFISH, the wartime capacity is 35 percent gre&ter than the peacetime. 
This means that the heat effects of the di8charge and chareing processes are 
that much greater and, since this heat is confined within the sruEe battery 
space as before, the temperature rise is considerably increased. 

7. An important consideration in discussing wartime charging proce-
dures is the anticipated effect of newer developments such as airplane scout
ing on the tactical operations of submarines. For example, it is visualized 
that a submarine in the war area may have to operate subI!lerged all day long, 
surfece end charge its batteries during the hours of darkness while, possibly, 
underway at high speed, again submerge throughout the following day, and so on. 
This type of operation may obtain either in the high latitudes of the Northern 
Pacific where the nights are very short, or in the tropical waters where the 
battery temperatures are initially high. Inevitably, the effect of such ex
treme operation is rapidly to increase the temperature of the battery until it 
approaches the limiting temperatures set by the manufacturer or until the liv
ing spaces become so hot that the limit of human end1.trance is reached. It is 
believed that temperature conditions will prove to be one of the chief factors 
in limiting the efficiency of submarine wartime operation. 

8. There is a compromise which must be made between the effect of 
battery temperature on the charge and its effect upon the discharge of the 
cell. Low temperatures enable the charge to be put in rapidly and effectively, 
but lor. temperatures diminish the capacity of the battery on discharge; high 
temperatures are best to get high capacity in e military submarine battery, 
but are v10rst in their effects upon the charge. It is considered that the 
best compromise for most submarine wartime operations is to accept the high 
temperatures which will prevail on present type submarines and to insure the 
comfort and efficiency of the personnel by air conditioning the living spaces. 
Some foreign navies, however, attempt to cool the batteries in submarines op
erating in tropical waters. 

9. The probable need for the completion of charge during the dark 
hours of night, a need which was so strongly felt by the Geroan submarines 
during the World War, requires that wartime charging procedure be such us 
to complete the charge in as short a time as possible. 

10. The charge of a submarine battery involves two distinct processesi 
(a) the reconver6ion of the active material in the discharged cells, and (b) 
the mixing up of the stratified electrolyte. As battery operation on the sub
marines fitted with Battmeters so clear:cy indicates, it is possible almost 
completely to reconvert the active material before the electrolyte is com
pletely mixed up. (The basic prlnciples of military submarine battery opera
tion have been given in detnil in reference (b).) 

ll. To hasten the completion of a charge, the following expedients 
r may be employed: 

(a) Increase the starting rate. .. ( b) Use a atrictiy constant potent.1.a.i charge auring ,:,ne .1.n.u;.itu. pt.n, 
of the charge. 
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(c) Raise the cutting voltage on the temperature-voltage-gassing curve. 
(d) Increase the finishing rate. 

The objections to these are, however: 

(a) 

(b) 

(c) 

(d) 

A higher starting rate would increase the heating effects which are 
so pronowced during this stage of the charge; this would increase 
the temperature of the battery abnormally. (Ref.(c)) 
A strictly constant-potential charge is difficult to control with 
the Diesel-engine charging system. 
Experiments on single cells seem to indicate that the voltages on 
the TVG curve could be slightly raised, but with the battery of a 
large number of cells it is considered that the gassing voltage 
could not be raised very much with safety. 
Increasing the finishing rate of the charge hastens the mixing of 
the electrolyte and therefore the completion of the charge; but a 
high finishing rate increases the heating effects and the water 
loss rrom gassing, in addition to its other detrimental effects. 
(Ref.(c)) 

12. A condition must also be visualized under which a submarine 
charging its batteries is forced by an airplane patrol to secure the charge 
at once, subnerge, and remain submerged for a long period of time. This 
might occur just as the gassing phase of the charge was being approached, at 
which time the active material would be practically all reconverted but the 
deleterious effects resulting from stratification would be at their greatest. 
Sufficient of the battery's capacity would be available so that the command
ing officer could make an attack or escape, but the possible effects of this 
type of use on the health of the battery must be considered. 

13. Another governing factor in the choice of methods of charge is 
that a submarine may be a~ay from its base for long periods. Hence fuel and 
battery water must be conserved. This Laboratory is now determining the 
water loss from a submarine cell during charge with the wartime gravity. 
Owing to the lower water vapor pressure of the 1280 specific gravity electro
lyte as compared with the 1210, the water loss in tiir.e of war is not ~s great 
under the S6Jlle temperature conditions as with the peacetime gravity. Indeed, 
under some conditions of humidity and temperature the cells actually water 
themselves from the humid air. 

14. In analyzing wartime charging methods the discharge of the cells 
by the heavy auxiliary load of present submarines and by self-discharge must 
be considered. The self-discharge of a submarine battery with 1280 gravity 
is greater than with 1210 &nd is greater under the high temperature condi
tions which would usually prevail under wartime operations. The auxiliary 
load for the large amount of new equipment on the neller submarines is a serious 
drain on the capacity of the battery for propulsion purposes. Presumably the 
commanding officer of a submarine rill attempt alY,ays to keep a battery fully 
charged as by floating the battery on the engines or using, ns in the ne~er 
eubmarines, the 6mali charging engines while underw~y Qn the surface and by 
charging immediately when conditions pertlit after having operated submerged. 
It is considered that the reduction in the auxiliary load to the minimum 
po~8~o~e wow.u u~ u~o~~~u.a.~ • 
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15. But there is one drain on the batteries which will probably have 
to be accepted, namely, that for the air conditioning equipment, for the heat
ing effect on the living spaces and hence on the operating personnel of the 
high temperature batteries would seriously impair the efficiency of the per
sonnel and hence the military ef£iciency of the submarine were this air con
ditioning equipment not et1ployed. In this connection, a~tention is invited 
to the report of the Bureuu of Medicine and Surgery to the Bureau of Construc
tion and Repair, reference {d), which studies the peysiologicnl conditions in 
a sul::marine under the high temperature and humidity conditions of a suanarine 
pstrol in tropical waters. 

16. It is to be expected that after the gravity change from peacetime 
to wartime specific gravity electrolyte has been effected a.ll the cells in the 
battery will not be alike in specific gravity unless slight adjustments of the 
gravity are made. It is importE..nt that the operating personnel. appreciate 
this fact, else they conclude that certtin of the cells are become unhealthy. 
If operating circumstances permit, these necessary adjustments should be made. 

DESCRIPTION OF EXPERIMENTS 

17. The experiments at this Laboratory were made on a VlLH-29 Exide 
Ironclad {USS CUTTLEFISH) cell. Comparative experiments on a high-capacity 
pasted plate cell, a Tudor Type 20-POR-820, were made at the Material Labora
tory, Navy Yard, New York (reference (e)). 

CONCLUSIONS AND RECOMMENDATIONS 

(a) Facts Established 

18. From the above discussion and an en~sis of numerous cm.rges put 
in by this Laboratory and by the Material Laborator-.r, Nav:, Yard, New York, the 
following facts have been established: 

(a) W!len the time factor is the most im~ortant of the charge, a subm.e.rine 
battery can be charged in the shortest time b-J using a true constant-potential 
charge with the voltage regulated according to temperature and wifa a constant 
current finishlng rate. The initial rata can be ns high as the engines and 
generators can give. 

(b) The time of charge can be so;!lenbat shortened by rsising the voltage 
no·.·, used on the vol tage-tc:nperuture-grisslng curve. To give the shortest pos
sible charge, the g&sslng could be increused to the limits imposed by the bat
tery ventilation system. 

{c) The time of charge can be some,,hbt shortened by increusing the fin
ishing rate. Herc, again, the maximum ga3sing is limited b-J the battery vent
ilation system. 

(d) The moat feasible charging procedure for wartime use ls the present 
standard Bureau step-charge procedure with a constant-current finiohing rate, 
the cutting voltages for the several steps being chosen from the Bureau TVG 
curve. The steps nnd cutting voltages used with 1210 specific gre.vi ty are 
b..i.i. LdUj,,~. 

-~~.. ·1 ca-, ... _.... I., 
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( e) The in(!reased capacity resu!. ting fro:a the use of 1280 specific gro.v
i ty electrolyte vdll in:::rease tne tempera.tuce of t:ie cells (assu:ilin5 , of 
cour:1e, that the dischat·ges are carried to the 3atae low gruvlt;r). 

(f) Under condition$ prevailing in a wartime patrol, b~tterJ tempercture~ 
will tend to become excessive. 

(b) Opinions 

19. The above discus~;ion has brought :mt a number of factors ·,"thich 
it is considered should be· anc:Lly.:.ed. Thus the possible effects on the hecl th 
of a subr.narlne battery of repente<l charging under conditlons where !:.ne gassln5 
phase of tne charge is not reached should be determined b✓ the .manuf~cturers. 
Methods should be considered b-j which a submarine on an extended patrol could 
revivP. the health of a battery whic!'l had been impaired by such oper"".tion. 

20. The new grid alloys now being developed may greatly simpllfy war-
time subma1~ine bs.Uer:r- operatlon. Much of the trouble anticipated in operat
in5 with 1280 specific gravity is due to the self-discharge effects of anti
mony. Moreover, the ne;; grid alloys together ·nit:1. rubber sepc.r<1 tors may per
mit higher batte·ry teiuperstures than those now _per..nitted. 

(c) Recommend~tions 

21. It is reco.i!llnended 

(a) That a submarine be designated to study in detail tne w-ar•time charg
ing procedure by raising the gravity of its main storage battery to 1280 and 
operating the submarine under condition~ simulating those anticipated in time 
of war. The experiments of this Laborator~ and those of the Material Labora
tory, Navy Yard, Ne:v York, were made only on single cells. The data therefrom 
should be checked by full scale experiments. 

(b) That the battery manufacturers be requested to consider the possible 
effects upon the health of the batteries of repeated charging without tne 
chnrge reaching the gassing phase, a condition which mo.y obtain durini \'l&rtime 
operatloni1. It is uni.lerstood that the Electric Storage Battery Co1nps.ny has 
alr~ady done s~ne work along the~e lines. 

(c) That tile r.ianufacturers be asked to recoi.il.incnd methods of restoring 
wartlme batteries to health 'rYhen their health has been impaired by w&rtime 
operations. The Electric Storage Battery Compan;r1 s experience woulil be of 
great value ln this connection. 

(d) Th~t the attempt be made to develop ~ub:narine main storage batteries 
having higher capacity per unit of weight anJ space Go that the propulsive 
capacity of suba1arines may be increased. This is e::ipecinlly necesJa.t•y in view 
of the increasing au~iliary load, such as from ai~ conditioning, 
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