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NOTICE

This report was. prepared- as an account of government-sponsored
work. Neither the United States, nor the National Aeronautics
and Space Administration (NASA), nor any person acting on, be-
half of NASA:

(a) makes warranty of. representation, expressed or
implied with respect to the accuracy, complete-
ness, or usefulness of the information contained
in this report, or that the use of any informa-
tion, apparatus, method, or process disclosed in
this report may not infringe privately owned
rights;

(b) assumes any liabilities with respect to the use
of, or for damages resulting from the use of any
information, apparatus, method or process dis-
closed in this report.

- As used above, "person acting on behalf of NASA" includes-any
employees or contractor of NASA, or employee of such contractor
te the extent that such contractor prepares, disseminates, or

provides access to any information pursuant to his employment
with such contractor.

Requests for copies of this report should be referred to:

National Aeronautics and Space Administration
Office of Scientific and Technical Informatien
Attention: AFSS-A
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SECTION II.

ENGINEERING DESIGN AND EVALUATION

Introduction

The engineering sffort in this program was concerned with the
design, construction and testing of heat-sterilizable nickel-
cadmium cells. This investigation involved the study of
higher energy density plate materials and evaluation of her-
metic seals, other structural components and fabrication tech-
nigues. The stability of these components in the cells'
internal environment and theireffects on cell performance were

used as measurement criteria. Particular attention and effort

-were devoted to seal evaluation.

Other engineering tasks included manufacture and evaluation of

sintered nickel plagque for use as high energy density plates

&

capable of delivering a capacity density of 11 ampere hours-

‘per cubic dinch.

Hermetic Seal .Development

Three seal designs were used in the development. and testing

of the heat-sterilizable nickel-cadmium cells. Theywere: (1)
glass~tormetal; (2) ceramic-to-metal; and (3) plastic-to-
metal (grimped polymeric seal). This ppase of the engineering
program was primarily concerned with the development of the

crimped polymeric seal. However, the other seals mentioned

metallurgical
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were used in the program and are thexefore discussed.

The glass-to-metal seals used were of the compression type
where the fused glass insulator is held under compression by
a metal sleeve. Since the glass will react with KOH in the
cell, the portion of the seal exposed to the cell interior
must be protected from corrosion. This was accomplished by
using an impervious. KEL-F film. Since the glass insulator
is brittle, it is not recommended for general hardware use

but was used successfully as a research vehicle.

The ceramic-to-metal seals were also used successfully on
heat-sterilizable nickel-cadmium cells. These seals are com-
monly- used on aerospace flight hardware and are composed of

a high alumina body, metallized and brazed to a "strain

relief collar." The hermeticity of these seals was maintained

during and after heat sterilization.

The performance of glass-to-metal and ceramic-to-metal seals
was shown to be acceptable. Both seal designs, however,
have disadvantages. The sensitivity-of glass to attack by
alkaline sclutions and its relative fragility preclude its
use for long-range missions especially those ihvolving heat
sterilization and shock and vibration spectra associated with
rocket launching and pyrotechnic firing. Ceramic-to-metal

seals, however, resist these conditions. Under the original

goals of this contract, cells capable of.withstanding shocks

metallurgical
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up to 4000 g were required. It was believed £hat the ceramic-
to-metal seals commonly used for space missions would not sur-
vive this shock level (impact test results for cell components
are reported in Volume III, Section III}). In addition, the
common types of brazing alloys used for the ceramic-to-metal
and metal-to-metal joints of these seals are subject to a slow
attack by alkaline solutions. There have been reports of seal
failure after three to five years of continuous testing. Based
on these conditions the plastic~to-metal seal was chosen for
evaluation and development. Its main advantages are lack of
brittle members and ability to withstand prolonged exposure to

alkaline solutions.

The seal is constructed using a center conductor which is
‘insulated from a thick outer metal sleeve by chemically-resis-
tant, high-dielectric, polymeric materials. The outer metal

sleeve is threaded along its inside diameter with a thread
size and form which matches the thread on the outside diameter
of the polymeric insulator. The center conductor is inserted
in a smooth hole in the center of the pglymeric insulator.

The seals can then be produced by either extruding or crimping
the assembly. Both of these methods were investigated. Ini-
tially, several seals were fabricated by assembling the com-

ponents and then drawing the assemblies through various dies.

These first samples consisted of a 1/4 inch outside diameter

metallurgical
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sleeve with a 5/32 P-32 BSW thread, a matching KEL-F 300
polymer insulator and a 1/16 inch diameter conductor pin.
The seals were completed by drawing the assemblies through

various dies as shown in Table II-1. The seals were then

tested for leaks using an NCR 925 mass spectrometer.

The seven polymeric compression seal samples were subjected
to heat sterilization at 135°C for 72 hours, then retested on
the NCR 925 mass spectrometer. These data are also shown in
Table II-1l. All samples tested exhibited an increase in leak
rate after heat sterilization. Three of the six initially
acceptable seals tested became gross leakers and were consid-

ered failures.

Due to the nature of the thread form and the less than optimum
machinability of the KEL-F material the match between the
threads on these initial samples was suspected to be imper-
fect. An x-ray examination of these seals indicated an axial
distortion (axis of center conductor not parallel with axis

of outer sleeve) caused by the extrusion method of seal manu-
facture. Since the insulator was transparent to x-ray the
thread mating could not be examined in this manner. Therefore
three of the seven seals were encapsulated in a resin and

metallurgically sectioned for further study.

Microscopic examination of the seals indicated that the thread

&

form of the polymeric insulator was less than ideal. This

metallurgical
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allowed a helical leak path to develop which-was aggravated
by the expansion and contraction of the seal members during
heat sterilization. Since the machinability of- the polymeric
insulator is poor especially when fabricating small components
and since larger conductors are required to withstand large
currents from the 25 ampere hour cell, the next group of

seals manufactured had center conductors, of 0.187" thick and

correspondingly larger plastic insulators.

In addition to the problem of axial distortion, cell top
assembly methods (i.e. attachment of seal assembly to cell
top} favored the use of an "in situ" radial crimping method
of seal fabrication. To use this fabrication technique, the

outer sleeve is welded to the cell top; then the seal is assem-

bled and crimped to a split die which-reduces the seal diameter

uniformity.

A number of these seals were manufactured and tested. These
data are presented in‘Téble II-2. Prior to heat steriliza-
tion the seals were leak-tight as noted. After heat sterliza-
tion (135°C for 72 hours) all seals were . gross leakers with,

the exception of seal Number 4.

Examinatien of these seals (including c¢ross-sectioning)} reveals
an extrusion of the KEL-F insulator leaving a leak path along
the thread as shown in Figure II-A. Four of these leakers

were recrimped on dies that were ground an additional 0.010".

metallurgical
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This allowed additional reduction of the seal diameter and

increased hydrostatic pressure which should improve the seal.
One of these assemblies was resealed during this operation and
éhowed a leak rate in the same order of magnitude (lxlO_8 std
cc He/sec/atm) as before. The other three assemblies did not
reseal to the same degree; however, their leak rate was mea-
surably reduced. These tests indicate that the thread form of
the KEL-F is not destroyed during the heat.sterilization
process and loss of hermeticity is caused by the flow of mate-
rial out of the seal area. This flow decreases the hydrostatic

pressures produced during the crimping process and the seal

loses its hermeticity.

To determine if this effect could be eliminated or reduced by
prior heat treatment of the polymer, these same assenblies
were heat treated for a second time. Again the seals became
leakers. It was therefore surmised that the flow of KEL-F
material is caused by the heating durinq steriliz;tion which

softens the material and is aided by the hydrostatic forces
§

generated within the seal during the radial crimping process.

+

The next seal design provided a tapered top to restrict the
movement of KEL-F out of the seal during the heat steriliza-
tion process. Ten seal assemblies of this type were manufac-
tured. A photo of the cross-section of one of these seals is
shown in Figure II-B. Prior to heat sterilization the seals

had leak rates, as before, in the 10_8 std cc He/sec/atm range.

metallurgical
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Several of these seals were welded in conventional "D" size
(4 AH cylindrical) cells and placed on charge. These cells
were overcharged for a period of six months. During this
time the seals were checked for leakage by visually observing
the seal for carbonate deposits and using the phenolphthalein

test. No leaks were observed.

Six of these seal assemblies that,were crimped on the ends as
well as along the axis, were found to be gross leakers (e.g.
pump down to 1l0u only) after heat sterilization. Visual
examination of the assemblies revealed that the end crimp re-
tention design was only partially effective. A cross—sectioned
view of a seal (shown in Figure II-B) showed a narrow but full-

length leak path along the threaded portion of the seal.

Other design changes were then made. These .included: (1) a
reduction in the cross-section of the polymeric insulator
designed to reduce material flow; ({(2) a rolled outer sleeve lip
designed to further restrict polymer flow out of the éeal area
and (3) a blind thread at-the bottom of the outer sleeve to
restrict polymer flow in that direction. A schematic diagram
of this seal is shown in Figure II-C. Alse included in this
new design ﬁas the use of polypropylene as an alternate mate-

rial of construction.

Eight of these seals were fabricated and tested. There were

metallurgical
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no detectable leaks down to 1 x 10”10

std cc.He/sec/atm, the
limit of the mass spectrometer device used. After heat steri-
lization at 13500, all seals leaked to the extent that the
vacuum system in the NCR 925 could only maintain a pressure

of 25 u. Examination of the seals showed that in spite of
the mechanical design and material design changes the poly-

mers used still flow sufficiently during heat sterilization to

cause the seals to leak.

This study has shown. that hermetic plastic-to-metal seals can
be manufactured and used as isolated feedthroughs for nickel-
cadmium cells. Further development is indicated, however, for
seals . used in applications reguiring heat-sterilizable com-
ponents. In spite of the mechanical design changes, most
seals manufactured did not survive heat sterilization. ‘It ap-
pears that the materials used and tested have too low a glass
transition temperature and therefore flow at the sterilization
temperature of 135%. Tt is recommended that other materials
be selected based on chemical stability and glass transition

temperature in future investigations.

Design, Fabrication and Testing of Prismatic Cells

Two cell designs were evaluated during this contract, namely,
the prismatic and cylindrical cells. Each design has its
particular advantages and disadvantages which are described

and evaluated. The two cell designs are reported separately.

metallurgical
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The cell plates were comprised of a sintered nickel plaque
supported'by nickel wire mesh and impregnated with nickel or
cadmium hydroxides. To minimize the possibility of exposed
wires or loose active materials the edges of all electrodes
were coined. Alse, the plate corners were rounded ?o further
reduce the chance- of separator penetration caused-by sharp
edges. The tabs used were two 1/2 inch x 0.005 inch strips
welded to both sides of the plates directly to the nickel wire

substrate.

Initially the collection and heliarc welding of the tabs

into comb-like collectors resulted in heat flowing into the
plates via the tabs. This caused oxidation of the plates and
melting of the separator in spite of the use of rather intri-
cate water-cooled chills. A redesign of the comb and the use
of resistance welding minimized this difficulty. A sample of
the weldment achieved using resistance welding was subjected
to an oxidizing environment in KOH. There was no evidence of
degradation of the weld after sixty days of testing. Micro-
scopic inspection of cross—-section samples revealed that each
tab had melted during the welding operation resulting in a
metallurgical bond. A typical cross-section is shown in

Figure II-D.

The cells were assembled using the conventional interleaving
technique. The separator-plate package was assembled prior

to tab collection and welding thus avoiding any repeated

metallurgical
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bending and forming of tabs. This technigque also allewed accu-

rate alignment of the plates thereby minimizing nonuniformity

-

in cell core packaging.

To establish a cell design and evaluate the effects of heat
sterilization on these larger, 25 ampere hour cells, a number
of model cells were constructed and tested. The performance
data of these cells are graphically presented in Figures II-E
through II-G with design characteristics ﬁresented in Tabde

II-3.

The performance of the cell containing polyamide separator is
shown in Figurxe II-E. This cell was- used as a control standard
to which-other cells are compared. Another model of this cell
design was built which eventually became negative limited on
charge after a few test cycles. This cell was considered
atypical since no other cells of this type behaved similarly.
At the 10 ampere discharge rate at ~70°F the cell has .a spe-

cific energy of 15.5 watt-hours per pound.

The performance data of non-heat-sterilized cells containing
polypropylene separator are shown in Figure II-F. The deliv-
ered capacity is similar to cells containing polyamide
separater and did not show any appreciable capacity loss with
continued cycling. The end-of-charge pressure was somewhat
higher than cells with polyamide separator and reflected the

smaller recombination rate constant associated with the

metallurgical
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polypropylene separator. The slightly lower discharge voltage
believed caused by an increase in.cell impedence ascribed to

the separator resulted in a lower specific energy of 14.5 watt-

hours per pound.

The performance data of the heat-sterilized cell containing
polypropylene” separator are shown in Figure 1I-G. Preheat-
sterilization data were comparable to the non-heat-sterilized
cell excepting the cell pressure. This was caused by an
excessive electrolyte £fill lewvel. Post heat sterilization
was characterized by a decrease in cell capacity and an in-

crease in cell end-cof-charge voltage.

The small loss in cell capacity was not clearly understood

at that time. However, experimental data obtained since that
time show that some 4 AH prismatic cells become negative-
limited during discharge after being heat stexilized. Othexr
data show that a considerablé guantity of oxygen gas is
evolved during heat sterilization. It is hypothesized that
the evolved oxygen gas reacts with the residual cadmium metal,
thus removing the "charge adjust! or free cadmium metal used
to assure positive limitation during discharge. The affect of
negative limitation during discharge is to reduce the cell

capacity deliverable to 1.00 volts.

The increase in end-of-charge voltage of the cell is associ-

ated withthe positive electrode and is not an indicator of

metallurgical
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hydrogen evolution. This was ‘verified by analyzing the cell
atmosphere with a gas chromatograph. After the first post
sterilization charge cycle, these cells contained approximately
two mole percent hydrogen. Similar analyses performed after

subsequent cycles showed no change in the hydrogen content.

Based on the data of the previously discussed cells, a number
of prismatic cells were built. The design characteristics of
these cells!are presented in Table II-4. These cells served
as a means of evaluating the prismatic cell design as well as
being used for the long-range testing program described in a

subseguent section.

A total of twenty prismatic cells were built and tested. The
test results from ten of these cells are plotted in Figure

II-H. Preheat sterilization data were comparable to model

cell performance with the cell delivering, at the C/lo discharge
rate, 16 watt-hours per pound. The atypical behavior of the
cells after heat sterilization resulted from high rate cycling
performed in agreement with JPL, NASA Langley and Martin-Marietta.
This testing included discharging these cells as rapidly as the
4C rate to a 1.00 volt per cell cut-off point. This test
routine resulted in an incomplete cell discharge and therefore
a greater degree of overcharge. Combined wi;h a C/5 recharge
(6 amperes for eight hours), higher end-of-charge voltages and

pressures resulted.

metallurgical
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Subsequen£ post sterilization data (after high rate cycling)
were as expected. The cells exhibiteé a loss in capacity  2-3
ampere hours) and a higher end-of-charge voltage. Similar re-
sults were obtained from the other ten cells tested. These
cells, however, were not subjected to repetitive post steri-
lization cycling. At the C/lO discharge rate the cells de-
livered 13 watt-hours pexr pound. The entire group of twenty

cells was then used for the long-range testing program.

Design, Fabrication and Testing of Cylindrical Cells

Large cylindrical cells are not found in common usage in aero-
space applications. The reasons though are not clear but
these commonly mentioned by workers in the field are diffi-
culty in producing a cylindrical core, cracking and spalling
of the active materials and supporting plaque and need for
unconventional battery packaging. A careful evaluation of

these "difficulties" shows that they can be overcome.

To establish the design for a 25 ampere-hour, heat-sterilizable
cylindrical cell a number of model cells were constructed. The
basic cell design includes four negative and three positive
plates interleaved with separator and rolled in a "jelly roll"
or "Swiss roll" to form a right circular cylinder. The advan-
tages of this design include: (1) the use of fewer and larger

electrodes which minimizes "edges" and their characteristic

metallurgical
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problem of loose wires or burrs; (2) the spiral design of the
cell core in combination with Texas Instruments' plate (support-
ing substrate is on one side of the plaque which is kept on the
outside of "jelly rolls") which maintains a compressive force

on the active material and therefore reduces the tendency for
active material cracking and spalling; (3) a high (>1.5) nega-
tive to positive ratio without the use of heavily loaded nega-
tive plates (the four negative plates and three positive plates
provide at least a 1.3 geometric ratio); and (4) no need for

cell or battery restraining plates.

The- engineering design effort was concerned with evaluation of
selected plate materials and electrolyte levels. The effects
of core concentricity and tab size and location were then
determined. Initial models were fabricated with polyamide
separator. The- data shown in Figure II-I and Figure II-J is
representative of this cell type. After 110 deep discﬁarge
_cycles the cell operating parameters remained guite stable.
There were fluctuations in capacity; howevéi they were a
result of deviations from the indicated cycling regime as well
as ambient temperature excursions. The middle of discharge
voltage was nearly fifty millivolts lower than normal and was
caused by a high cell resistance. The tabbing arrangement,
which was an expedient to allow evaluation of electrode mate-
rials, consisted of one 1/4" tab per plate and was the source

of the high internal impedance. The specific energy exhibited

metailurgical
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by the cell was 14 watt-hours per pound. This value improved

when the tabbing arrangement which will be discussed later was

redesigned.

Concurrently, cells of similar design with polypropylene
separator were built and evaluated. The performance data from
cells of this design are presented in Figure II-K. They show
depressed discharge voltage which is a result of a high cell
impedance caused by the same tabbing arrangement-previously
described. The lower cell capacity was believed caused by the
higher cell impedance and the eccentricity of the cel} core.
The higher cell impedance reduced the capacity deliverable to
1.00 volts which may in part result from the core eccentricity
which causes uneven-compressioﬂ and nonuniform electrolyte

distribution.

The- performance of the previously discussed cells with poly-
amide or polypropylene separators, proved the feasibility of
the cylindrical design although there was need for improvement.
Firstly, the current collection was improved by chqnging to
four 1/2 inch by 0.005 inch nickel tabs per plate. Also, the
concentricity of the cell core was improved. Performance of
cells incorporating these changes are shown in Figures TI-T
and II-M. The performance of the cell with polyamide sepa-
rator is characterized by an improved dischérge voltage pro-

file and a stable capacity. The end-of-charge pressure is

metallurgical
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slightly higher than expected and may have resulted from a high
electrolyte f£ill level, (The increased concentricity of the
cell core may reduce the electrolyte fill level due to a more
uniform compression of the separator). The specific energy

of the cell increased to 15.5 watt~hours per pound.

Preheat sterilization performance of the cells with polypropy=-
lene separator included an improved discharge profile. Cell
capacity was slightly lower than cells with polyamide separator.
However, this has been a consistent effect exhibited by cells
with polypropylene separator. The post heat sterilization cell
behavior is characterized by an increased end-of-charge voltage,
a similar effect exhibited by heat-sterilized prismatic cells.
There were no other observed effects resulting from the heat‘
sterilization process. After eighty deep-discharge cycles the
capacity remained unchanged. The specific energy was 14.5

watt-hours per pound.

Based on the behavior of the previously discussed cells a group

of twenty cylindrical cells were built. The design characteristics
are presented in Table II-5. Also, the core concentricity was
improved by altering the mandrel used in shaping the "jelly roll."
As a result cell cores with a total indicator reading of less

than 0.030 inches were produced. These cells were used to evalu-
ate the performance characteristics of 25 AH heat-sterilizable,
cylindrical cells as well as being used in the long-range testing

program described in a subsequent section.
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The test results obtained from ten of these cells are shown,
in Figure II-N. The preheat sterilization cell perfo;mance is
comparable to data obtained from the model cell testiig. The
cell behavior immediately after heat sterilization resulted
from the previously mentioned high-rate testing. Data gener-
ated during subsequent testing showed little or no change in
cell pressure, discharge voltage and capacity. As expected,
the end-of-charge voltaée rose after Heat sterilization and
as usual was not associated with hydrogen evoluation. At the
C/lO discharge rate the éells delivered 14 watt-hours per

pound. The entire group of twenty cells was then used for

the long-range testing program.

Design Review, Analysis and Fabrication of Interim and Final
Design Cells

During July 1969, a design review meeting was held with JPL
representatives to discuss the various. design parameters in-
vestigated and their effect. on cell performance. It was
determined that the characteristics of cylindrical and pris-
matic cells presented in Tables II-4 and II-5 represented
satisfactory designs. The attributes of the prismatic vs.

the cylindrical designs were discussed. The design parameters

are presented in Table II-6.

One of the basic-differences between the behavior of the two
designs is that the cylindrical cells do not exhibit any

appreciable capacity loss after heat sterilization. Experimental

metallurgical
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data obtained while performing the electrochemical investiga-
tions show that 4 AH prismatic cells are negative limited
during discharge after being subjected to a heat sterilization
cycle. Other data indicate that a considerable guantity of
oxygen gas is evolved during heat sterilizatien. It is hypo-
thesized that this evolved oxygen reacts with the residual
cadmium thus removing the "charge adjust" or free cadmium used
to assure positive limitation during discharge. Since the
cylindrical cell has a larger amount‘of free cadmium metal com-
pared to the prismatic cell, which results from a larger nega-
tive to positive ratio (i.e. 1.65 vs 1.40), all the free cad-
mium metal is not consumed. Therefore, the cylindrical cell
remains positive limited after sterilization. To increase the
negative to positive ratio of the prismatic cells to those
higher levels to allow for more free cadmium metal would re-
guire the use of more heavily loaded negative plates. Other
studies show that cadmium plates loaded to the level necessary
to attain this ratio do not perform well electrochemically.
They show higher polarization during charge and discharge, and

lower efficliency of active material utilization.

Based on these considerations as well as those presented in
Table II-6, the cylindrical cell design was selected for the

interim as well as final design.
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The: interim cell design characteristics are shown in Table II-7.
These cells were built and tested for capacity prior to heat
-sterilization. These test data are presented in Table II-8B.

The final cell design was similar to the interim cell design
excepting the seals which were ceramic-to-metal in place of

the glass-to-metal seals. These cells were also tested prior
to heat sterilization. Typical test data are presented in

Table II-9.

Neither these cells nor the interim model cells were heat

sterilized or tested further_ prior to termination of this con-

tract.

6. Long-Range Testing Program

It was the purpose of this program to evaluate .the proper
storage methods (wet stand) and cycling conditions to allow
power system designers to more accurately determine the
capacity, durability and other physical and electrical paréme—
ters of heat-sterilizable, nickel-cadmium systems. In addi-
tion, the data provided by this test program would allow for

a proper selection of storage (wet stand) conditions consistent

with mission requirements.

The test conditions are outlined in Table II-10. Under Part
A,the performance of cells for various duty cycles and tem—
peratures was determined. In a parallel test, the various

charge maintenance regimes were tested in Part B to determine

metallurgical
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the optimum conditions for long-stand times. These various
éonditions for wet stand were selected since they will affect
the chemistry and morphology of the cell as previously de-
scribed. It was planned that in Part C the cells tested under
Part_ B would be subjected to the cycling regime selected as
optimum under Part A of this testing program. However, due to
the premature termination of £his phase of the contract, the

latter part of the program (i.e. Part C) was not undertaken.

Cell parameters listed below were measured and tabulated daily
for the first 14 days of testing then at 7 day intervals
throughout the testing program.

l. End-of-Charge Voltage;

2. End-of-Charge Resistance;

3.~ End-of-Charge Pressure;

4. Cell Capacity;

5. End-of-Discharge Voltage;

6. End-of-Discharge Resistance:

7. Bnd-of-Discharge Pressure.
211 tests were conducted in temperature controlled environ-
mental chambers with accuracies of +1°F. Charging and dis-
charging were performed using constant current power supplies

except as noted in Table II-10.

The cells used for this program were the initial forty cells

constructed under Task X of this contract. Twenty of these

metallurgical
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cells were the prismatic configuration and twenty the cylindri-
cal configuration, both rated to deliver 25 ampere-hours at

the C/2 rate after a l6-hour charge at the lg—hour rate. These
cells were characterized for parameters listed above, as Well,
as discharge profile (i.e. cell wvoltage at 25, 50, 75% depth-of-
discharge prior to and after heat sterilization at 135°F for 72
hours). Prismatic cells were constrained by plates during the
testing period to prevent cell case distortion due to unusual

pressures which exceed ambient pressure. Cylindrical cells were

not restrained.

Cells were cycled, as outlined, for 24 to 30 cycles at which
time the testing was stopped due to termination of this

phase of the contract. During this time there were no cell.
.failures, although some erratic results are evident; however,
these are a result of test equipment and/or power failures.
The test outline and the cyeling data gathered are presented
in Appendix II-B. bue'to the short duration of the testing,
sufficient data for factorial analysis could not be collected.
Also, the effect of the various charge maintenance regimes
could not be evaluated.

7. Fabrication and Evaluation of High Energy Density Plagque and
Plates

Another goal of this contractual effort was to build heat-
sterilizable, nickel-cadmium cells with specific energies ap-

proaching 20 watt-hours per pound. This task was approached

metallurgical
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by providing a selected series of plagques and plates of varied

thicknesses and porosities and characterizing them. Subse-

guently, a number of these plates were choseh for study in a
factorial designed experiment. The effects of porosity, pore
ratio and electrolyte quantity on plate efficiency (specific

energy) were measured. -

Thus, the experimental work was divided into two phases. Ini-
tially, .a series of plagues were prepared. During the first
plague run, sinter weight as well as gauge were controlled in
order to maintain favorable porosity and pore size distribu-
tion. It was.expected that by maintaining a favorable pore
size distribution, and experimenting with the pore structure

produced,a . higher electrochemical loading might be obtained.,

Table II-11 identifies the plaque produced and the-physical,

attributes obtained.

During the production of plaque, sufficient material is applied
to the screen to produce a certain gauge at a given temperatﬁre,

while still maintaining constant porosity and pore size.

If insufficient material is applied, the correct gauge cannot
be achieved. If excess matexrial is applied it is possible to
achieve the desired gauge, through compaction. However, total
porosity decreases. The plague. produced for these experiments
is considered the optimum with respect to the gauge, sinter

weight and porosity interrelationship. Plague gauge was not

metallurgical
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controlled by rolling or other compaction techniques. These

data are presented in Figure II-O.

Of the plagque identified in Table II-11, those lots which are

asterisked were selected for impregnation with active material.

The long holding tabs used on the plates restricted the growth
and movement of the plates during impregnation and conversion,
resulting in distorted and buckled plates. Many were damaged
to such an extent that they were discarded. Due to the mal-
formed condition of the plates from the first positive impreg-
nation run, no formation was performed on these plates. Only
analytical data and certain physical attributes were deter-

mined and are presented in Table II-12.

Using identical plaque material, the impregnation was repeated,
this time using sheorter holding tabs. Impregnation parameters
remained the same except that metal ion concentration in the
impregnation bath was reduced. No problems were.experienced,
no plate distortion occurred. All plates were available for
analysis and subsequent formation. The plates from positive
Impregnation II were formed, in groups of three. Each three-
plate group represented a particular plague type and gauge and
a certain impregnation routine. To determine the capacity of
the formed plates, the following test cycle was chosen:

Charge -- 3-hour. rate for 6 hours (1l00% overcharge) .

Discharge -- C/Z rate to the knee of the discharge curve.

metallurgical
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Flooded capacity data are tabulated in Table II-13.

With very few exceptions the electrochemical efficiency of

the plates exceeded 90%.

Plates exceeding .035" in gauge warped during formation and

cracked under restraint.

An analysis of the impregnation data shows a direct relation-
ship of gauge to weight of active material introduced into

the pore structure by impregnation and conversion.

'Since the relationship is a linear function, it is a useful
tool for anticipating the chemical loading during impregna-
tion or for determining the process parameter changes required
to produce a certain plate loading and/or for determining the

plague attributes required to achieve a certain plate loading.

The relationship of active material to gauge for various types
of plaque material is illustrated in Figures-I1I-P, II-Q, II-R,

and II-S.

The same relationship exists with respect to flooded delivered

capacity vs gauge.

Figure II-T exhibits corrosion of plaque produced at various
sintering temperatures, during 3, 4 and 5 cycles of positive

impregnation.

From the data accumulated, the following facts are evident

metallurgical
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concerning corrosien of the plagque during the impregnation

process,

1. More corrosion occurs with low-temperature,
sintered plague;

2. Corrosion increases with the number of impregna-
tion cycles;

3. Ther higher the gauge, the more corrosion.

Negative Plate Manufacture -- In order to provide matching

negative plate for the high capacity positive previously im-
pregnated, high capacity negative plates were impregnated.

The: plague used for this impregnation was identical to that
used for the high capacity positive. Three sample plates from
each plague lot were removed from the impregnation and ana~
lyzed prior to formation. The appearance of all the plates
after ilmpregnation was excellent. No distortion, shedding or

cracking was apparent.

Table II~14 lists the analytical data for the impregnated

negative material.

The plates from the negative impregnatien were formed in groeups
of three. Each group represented a given plagque type, blaque
gauge and impregnation routine. Plate capacities were deter-

mined in the flooded condition based on the following cycle:

metallurgical
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Charge: C/3 rate for 6 hours (100% overcharge).

Discharge: /2 rate to the knee of the discharge curve.

where C is the capacity of the plates based on chemical analy-

sis. These data are alsc presented in Table II-14.

Analysis of Negative Impregnation Results ~- Unlike the posi-

tive impregnation, the negative data does not exhibit the
straight line relationship between gauge and active material
pickup. The straight line relationship exists up to a gauge
of .035". At gauges greater than .035" there is a tapering

off of active material pickup.

This phenomenon might be attributed to any or a.combination
of the following:
1. Higher gauge plates require more.rinsing to
effectively remove caustic residues from pre-
vious impregnation and conversion cycles.
2. Higher gauge plates require more nitrate dif-
fusion cycles to give efficient loading.

3. Higher gauge plates require longer conversion

“time.

From the data presented in this section it is apparent that
plate materials having capacity densities greater than nine

ampere-hours per cubic inch are possible.

Since cell components have various weights, the

specific energy of cell is a function of its

metallurgical
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capacity. Using data from present cell designs and previousl§
discussed plate capacities the specific energies described in
Figure II-U are achlevable. The plates having a higher energy

density are thicker than can presently be accommodated in the

cylindrical design, thersfore, prismatic designs are presented.

Aithough prepared in a controlled systematic manner the loading
capabilities (chemical capacité) of the plagues could not be
predicted in advance. Also, the behavior of the plates under
varied conditions of electrolyte starvation and operating cur-
rent density could not be predicted. Qualitatively, one can
surmise more heavily loaded plates may not perform efficiently
due to filling of pores leading to increased concentration

polarization.

Obviously, the size and number of pores and the electrolyte.
level will also affect the ability of plague and subsequently
plate materials to perform. Therefore, a factorial experiment
was designed to specifically measure the effect of plaque
porosity, pore ratio*, electrolyte quantity, and duty cycle.
The plagques prepared were dividéd by median values- into ranges
of porosity and pore rétios*,and classified into these four
catagories:

1. High porosity, high pore ratio;

* Ratio = Pore Volume- of 10u to 15u size pores
Pore Volume of 15p to 20y size pores

metallurgical

ials d
TI-27 materials division



5-MMD-19889 10/08

E3'0

2. High porosity, low pore ratio;
3. Low porosity, high pore ratio;

4, Low porosity, low pore ratio.

These data are tabulated in Table II-15. The designation of

low and high indicates lower than or higher than median values.

Selections of plate materials were made within each pore size
distribution group on the basis of the availability of the
plate specimen, the plate's suitability as a typic%l example
of its group with respect to its porosity and pore ratio
values, and the structural integrity of the plate material.

The properties of these materials are shown in Table II-16.

A test program was devised to subject both positively and
negatively limited sealed cells to a number of charge and
discharge rates. Since the results of these tests were to be
used in a factorial analysis, the factors evaluated for their
aeffect on sealed cell performance were determined in advance of
the test. These factors are porosity, pore size ratio, and

electrolyte £ill (Table II-V).

Uniformity of critical cell construction parametewrs such as
plate separation and electrolyte £ill level is an assumption

in attributing validity to the factorial analysis.

The positive limited cells employed one NiOOH-and four Cd

plates to maintain a minimum 2.5 to 1 ratio of negative to

X metallurgical
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positive flooded capacity. Layers of Pellon were interleaved
to separate the plates within the nickel steel clamping fix-

ture of the test cell. The thickness of each plate was deter-

mined t© an accuracy of téOOl and the package of plates and

separator was- clamped to the degree necessary to compress the

pellon layers to .005 inches. The thickness of this clamped

+0
-.001"

determined value. Negative limited cells used one Cd electrode

package was adjusted by screws to within of the ére—
and two NiOOH electrodes with interleaved Pellon layers.

Similar-clamping procedures were followed.

One hundred percent saturation levels were determined for each
positive and negative limited cell. The figures obtained were
uéed to calculate 60, 70 and 80% fill levels for each test
cell. Electrolyte was introduced into the cells within 3% of

the pre-determined value.

After their test .program was completed, the 60% saturated cells
of both the limited positive and negative limited types were
refilled to the 70% level and the 80% level and run through an

identical test program.

The éfficiency graphs (Figures II-W, II-X, II-Y) in@icate that
the best positive plate performance is achieved at the 80%
electrolyte fill level as expected. The low porosity,\low
pore ratio plagque delivered between 70 and 80% efficiency at

C/2 discharge and 50% efficiency at.3C discharge. - Note

metallurgical
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the performance change of the high porosity, low pore ratio
plagque at .the 80% fill level as discharge rates increased to
3C and decreased to C/2 at the end of the test series. Its
efficiency (~70%) is among the lowe§t of the four samples at
the C/2 rate, but it attains.the highest efficiency (53%) at

the 3C rate. This high efficiency at high discharge rate also

appears in the 70% £ill level test.

i

At the 60% fill level the low porosity, low pore ratio plaque

is the best performer at all discharge rates.

An examination of the negative limited cell efficiencies
indicates that the high performance plagques have high porosity
with low pore ratio and low porosity with high pore ratio re-
spectively. This implies that some factor other than porcsity

and pore ratio favors high efficiency in negative plate.

Results of the factorial analysis for both positive and nega-
tive plate indicate that the effect of electrolyte- £fill level
ig most significant while the pore size distribution of the
plague prior to impregnation is of lesser significance. Of
least statistical significance is the plague porosity prior
to impregnation within the range studied. The higher per-
formance obtained by lighter loading may indicate thét active
material loading is a limiting factor to negative plate effi-
ciency. Therefore, an evaluation of the porosity and pore

size distribution of plate material after impregnation as well

metallurgical
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as loading level may yield more useful data.

Internal resistance in the positive limited cells declined by
30% as the electrolyte fill level was increased from 60 to 80%.
Significantly, the positive limited cell with the low porosity
and low pore ratio showed internal resistances 10 to 20% less

than the other cells at all electrolyte fill levels.

Internal resistances in the negative limited fluctuated
greatly with no noticeable trends except the gradual increase
in resistance of each cell as the number of cycles in-

creased.

Cell pressures in the 80% fill level, positive limited condi-
tion reached a high of 56 psi for the cell corresponding to
low porosity, low pore ratio plague. Pressures for the other

cells at this £fill level were generally half this value.

A considerable amount cf further development and optimization
work remains to be performed before these heavily loaded,
positive and negative plates can be used in sealed, heat-

sterilizable cells,

metallurgical
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APPENDIX TO SECTION II

ENGINEERING DESIGN AND EVALUATION

Contract Number 951972

Performed by Texas Instruments Incorporated—

APPENDIX LI-A
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TABLE II-1

CHARACTERISTICS OF DRAWN POLYMERIC SEALS

Leak Rate
(std cc He/sec/atm)
Sample No. As Assembled After 72 Hrs @ 135°C Assembly. Method
la 25u (gross leaker) 160p * Drawn through a 0.246" die
1b 2.0 ¥ 1078 2p° * Drawn through a 0.246" die
lc 1.5 x 1078 1.8 x 107° Drawn through a 0.246" die
14 0.7 x 10”8 5p * Drawn through a 0.246" die
2 0.4 x‘lOm8 5u %, Drawn through a tapered die
(0.250"/0.236™)

3 1.0 x 1078 3.8 x 107° Drawn through a 0.246" die.
4 0.8 x 107° 6.0 x 10_6 Drawn through 3 dies progres-

sively (0.246", 0.242",
0.238")

* During the pump-down operation this minimum pressure was achieved, after which the
safety switches on the mass spectrometer leak detector were automatically tripped
indicating a large leak had developed.



TABLE II-2

CHARACTERISTICS OF CRIMPED POLYMERIC SEALS

‘ Pre Heat Btexilization Post Heat Sterilizopion
; Crimp i _32@%;258§2§:tm Leak Rate
No PSI Dia air T THe™ std o He/sec/atm
1| 2300 | .427| 2.5 % 10°°% | 1.4 x 107 70u
2| 1300 | .427| 2.6 x 107% | 9.6 x 10”7 100u
3| 1300 | 427 3.2 x 1078 ] 3.2 x 10”8 —
4| 1000 | .434| 3.5 x 107% | 3.5 x 10”8 1 x 1078
5| 1000 | .434| 3.9 = 107% | 3.5 x 1078 90y
6| 1000 | .434| 4.3 x 107% | 4.3 x 1078 —
. 7| 1300 | .503| 2.9 x 107% | 3.1 x 12078 90u ]
& 8| 1300 | .503| 4.2 x 1078 | 4.2 x 1078 20U
v 9| 1300 | .503| 5.0 x 1078 | 5.0 x 1078 —
‘] 10} 1000 | .509 | 4.4 x 1078 | 4.4 % 10”8 70w
11| 1000 | .509 | 4.6 x 1078 | 4.5 x 10”8 70u
12 1000 | .509| 5.2 x 1078 | 5.2 x 1078, o
A| 1000 | .500 | semmemmem S v10U gross leak
B |~ l000 -509 e e ] e 1 o e e v 8u gross leak

Before heat. sterillization tho. seals were generally leak tight
a8 noted. After heat sterillization (135°C for 72 hours) all
seals were gross leakers excepting Seal number 4.



TABLE II-3

DESIGN CHARACTERISTICS

OF

ENGINEERING MODEL PRI

SMATIC CELLS

CELIL DATA IN
FIGURE II-E

CELIL DATA IN
FIGURE II-F

CELL DATA IN
FIGURE II-G

SEPARATOR

POLYAMIDE
PELLON 2505KI

POLYPROPYLENE
PELLON FT2140

POLYPROPYLENE
PELLON FT2140

NO. OF
POSITIVE PLATES

NO. OF
NEGATIVE PLATES

TAB ATTACHMENT

SEAYT, TYPE

ELECTROLYTE
CELL WEIGHT

NEGATIVE/POSITIVE
RATIO

12

13
HELIARC WELD

O-RING COM-
PRESSICN

100cc - 30% KOH

1125 gr

1.4

12

13
HELIARC WELD

O-RING COM-
PRESSION

99cec - 30% ROH

1126 gr

1.4

12

13
RESISTANCE WELD

GLASS-TO-METAL

99cc ~--30% KOH.

1110 gr

1.4

II-36



TABLE II-4

DESIGN CHARACTERISTICS
25 AH HEAT STERILIZABLE
PRISMATIC- CELLS

PLATES:
POSITIVE 12
NEGATIVE 13

RATIO (Delivered negative capacity to positive capacity) 1.4

SEPARATOR PELLON FT2140 NONWOVEN POLYPROPYLENE
ELECTROLY'TE
QUANTITY 78cc
CONCENTRATION 30% KOH
WEIGHT 1080 grams
SEAL CERAMIC-TO-METAL
CASE 3041, 88

WELDED CONSTRUCTION

II-37




TABLE II-5

DESIGN CHARACTERISTICS
25 AH HEAT STERILIZABLE
CYLINDRICAI. CELIS

PLATES

POSITIVE

NEGATIVE
RATIO (Delivered negative to positive capacity) 1.65
SEPARATOR PELLON FT2140 NONWOVEN POLYPROPYLENE
ELECTROLYTE

QUANTITY 90cc

CONCENTRATION 30% KOE
WEIGHT 1155 grams
SEALS GLASS-TO-METAL
CASE Ni PLATED STEEL

DEEP DRAWN CASE

II-38
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TABLE II-6

DESIGN CONSIDERATIONS FOR INTERIM AND FINAL DESIGNS

I. Prismatic Cell

A. Mechanical

1. Cell packaging is more .conventional

2. Physical restaints required for packaging cells
3. Thermal transport - 64 in2 of surface

4. Cell weights = 1080 grams

B. Electrochemical

1. Limited geometric plate ratio (using conventional
cross sections)
i.e. N positives, N+l negatives
2. Limited practical negative to positive ratio
3. Operating pressure controlled by electrolyte content
and plate loading

C. Effect of Sterilization

1. Higher end-of-charge voltage (than prior to sterili-
zation)
2. 10-20% loss in capacity

ITI. Cylindrical Cell
A, Mechanical

Cell packaging is less conventional

Cell self-containing -- no_restraints required
Thermal transport -~ 50 in? of surface

Fewer internal welds (14 vs 25 for prismatic cell)
Cell weight = 1155 grams

Fewer plate edges which_act as a potential cutting
edge (310 in2 vs 670 inz)

Gy O s o B
. a L] - L] .

B. Electrochemical

1. Wider range of geometric plate ratio
2. Wider range of negative to positive ratio

3. Intrinsically lower operating pressure (due to core-
less design)

C. Effect of Sterilization

1. Higher end-of-charge voltage (than prior to sterili-
zation)

2. Negligible capacity loss

metallurgical
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TABLE II-7

DESIGN CHARACTERISTICS, INTERIM CELL DESIGN

25 AMPERE-HOUR HEAT-STERILIZABLE CYLINDRICAL CELLS

PLATES
POSITIVE
NEGATIVE

RATIO (Negative to positive formation capacity)

SEPARATOR

ELECTROLYTE
TYPE
CONCENTRATION
QUANTITY

WEIGHT '

SEALS

3
4

1.8

NONWOVEN POLYPROPYLENE PELLON FT2140

KOHE-
30%
90cc

1155 gr

GLASS-TO-METAL

IT-40
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TABLE (I8
PERFORMANCE DATA FOR “INTERTM MODRT CELLS
Cherging Conditions 3.0 Awperes for 16 hours

Discharging Conditious 10 Amperes to 1.00 volf{ cut off
Cycle Number 3

Cell ECV oCV vV @ 50% ECR ECP BCC
No. {volt) {volt) (volt) (m <) (psia) {At)
€250 1.435 X 1.389 1.263 5.6 32 32.88
G251 1.429 1.388 1.264 4.2 35 33.45
Cc252 1.427 1.386 1.262 4.4 33 32.78
€253 1.427 1,387 1.263 4.2 31 33.13
0254 . l.422 .L.382 L.263 - 3.9 29 33.03
€255 1.426 1.386 1.262 ' 4,2 31 . 32.48
C256 o L4237 1.383 1.263 3.8 32 32.60
c257 1.423 1.385 1.267 3.7 28 33.48
€258 1.437 1.389 1.258 6.6 28 33.23
€259 © 1.436 1.391 1.267 3.8 29 . 32,63
€260 1.438 1.394 1.270 3.8 32 32.65
£261 i.432 1.390 1.267 4.4 28 32.75
€262 1.437 1.392 1.264 o 4.0 30 « 33.3%
€263 1.428 1.385 1.262 4.4 30 32.65
C264 1.424 1.381 1.263 3.8 15 32.15
C265 1.426 - 1.384 L.256 3.8 33 31.28
€266 L 1.427 1.385 : 1.265 3.6 31 32.30
C268 1.430 . 1.387 1.262 3.7 27 32.98
G269 1.437 1.391 1.26L 4.0 L5 32.60
c270 - 1.441 1.393 \ L.258 5.1 28 33.08
AVG. 1.430 1.387. ° 1.263 472 30 32,56
STD. :
DEV. 0.006 0.003 © 0.003 0.7 5 0.49
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TABLE II-9

PERFORMANCE DATA FOR TYPICAL FINAL MODEL CELLS

Charging Conditions: 3.0 Amperes for 16 Hours
Discharging Conditions: 10 Amperes to 1.00 Volt Cut-Off

BCV ocvV V @ 50% ECR ECP ECC

Cell Wo. {(Volts) (Volts) (Volts) (mf2) {(psia) (ah)
c294 1.406 1.368 1.258 2.4 24 . .- 32,34
C295 1.402 1.367 1.258 2.5 24 - 32.04
C296 1.403 1.368 1.258 2.5 27 32.12
C297 1.510 1.366 1.218 3.7 24 31.77
Cc298 1.637 1.360 1.247 3.4 26 31.52
C299 1,397 1.362 1.256 2.7 17 31.72
C300 1.392 1.358 1.257 2.5 24 31.32
C301 1.401 1.364 1.256 2.7 32 32.02
C302 1.395 1.363 1.258 2.4 28 31.70
C303 1.412 1.375 1.256 2.6 14 31.50
C304 1.407 1.373 1.260 2.4 24 31.42
C305 1.402 1.367 1,257 2.4 24 31.27
T C306 1.404 1.369 1.259 2.4 24 31.20
C307 i 1.405 1.371 1.259 2.3 14 32.27
C308 1.405 1.371 1.258 2.4 26 31.42
C309 1.431 1.370 1.209 4.0 24 31.52
C31.0 1.401 1.367 1.258 2.4 23 31.92
C3I1 1.397 1.365 - 1.256 2.5 24 30.45
C312 1.404 1.368 1.256 3.0 26 31.25
C313 1.416 1.373 1.250 5.0 24 31.20
C314 1.407 1.372 1.258 2.5 22 31.65
Mean 1.421 1.367 1.252 3.6 24 31L.60
3.9 4 0.43

Std. Dev. 0.054, 0.005 0.013



TABLE II-10

LONG—-RANGE TESTING PLAN

%

- 5

Cycling —~ after heat sterilization and reconditioning
_ Test Termperature 30°r, 50°F, 70°F
_Depth of Discharge 70%, 80% -
Charge Rate c/10, ¢/20
Discharge Rate C/2-
__ Cells Reguired 24 {12 prismatic, 12 cylindrical)
No. of Cycles 90 minimam, 150 planned

Cell Maintenance During Flight - after heat sterilization
and reconditioning @70°F

Fly charged with periodic discharge and recharge - 2 cells

Fly discharged, charge at planet approach - 2 cells

Ply charged, trickle charge with constant current - 2 cells
. Fly charged, float charge at constant voltage - 2 cells

Duration of wet stand shall be 7 months.

Cycling after tet Stand

Cvele all cells for a minimum of %0 cycles under conditions
optimized under Section A

Cell reguirement for B & C is 8 cells each of prismatic
and cylindrical design




TABLE Ii-11

IDENTIFICATION AND PHYSICAL ATTRIBUTES OF HIGH GAUGE PLAQUE

Gauge Porosity 1“70111!11@ :‘i Electrical

; Stack # inchgs (%) ’ inter-wt g/in’ 'étélizat10n< )Resistance

i (%~ (ma)y
%1170901~1 L0264 84,0 2 5089 88,2 0,2
*f.. 901-2 . 0301 83.6 608 88.8 8.8
80134 0327 83.6 .573 T 89,7 B.8
K 991-3 & L0345 3.6 L7032 88.4 8.2
% 801-4 . 0405 83.3 . 852 39,7 7.3
S01-44 Q447 82.4 . 968 87.5 6.7
* 901-7 0453 83.1 + 252 85.3 6.5
. 901-6 0475 81.3 1.003 84,7 5.0
. 8031.5 0477 31.8 1.062 85.1 6,5
.. 901-43 . 0485 81.6 1,116 87.8 . 6.l
*1168901~1 L0266 85.3 239 91.¢% 11.3
% $01-~2 L0307 84,5 .602 81,1 2,1

¥ S02~-1 .0351 B4.6 > 691 91,4 9.2,

¥ _, 502-2 0402 84,0 824 52.4 B .3
202-3 .0426 83.4 . 305 91.2 7.4
* 902-4 . 0490 82.4 1,108 50.8 6.5
185302-5 L0256 8L.4 . 563 86.7 — 7.3
k3 2026 .0268 81.5 . 591 87.2 7.5
F. 902-7 - ,0299 80,7 . 000 87.2 6.8
*f . S02-8 L0340 81.2 . 784 88.5 6.5
% 202-9 .0368 80.7 . «+869 57.5 5.7
*108902~10 .0250 79.6 . 590 5.0 6.5
® . 902-11 .0296 79.6 . 730 84.5 6.1
il G02-12 . 0320 79.2 - 785 85.4 5.8
. 902-13 0362 79,2 . 905 86.1 5.1
# Q02~T4 L0328 78.9 .858 84.5 4,6
# 902-15 . 0433 78.4 1,122 85,2 4.2

* Selected for impregnation

(1) Measure of the plague shrinkage

(2)

I1-44

Across the length of a 3" x 1" strip
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TABLE II-12

ANALYTICAL DATA HICH CAPACITY POSITIVE IMPREGNATION EXPERIMENT I

Plate act Mat t Theor Theor Theor v Tnitial
Tdentificarion g/inz AH/4n2 } AR/in3 Alifg ! Corrosion Cauge

176 901-3 .. 968 ,281 8,25 L171 37 . 0345
1,263 1 .366 11,8 .195 43 L0345

a01-4 1.124 .326 8.3 L1753 37 L0405

1,293 .376 2,9 .188 L3 L5405

1,448 420 11.3 .197 43 , 0405

90%-7 1,382 L4C1 8.9 183 40 L0453

1,583 LA62 7 10,0 , 195 &k 0453

. b 1,740 .505 11.5 . 202 47 L0453
901-43 1,486 431 8,7 .183 40 . 0485

- 1,664 482 10.25 .192 & , 0485

1,847 .535 11.4 L2046 §. &7 . 0485

160 9p2.1 .1 1,028 .298 2.6 L 180 40 . 0351
02-2 1.227 . 355 8.9 .182 38 L0402
i01.379 400 10,25 .191 40 LCLO2

- 1.565 AT 12.3 . 203 45 L0402

90%~4 1,544 448 .35 , 184 39 ] 0490

1,730 ,502 10,5 .195 L1 , 0490

.- i %.913 .556 12,0 ,203 46 . 0490

185 902-6 P 747 L 217 8,1 ,159 33 L0268

: ) ) 1 ..845 . 245 9,1 .168 33 L0268
- - 7 .92 . 267 9.9 +178 36 1 .0258
902-7 807 . 234 7.8 . 154 28 0289

1 .926 .269 8,95 . 160 31 .029%
] 1.020 . 295 10.2 .174 34 .0299
: 902-8 " ,936 .271 7.95 . 168 31 . 0340
1,053 .305 9,25 .172 34 ,0340

‘ B1,159 .333 10,0 .176 34 L0340
902-6 1,041 ,302 8.1 .162 31 ,0368

i 1,175 .341 2,0 L170 34 1 .0368

— 1,301 .378 10,2 .181 34 .0368

198  902-10 . 542 .186 7.5 . 143 26 L0250

. 736 ,213 8.6 . 153 28 , 0250

- .- 820 .238 9,2 164 30 .0250

9p2-~11 : 769 223 7.7 L 149 26 . 0295

.878 . 255 8.8 .160 28 L0296

‘ . .578 . 284 9,8 L171 32 . 0296

902~12 . 848 . 247 7,7 .150 28 .0320

~ 964 .279 8.8 , 152 31 ,0320

: 1.054 . 305 9,25 L1567 31 L0320

902-~13 ., 939 254 7.1 L1390 ¢ - 27 ,0362

1,048 . 304 8.7 .159 30 .0362

1.164 .338 9,8 .167 31 .0352

902-14 1,005 . 292 7.6 .148 27 , 0398

. 1,135 . 329 8.3 . 158 28 .0398

; 1,249 362 9,3 . ,168 30 . 0398

9502-15 1,102 . 320 7.6 .150 28 ,0633

1,237 . 360 8.4 .159 z8 , 0433

1,366 . 396 9,4 168 | 33 L0433

II-45



ANALYTICAL DATA HIGH CAPACITY

TABLE II-13

POSITIVE IMPREGHNATION EXPERIMENT II

I1-46

" Plate Theor .| Theor |Theor % . |Toitial [Flocded % Flooded
Tdeatification AR/in? | AH/in3 AHfg | Corrosion | Cauge Cap Effic, Cap
AH/in? AH/1n3
i70 901-1 .206 7.9 L1635 36 L0264 . 195 95 7.5
,228 8.8 .177 40 L217 95 8.4
- . 243 9,3 .182 44 L 229 94 8,7
901~2 . 241 8.4 1169 40 L0301 .232 96 8.1
273 9,4 .185 45 . 260 95 8.9
. 284 3,8 .188 46 .280 98 9.6
901-3 .285 9,2 .179 T 4k . 0345 L268 g 8.7
) ©,.326 10,7 191 48 . ,322 99 10,5
.353 11.6 .199 53 .316 90 10,4
* 9034 .342 9,0 ., 185 45 , 0405 L340 g9 8.0
.385 10,1 . 197 50 370 96 9.7
406 10.6 202 53 ,360 96 10,2
901=7 .398 9,1 .187 46 ., 0453 . 399 100 3,1
WATS 10.4 202 53 439 96 10,0
T2 10,7 . 204 54 468 99 10.6
901-43 625 9,1 .188 42 ., 0485 L 409 96 8,7
486 i0.4 . 200 52 L4438 92 8,6
.507 10.8 .202 53 L4801 v 95 10.3
160 9pi1-1 L215 8.3 .176 47 .0266 211 28 8.1
- - L2417 9,4 ,187 50 .233 97 9,1
, , 252 5,9 .192 52 . 255 100 9,¢
901-2 272 9,7 .186 43 ,0307 L252 93 9.0
- , 307 11,0 .198 52 . .276 99 10,9
. 320 11.4 202 56 . 285 89 10,1
~902-1 316 | 9,7 .190 47 ,0351 277 28 8.5
,358 |. 11,0 . 202 54 .322 90 10,9
377 11.6 . 204 56 . .350 93 10.8
802-2 - .359 9,6 .189 45 L0402 . 284 79 7.6
- TLA08 10.9 . 202 52 .350 86 9.4
Lo 431 11.5 .208 55 .358 83 9.5
902-4 Sl 8.8 - .188 &b . 0409 418 94 8.3
- .500 10,2 . 200 49 . 434 87 8.9
. .523 10,7 .202 52 420 94 10,1
-185 gp2-6 211 7.6 1159 34 ,0268 .197 al 7.1
. 232 8.4 L167 36 .213 2 7.7
.251 9,2 .176 40 . 250 59 9.1
9027 .239 7.9 .162 38 .0299 . 236 99 7.8
. 265 8,7 .172 b3 . 246 93 8.1
. 289 9,5 179 £3 _ . 264 88 8.4
992~8 . 269 7.7 .163 35 L0360 ,256 95 7.3
.308 8.8 .176 40 284 92 8.1
326 9,3 .183 43 .323 99 9,2
902-9 .306 8.1 .168 38 .0368 . 285 93 7.5
341 9,0 .180 45 .330 97 8,7
,361 9,5 .202 46 . 344 95 9,0
198 902-10 , 175 6.9 142 30 . 0250 .173 99 6.8
. .198 7.6 | .152 33 .192 97 7.4
211 8,1 .159 34 + 204 97 7.9
~ Cont'd. -




TABLE II-~13

- Cont'd. -

heor | Theor | Theor % Initial | Flooded % Flooded

.- Plate Au/in?| AR/in3 | AH/g | Corrosion | Gauge Cap Effic, Cap
Tdentification AH/inZ AH/in3
198 9p2-11 . 209 6.8 | .147 33 ] .0296 .205 98 6.7
L » 236 7.7 | .156 33 232 9 7.6
: . 259 8.5 .167 36 .240 93 7.9

502-12 . 249 7.5 .156 33 .0320 <250 96 7.2

£ - 276 8.3 .164 34 . 252 91 7.6

g , ,301 9,2 .174 C 40 . 289 96 8.8

. 902-13 ,273 7.3 .152 32 .} .0362 .269 99 7.2

. . T ,308 8.3 .165 37 .288 92 7.6

. ".337- 9.0 .176 41 . 314 93 8.4

© 902-14 . 296 7.3 L1546 32 . 0398 . 274 92 6.7
B : .332 8.3 .163 34 .320 96 8.0

: . 363 8.9 174 38 .333 92 8.2

902-15 - .333 7.6 .157 34 L0433 . 308 93 7.1
. L3748 8.5 .168 36 > . 340 91 7.7
o ) .394 8.8 .171 37 ‘ . 367 93 8.2

I1-47

|



WABLY Ti-14

5

. No, of Theor Flooded % Init,
Plate Tdent. | Tmpreg | Cap AH/in? Gap AH/in? | Cfficiency | Gauge
Cycles
17Q0 $01-1 4 T .384 . 235 &1 L0234
i 5 407 + 2556 63
o L4453 2261 5@
9031-2 4 &30 276 &4 0301
5 LY . 284 62
& 492 . 230G 59
2301-3 & 46k . 247 53 0340
5 .500 . 278 56
6 . 601 304 51
901-4 4 L G84 .275 57 - 0405
5 532 + 291 55
6 .594 .318 53
$01-7 4 511 . 287 58 L0453
5 . 567 +292 52
. 6 . 604 .327 54 ,
= 801-45 4 W 555 2287 52 0485
= B 605 2593 &8
» 1600 901-1 & L4095 . 256 63 . 0266
¥ 5 429 .274 64
3 3 470 .282 60
3 901-2 & La48 281 63 L0307
- 5 484 .290 60
2 5 .531 .313 59
g Q02-1 -4 .&58 . 249 54 L0351
o 5 .507 .268 5
- 6 . 565 2291 52
& 902-2 A .499 .253 51 . 0402
- 5 .533 . 268 50
s 6 .596 . 299 50
o 9024 b .580 . 284 49 . 0400
o 5 .626 300 48
a 6 .638 ,326 51
s 1850 902-6 4 <381 +233 62 0268
o . 3 403 .239 59
S 6 L4535 . 264 58
B 902+7 4 417 - 245 59 .0299
& - 5 441 .248 .56
= 6 492 <278 57
B 902-8 4 L451 .258 57 L0340
o : 5 .480 .263 55
5 6 .528 .287 54
& 902-9 4 484 L2688 55 .0368
- 5 .518 .275 53
20 6 552 . 2490 53
= 1680 %02-15 4 2337 L21% 63 . 0250
5 .371 212 57
6 .396 .238 60
902-11 4 .386 . 235 59 0296
5 420 . 263 03
o. 459 . 272 52
902-12 4 427 251 -59 0320
5 L4545 2 265 58
6 L4957 . 268 54
902-13 4L . 843 e 244 55 . 0362
-5 477 302 63
6 .523 316 59
902-14 4 LAT72 « 287 Al .0398
5 504 502 60
6 .345 328 60
II-48 90215 4 .485 . 26D 54 L0433
. 5 »530 274 52
6 579 . .308 53




PLAQUE SAMPLES PREPARED TO DAYE

TABLE II-15

Factor Code Greuping | Plaque Lot Thicknoss Porosity %}Ratio
Porosity [3 Ratio No, No. {inches) . %)

. 17~901-1 L0264 84.0 2.59

High High I 17-801~3 . 0345 83.6 2.89

17-901-4 . 0405 83.3 3,49

17-901-7 0433 83.1 3.16

16~-902-2 0402 84.0 3.18

16~-902~4 L0490 82,4 6.12

Low High 11 17-901-4B L0485 81.6 65.34

18~902-7 0299 80.7 2,43

18-902-9 .0368 80.7 3.20

! 19-902~15 0433 7814 2.4

17-901-2 L0301 83,5 2.08

High Low I1L 16~501-1 3266 83.3 2.06

-7 16-901~-2 . 0307 84,5 2.38

16-902-1 0351 84.6 2.18

g - 18~902-6 .0268 81.5 2,16

Low Low iv 18~902-8 0340 8L.2 2.17

19-902~10 0250 79.6 1.93

19-902-11 0296 79.6 1.71

. 19-902~12 .03290 79.2 2.29

19-602-13 .0362 79.2 2.19

19-902-14 .0398 78.9 2,38

Median 8Z2.4 2.40

* Ratio = Pore Volume of 10u tc 151U size pores
Pore Volume or 15u to 20u size pores

II-48



05-II

Plague Structure Factors

TABLE II-16

PLAQUE SAMPLES EVALUATED IN

THE FACTORIAL EXPERIMENT

2

Porosity Pore Ratio Theox Cap Flooded Capacity Gauge
% Plate AH/in2 AH/inZ AHE/in3 in
High High
83.1 3.16 Pos . 399 . 399 8.8 . 045
83.1 3.16 Neg .604 .327 7.2 . 045
Low High
80.7 3.20 Pos .361 .344 . 037
80.7 3.20 Neg .552 .290 7.9 . 037
High Low
84.6 2.18 Pos . 358 .322 9.2 .035
84.6 2.18 Neg .565 291 8.3 . 035
Low Low
79.2 2.19 Pos .337 .314 8.7 .036
78.9 2,38 Neg .545 . 328 8.2 .040
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Leakage

FIGUEE II-A

Crimped Polymeric Seal
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Modification 1

FIGURE II-B
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CRIMPED POLYMERIC SEAL
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FIGURE II-C

CRIMPED POLYMERIC SEAL -- Modification 2
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Figure II-D

MICRO SECTION OF WELD JOINT
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FIGURE II~F
PERFCRMANCE DATA
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FIGURE II-0

RELATIONSHIP OF SINTER WEIGHT TO
gAUbE FOR A GIVEN POROSITY
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Active Material g/in

FIGURE II-P
LOADING CHARACTERISTICS
Positive Plate Impregnation
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Active Material g/in2

PIGURE II-Q
LOADING CHARACTERISTICS
Positive Plate Impregnation
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FIGURE II-R

LOADING CHARACTERISTICS
Positive Plate Impregnation

1700°F Sinter (83-84% Porosity)
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LOADING CHARACTERISTICS
Positive Plate Impregnation
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FIGURE II-T

TYPICAL CORROSION OF POSITIVE IMPREGNATED PLAQUE
PRODUCED AT VARIOUS SINTERING TEMPERATURES
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Energy Density

Watt~hrs/1lb

20

18

16

12

10

FIGURE II-U

PROJECTED HIGHER ENERGY DENSITY Ni-Cd CELL (HEAT STERILIZED)
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FIGURE IXI-V

HIGH ENERGY DENSITY PLATE
FACTORIAL EXPERIMENT OUTLINE

INDEPENDENT VARIABLES

TEST SEQUENCE I

Factor Independent Levels
Ident. Variables 0 1
A Porosity 78.9 - 80.7% 83.1 - 84.6%
B Ratio : 2.19 - 2.38 3.16 - 3.20
C Electrolyte
Fill Level 60% 70%
TEST SEQUENCE IT
A &B As above
C Electrolyte o
Fill Level 60% 80%
TEST SEQUENCE III
A & B As above
C Electrolyte : .
Fill Level 70% 80%
metallurgical

IT-74

materials division



Cell Efficiency at 60% Electrolyte Fill Level
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@~ High Hign u
¥t Low High & =
303 . . "
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=4 Low Low e
20% - ]
Pogitive A
. 10%+ Limited _
Call . i -

T T T ¥ T T Y T ¥ I
Charge Rate C/10 c/1i0 ¢/10 Cc/i0 Cc/10 C¢/10 C/10 C/8 C/6 C/4
Discharge Rate C/2 C/2 ¢/2 ¢/5 C. 2C 3C ¢/2 ¢/2 ¢/2

Cell Efficiency at 60% Elecérolyte Fill Level

80% 5
= Jay
70% o
A g
60% A A ~ ¢
) Ao 2 @ @
- o 2
50%- : o o
° ]
Bfficiency 5 &
40%
A i
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|
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Negative a
10%4 Limited . A
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Cell Efficiency at 70% Electrolyte Fill Level
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@11 Efficiency at 80% Electrolyte Fill Level
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FIGURE II-Y 11-77
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ENGINEERING DESIGN AND EVALUATION

CONTRACT NUMBER 951972

PERFORMED BY TEXAS INSTRUMENTS INCORPORATED

APPENDIX II-B

(LONG-RANGE TEST PROGRAM)

metallurgical
II-78 materials division
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LIST OF FIGURES IN APPENDIX II-B

Figure Page
Number Title Numbexr
II-AA LONG-RANGE TESTING CUTLINE . . . . . « « » II-80
IT-BB LONG-RANGE CYCLE TEST - CELL LISTING « « . ZII-81
I1-CC PERFORMANCE DATA CELL P-10 . . . . . . « o« 1I-82
II-DD PERFORMANCE DATA CELL P-11 . . . . . . . . . II-83
II-EE PERFORMANCﬁ DATA CELL-P-12 . . . . . -+ . II-84
IT-FF PERFORMANCE DATA CELL P-13 . . . . . « » o II-85
II-GG PERFORMANCE DATA CELL-P-19 . e s « « « IXI—-86
II-HH PERFORMANCE DATA CELL P-20 . . .« o =« .+« « II-87
II-IT PERFORMANCE DATA CELL P-21 . . « . « » . II-88
IT-JJ PERFORMANCE DATA CELL P-22 . . . . . .« « II-82
IT-KK PERFORMANCE DATA CELL P-23 . . . . . -« « « IT-90
IT-LL PERFORMANCE DATA CELL P-24 , . . . . « « « II-91
II-MM PERFORMANCE DATA CELL P-25 . . . . . . . . ITI-92
II-NN PERFORMANCE DATA CELL P-27 . . . . . .« o« o« 1I-93
II-00 PERFORMANCE DATA CELL C-10 . . . . . « - o II-94
11-PP PERFORMANCE DATA CELL C-11l . . . . . « « » II-05
I7-Q0 PERFORMANCE DATA CELL C~12 . . . . . .« o« IT-926
IT-RR PERFORMANCE DATA CELL C-13 . . . . . « « o II-27
II-58S PERFORMANCE DATA CELL C~15 . ., . . . « « « II-O8
II-TT PERFORMANCE DATA CELL C-21 . « « « « « « « o ZII-99
II-Uu PERFORMANCE DATA CELL C-23 . . . .+ . = o IT-100
IT-VvV PERFORMANCE DATA CELI. C-24 . . . . . . . . II-101
FI-WW PERFORMANCE DATA CELL C-25 . . . . . e o . II-102
I1-XX PERFORMANCE DATA CELL-C-26 . . . . . « « «» II-103
IT-YY PERFORMANCE DATA CELL C-27 . . . . . « « . II-104
II-2% PERFORMANCE DATA CELL C-28 . . . . . « « .« IT-105
metallurgical
II-79 maternals division



LONG RANGE CYCLE TESTING GUTLINE

FIGURE II-AR

Tezz-iperature
30°F 1'! 56°T TO°F
Depth of Discharge Depth of Discharge § Depth of Discharge
Cell !
Charge Rate Type
3 70% 80% 70% 80% 70% 807
- *
c/10 Gyl C-24 c~23 [? Cc-25 c-15 c-12 c=21
Prism Ba24 P-23 »-20 P~19 p-12 P-13
/20 cyt G127 ¢-28 Cc-25 c-13 c-10 | -1
Prism P=27 P-25 pP-21 P-22 P~10 P-1i
; metallurgical
II=80

materials division



FIGURE FI-BB

LONG-RANGE CYCLE TEST -- CELL LISTING (Numberical Oxder)

Teat Conditions

Cell Cell Temp. Depth of Charge Figure
No. Type {CF) Discharge (%) Rate Number
Cc~10 Cyl. 70 70 c/20 TI-00
C~11 Cyl. 70 80 c/20 IT-PP
Cc-12 Cyl. 70 70 c/10 1I-00
Cc~13 Cyl. 50 80 c/20 IT=-RR
C-15 Cyl. 50 80 Cc/1L0 II-8S8
Cc-21 Cyl. 70 80 c/10 II-TT
C-23 Cyl. 30 80 c/10 II-0U
c=-24 Cyl. 30 70 c/10 II-vVv
c~25 cyl. 50 70 c/10 TT~WW
Cc-26 Cyl. 50 70 c/20 II-XX
c-27 Cyl. 30 70 c/20 II-YY
c-28 cyl. 30 80 c/20 II-Z7%
P-10 Prism. 70 70 C/20 IT-CC
P-11 Prism. 70 80 C/20 II-DD
P-12 Prism. 70 70 c/10 II-EE
P-13 Prism. 70 80 c/10— II-FF
P-15% Prism. 50 80 c/10 IT-GG
P-20 Prism. 50 70 c/1l0 II-HH
P-21 Prism, 50 70 C/20 II-II
P-22 Prism. 50 80 c/20 II-JJ
P-23 Prism. 30 80 c/10 II-KK
P-24 Prismn. 30 70 c/1l0 IT-LL
P-25 Prism, 30 80 Cc/20 II-MM
P-27 Prism, 30 70 Cc/20 IT~NN

II-81



o

Pt R i .MP s r..“._lernmr ] ..h, tﬂ...ﬂ:l‘r il 48 R B ] T P g | S e T BT Ty IV P BT R P I 0 Wi uiie e g T T
O e ool o ol O s b ol R s o i o o e i e e ! 3 (R SRS R ) I = I e
T . : : i o .

G S R S SR S B T S D R R 5

i . S o R O 1 e A Tl T ‘w R T R R SR I
- ‘ ! > . H T. - . K 1 M
- m . - H 3 v s i- B Lo : \ w | H § T
S el B R Rl D B F- 3 fﬁf.ﬁim:. IR b P ;. = i
o ' i -4 1, ' 1 v ! t M
S ...A . ] 1 1
v oo - s IS L B PR ] Yoo g b I S
CEESRNES J L S -#n I s S TR - W., R i ! e b e
] i - [P A T =T Pty et dbadie iy Sl S Al ehaui bt el i U S S - T —

N HE e N NS IS ORI S o v LA .w m i 87

s L 2 S H .- : S B R IR R - DA
A Vot B ‘- T I - :

U S N e N Rl PO I I, SN VPR SRS NG RORP N R . BN

R B B iy T I TEE N H S A A 1

SR S e _ ) I ISP SN M Sl o SR oL I ]. o _fAm

Qe it 1 1t T - - T o e N S
S~ oA i d - I N B " 3 _ FT w o
ol - P B N e R i s Cote Mt R S A it SR B P h .M%

L S — .n - =1 i = - ot m s 5 - ﬂ ' o
o I X ! R : . T T B

= @ : - & . ) : o

SO T T Qs TTTTETAT e e gl A | Sl hanls bt P | R = - N o
3 2 5o : ] =] : ey - : : : 28
o . W.N - u £ i m ..M» A - K ] T - - M IH l..mr-_ ﬂuumnu
N - D . BRSO U S (s SN JSUPICS IR IR [N SN A S S

o 2 O LN - O i P = .t - HI L iz
ST ERESS gLy b L g L LR
T E =l o ~t R . i e e
.-m!. N R o omowm I f - i R o« i H -,

e T TN GNP SR EN SO 7 < SO SO B S S SRNORUNE S N NI JU SR N SO T
[l Rt O Pt 90 T s & . i N 1 r.

SISO S PR
I A AR e R e SN T

R o e el TR -} H U = e .w1|.m|i.me|u.i R Dot St B, SO T e aeF

' W B i - L : H - FA
R S A N R e Lot i f o 1 fy 3T
M A T NN N O'E . T i & =]

R T e s | e ! P
IR Huinn.uiszﬂm....w AT 4TI . 5__1 T TR
EAE e S W R _ﬁ.a B Rt _Lm Db bl S T A P N
>4 e ¢ _ i . - . [
STCHNEE JRTI  IE CIY S N y LT R A Ty
ECE e * N e E S ) ER O A et Mk o i= o ..L_ia,,llml.l.l..
LN ey 2 t-- Tl 14/ - R D i ™~ =
TG I JON A R S R R AR T T ™ P R
H,rswn...um..,mﬁmw-.lh.ﬁaﬁﬁn-.nmumme" - el - - ~.,avnt..m,, . Lo ﬁ =
A . PR B ~ L Lot L T -

B N DO L DY I P N A Y
N S P U NN SR R S

far® o T T TR TR I N - Tt oT
UL o . I ' — N r d "

ot Tt = rart rmred o v - - 00 - e e
i TS N . |

— CFFE T e T T T

R TR ; ) . 5
e @8 e
)

————
t
'
"
s
it
by

[N

+
- kel e
1
]

o

 Cyéle Numbe

[
!

v
t

LF]
E

12 .
e

AN

l
3

'

L
|

!
5
i

Whtdd FET O L3nbio LB,

ot

10

i!
S
_Jt,l

13
T

t

ol
i
N

Pt P L e el

8. |

- L i .lu..nq.
Ly .u;,uqdr.nrmw-.e_ - useﬂ..m.m R

sk

- ! ..q‘.-.h PO o

1.

Ly

walage
1

.
s
i
‘I
]
L}
B

IR s

.
]

—_— st
'
1
'

ity

.
‘

) -
Ll

[
3
!
1
i

bt

T
1
L]

F
N

[ TR S

»
-
*
1
H
T
:
1
i
3
¥

[RPRRIULEER o

a.
1]
[}
!
|
p
T
ﬁru

1240

4 -ia

.
v
i
]
]

380
1
;

40

1420 |2 528
1200

1160

1120

0

L

o

|
t
|
1

e o

. +

.
il
|
-1;
et
!

e

L
(s1104) ®8e3y

m

) M m - 1 — m

.mnmur..w| -~ 9 i ] ' e __wm mum =37 . ! N
o W Y 0 i O Ao

)
[£
]
L
t
&..*.‘.w
:
i
P'F 1e
N
7
Iy

;

]

!

*._
!

.

i

;o

]
!
T

d

.

|

"Zﬂ
e
=
)
vt

11

&g

A TIOD- o e

I Lo
et el o e
13

S, & R
i
s
:
o e

fiAT

i
+ . ) T m]s = am g _Iol.a|
i ...um‘“.vu ol _ .L..m. :_ “..:T ”.. 7% ! _Lw. m y .” i e

e
s

K
4

.

S, ot st * s el 4 .
.

‘I1~82




[RILEFE B I 3 N Y

B - el efad e ..unv N L L P - B LI T - e - - v ~ o - - - - -
A e T T s S O s o e e i e P 2 ) LR A ‘,r.,m,.zm
O A o A Iy 0 S s A S I
e 4 e e e ety : ; o b = s e . e ;
o - i ¥
SR TR D A U R L A ' 2
N H P m m T R i m 3 [ T : P = I
VY 2 DU O B S S U A SR < B o -
A . ; . i ! . E o
S R (Y R S - m . .u.m.! - .:...::.w.- e 12 ..mk Lo I FCR o Lo
i 3 ' . ; i 3 M i b . . ; H ..4 - - : o 1 H u wy I
SN KR SN R .SV NS S P S 5 % :
1 ¥ ¥ T T T . T I b -
RN SR TS Y AT A T - R T
T T - N B e B e il T e R ICL T T g o
] COS H ¥ Lot | P M A v el
e ] ™~ 0 U A A - . : : = LAY S SUUUDRIE S B -~
3 ) . i H i H ] * [ I J l} . 1" ¥ oo
- B H i I 1 ’ - i _ ' * H 1 '
~ -y -1 uf mens oy il L Bt TN SR -
-~ : i ' - : i P | T w... 1R R A -
Ll g o e L s N ORI WU S S U
& . @ R ! ' to ; el b i . " . :
L. o -V L o0 N S D - ' -
(5] D oo @ o ' P ' i r. : ! T
B P et : _ X : : ) )
W b e e e R T
w0 — O i ! v i . ’
] B0 ot = oy - o LT RS NN - - e -
& o0 o ! ; b ' i ’ z
DO - o SET i ot =
=~ 3
=
O

i e s ..:lmj —-t - #mr.:.im::: e e s
i w..ru..,.w.;ﬁ“, e b e
| , - ' " -
i i P
s ST R ) A ey
§

- rmtm i de = o i ani kT o eea]

|
]
i
t
i
1
R -~
i
g -
e
26 -
|
|
t
i!

;
'
:
t
-
I
i
L

N L -
o o

- —_— - . - dm - T w amow

i 1 3

)

i

F o e ]

)

* . - - R

- 1
S S NN SO (- T S
X

< i 1

o
Il
H
.
'
t
.
3
'
- nnrd s w9 e m——————
1
|
'

e Mlnlli.. e s s e w - Frws,.. P - - e
- = i ! H

i ¢ ' MI Q
B T R PG NS O] = e tmmn e
; ; [
o i T S T AR e o s
- v - \ i . [re) *
Come wmm e -y = e = e T nm o ———y
. . 1] T ' ]
e e m e e Lo e o) - - - . .

. H Y]
e e s e e TR o e - e ——

0D
16

ilure
i
5
i
3
Yolt
@ 50% D
14

Cycle Number

i
.
[l
‘
5
I
!
H
i
1
.

!
"
|

ower_ Fa

iCell
7

, :.r..
¢ i . i i (ot} -
- el clOol L JIN O
. . - - =
i . JRESIUG NOVEESSL % 0% LIPS \ N S N SN Rl
(<P R I g T oo =1
2 . . EUE T i AR B po- o - -ta W
1] — A 2 4 — ——— e e e
N i . AR LN - 1 = L= I -
piter il SR -1 . [ B ™S _.. . e - ” w H m
SPUPRR s Nicin. bR A S — i v fmr P s T L - - - .
HE

S o L : LRI
AR AU B IS I e ‘ T ST
AN SRS SUTN P T — m DU SR W -t : o . -y

N . Pl i i
e : SR AU W TSI M WURUURE RN BV L
7 N R I " T2
- . : = ! - - T
SETo el E R s B |

AP ' i [ m - oo
e T ALV, SOV, SRS —— - — B S e

. T B : N i Lo
{SUUREPIPY MR ON I - v n - e (PR SR 5
= vz t 2 PR
..l.!,.n.l!d.wj _..:..[ SO T | RPSP—— N L e - —=,

- £ L)
l..,l....s!m-miL _ ' m ".w||m
b e P 4 RN o e
A : oo (1 ¢ =
TN S T . @KQ iy - . _v_.
.. " o i . Q v T 5
- . . -1 1u._ £

.,riwi.-- w.-,ﬂLm awim ) i_ .
m - 1 i — ) _..n *
] !mnsmmmum 1120 Ail!-wr,: 414.AmuHObv mwmuﬁob 119D -

SR B e - _ “

o}
.m‘*a. RSN S | _uu_.

P .

e e e s s |
.
:
.
e e
.
.
-

'

i

i

{

!

i

i
e

I N S N B




PR 3 A Y <]

-t T R IR B F el e e L D B e e e L Y S T M S MR KL SR T S e e

O 0 s v e 9 Y K A AR A
S e L D ,LT;.! T e wu?..thfi [N B N R S N A :
AU S SUNTIIN LA S N, SN TROT S SN M =S CORVUNE S N SR S WU RTINS I
H 3 m - ! H M. H i 1 m ¥ ¥ 1 i ! .— ..ml. w‘ PR

' 1 , . i | E "

. - [ PN U SO R PO T SV S T S . . . - -

. m . : X q : - b g ! o ta .
T et VOO U UG A SRS RGO VOO N SR U+ rw.m. —_

: . ; . : -
S T 1 NS DR N S : I I g5

= <9 B el Aeentdehset-henuts Suet v it S S ity macu-in: clnbebanl SIS Bt Ml e S A= B S

“ 1 i 4 3 H N DA St i g _n H - PoH N z

S . i . : s : : M " ki -
t : ot - e et LI BT

! - ! m - m i M i w { - f [ W -

o . B LI L ST N vy T b . . .

Ol m _© @ - _ O et e e B B it SR = el
Tl 0 B2 opet el =t - T B} m‘.w . - Py IR G Cn
- H OO~ 8 i deem g - i et e e o R YRR IC

e~ e~ o ) : - £ : A 4 | ® D
—~- 2 - T I S o T ETE TS wrl ol it T SRR SRS, S SR SN~ I~ S
- \ i Py AR S f 0 A . ! } a4 o .
U <] AU SN S Nt SO L= * O AT W B0, L
: 29 N e : — : SR M B L0 o i B S S |
- R R : S - - R
R LR e e e B e e E e B e D T T aat ks Ll T S |
ol | mEE . i R . Lo HE ¥ I
= T S S RSO C B I S A > S |
. ., ER e g o : i3 N : ]
{00 g 0w N I I Bt it sl et PR B -y ol Baaoat n
1Haoooo 1 WM : R R o e O o |
bver crmy e wpa VU VY t o ———— — - — ¢
S A P - ,.”- » w o T ) R H o !
Tl T INVESHNE Sy W S W e B0 ot — f . - r F, Jey
: NN o Lok R A ' L A A S
LT S R - R i It
| — 7 Il & ooy = e + P
i - g i G-t -1 1 by
R R M I I I =S R M- W) ERRE A
HESL. CEl.lhsl.I:imuo.m-... , - R W s S
R = N PPUE R “
S S SRS T LA | i jsd SN S ! - 1 i
- - - o} e~ B b o ot ol B con Bl F
SRR ST SRR~ NI A S N s L M |
S e s P et et L el e 2 et S & - -
H 3 - S A V....w. - NS N, e E5]
A S0 . . g - - " . — - e ST L - ) H -
- Bl ST VAT TEETTH A L) R = m,.lwl_..u!im:ir OB SR el & ......_
N ST T T Pt Bt B = R N . o P
R R e e e e
: . e e . vy i R T ead ot L2 -
R E - DT Sttt TR R S T - 3 P ML (R DS
* 1 = -~ N L - m - m. « * - m - -lb M ﬁuac — O m - ”m
e 4 L4 —_— a 3 - T .= *
] e P TR e P I
SN PR N ST RS SN S ! i1 R Y
I 37 [ L o

]
1
i
i
i
;
1
!
@ 50% DOD

1o}
- “ T v B ml i i # -
I+ VDL LI i . ® i -1 .
—- - FEE = - it - Sl S ] , - < e ls ‘.Jil.“
P A : L) 3 -7
m o e e L T O W --—-- ==
! TN A b B
o v &
= IS =
™

e i, e b eyt e i o] e

%
{
Bl
L]
i
2t
]
T
Lofi
n
'}
-1

B e a m .
@ bR R 5
Mn.,_ %uﬂ ] ...m o
. [ N l
&b oS IR T IR
= JEMY ) R PR .
: B 1.
= e
4

[

H
.

(S

Power Fa

.
-
]

CYRP IR

.
RGN Y,
1
H
1
3

.
.
st
ey e vy m———
'
'
]
)
1
b
.
.
¢
3

T
!
"
1
]
i
‘
,
]

—r i . i
T - 3 T
- ! i o N !
R SRR S T SO . CR . - A {
Sl B “ I A s _ _
e 4 et . - Y - il .
' — =} & il - G g - ~nm
_ . [ . m- i i : o ' -qﬂ.w !
TN O S S, S DY+ SR SOy S R (O PR N R
|- : - ‘ Lo 1 o o
\ L R A T ooTTm T
; _ . ; o -
¥

1t
o)

2

A I RTINS . i R | R % D A IR
1 Lo G _ I N _ S
. @ . H =
..l 8 08§ 8 4.0t 3..8.8.8 '8 ] 8 m.-;f.ﬂ
SN AU U I IO SNCENS HA T RAT N SO Biram SRS TR N SN IR DR
Sl visa - R T S

)

t""t
)
P
l
[»]
2
o
&p
41
R
(=
=]
=l
g
S H
el
L]
-
e

: mﬁﬁmmmnm 1192

v
[

I U U o
:

1 ]
i
i
|
hc.n PR S
¥ .-mnq.o
........,ﬁ P
e

]
.

i
i
i

o =l
-~
b s

Il
a—-.
4
b
v

ey

‘

WU RN B !ma L

. 22 — K i m “ c.m

.
v
S, S
H
[
!
-
- —T
+
S
-t
§
1
et
o
T
I
T
+
'
.._a_,,....._,




*

o "
oA
KFUFFCL & [SSEM GO,

L]

ETEER Tty

i thr sty b i e e Bl g b i pe S L R
] R g g e e Fo el L ey i o, T.w.;u_w:..._uu.riu fhei] setay bl SRETAEEA S
RN E N N i .mhm\..uu.....w_.mn”mwmn v “.usu.w-- 1= i R L T mu.uw.:m
) T Shoafer 5 i SN MR
- s eyt ' oy i b !
SR ™ R S S SRR N S At MR MR MY e h
- - i i M ' e r . 5 - - h — +
- - s - - | 0w
T T : y T ; X \ - e
. - 3 o ’ . 1 + b
s [ TR et ’ . T . g ad i j B -
u[-.!..m-i et E e S S B e Fetd b - - -1 =l 4 R e s g~
N =ULL RS R TUPURR ol S S B oJL S SO P P By oL
LI o =L 3 L L T : L i nla g B oL
- 2. O 0w o . I < E - - =L Y MWy i
el R et ot R ot A < fe ” } Oh oy
et I R e RE At Fa s & e o Rt e ey By 8 | @ z
I P IS e i e o O I AR AN R i <) : g
-y e P T 1 + T Pt - — ; i S T e
- g iy A T S <11 T S I E B A A S ® O
o it ﬁﬁw J: Sy em I I Y LA S LU SOOI 1. SR VNN BN S SRR AT TS SO0 TN .W.« w
= P T A P - I © .4 . g :
<.uur..m . 4 o= 1 [T N D R A, e fany - L 1" [TUON L O S | [ ] .
i N B Ere s e o e e o Fan’ I T Tg 6 T
i1 oW - B R I R - IO S Fahl St T-_. e -4t oy T HO L,
A R . — o F i i : A SN I L1 M R N P A S S e -
= = VR L I B S IR TR D N I Lo [ B i . R b
et I 1L R LA S M P i 3 V316474 SRS 1 T N PR WL
R B 3 . PR g . — - - “a i N T " - i
TH AL HRADO { . ¥ B0 A R Sk LS . N LA R - .
AL * HIE= = | T e 1 »e - it Se-ragMauks : e
b R -~ 1 : PO B <] PR - - “r [en] H P
B EE X Tex s = = = + R e '™ nio~t
B ”..u q..u _mnm.u N . .- . : ..Wm
el SO S T S O .y - R 3 Az ]
FENa Il S IR R 3 .h R
A e AR I e < S L
B S TR i f et
S S N i g ' . MR
MRS S Pl O N~ S S -
AR N i [ S5 i -2 t°T 'w
i AN BT A R st
RS R B A T |
IS S AN I - LlEd AUt I (AN N S LR
ATy ST T T
SR N ICE SN W u - e LA P I v
Hl'l_. ansd ety wlunur e 1 < e 1 - fat] E] = I
A e T S Wl ol Pl = By S S IR MU
RS R D FRENE TR SR Sl LT Ao ‘- oy oZ
el Rl i - n..w Tl - < . T L 1 - . w
ol | = Fa - i r o t o} e - e
S LT ! o~ ] -a.u
AT N - I R S
pass = - Y s T m -1
M ’ S Nt U |~ RS
- : ]
g e
S 1 g g ! 0 .‘...!...w...i...:x
b = o — .
8 [ Ly =~ ; s
K o 228  The 8 7T
- W B e e o o=
: T =
= I, L
E =] e 1T T P, - - roET
. 2 B DA O O
“ —=t - B - e T
: I St R - o t. -
2 - NP SE S SN § DR S TN CNE
: ot Y ' .-n»~ 1 Q - WI qm.rﬂ
= O pai i e T R
A T e L =T B e
. LIS 5. Y N = - s - “ I e IS -
o e H— T .;PJI._W o i Sl A Ml ” 4., TITESS
I - —m T "..m L3 0— LR S 1=
; T : T T =
da m.-nn,mh . LS S -
‘‘‘‘‘‘ - Mli ERY TR Y Y T, B e md - .

B




atr

Bitt 'y Yy

(1N IR R PR LA
WEerL & FUE% €0,

H

IR

L

L A

A i L) T]- T T T I R R 3 3 r T
e s i e e TR ,..-m,..ﬁ%.é.ﬂ_
S B o o G B i B i o o e o e £=h SEPRER _
. b 1 T T o P Tands PPes LT BETLITI B 1o !
T TR Y Y B .-!-;-4..~Il{.‘|||”, !
- ST LA B EL W -
» o s.._ .” - N .. R a aF . m!a - -
e s ——E = 5 - —- e s B
N SO DRI S W N 1T - O
S ol B SO Y S B B 3 O O I BT V0 S DT N B I
- - 3 H P T R M EoN S AT IS e T S & o T
P ooy =} -1 - de ._n. - .71 . H Q P~ -
O P - O el = - L ) FE W YO . = - ud bt E o, S
I Aol B R S S SR BN AR R BN R | Bt 3oy
=TT U P A & RV S [t [ R - . T
MH.lT.lSoOCPP.::-lu S TTHT T S T - BE - -
Sy R S A N S - .y " . © .m..o.,o._ s
———— . o — . ., e bl L R . P
K- Q@ N Eoel T IR S - -
oo oo O et s I e e wmal S (VUYL NN UL SR SUUUN. JUNIU AU W=
R &2 R P ol I T S CELLE A mnT T
Ht.rﬂ.“!ﬂa e TN I T LoJfe T H I i & I........MI
Al et e R EOE S S N - N g
i EHEE O B0t =7 |<l:m!!.v.r,..4;i|u|_|:|-.. it Sy bbaded atttobton s ¥ 5 =
= O o oo f R A R L G PN B B ' . ..._
1.=.TD.CCC.E.:L|ee“- H - .m” Tl . ' 'Y
e - i i.‘ I Ay = =% ] ¥ . e R T LR .M
- e s T W.r o IS M R : P R S -
oo e S R - I By A A S e ks i eI St
S T P TR Lo IR g ..mi* [ S S %m
EEE e e e O pccr S R A ' TS . PrE
307 L F s IR T 1 [0 M R | b . L DR T o= ,.||_;.. -1 - t I [ M
D e e e e s e ST e St Rk S R e : o n- Lo_E
ST e et TR e g TELSE ..u._ P cm - e AL B Ee ! S R N e T ~
= - Sl e or DT P . . D LI L - - Tt
- L B LI [ - 1 T RS ST T ,ﬁ T - L < &
E oo L TETETLY st = R Pkt e o Ty
R RcE il T - eSS DG IDE SR E Rk - e . Y
P .h...‘,,nushm...-CE - LS PR m AR ST I : 1.
—~ 1 T ~ T~ ] - ==, - - .|.H<
o o L e ! .
A S IR N e e i
f 2~ - L EER TR RS B i
T P M
e A i T m
S :
|Ml.n A— i
Sy {
EEEAE !
e !
= et
4
i e
: w
i 0
1 1
4 H
L (3] -
- B TR I
o PRI < w i
+ B (0] N —t Bl <) Rl e
B o ot d .
B T el B e e |
K EEN I P I
B o T
= I = D-Hu.-u: ” LR N
e o \.u;.lllWlN - .1.-4..!1‘1\!»!! il e iy
...t.u.rmw T [ . -1 O v H i et
el el ..uw..? _.m__ Ull.‘ T — ”l.._h,r v - -G = Vaiinlﬂ.l..lwld
= S - = RSN DN T i T
el BEERFTE LAY ) DR - s @ - O - O N — RO P, U O
T T 1 . ﬁm : ST f i ‘* .
& — oo =3
S o
o . .
B
Q
i

k]

rey
’
l‘ B

w“ © 1 ’ ! I—
X 1 T Lt
t B ERE m | ] : i o]
=ty 1 - ik IR o Rt BRI E o PRl e ST R e
SR A T _1; | T N N : 1 TTETITE
- jr & - : Z - : PR -
il rTe Lo o, 000 VYo o o o o o o o ER R
e} iR L S Ss_pwé-w.,z 7GR G SUM S R - SR SR < B L& .,.!M,a dod ]
- . . o . ; ! E R CE
I T P I %|1...i|:;..,1 ) o a5 . Iu = — T
Tl e LS B IR S { . _ CPTTTT T T T
SHOLT LM S TR L I A WS S ST WS .- 1 - o leit s - .
SEEE AR (VIS by ] Rt e e e bt g
g PR S R e : NS -
T PN SR T 8D o i (F3704)-8383TOA; TT3D e w
0 ot T T = R R0 Tt b akes el e o L 1 s Lo hed A ~
i o il ot et I By SO Vot ooy Tl o s E S e St B S B o m SR e d e e L M
Horh o pdendn dacbesnie Rl ot e o Pobooebifd b dal abob . D Bl 4



Brne s

N

.

P 1 7 cgr
N i 4

50°¥
" 70%

J

Ty

LA

i W

'
P

.

.
fl

L
H

v

(44

I

B e s

i

! w
I A
L = | ——
1 L@ -
boot Eo! 3
R
i, mrs
p N
- [ )
S S I Nw
1 g -,
I e R
- [ -1
S e I =] S
RN B .
NS 0 & S
T O s
b e D Lo
h.._ L .M
RS
S RN S OO AN S
K ) ; =

fl

1

‘
i

I

LY

[}

+

3

i

'
7=

v
i

|

=

o

-

1

a1

'd
i
T

1
i

1
\

i

i

4

X

- L

T

egsur

]

[ S

1

T
v
.

1
.
.

e g - vaa

v

[
[
b
N e Ly e

1
PNV I QN T

Cell-Pr
End-of~Charge -

1 R
— — —_— - — ey =
R u.-d_uf..p.. _r
) ﬂm ] t .
= s it el
| Pl
R
IR S
SR B Pt LR BT PO
MEE RS
L et
Lt - o cd. -
o o
PR i .k i -
H a T _ \
np sy B peern b o
I I PR N .
o - - =
* “.t h _ = _ -
I JREURURRN G S N
1 “MW U4 ' - cam
Ey L
i I N
Sleetwg s b oL
G o E A R
Sl O R P S i
L]

ChEd Tugr

1.

REVFE bl & BASRR O,

N

TH

1 HIEI!

T

it

. H H ¢ T
R
- M -

[«.0 S S,
1 2

e

. i . S S

H H .

w =
e

b3

0 <
B e
M._IIN.. :

. & . ot

Buakandrs S A =

(R B T 5o
S R T i

=0 -

R R T I =
- [ - Pt
- TR T

'

* T Y )
=
f i,
L L . Sl
P R R T
. S 403
N —f Ban i -
a4 = aa . N

s:Power Failure

e

- \ RN
SRy TR T
il 1
ey /H_..T Sedl ol E
. S PR S AL LRI ST
- hwm b L Y ! L A pamy R ._._H -3
~¥ s L , } s ;o= v _4 -
3 i
- i [ S ] T ] o~ I =
- - i il { ~ P . ' - .T-
i 2 SR SR R P ! UL SO (-0 - N &
- ot , - I Tpm e =

- b
roalo

i

.
.
'

1
v

S )
-
1

o

"

I3

24

A

RN R R

ATOALTT

@.MU-!”.. ~
]

i
1

-4
.
[

]
3

TR

.
ST VL
1 ML H 4
LU A A AR & Y
- A =
.k » R v
AT IS e
S T P -
Vel DR SO AR
A L ST Hr
S - BINE ! !



http:e~'l~j.aj

KeMFrbl & LonER &2,

»
.

. ...lsin-u.lll.,ir!. P

i e R I

T S

o
End-of Charge

S ok B R I NI [ o i e e et b e U R I P i S g R e 1k ofhedidl s B wwd_
ﬂJ‘J.. o R B e e S S S Ea A |4L%A e e RS si.h+!?5?.11?4
; t _4_,,h N PR oap i SN T T MO P R L Py LT R
T 1 Ty T : T X ant T hraied b
_ ll-.w .“ LI ' - “ . m m - ! m m .nel__u :
. - - - .- = -— L M MR BETE S - - - - - woafsae o 4« = -—
R P ! TR T ! A i i = oy .
T P - [ OPPUP P VU VPGPSO UG P, S mmdene = emar = e o r e = ™~ - e
T =] { H . - ' i ' I 2 on -
ey X E- I i S N IO IR SRS - -
o G~ [ R L S R L | A S 1 Hn -
— gl O m oAy v ; - - - — N I, -5
- O } 3 e : v ! : ! :
==~ 9 ' CEY i } i o ' f _ i g -
ok S Bl el B R e o N I e e el A T PN
SN (R EA L SIS L PN NN ERC N VI SRR S -
Y- N B ot Lo [ LT gES 2
- S U R T T SV S F =
=S S&E P ! * | N P B O ;
et R a|w:s.J--alwa!!1wllialiw:ﬂ.:.a;;is-tJt:nl e Dl
S T -y N B S SRR B i
“H HAESS @ &0 | | : P i : b po .
R TN - S : AU UV SUNUUIN SRS RSN DU S A N S
- - 1] [ < - -
N B O DY N S F N N PR RO IO A SR
= .1 . ] - N 1“1 !H_.In! pw _|I B P r. - e v T -ulmni
S N P o. N T T ST . Lk ! : =
O N IR I e T A B R P N N 3
AU U NNCTINY JL ST SN S g !L!ia- — g |Miit (A CRPUNIN R S U S S ! T
: .U- T - .H.lH PRRPRIF 1m : lm mi - m m.“l X -uv..-s - l_. <. u“. n‘ui‘. T .unu T “uv.:«m}n
N N R ] a k) * r ‘ - " H . s 7 1 - -
e e e R
RN S, NV SN N - SR O JUIEE: ST SRS S B RN SN SUUTJRT Aol SN Sl SURNE SR SN ST S S
T -#n. .ﬁ . - . - = i - R
H N .H - ‘ x _i. AD . .=l
- 2 - 4
Mx-! - ”i. .,E*L..wi‘.n,_“ . - EE
[ ¥ o S 3 -
H - = P L ot
. . .w% | .
f i — - = - - LI - -
” ! m .ml & jur s ~
; I -0y,

iV

S mli -

I
L ] IR I S o .
Q o !
) .
R i EERAEES I R S A
i i . '
_— —_ — e - — ———— —— —-—

i
1
i U S .- -z
i oo . P _ 0O

| * 1T M L Rl T
4 . - -
: g O e i P= 0 1
. | 1 -t i } — 1-!!].1/:.—.>:|Il.iltllnnl.w.|h
1 = j e - ' T
u — !,f.-l].l o " 1 . - 1 -—
- raraey K = R e B bed
= N O 5 S S 8 g =
- A ady .. - - D.q....llll..l.tz b!l. —— -

o = T ~ E ¥
i =, e - B 3 el
I R pe i A
L o - NENY N1 sy Dl e en T
= b I B T e [
- B A R I .- W,. o teem
b g i - ) 7.

g 4 b o
i
1

L= S m e
- ¥
Ll oy
— e A E
- , : el
~ (U BT —
17 : :
12 ‘ 3
Ll -

A b e b Ly

L hal - o ettt . e i, gy Ty
P CT TR
1= U U S S S -
! ! -
. i I z

o 3
[N ]
u. H o b Teo

[ M.-.||.||.|n~ e

L
¢
i
B T ARy . m

1540

$

- 1520

R ,mHSmwmum T1eD ‘o

) mwmuHo
‘u. '
W3 _,“

_
t

.
]
v
B

°t
o=
4.!
-t
[ w— anren o -
j=
b g I i
=t
GJ
o -
)
E-—-—-— —
i
[}
T
i__
-
r
1

,
¥ i L
- NI AN Lo M
5...4.!; - L« .lu. B SEETSREC NS SREIY PR PP P -- e
: ] |
H

. ¢
w Amn I W-.rto 4 t w * -




o

porT TEa YRt L PV R

14

T

BT el & DGR OO

eI o o

- - . e o _ - [ S v - - - ew - -
S i i s T MR MOk i s ks s
R Shathelh ulescat Bl et el il -..F.‘-ll T .-m‘ A e Sl Al - - ol St il Sl
t m : i 2 i .
LI S . - bt ’ oo . !
; R o I b el e
- . “ 1 M * : 4 i )
; ' T ; ! i o . T ' 0
_ =1 e M e H- - . — R S ol
w oy O WM 3 5 . “ mm
O 6 52 o - o —h e e - .. i N ' £ o
Of © O~ H ¢ : i i : : : ; : 53
T T T B T e S L S .. L
i ' ! ) i i 2o
. . ' ~ “ i w w
aaadiov! A - -t - { et ) R i - oo
i | 1 i : ' T4
S 1 E mgm.‘ . S e : e e b L " e = LFQOJ
L ad >0 . m ' . ‘ . ml. - I“lilnn.n--.... T T %) m on
o P H = . .. ol . . N m - ; i m .m -
w0 v el H 1 . . i - ! @ O
11 e B ) SOV SEOU VOIS SO -
“&Rsss I U o
) ' \ . . v mc ] ' - ] . : .
— e i— e e cee o m o - e e b e aen e e s R J—
' ' L : ! | r : 0 i . .
SR S ¢ v @ g - @ 59 to - - -
A L .
e S -t B et I S thinas nadiransate
5 ! i : o, \ ' ) : :
= et O i - - - b ey Sl B -
! ' “ - H : s W !
e - - |1|i_...|li...luir.ol| e USSR NN S v ) 2 e e e o 4 eI e o e
! ! ] m O™ { . ) 1 A 1 :
SOt B D el P Sl S S S - .
T—— llvblrrl.l.lqw.\ — ll.“I....rrm..!.lTl.l T “F! —_—— - lpl|| L ﬂl.u. Kl e s e ) % ——mam = am e
. : ; ’ ! ) ' ' i
T * - e l:di.»l.. - !«i.mxt.qn.. - - . - ; —h - - a & amara * - “ a
iar..it.i&:“.lllf_illtmll, o A4 ] . SR SN N
B ' i ! ¥ ' [
o R ' X . ! .
e ' P m _ i o T, _. ﬂ )
= PSR : : ' i L
1 i It e mn e il Sl o e m - i
_” . J L .. l...l.m.. o - » m [l _ I
- W S ! n
e r P e | o ———
= m , ! , o~
§ } TR 1 - i mana
! \ : o
: : tr*i. T T T B o Tt
S b b . - .
o ! !
! : :
1 q T T T T e e et =  mEMSER A lesamaen

- i e g

oo s e ey

£ [

— . -} I

F

SIS S

.

16

Rl 2
SR T RO ' e an
0
o N — e w
B b

f
'

; : i
' -

i
' i
B
N R B I .w.,l.,.l - - e g o i
i w t
TR e )
1 1 i- v
TV e

i Bt Tt &.||l4||.|nr e o

i

H
[}
3N
Ly

-

SR T AL SO S ¢ .07 _ i - _ o
i ! M m,mm.mrmmvm 1190 i . . lm:.: {s3108) 38E31T0A H.Hmu_ o 4_ e Ew-:\. .
i G P | = ﬁ N i I m - : » X
St — R R P e fa - & - - “u s |- - N [ - - de " e J— m

w _ X _ ; m - Lo “ ' * . b1 « . mnll. v, m N _l h m h..i . * oy . II.|“




BT

LI AR S R LAl A
WEUFFLL %t ¢ 3571 Q0

w—

PR T ~F LN -

.vu_ R ,w. R = e ‘:.,..T.. .i_“m. b e x e T i e ] ML .m;u. {ee :..rihm.lﬁi N T. &
f

L) - -
- - - nlnl.wl. - I.”l'.ll - ™ .-nl ——— b ambeed - R P L 1‘ ——
1 ¢|M N RN ! P . M R E A ..m R oL -

Te‘xaé Instiuments
1969

yContract 951972

o
;O 32wt f
of © 5§ | i v i ' .
Bl MO0 AR e e e e oL e -
- - N B - HI-M--.-H I v ,_...i*... - L-innni
o ) : . . Yo ' . F ! ! m
— - =y e I o e - e e o e s e 4 o
BN B Sl S S U A A A T
=0 E&2 .- I S Rt B v
T . [N . t .
L ¥ =1 ] =T ‘ ...T:.:law Ty T
i Es 25 | TS B A I _
S S S S P R Y AT N ym—
| HMErABoo - ; : e ‘ m I , !
: “ ' T 1 H T VT N i -
- - = —1- = u.l -7 '"ll == - ™ 1 - T Imilurlll s A T e - ml'l e P ®
: ! P, e : i { !
o T e e I -~ T e
] i | t { * « &) ! !
L S R ——ye R — o fa. 0D M T F U, [
R ol gs I A A e
. : - ST a B S A S bl ]
- PR S & ' , 1 P2y § . ) !
- 5 - = ik e lblnlllln - “ i . T T
- I . H i- 4 c : : "1 !
+ 1 . 4 4
1
o
&

I 1
L * 1 - |
b t

‘
i

m
ECH S ILi.i..-

-t

. Q
. i i . Lt bD .

B R TLI S N S = u T S SYEA JE A [ R -t

X _ - w oo ¥ = - .

JS S I RN S LN g SR S
e 5 o - ] | -
e e i i e - T AR Sl M o T

' 1 : R ~ . . ! i (I ol
v , [ =g . T 1‘ o~ T T
FUURIU S s P P e . S NS SUPRN ,

N S TS e B P OREs - : e B e it S R
| L

1
oL
i

- H ] H ]
o N ) L
= m u.uw. - . I..i.wnluvl.*., U SN S o -l -
- 1t v e e .” b m mu
. ~ 1 ! . i |
- e o T e b e e JH L w [ RSB -
oo o

!
|
1

i
i
i
y

{
failure

|
12

]
v
f]

1
i
i
!
i
[
f
o]
|
ower

N PSR G S\ A
- - “.a< =1 ..1-. e o L
bt i e e R I - -
S i R
. | TER T
- rl;‘q,!-... —— Ty T e e e © o - - - an
-t T —— m lmmm
. SIETreebn R e
i \_ R R pa -
T N R .
el i RIS _....._, % VUL AUEEE SO P .
. ————— () Ip - !
4 L2 3K = @ ' . Lo
e ; o 3pa) . od
L ~ 0 | . ]
S N e R T .
} .
. i £ Elom piall S
. ¥ = o o) o /0 '
< |rg.8.8.5 g 2838 88 &
I.......nlnil - piM!ﬂl.r .M. lnm..lli - “ . i m - w [ ﬁ - lhlr\H - L ..IHIIIIIL.-.. - !“Ir.ullr
. ) X Ty : : Lo !
o T (visa) ;* A A W, [t
b ! '
T T TpANSTaIg 19D “ -.:1M..$ —{83704A) wwmu ch ﬁmh.w - ;ﬁ_-i.,léw m .
. T o i i 1 1 . In -
B B 1 s R O TR U T ey - - % SN A5 A I i
. . T \ . ! u TR TR T T N H
. .;;;,:_. S T T D m

B
-90



AENEYEL L Lyl B GO,

T TR T B L B i RO M IS BN e R B B T , R H -
TUUECI S ST TN AR S LI R fod it : w - T . * o
- _ I I e e M e R e o e s SIS L EERNL SR B
TR R . h N i : ! i , .
T e e S S IR SRS
- + - - w o m - -l 1 -t ) i - w v <y Bl /5]
e ——— . ..w ' m + R 1 [ - .«m o~
o SRR : . LS VAU JOE R ~ I - I
. s i - i ! i [ f g
B = T . e Al SR S SR R 1~ - 3
o] BT A I AN . d | . . ; !
- -0l OO~y 1 SV S, W S SN SN U SN 58
Ll OO _ [ P : R ! T T T g
’ h v
o o e el e s -‘ﬂ-.g-m;-.i Rl 508
a ! . " ! ! v i _ 1 ; . H U o
b - & ) o e e e e e e L e e e e o oo
3 8B oa . : ; ' ! i i ' i 1 ; @ H
; 5y O .- S D . - .- . i
gg i o g ey E
I ‘ - 1 H P i H 1 H ] “ 5 S
(¥ O & =i =] b - Inm'li'l.l.!m\|l.ll\ll..l!\ T T T mmesdes - by s ddess e - e nTooTTmsn - T C -
8 EQ e ; . | !
E @O = o o N S s - R ! e,
|- Q00 ) 1 ) - : 1 N
——— T A | e e b TR R S
3 f i . f n i ' ] B
. [ S i ‘ ! : i ' ' i : .
? 1 H - T = ,.\Ai = - =y — - - T lu - - T oo
“ .. M m m m nnu.u.w ! t j ] _
o e pm..-lus.:i et B Ty = T VL - e s ! a— —— e § e —}
. R m i ' f ! " H 1
' = I r i == -7 T 4 - - m

4
1
|
i

[ESRJRE R

o~
L.

t

L
!
i
|
|

3 b

~of~Cha

i R Tt g
SR SN B ¢
. g -
Ll 4 !
: S I . -
D e
wlv__ m .ilu L .mlu. .
. i ‘1 L Y s
TP
o T

[o}]
bo
o
19
-1
O
=
i
i
[}
L]

Exd-of Charge

e o ame

IEETEE

L |
§

1

- -

i

ower Failure

i

$or ...i.ll* - S

T.‘k

B R

e e b e

B e D —

3

mcaann ad e s ——]

1

S N

26

~t . e emmm
(Y]

2 - - ———
[ ]

(=]

E & ce e e ey

18
H
|
j
|

14

5
2
!

L

Cell Voltage
@ 50% DOD | ¢

L]
1
e Lo LT

|

A
¥
e A
T .

-

]

L]

¥
‘

|

c 10 7 12
: Cycie Number

|

00

|

3

-r
,.i.
1
|

Ao P —

1
1
]
3

& o i

v
.
:

\ |1w\|l|1-|.

1660 b

1620 e - -

.m
B - I 2 A g . i
. m ‘ 4 H ftey . v} ) - N » rus
B Rl Sl N0 LY SR Pt S T S S
. .1 L. . 9InSseIg [I90 ! _ tof(s3104) .98BITOA TTI®D | . .. - G-
e IR fiw..i_simi.; PR SN P T B O A A
o 4 Lo M _.|J\_. _ i | : “ ! , P
e --tf S A YO T R i il it EETE IR S S S I ! N !
RENENEERN RSN e N

b



TR

I
Hr

i

S - “.u. BT 4 3.y (13 u:aw LIS S Y K.w;u.ﬂw. -# e ] |“ T | T [} 3 3 ] L 1 |
ESA mirL % _ .tm---m-i_.u Tm I N I SR R B ! m m _ s :
- S i i tlm - J - Ty -1 B A [ e S |
IO BN NSO S ALl SRS A IR
\ \ T T TTMMmm—eas maem mmmmee-ame— s s T e e aom - s e s e e e -
. i i . i i : ! ' ! ' i . £ oo
- : R & ER S - - T 4 r~
m i ' [ - ' q i 1 R , m w
-~ wl o O n - e - - - O TN - o S
b1 B =4, P o . m 1 t H . B o
Cl OO~ 41 S TEET T [NUSURE [ S SES NG A S @
o IR ITRE . R R B U - i ! ¢ : : 2 u
S T R e o S S SRS I St N T
o . 1 m v 1 ! . L o O
| bl @ @ [ R S _ ~ u M | T . t Do O
= 5 s : T ool ool e = | M © ot
HUT S R~ Oy S A S I SN : SR : 5g
- — e — —— S D L —— . arw w e amenie - -~ & r - - .
u g H = 3 - m i “ “ ¢ ! ! ' H . Bo
el | S~ R o i =] . A S Mls.;:“i - ) vy M
DAl By b d ; P - J : { ! .
— F} 30 .C @ @ o omemde e U ) U S USUE”
B (S Y o * " 3 ? ' 1 1
A Rt SR SR SRR pps S . ., . N
SN S i ! . il : X
. R T B [ B Ttta) b - T T T e e S g e
o ¢ @ , R 80 & . ) ' _ ¥
- Sr mmmede o b -- Sy e <o - : LT
. ] i 5 oH + 3 o
m 3 1 4 - ﬂn ]
e e ] Y b ﬁ ..M L SN L SV o B o B - - rtme 4w oo f mamn o e
) O
. . . ! : : '
SRt M A S 1< O SR A R
o : i \ e ) :
H I .P Lnuun . i = 1 ) 1
: ! T T T T Nﬂ = : e
T S SO i - | L - ' :
P - R e AL PR S
L - b . o= X . HN w 1
i wl f“ - —— e e esus e arams o ] 2 - - T o mnroe l!l”
SO BULEE S L . _ . ; '
. P ' t < 1
[T I]IMAI! TS OTTTUTTITGY v .:” ~ - e . %. TTonrmTETTTT
IV ORI SR o O S PO [ S et
£ .m . . s_\; ] ' !,m o 1 ' 1 .
e — : M B S—— IR B S
- T I . i i ™ |
S .r.l.;t1--.-~n-_s 4o b e e 1 e L e e ]
.- Y P S N e S o
= _ M| H oot ll.“ e . Ty
m — ll—l I._ ~ - . ml = k H 1 T E
- Y e I o .
@ . ..A* M .t e
]
o
[}
o
15

16

AV rpupy ey}

B
i
]
i
i
H
i

12

RERRYEL 2 F AR CD

|
]
H
H
|

ree
'

H
- S U e [J] ——— marn
—— e ETEIET T i A E :
a e . l‘t::llwl . u - T
T, S e o ; = )
[3 e 1
e H 1 e T
et —5 H . A
. L..!_-!I R 3 , .. et ;
e T ol Tt e feee Ly TTTTR T T
- i - o o ™ o
] pov
m 1
i

© TR THE CLRTIMETET

O

b
1

a3
- w Iy g - — —
= T .m =t m a u -
-.m!m..yi.n. ES ..v e M M =1 O Rl B !|»~t| i
X 3 R i g CR= o
AU '@ zl > — Qo
! A 1 o b S A e
R P R NS Wt AR R Al Al A S L Y S A
M AT S S SR 1> YR S 23 0 i
! e i . i T [
SO gl LR I S S
& SRS AR N S
C o NI A NPt R S S M R A
"9 St el R S T N :_ui Ty i A
. I R B RN
T - T g M
P e 7 - .- w 1 -} L
= e D T N 3
SN I ; i o e i P P - LRSI
i S R S B S
. _ _ * A _Z _ ~ o bl
< [} [ () [ <5 < () [ [ . T
L e S 3.8 2.2 ¢ o - Q@ D « I S
...... o ..H i L E ”D w u u = ~ _ . i
| -4 S T i A At Sl i B B
4 j.emssarg yrep ;-1 VTldsyron) eBeatop 1rep !t ] P
j il e e et S Sl ol T A At e
L.-m---@;v+ 20 RO LS DI NI A TS SO R N C “
L] d L] N 4+ r ! 1 ® u-in - B l”i'nﬂ ” - -
S R IERDE N P I O L] I A SN AR N A I ‘ U . ;w

II-92



W Ryt

Y

o rdR Wt T
REDFEIL T DASER LD

T

T

_M_,," . M [ S P .m ﬂ R e e R o r‘_mmw-...m ST ToTEETRETOR 4 3‘“ g
aat RS ?.-w e s N 1 p N M L A S -f e e e N . M
i I | ' m P- _ i i. - P! I i o . i .
T e - - m . 4 — Il-...l.L“ i o et sy e e b e cmago o wm rd s at e r e w2 e o e b — v
H ' n '
' . 1 L <“ - £ L H ! &2
H 1 “ m m _ “ ' il Tt W F oo
B S SR o AR SR S SR N .- AN -
.ot ' _ .. i ' i i , 5o
- - - “ e e e T - [PV i o =y
@ v : _ m ot ! i ! ; = Oh
e - B 28 e e e e e prmme— gt - - m 1 -
.- 200 o N i T ) ! i puars
-~ - mmwr 1 5 R P N e m-.. i ..i_ ! - na‘_@
(3 R N . A - 5
0} ¥ T - t ; : a1 e
88 “ - 48
g e e

v

Cell ¥o.,

Test Conditions

t

. 8. s
58 2% :
R I o ) e e Ly - e o e e -
. 1 t [ 0 t
T e s SRR
R DU SO A s g n
T P e Bt I £ I e e
; ‘ ! _ ! T o :
SR i EE SR e Al s b ™ ST IO
‘S S IS SN SN R T L AL SPS S c N ST R S
. { o , - — ! K
L o . R ! . [ i :
. @ R RN S R < =l s S R
Q

ar e mam om

\_fQ‘G) .

Cell Pr
End-of~Charge

F

!

i

|

!

!

I

e - v 1 3 f .
— ——— o Y B B Y e £ m m
. TR T T T @ e o 8 e
-y b= 1o et Ze o g s R R B ! s i ! i
| N i 1 v Ty Tt T o - T T eRme— ey
: ot e e °~ - - mmrE e e vim— e T T S Upp R B o e . n
. * ~

B T
.
{=e -
.
L :
L}

1
1
1

i
o = S T - Y VR AU
N ; i ! - : e = ) Pemo
2 g W:IJ!IJO v ey e e L A e e B e e
T S R S S N B , o CoL - .
. * : = w ] = )
] Ah { N D L] 1
R : I i i T e e -
cd ' . i o] ' I i
R T B jo e — IR R - S -
g -1 . 3 T
I N P I Ll g & & .
- —— | . LS. b " o AU S
] | S ot . @ : - ' i
R Ml B LIS B e e S o) S i PUCT SAR RUL R MO i I I A .M -1%111.-"“
: T I e 0l T O T P _ . & N &>
! m A N B L * Sg T T
. NG SRR S RS DU VR EE-L RO SRR S . I ] - SR R M.
G o Bt Ry~ o
um: -3 ~ b S @ o e B i Ilii!l“
- N N — O
.ﬂlmi - ln 3 - 1 ] 1 5
@
= o

-l
R
{
1
¢
!..
'

|
|
8
|
i
|

I
'
.

.
.
1
\
PR

: LA R S S e o 8
- \ i - -
i

..... m.\ .w . M

o
|

5
¢
E N
]
L

|
L.-.......

o . ! t ..“ i

T I B R PR B e B

(IR A S B e B IO TR SRR Bt

Q*FH-. _;,M ..!m-% ,,i,.-.m ;_..l..., T

SR ST S e e R oy T
.S 2 e"s § 8 & 3 e 2 S 8 I
N SO N Tt B B B S AR 5§ §.§ .0 ——

¥ BRI HE R A : LT
e it ;M nsm_mmum 1193 -~ —jm— .:_rr.“ ;wlw {81704} wmmu.wob 1129 E..E.F-!._T-.l,.mq:i,m
SO S DU s L SN A i Tt LT ST S N S S L SN BTSSR AN
0 ;-L;_., ER RN N T P U S I Y I




f
i
}
|
1
i
?... .
!
1

t
}
!
]
t
I

S i .m R T Bt IR M UE Lot TP e T - T7 t {is o - T
PR okt ENEUVE I g I Xl I R es BRE - Tk TN [N MR IO LA Tt FSi PO FL S LY SV IO IR & Tl
) et MO HVEANEN S 0 SR N e )“,uir%xtn_ x.rml AN T i. I ! -Er\.m . _ S m-. .
: . . I ! . i : ! “ :
i - - O T ) - . ¢ ;
— B e —f g
—n . ] * L]
- * o
2 ot ! ! ; R n : ! I _ _ m“m
5 T e e e e T - oy
O O _ ; U ; I 5
s D i K BT ] - ot !r..._. - Ty T )Iu.“» i ..l-llw i .w..._a %
! S = RN N e DL i I : TS
R e e e e e IR DR
Al -4 El
nw i IR I T L o - - i - © Oy
: [ T i { Yoo, - 0 3 oed
o ooeege i e § D
¥ A G R el B B S R TR ET
% [ t. MR s s e i - - . O
oa et el il i_u | i ' ! ! ! : ! =
& o b0t 1Ty T, S ST e e R e is mns e e o
- B8R388S8 oo ; i - .

itage
Charge

F

I

iu-

!
-

i

[

|

I

!

i

1

AN S S TN S
j ! P !
L S S ....m.!!-jw;-: = am_ [ S -:E-:-.H......;-- - <
1 ! . T e T

- wwp e gmmne e Mo wmade
+ v i

s e  —p mamaa

1 1

el
nd

~Charge
!
¢
B

e
I
i

=)

!
by
l——a
i
¢
-
- L
i
i‘
g
i
I,
I
E’,*‘““_
b
|
[
;o
26

i
!
v
I‘I
LIS

derr o]
f
1
Cell. Pressure

End~of

| R
l

.

.

x

._l_L"L vl T

LIS LI

50%
|
18
i

o

I
L ! H
P d LI SN = ESCE S (S
Rt © SIS T e B e I~ S
i ' i : ' - . . w , ' liwl | [N
S © s . Cen o e - .
} ' t i ot ! P P o~
== Gk - IR e e < e e R e e I I\ S
e XD e e e T SN AL S et
” < . i ] R 1 3 ;* 4] '
—- - N PR _lllnrl.lm.l w—— —— o0 ! i~
Y . [} P . w I i o] T TR
S S . oo =28
in i I i £ - .m., D — O Tt TTTITT TS
- : *‘/‘«’ . —u‘-l-o_l D
i
i
@

M
13

- R SRR LT B
7

. 3

s i e i ke !c s3] — e b ]

r _ " .w i -1

]
-
2
i_ﬁ wote 2 tL S HR S g
! ; ; E
o I e AP
—
o)
P
[ 4]

14 16

P, ".uini.whl <._ _I [N DU

| AR -

[N S H - i P

S S e — e S
S e 'k [y ) e

g
BLOIrLL B 328 W0

i

[

Power Fai

TR e v s

—

!
1
1]
- ¢
:
ol
!
i
]
;
:

. I‘
.
Sl
+
H
i
i
.
s
:
.
;

]

i
:
PR S

!
f
!
;
f
T
|

i

i
-]
e

!

f

_ ;

T e e P S e B
RN A : : . : !

e - R - R B

-y o e v . 1 1 1 m = i

! ! y o n“ o D _' T

S - .- e S S NS AN . S

L]
i
f
i
]
i

[ou]

o - -

<, TR
out N :

+

1p8o

S S

3
1
i
!
1
3

e V1)

1.

} - :
-, m t m i t M . i
i

AU T R '
t i
(R SUE SR WU RO N SRR SOV R

] |
— ; L b L " :
:..sw:.,l }Amioa mmmﬁg 118D - -




L S S A W ]

L

v remde andr b “:W".n..a bl T o T T el b L L TLE
R B Tl ot B 8 o B B e D B R R
A N M el M I AU N B A ket i a !i-m.. bl S b
2 J_ 3 m m * b3 ey FOE R T | ! M
* ¥ H . [l - o - Tmr s oy e =
R e " i - ! !
RPN I A
S “.T-ll.m|.l.|.a 141:..!%.!1..!!.7-1 |.F | m H m ; .
i . u _ TTT STy TR mmmaesmmmass mll llnll.l.llnmil T - e
Sl = B B T e SRR S AL IR S
o SESET e
i‘.m O S R S R e S
- S -y 4 e m e m o L, M...:-.l - L I B S
RE] i ’ H | H ! i t ! oy )
——— - ey s 3 H b3 R S N . b e rdrrcenar o mrnnn ama o
Bl ® @ K ! ; i v : R * ] ." 4 .
L. o oo s S I RO R S SR R ! .
& B o - { : i y i '
T SN = R T S S PR Y i _ I A S
3 . o i i . [T O] v . H ! 4 H y
LT
o B () R 8 A= I 1 . - ¢ .
L OO0, L L. oo I @ S S A S
0O a op . 1 i
- Lt -, o O B0 4 i ' - i
o 1 - w - eee ] bt B =
. ' . ar 4y 8 o i o
L. PR L VN o RPN 5 SO, S UUUVRER Y AU U Jq
' P N r G ) :
e b e e e T B o .. . ;
Pl . § H o o * o] ] H 3 “
lfdif}i“!:fo O et : ! - ' ; <o
. L Lt R nals S S (K
S - I S A
|- { ] i : ; i
[T . n.-li_..-..rnl[.l.llll.lq«..|..2I,\W!I:Eu.nll.lll. \o
tC g 1. t ' T, ] T (]
. - ' t ‘ ! t !
N T \ﬁ\ “.i * 111111 § R i H o7

22 24

. e e . ! o
S S R N ” '
W t T M R s s sy m—— omemors Ymoas Re ———r
. : w Pooed oo
e - e | M. -
gl TTE B SR AN et
H

i
SNIEPIREIES A I B ul.luo B L. A SV -
t

|

1969

'
i
'

Contract 951972

)
s g - - PR — T o wermaaa AT o
: ! ! i i ! 3 £
AR RS I — O
IR S o ! ! % A 0
Potn e —iuan ! ! ' ! | { P —
» o . ' ! H - O
i g e EE LI Yt
N e R I B ©
e may r —— [T A e e 'Illlllu...llll ——nnid
I A - | i 1 |
-~ . [ I M t -
! ~ . - b
i . ~
o 7§ H o —i i
o = S I
5 : i :
i i Rt _ o
n =i T i - fu—
Ery o
= PURSIINI = e e : R
R et b o
T T
0 HE.
U L N S N R

L JE PRIV [ g

fl
I

e e

1

!
R |
t Ms t !
e e >

Ty

o

t
AUV L STR - N

!
L ' .....i. —

t

1
i BT R

1 i M R

- m—y -

[
. -
s
+
?

L.
OO
E
|
_g_

op—

'L&00 |
8
12401
0
1160

O‘---:“-

.

m

U N U RN
[ T (visa)
i
|

3

- ,.10 fommismrart.
Z‘

- 1440 -~

3
'
]
i
1

1

ST T T T

! f : . [
- oot 9angs’dg I1ed P . * -+ {si1Toa) 28e3lop ITOD
1

——— - H R
= T A

1

Lo

BN

1 i

an :.......
PN S S
H

3

i

;

+

I

S

1

!

i

H

t

4 i

e

J

v

i
1

.

i

1

1




_—— - ke -

R GRS W 10T St i 17 3 e te A e RERTT T TS
R R s s A Y iy iy s M e e I ol R B DS A G D i
S i et SRR S RN CRNRANR PN Sew A i ! ! i
N T D e e e AR S RN A -
4 ) ‘ I.. P v B m w i v t # H
» _ fl { i H H - ..I'Iilnlr T |1i,.l%i?.i T T - B
: B . M '
. ,.;l.. Ia_n...ll i ‘ m m m ! 1 i P w .ﬂw
ST s s s e L
1 * 4
e U T T T AN Fess Sy S AN N 59
SE 0 32 A e o oot : i P g
F— -0 OO~ i - e S S N ; } H i N
o ~rodo w Wa ' T T T e e B ’
- B R e Tt -} I EE N
=t PR 2 . Ta t i ) o0 - " L S 4 R e
LY ST I X — : ' : — & H [ O
o o o® | S ¢ - H . HE T T T B
- O Zop, . B ug e e g EeT
~o . O ; t ! ¢ o . - - - Ko
. o M &2 -} s ! ; = e : I ! [ e
i N I L I WU UV SR - S AL : o
| - _ S ST ‘
& 2 0 80rm DM - - - ' g
§5 3% % , , o '
bieme s B AD OG- O ©
————— e amas - [t - J—
L . 1 ] - , - [ o
H ¥ *
S AT, a:...h [ T S J P _.al-..xil“,il...l!. : 2
; - i j : e e - @ e e
- - t 1 i __ I i H. i ' ’ B
ln e L - - - lu\f —————b Pry - ;
' i <4 1 ‘ X
SR TS I B .
- A e — llnll.!i .Ilcslr.-lﬂi!ll']l)lllrillil T R —— - 8 _
U Y A ; ™ S
L —— . - § =i . _
SRR R B R S o |
R W.i_rsl.l_!.-lr-- e O o .
e S T 1 = T h :
g Vo P oY K H
e L S S S Y R S U
1 - ’ T
i

T —

€ H

N

P .

et e

i

—
"

H
=
- e
e i L M S S
e 2| PR ] L
d m—— e g LI VR - SO ~
' . [ = ;| I ! B
L b ¢ ol — et N s ¢
i o Doaw b ] T T
. & BE
- = e i _—
L: :..a‘h ] ||.,t_ . ai..-.l!..n - N
i © LY AL A 2
3 = oyt R JRE® - 1 - - - -
5 _ TR DN [ £ e Ry B s
., 50 i oSS NSO S CHR T SR ! B
N w e B o e iy el SRS SULNONE M N
N S SR N A SR G PE
ﬁ - N m .\- . i “-!will T B S av.._ - " “ll T o
5 ! v H - " 3 ’ ! .P m
. . e e
s EM . Lx PRI R a:.m -t “ ,.ﬂ.i.,..- [ SR :.m “
AR, ! LN\ L I
f..\lnlm !irf.l.lmllﬂ.!;l.lfll .‘.... M B JJ-I..I.IM!{;.IL.J|1 el e 0 T e
N N e ; - m
e b
o v ;
I-an M... A } “:.L .— 1 . T
o S AT & B A -
o A I B e
o b -t N-v.:r..mvm ‘ .:qn .
] SR e N InE 1
. ) -!M. . o m . Zu (a3 OZ [an] (=]
¥ Sle 8 e 3 3
— u = i

Y I | | |

i H i - . ) ; - .

' : ) : M o )
Sl s mummmwum ﬂwm - -m.--..l..r! J {87 Fo@ mmamuﬂob 110 M!---_airs_..: mla...L::?
e e A T
- ! kT i ‘ SPUSSER RN O SN SN NN ST SN AN S AN AOIN

B

6

e e i s

r
'
!
b
v

i
.t m !

16 18

Number

o, ||wl JR—

+

- Cycle

o

S A

]

—— e . o
b |
- ey ]

. ]

i
-Ill *I.Illlbr ..lﬁ
bl s
[+« S . |

o
Lal

—_

R T

T

i b

4
_—

I
mf ey e
PN —
H ]
o Lol
M a

IT-96



FPUCTEL w UTOLR O,

N} Lma, ok w1 EL. SRl A..-rmnu,.mwm s uu”...h, I ERI 2 M I ii.: R A L
R - [, . PR [ P lmi»l mr i - M “a IS . ! :
e R S A s e o e o “ I
e o —_— H Nt S o .|~||Mlll — " m m M
“ . . m h ‘ R [ S 5 7
@ i L . ‘ € . ot
gi I O s 1 i { 1 } : ‘ = o
- mw SRS = T 1“..?.. e e e L. - g o
8 2358S ; P i . “ . : w D
= by TE L SR e B R 8o
. & e e l..".-.llu».lulh ! L R S | : ! cn.nu. )
o i f | ] ] i TTme T E oo
. O Qo e Lt ; ; ; : i _ ‘ S ©
i N t..W.HOo t . \ m ..uN.»-“..nnm T _w T [T A T W Oy
B TR T-T TSGR NN U S T SR A SOOI §: 1
Lo 2 .t ' _ R B T - | ‘ M 1 i mmwnw
58233 T O O o
_ - n 4 H ‘ 1 H ¢
THADOO Tyt T s e e e s e s e - e
.. “ A T A L . i j m
e -mr.i:imi _d E ' + o B “ . !
. D T 1T T »a T S
.. . PR T b IZ* . I R R ER 2 I 1] w.. 1 i “
' . i i BN . H - - -
A i bt 30 : : _ :
L . c L _ ! i ' > T i
B .-.“ i ..-m--*,:.wn.»p_i. T lml C an.u ! o u- Z:w.:...-.."- o
ot
e e R S o i ] i
1 n Q- & R B e T e e -
H nw B f . omEm : : _
. ; R ule N e \ £ AN - . .
R e e “ I e e ||mi-I=!ml e et 0 e
: g N P ; : ' i o .
o - . - -1 ° [wir) - D SRR RN S - - g i - o R . - - = .
i =g i | w ; P ' |
e o T I E. s P e L I S-S ; e e
: | w ; . i i i _ ' N
L . ° © C ] N El ' ]
.o Qe i DU B S A Al T T
N M i \ A i ' i
e e = PR O JENNTUY - N SN SO SU S S S < SV S A .., ] m e = am o
s - 4 -t : . ‘ !
... R * ] -t -
G — R WL < RO UGN SRR S S U N S
' | - - ‘ M { t o
i

]
TR b o \A A

. U - e L -
: ; he pa
i m. B H o @ ' : '
I ~ . ! P : L M
TR N N RN eSO SRS SOV S S
Pt H . oml ) -1 +
SRS SRSt I SR 'Y SIS O EN: WO S
T ! - i - " B : “ < B :
- IS SRUCTNNR S SNV o. DU : T : .
A R i N T T 1 ! e g T e
i R -~ . m - [ i . o N i ' a ] H = : 3
IR T ki P St s OJM s atcit i oSS ol SN SRR I MRS
i NS el W AN RN P TN N . M- TR N * I =T o~ i
1 n s m poy ! X R S i
5 - ER e St E o °_-! Sk B sl vnc ey b ¥ T b-- L g Ty
4] = . RS 2t o 1 ! h L.I_ % o nWJ 1
i ! T HR &0
HE D e S L I i
M R s S S B o s R
§ C ' ‘ 1
Bt aan s H-o-— o i
L e:m. i - 1uv..: m A
- (RPN S HU S N ¥ A I R R
CL h ) ” : . . w
- . FUVUUN S L R N BN —
L ) ) . H
e
- e H

:
480 L. ..
1460
1440 F— ~
el
1260
1200 }——- -

e .l....-l‘l.l.!...:i.k{J r.._...{a.lm e m.lnj..11n~.. P . o 4 manae !
v L N P T
o B S e
S ,..;imi 2INSSOXI 1129 .m:::su T nm.ﬁo»v 98%3ToA TT90 - mnd i L
h. ) -.”.. ] -w . ' [ . 1 . m ” ' w " ! ) w

R S R e T NS L SR IR BT g ey

K I N (S SO A A S L S PR R UL I IO I |




s

TaMapT,

MU e

o PR G F s § ),

2pn
- 5 H o X - f -
e LI U VU, EESE FPTEE S S S et - vpwan

i [

wT.' i~ AN .uu,uh. s RN S _ﬂ.. T R ‘.—. .
: .
1

L ,ilm.st....ll.m:,-., g 3 TR S .ulz,“ t

t
o .
o :
m 30D T ot mem s e R T T 3 -
. -, . ' 1
_ a ] i e et . . 1. Do e . N [ o . oo™
A D A R B RN
B T sttt B R B T TR b=
ke o o . ! T ; . ! : ‘ 1 3 a
- e TR St L S e 5
: t . H .~ ] H N 77}
~ 8 eg&e ] b 5
: T TERMM Ak et w e fmme - mr meRAmeE— 4 wr am mgea @ - a o
- L o Il ' T “ | ” _ _ w ' Mro
Wl EH O oD e ) O - v 3 . ' 583
8 8O0 o o o H : : . . ] i ¢ T o L o
. o ( PO JUE R 1 H ' ' o
B HAD oo et e T VRN .
- N m ". ] “ m — e 0
H Q

[P
ret

]

]
e [ ? - e e ' -

H '
e e ni: a-“- } _ ‘ 3 R -n 1 a ' ] . 11 -
. X X ; . - -~ - HE e e -
M- : ! 4 s m » | ) , T -
. — e i e 4 v ————— T . g A, O, . T PG

End~cf~-Charge
!
E
|
L
i
|
|
!
|
]
i
!
E
!

Cell Pressure”
End~of-Charge

fan wan |_| e A I 1 -
= st e e R U AN NN S Y-

i ; : : . .J ” ] e
T r it A S -
AU . T — - - - I B PR, S

L

¥
s

X
.____,E___.

i

1

¥

k

S w - S LI e e
;
b ”I. |m.-..¢u.u.rr 3 ...In||lm3...-§ - — w P * . _ - .
I ; :
e - — SURLEEN NI T IR GRS E O SRR B
— ety bt of e —cerana - i W e
u ll * - - - IT = s 4 -y = e e -31!-“!11 -
] . . } '
s 4 s i e 8
: ; ﬁ “ - e ._ e eeeend ——— e
. 7
lu.mf,!... L . -1
. H - =
I - . . o
| ; — T
a : A

h
i

Fl
1
\
'
1
1
t

¢ t
: 4
bl Amdn

[ad
+
fl
‘

H
i,

‘Power Failure
i

ltage —-—

i
]
4
H

- [ i
||||| I..i!l.l_ila.r.!r. MY = ovmimed 0D e ey
—. ) © .. “. - - ' b i

—-Cell- Vo

AT
®
;
1.‘
:
i.

B S DN
i
y
]
f

b e i ] o e

[l ; Lo
N N - . -t
: RIS ._
} RUNLUUE S U ¥ S TN S
i . * } t A
H ..-m:m R .u.-.m::s.“....,

1

1

¥

'

E
et

-
R

'

'

1440 e

@
|
2

-
i
60 -
— ;!;.0 e e
fne 20 frms e -
= &
1480}
- 1 14 60}
1240}

. [ = = [
e b B 3§ « 3 SRS
H ' . § uwy ™~ = AR S
SO N N SN SRR EOU SO IS S S A : L= U D
E PR WA N o N B AR R A T R
o' 4 4o | o | eanssaag (ys) i meuﬂo& o8e3{oA TIeD . i ms )
! ! PG, B T SR P R A S S S T TRt [T o S S
. o - i X S
SRS U LN O VU T EOPUNE VY I I A R R B ”zlm.,;._ RN B
A R * - . 1 m i ) * L R i P _ i ~ i -
i i | ' Jey Lt X . e I.Em.\i._..l...-.[in ] w i ! 3 1

. . -

1
et b e

1

.
.

L

|



4

ar TPTIME TR sty

I I

W

Tt g2

LAY I

DoD

N PR W B SR L. e SO Tt A N RN A e IR :
e A TR
N } i ] Hleas " R Mg
KR m ' H “. i m 3 ; LI S »
H I _ i h R i ey
- S Lo .
i R i [ _ ] . 4
-.G-u.. LI - nmllll TN T rmsns e e e T -
=~ =y Lo R i H H
O] o 3¢ 1 eq S R S . N
OO~ byt | ! - i
- M SO0 o dﬁ.: R
1.1“ N >
L 5 . T I T S, ]
.3 - 8 mm S S e ] ;
@ 5O . : : N
. .m_ % = L. o oa '
[] L e B | ) w m '
-~ £ e B Y~ R i T
S o = '
DO o )

*
1]
T m.|1lf
1 B
N =t
]
T
e s 2 :
]
3 1
- e - i
- e nd e
" -
.
Pt =, '

' w B ”lm 3 ff.“
TSR S .
S TR R
l}!Fllﬁiww ’

, o

'

!
|
3

y
P T
i

Cell Pres
End=~of~-

F
L
i
!

¥ All—b

ure in 'Vakbuam

4 - =1 4_ -
= SpZe ot - P= 4..;.. i T
SRR P BN N E R
3 ~ i —
S P U S
Iee e Y :,i» T
=z P W% \ - o
. . T P
m :
t
t

b CRNE B ok 7 R S S
ST R A } :i:r* —
3 i : i ! I
SN G S Sovt S R S i
e . ) L i
LI LA . i ST
B R - I M

[ e

|

+

’
H

r
.o
4
H
3
]
 ——
.
fmmmn s
»

e

—— = e

Cell Voltage

A T ST R
PN (S - 3 -
" . N 3
SR N S
! ’ \ "
- o
: 41
. . _ oo
L g2 o
T b - - ' =}
' ' H®m
. oLt o e o
o w
o L. o4
w - oo o
K] . . ' T O
Lo L L - -- w3
Py f ) g o
4t WO
; &8
4
= e A “ -
o
=]
U DR -
o - .
R, U B w1 e e
£y
1
’ o
BT P VR — 2 - m——
nn|w'l'll.1l1l16
o3 T
- e - R
- 1 e o

Cell Voltage .
@ 50% DOD

»

w b o
3
.

|

|

P

[
1
Lt
W
+
iy s o TR SRR
a

B L

i

i

-

! i
1450

k

2INSEIIY 118D

—'

L

1

T

!

v

:

4

;

1

;

N

1

f
—-l-ul--——l‘—-—--w-—- -

i

-t

Aauqopv 2883704 Mﬂmo.

i
i

fre i

12001 ~ e -

¥

L : R S U R el A By
e N m.|...l|~ ....q..-m. - . R R 1 . i “
0 A O 1 e o e s O O Sl OO R




+
"

.

¥

ye g brTy

wbhafsL W Lot ey

o I e RN MR el Py e g e ety T, < TR T R - HES i
I SR L A B I R i it AT RO NS Wl Sl Sl
e v e i - ...Inriq\ kel SIS S e UGS U VD SURR-SN DUV SN SRS [ K S [ R S - :

R N O LY MO W 5 A et A M I R aa
DR SUR LR ; : :
) U 1 - t G et - e S e R
b ; ' ] .
- " . v SRR .- L a3
i ! . . _ o _ ” : : o
W B ey T T T e e e e - g~ -
O 0 58 v e ! i ' . ' ' E o
N Rl L SR R B
B R RO B T ok R SN BT A
o o , ! , : _ R )
w3 T, ‘. TR ‘.._!nlw cee _1a R q m : rm.r_n?
o ! i ' I 2 "ou
B ) o @ o i § . H } + H . o Oy
S, TS Q4 TR e i s s e mee e e el @
T 0 : ¢ o B v i _ . ga
o o - ; R TIET a + . : . w - -t @ 0
[} t M . N '
b e -~ - l 1 — 'lqlllillllill -.r N T 1 T . 3 T C
= & O 20 1 T Ji"-{ﬂ-..wni! : m.. ey el Sl M
s & O o Qo - H : : :
HALoo o o . C ‘ : , ’
. 1 ! .
. : - R P < S

S A T T ab L !

vl ¢ ! . ! ’ o © T v -
L o a : Lo ; : i

; ; R T e e B o i m i
. — “ “ [ N 1 i ' O y m ] | \
-~ - - FRNP - wog - [ L T ' B o, .

i HE | w.g . i T an . j i '
U Jy NS PUSI. NECSR SUN ' B < S S U o T S R i r s

« [ ! 1 Mol \ \ , g YT TTmmEm T o

_ ML a1 A o Cg @
: ' { : : o _ o= - C .
ISR LN U A N . _ S _

T A A S S I

+ GE .

A N LT & @ - s w2 R Ve e
S g o i <o e e S - U
= m . [ , . - -
R S : -
. 1
] PRI ' ¥ ’ H
- - i M. T — hes T - e MM__ — marms e o om

L

S S U

!
e 4 " oA
. T

g mm e N *orrox . . [ I A - - — .

L . ‘g m i

m e m - R S — - TR e T
&

T LR S D

- . m -
passas ot =y e At e

-_,i., .
l__ 5
i
|
P
i H
Poo
ower Failure
-
16
i

e m ,
A =t - - 1 A 3~ A T '

| = - m N sirm- a“u.x-mm a”:u .F;.-qhns - m - f I..ql.a..an - - - -|m ' :
ERARDRNN SN B P ! i N

!

P

|

|
14

SRV AU EE—

.
v
V
.
'
1
)

12
Number - f

oot
. - ' r
0 L
1o
i
. ".’
g b

|
[
|
|

H

i—

1}

i

1

B4

: b e
1

[]

»

v

g
]

Exy

i
I

Cycle

D A Sy e 1,,_,.:;1»..;1
F
[
I
\
10

Figure II-UU

ot
|
s

[ S
L)
'
1
+
i
N
i
i

R Bdaiitn

e I e —

] Voltage
6% DOD o .
;
i
i

{
ks
ke
’th(

|

]
E
B
¥
|
|
1

SN DRSS S S LS R N (R S
P . i 1 : Pt w
1 -1 - " l.”ln L] ¥ - ulllnl.l T D T = I.!I.nm
- |3 4 H + . r
R = T SN RS S \ .- - . M oot
I N ' i ! i | i
i - : 1 e ey S B Rl
(SRS A SR S SR ” ! SO
S I N O S _ . -
e . R e it B T o BT N o R S,
' 1 ’ v ¢ = \ '
. N H ; i

|
£

@2
R R ]

T
’e
»
i
- 4 L
o
-
.
4
s f e e

: mi i
b e = s 2 A ey o8 e Bt s e i A 2 2 = ——
e : e

H i
e o e et e (VISZ) Pl

. o e e

-+ 1160

"

m 1540 jr-
- -1500

1240

i
=~ 1200 [—-

otk et o 3k . e ot LR e kLA 8 ke b et poes m

il M..,Ti“-tlm.muwmmum 110 _ . iz-.-i-Amuﬂo@imh._mpﬁob ,HHmo R bl
. oo B308RTL 112D _ . ORI N I
e R Lo T Al Y ST B U “- A R Che et
. I _..“ . NI T R R | S I S A
e ] : ol i _, : u L] R T i Co

H
O
<o
1
Y



LR

-ty

IRRN A

o

-

ER

Pra B RT L e

b

1
i
'
'

e e

.

!
-
f
1

s o T MI,I“. ARl I O I DA RTINSO PR e i T o i "
U WL O O W0 ) N s S O R o o e A A DL
A A AT N I 0 A A Dt i N e e o
. o Y M ' - s
S et S S VAN NN MO EICHE SR SN [P SV RO S S
. ' ! ) “ X } _ ! . _ : ! m
: T S o e
B OV U T N A L ) o i ' ol
0 Fra o -t H 1 H " ] ' T o 2o
T N T - T S B ) : ES
oA 285 & ! H i ) o o & b i
e i OO OO il : ' _ . : i : :
..... Y -3 . ' 1 H oo
. . S U AU S '
-~ R A R T L
.l-innuv [, et et b SR FURDUSU SR R S SR m o
g9 T N l . ! { 1 ! of Mot
S S I T | 55
© poge f : X : q i 53
A+ = b L - _ : . RO
- [l - o ] =t - .ilml.. l||..~l.| T i et ll!l!mnl...nui‘. ToT .“! TTTRTTT TE T om o m mmnes s
S E 0 et — s i ! ! N ' ' !
8899 Lol -l b U .
IR AR =R TR - I S R A ® 50 ' !
. ) : i i ! ; b0 b T T T T B
e - -~ I o oL 53 _ _
= i bee - 2E S
e et b lxmclll!.l i e et et e b e o P . e
i . e w = o
. BN ' R 0 ' . :
y = e e -, L i v i b ir mmr e e - 1 LI - v ¢
) ) N n . R * ' \ : — 1 Pl i [ —
T LV S S ! _ - ' .
N ..-. “ ] . o 1 _.l[ , I = £ S S
R RS i c 4
e e e dmnete —g R B [ cﬂ.w VO ! b
M H N A vormen ™ TR T
L. - R N PR ol o i T
r av m — l— r - - - - - J
S ] A '3
t o =T a
' —-{
)
0

L.

el
L Y Y

]
|

I

| S —

. ! E I B

M

I o e

o m g wr

. End~o£~Charge

a - -
1
- . er—
]
1

&

||

1

Cell Voltage
'@ 50% bOD

|

|

- ]

| 1500} -

—ta

v “ m
W. z Amuﬂobu mwmuﬂob 1120

! . i i I
{

w ot wx fmmmter sen | ove W nr -

m .

N

b=

f

|
|

14

i e &
{ .
I
LR et ]

‘

[ea) ey —— . ——
oL
' ! 1

; |

|
|
!

1
v
1
- b

o~ g .l-+ ————
; A

SRR

= S R
: T 8

! S—

L




1

"
19 by S
"

I eIAL G

L1 1 2% R GO,

oot TE

e

UL = Sy T T I L: LSS RLSNN Tt M ing T b ¥ T I e T
R RSN EN RS R RN
' i ind o 1 e L _ . “nl. s o — n - ;i..lu._'nl - ﬁ Pt Seulb bl S 1 . - € .
N ma . H 1 m P ; § i it v I ! ’
e e e STt T SRS S S JUQU S S .i.. —— -iu-..ii.i e . - -
. b N § N : ! , v
. - . ) i ; . | L
' ; m ” . ..n.. — - m - ¢ 3
S . . | y ) ! ; oo
S T . @ I~
! 1 1- _ ! i : : E o)
- SULIERN T N i IR S B S o —ee J ooz oo
® ’ i 1 i l : ! . I i H H N
. . L S i_.,..:l.i I T ..” m i 3 H H Oy
. olm o en : | T TR ’
N - . LR o] S N A - & o &
H oS~ »a C b T : bl ®
- Hl oo R | : ! o ! ©w o
g T S R
o [ : el L e P . . B E
o o = S B I A ' O B ! U B O
e s rwamra [P S [ . z ¥ :
O e e N T
: , ; : .
| =W ot R R : - - - )
H E 0 Dt ﬁ cor o ! : : ‘
s B0 2o o S Y I, | S
. HOOOO , ¢ H 80 4 ' ! ‘ ' :
Y - ; LN . e - o -lnvl U I 1 R I .ot .o
. ¢ . t i ] ' ‘ L= N i ) '
R . ' f ' s oD . !
v : i [ e e e & S i e T Toemm T
t - i ¥ R i =y 5 * ! ' .
I l.mi- U Ui R o T . -
. I b _ A o = ¥ ; ; : | ' ' t
m _ e . : T R e i = T L N I .
S NS SN S B S - — I
R A I R B e T S
H [} ) ' . H N t
_|.1!..m:s||.m-l||- e ..:,T...IIMIIL O TUIO R SRS S S N T L e
. . o oQ " » r [
S r» EREEEN N 1 bBD e A T S @ N PR 1 .
1Ly oo P o . ’ . 1 o .
Ean Bt CIE B SR e T e R T
. o & : ; ! i i ; : ~
i TS CR P C B RO S A W YR
1 - - ' i 3
SR S D SUU - S A SR O T SO S S < IO
™~ 1 B ' - R . - - . «
S N TR I T DR N SN ML O Y ' ' i :
R ' a 1ﬂ ) R ” N : “ 1 .ﬂ- T f .
e e Y e O d S RN R = e e O L L
: ' i o ;
B - w-.:. ri.nl... e L. m e _ . LF +
H . i - - v
i R e S m.nwu\\fv s wad v e 00 v o
T N R
U SRS B L " o e .
+ ! e il - s mme g e e e D ) = e e
’ i - - ‘o c . b - i i fis] * '
RN W S S | .. -E R [=] IO
, o4 — e 0 ! =]
v i3 p [ P & = 5 :
flv-— - - - 1 - I.‘ -— m — 3 1 lllllllnnl -
ki e |n ...P.Lt - ~ .- a i - “
I N M . i i e 0T e
- 4 -2t i @ | 4] f N
3 : : SCHUST. SRS B -7 SRS SV I N S S A
. [ S b o] L .
N W I ] RIS PN 1 ‘
_ 5 I e e i Mv., m - " H.-..Imi! =
R LI S : bid e
SR i B R B R R R
[ e - . . - 0 ol L) !
4 SRS Laudld i e !
T : ~i 1A P T
-, o] e P i ) . ! '
- TR e T Be e e
i R : i C o
= T T T YIS 2 - ¢
[ - v - - ;\.\\\‘ H t
e - e R, e s mhe— —p

)

}

el et o oy

i
]
b
.
[P,

]
! )

8]
0
0
40 Pt b s
e

1500

' b

AR USRI SO SN SR SO U S EPUIE - N SN

A PR G T o

¥
*

- 1480

t ]
: . P - T ! -
,Hw'im:.i,.i myﬁwmmmm -HHQU_ - uiwi.,.w!_,{.w-iilw:.n,mm.moso mwmuHo> ,:mu ‘ . -“-a;i_l-_im
R oo : t 4 b N oy ' A A
! : A A N I N A O B IR A P A R S

- Fad -

II-102



.

LRI S

~ LGSLR LT

KFUEFL,

;
t
LI
v
i
i
!

]
i
.
i
[l
l}

o
. M 3
o ool
= 25
Y, o - g
g | . | T T ! ; ooy
Sl D ettt (T (S R U R S R EEET & --a LR
O Do e .l ! b ; _ : | 03
.nM- -~ m mﬂJ m PR I .l..kmll ‘l.ls_-ll.n. ....“.!:. e Fe e e R VL L —— o -
o | 1 i . w w H . M B L7 X ]
af o e SR el el T R L mm,m
- 588y el L . o 48
— T - n [ - - _—— S s - N I -
HRADOoO | ; | _ . Be
. . R T R - ” \
—— iy mmamde o e = —_— m m | S ) — H - ! ;
. ) : L e S s b
- T U - k- ;m ! ! o : : .
. B 1 i | T - S+ B I -7 -
. i i H _ H g © i ! :
I PP & I | - - . e
H H u w : m . ! [ = § i ] +
- - b et b e LI F— SR b 5 O ey - - m1| o e e =a - ! — - -
—_ ! ! ! ! m T N ! = o} : L : “
A e e e - — g v e L T el
' ] | i ; i v N ! ‘ ;
T T sm - - T b w T T _ll [ 4 ﬂnw & H i i = . - -
A S . ooa ' P M “ ! O -
- ; T TR OB TR o o et s e e i s e s
" } _ j= f ' -4 - . ¥ m
e A S O S e e— - L& oo = - - s e
- i - ~ . Mw % HE— I [
T i ) mn & .... T T T M-- S R &
3 e R A 1 : [ - ' i
» N I’- b ° l mo - - l- - llml e f “1 M v.”l— T
- - - I 1 o
i ! - = = o =i - 3 & e s U EERE el B o R
e T 3 . [ 2 =1 t ' w
i i ' B
e N . : o o
- ; _m. . ; - o B |.w..s.l.l-»llu.|!< == - - o n Qg - mom— N - = -
S VR v Y w - . \\, - - W — s
¥ - - - -
H i i i ) ! )
B R e S RS - R
St EERSR P . S
1 H ! =} 1 m " i ! o -
e - H e e et e e
, em — mu T 1 t ~ = b
L o - -.-uf!1i — (I-II - ld.”ﬁsllll.lfll T O e — 1 e !
— B A -7 ) L - T
- — 1 - — - ) &5 B 4 .
= PR n 1 ™ B e
! 1 P PR | - N
= s P .r.....lu....:.“» oy WP _ .- Iﬁl..lli.m
- s PN . H . o i -4
ER '. R P (A t : i ; o ! i
4 oF - S : : g T
- - - S N B U TICUUVIES SR NV L. 0 N b - mun 0 - ! nW.v RV
- R N GO T IR DY S L T P
L o i ) : N e e W b O o
" ok -~ R a - 8 g Sy
L bo g p - 1 _. | i = T i
ok : | N CE = B B
|m. R : ; SRR S SUUNUEE (" SRS SR |
- P I - -1 O i i
S [ - i o ll.m.n ™ Yy “1 . . - -
[R i o i YT TR
: I O - = I -, i
i 77 Lo e
e 1 ! ] i
, ; : ” - S
: = b e o e < P
t i H B w 1 ] i = 5
S ii..r..'*l..h - T S - - P
' m . . N ' ; .
L , : ; ) .
i ] : - I
~ [ T P
: _ ! "
T ) T o o) ON/ ra) n_ S o ) AU74 N S
Sy R - O ~F o =3 M ROJ % O ~t -3 jo] [te] . v
H v , . e - N T T
I R !LEL . :.._.-.l:h_.c_.‘.“. o i U.m ..,u.L —t u _._H_ .- ]
i e rmcmea was = - hadets LT A M e L ST LML e m w w v——d
T A A ¢ L vIsa) oo b E i m Loy !
: " sanssex B T T T T
R s ,w d 1180, |, 1, - ?ﬁop mmmﬂg 11e0 w , w
” " b 3 & w “ ¢ ~ L] - m N w e orl!-,m T l.!.l—‘ T w T
S T R DU A _ e * S M A
i _ ! _ i MH" g b . | _ R ATI AL : : W * ;
L e mwr— 28, -

I1-1i03



(R L A

WELEFEG

Ay TRATE T LI e I
L. Ea §,00E . S O =
:.“F,;T..W. .,*.l.:-- - “1 U
I *n l\... ; o . ! w ‘ m
| ! : U P S
f 1 \ ' m .m_ o
oW "
f=} Fey O e~ | . d__ H ' ' 1 »ﬂm..M.J.
o OF 0 B ey e i Rl e e o T -- oo
..n OB — o , i H X ! M H N
e L3 T S 0 I o b ] _ m. TR T o [Pt PRI N P T [ ) o
= i { [ v N i w [
e — e e e s | i t Lol NG - e e - [ =S Va
5 . * m ] N 1 ’ - } H oo
s : T ! o
- &) ¢ @ ! - (NS AT B L T RN e
Hoa . ! . C i - | Lo ‘ g B
S - -1 O S S A LIS VR A S U “.M £ . e
0 & T : : { ‘ - @ O o
@ 3 ! ; | I <
RS == BN = g N T R _ : @ .-
{ 80 . T . ! !
e e O O G @ e - 1 -1 LA s e o e v e e
, HOoooo . ! to g ¢ H
. R A k
L . i i " , | . m .
A B ——tr e m u e @ B Y R —e— s - - - - - e e
_ : : ] .
S D AN AU S N N oo e
' m I T ! ' w a a — m '
e o e e IR B O U S e S T - —
) : T ] I ; i 1 [
» m t L — 1 [ I -
- . - SO L - z ] i ¢
. : _ i | P S ot
i H b ! i o X ! '
T T SRt NN ) [ S e UGN SV U ORI SR B o' s e o
! i CoR W g ! - ' ! o
: L N L PH i : 1 ! O
B e m Al T R e e i I IENETEE s
b L L Aw L L : N S A - .
S P i
. R . e ~F
H _ - () =t T et adhahak 'Y B o e T e B S
! ! : o oi i p : ml ' : ' .
SRR ST B € = JEETR 7 S . -
ot * ! i § I . _ ' i : +
e e VNI AUV S A AU U PRI USI I SN e G
1 1 N 1 f 1 m' . . o3 [l
SR N S S “ : . 2
; R e S T
ot R Lo
SRS ST i ST SV . ' .
ey . 3 H L] - H
i —_ L ) b ; ! ! H -
| = , Rt R g - -
e i : SO AUUUE S SU R Bt SN =
. i e S cF -
- I . _ e b a m b e e a - = - i
. H t i )
s M I S S M o o . ..m g,
" ] i @ " ‘ ! ==l [4] * N
Lg A TR TN
| & w T & -
b ' } -
1 b -1 SRS IR [ W
R i U SR R AN (I

el

13
]

'..

]
.
)
T v
‘
]
.

T
]
i
!
i
H
1
i

Fps
b
a

e e et o

e

P
dames
'

-
i
1
1
|
§

R s et

N A
Co

!
I
i~ _1
[
—— b b
-

|
2
|

- 1080 [

i o o i !
T @ 3 S S g F
A N &, - S, . f

: - A R R it R ey
1 i . ' . - H i ) m K ! i
: _ i M T o i 1= -1 - - R m. w--.m
g e RARSERIL IO L Sl L L E G (S7T0A) mmmuﬂbp R e i
V ] . . } ]
R R A L m.r-y.u,”,.-.;ﬂl_:. m ‘.1_-..-” . S b _
. H X i 1 — ' I m x R m v i i H i
S 2o | RS LN TN WV SR O A N T ;;ﬂ o ;




LI I

LA -2 B Y

w

gt

REPWFFIL S E7TFR L Q)

1

‘ ! e S
i 1 ,_ ¥ H
. . . 2 i ;
s ' ; T S §
U NSO SRRSOV IR U S .
al & [ B s ' ‘ N : ;
- BN R I B S B el -
o] © S~ »i : H ! : ;
—omeerdl 0 DD O e e B e e L et PR SORSIS B
14 \ ' L t 1 ! i
|-, Poarel . — [P S R S o A I - -

m + ) m t > i - — ! *
=3 = e s b e v mm e e ey — b i) ke M
(o] . 1 M i 1 1

N . t - M - -
R \ ' 4 ] _

s % L - R [P S NS DU
T

e e e e

e (D

Chg. Rate
+Cell Type

.Cell No.

H t- i

- i

.
3
] . 1
]

- ——

1
‘
i
¥
!
I
L
I

| gy papes N R it H 4 !
. 1m am H ._...n...uutr.~ m., N wm P . mu 4.M.. . w .ulmmu_.ﬂmrlnmuﬁz. <¢_ 1M ww_.ow e um...!amulx M -.Ml: H u_ 1 uw] +11.. J
POARNES SESNU [URNeY SUREI Al Al U SO SR . v mreeend el cfeme ju oot - PR S, - alnaa -
N : S N R S
. T “ N . H ¥ + i

Texas Instruments
. Contract 951972

L.... _ 4
ma ey € i n ey v mny mw me w mm %o o e e e n
' 1 H
P - i : . e -
.
e e e et e e e 8
N ] - -
i £ '
b u 1 =Nt T - - - - .
- r | o
[ T e s T e
T - i
i w.ﬂ - - T - STk
S U SN S S SO .~
% o -

. llls.. - o y mn
] ) ! “
- -, . o T +
| e, T , :
(U R, SV .- - - i
; i oo T
R - T
5 i.. . [ | CTe o
e r—— v . 2 oot '
. : 1 H ' ~ m '
R Sl SUS A U O S > T—— | SR DU |
o . : i
’ t ' ] m. nm w

)

e

w{a I

Power Failure

r

age

»

i
Cell' Volt

1
.
'

@ 50% DOD

1
i
!
i
'
'
¢
'
]
i
——t
1
i

O~

t 1 i

i 1
R e L= e
o3 1
e .
! i
o i
- — & - C ey
i
—~ ey . ma - e r—

B e e —

R Ll L T Pt P

Ao

e 1
5

[ P

b

.

——— - :IV”I]?!E.I.N[ - —
1

24

e — e ey

-4

22

L

|
{
e

]

Cycle Number
i
|

[

i -
I

P,
:
b

, ,

ind |

[N,

12 ' 14

T
[V FU U .

ﬁu:_

+
]

I

|
i

[, S
1.

| .

i B S e

B SN

LI

I
|
2
E
L
]

< = 4
band

] N

N W

AL e e e e mmad

' t

1
[ENURIE A N

i
P
1

(visd)

- i

om

}

]
e

\

a8

.
'
b

-
i
4
.
]

]

B110A 118D

1120 -

r
1
+
.

51_080-—* .

w
1




TEXAS INSTRUMENTS

INCORPORATED

METALLURGICAL MATERIALS DIVISION )
ATTLEBORO, MASSACHUSETTS US A

S5-MMD- 19528 2763



U.S, DEPARTMENT OF COMMERCE = NATIONAL TECHNICAL INFORMATION SERVICE - 344 a l 63
' ARCHIVE F|LE CHARGE OUT /5(70—' ACCESSION NUMBER

DATE WITHDRAWN BY DATE DATE WITHDRAWN BY DATE DATE WITHDRAWN BY DATE
ouT SIGNATURE RETURNED l ouT SIGNATURE RETURNED ouT SIGNATURE RETURNED

B-u Drespn nfigsn DNE |

FORM NTIS-75 (10-70) USCOMM-DC 40413-P7 ¢



CASE FILE DOCUMENT WITHDRAWAL

DOCUMENT NUMBER

DATE
ouT

WITHDRAWN BY
SIGNATURE

DATE
RETURNED

DATE
ouT

WITHDRAWN BY
SIGNATURE

DATE
RETURNED

DATE
ouT

WITHDRAWN BY
SIGNATURE

DATE
RETURNED

USCOMM-DC 40413-P71




