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1 Scope .

; ’ %
This specification applies to a Nickel-Metal Hydride cylindrical rechargeablé single
cell which SAFT designation is VH Cs 3000. This cell has heen especially designed
for power OEM application, such as cordless tooling, radio control market, *hobby,
home appliances (vacuum cleaner,...), ...

2 General electrieal :bpecificatiun

il

Ttem .| Specification | Units Notes
SAFT ccll designation i | VH Cs 3000
IKC cell designation HR 23/43
Nominal voltage 1.2 Volt
Typical IEC capacity 2820 mAh see § 4.1
Minimim IEC capacity 2630 mAh | see § 4.1
Typical Power capacity : 2770 | mAh see § 4.2 (12 Amp)
Minimim Power capacity/| 2600 mAh | see § 4.2 (12 Amp)
Typical impedance 5 mOhms  |at 1000 Hz (AC)
Charge current |
Standard ; 300 mA gee § 10 ;
Quick ‘| 1000 to 2000 mA see § 10
Fast i | Multi-steps current see § 10
Charge duration I
Standard ! 15 hours | see§ 10
Quick | L75h~35h hours | see§10 , IE
Fast | 075h~175h | bours |sce§ 10 |
Peak voltage in charge ! ' ' at 20° £ 5°C
Standard i 1.40'/ 1,45 Vol
Fast | 1507155 Valt
Maximum continuous ‘
discharge current f 40 A 13C
Temperature range X
In Slow charge -5/ +40 *C
In Fast charge o -5 /435 °C
in discharge +0/+40 oC
Recommended storage | +5/+25 °C
Extended storage -20 / +40 °C  |lessthan ! month
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3 General mechanic%ll specification

:
Bare Cell dimensions (min) !
H

Diameter: D =22.00 +-0.15

Helght: H =421+ 0.3

Posltive Contact

Flat area Diameter: d = 12,0 +- 0.1
' {mini 10)

Overstep: h=0,8+-0.2

Typlica! weight () : §9

4 Capacity

4,1 |EC capacity
IEC Capacity is defined ar; follows :

Tempel:aturéf
Charge current
Charge duration
Period of regt
Discharge current

L2 2 L

Typical capacity : 2820 lhAh
Minimum capacity : 2630 mAh

+20° = 2°C

300 mA gonstant current (C/10)
16 hours

! hour

600 mA constant current (C/5)
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! \,
The operating time untilithe voltage drops to 1.0 volt/cell must not be less than 300
minutes (5 cycles permiticd).

4.2 Capacity in power application

Capacity in power application is defined as follows :

L 2K 20 2 L 2

Temperature
Charge current
Chearge duration
Period of rest
Discharge cuimrent
End of discharge

Typical capacity : 2770 mAh
Minimum capacity : 2600 mAh

+20° + 2°C
1500 mA constant current (C/2)
2h 24 min

No rest

12 A constant current (4C)

0.8Volt

4,3 Capacity for var%ious discharge rate

The following table giv:sg minjimum available capacities and typical half-discharge
voltage of fully charged VH Cs 3000 cell under various discharge currents at +20°C +
5°C. Deviation depending on test conditions may be observed,

Discharge | Current | ‘End of discharge Capacity Half discharge
Rate voltage valtage
(A) "- (V/eell) (mAh) (Vicell)
- C/5 0.6 | 1.0 2630 .22
C 3 ; 1.0 2600 1.20
3C 9 ; 0.8 2600 1.15
5C 15 | 0.8 2600 1.13
7C 22 : 0.8 2450 1.04
10C 30 | 0.8 2400 1.00°
13C 39 ! 0.8 2400 0.90
5 Overchﬁrge 5
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The VH Cs cell is not deéigned 1o be permanently overcharged, netherlesss it can
withstand an overcharge 4t 0.1C rate for one week at +20°C without damage.

}

6 Charge retention (self-diseharge) ‘

After 2 28 days storage at+20° + 5°C, the VH Cs 3000 cell shall retain typically 80%
(minimum 70%) of its initial capacity, the cell being initially fully charged. -

|
After 7 days storage at +40° = 5°, the VH Cs 3000 celt shall retain typically 80%
(minimum 70%) of its initial capacity, the cell being initially fully charged.

In both cases, the VH Cs ;BOOO cell shall recover full capacity after a complete cycle, |

7 Storage

SAFT recormmends to stdre the battery within thé temperature range +5° to +25°C in a
65 + 5% relative humidity atmosphere. ‘

o After 1 month storage, the VH Cs shall recover 100% of its minimum capacity (after ;
a complete cyclc). \

e After a long period o:f storage, in order to reach the optimal performance, it is
recommended ta cycle the cell/battéry at least 5 cycles. The VH Cs shall recover 90%
of its minimum capacity afier 12 months.

An extended storage wi#hin -20°/+40°C temperature range and 65 = 20% ﬁlative
humidity is permitted no more than one month.
o After | month storage af 40°C, the VH Cs shall recover 95% of its minimurmn capacity

(after a complete cycle). |

'
H

8 Cyclelife z

The cyele life of a rechs geable battery depends on various parameters such as.charge
rate, discharge rate, depth of discharge, overcharge, temperalure, period of rest

between charge and dischiarge and so on.

The rechargeable battery frcaches its end of life when its capacity is 70% of the average
capacity obtained in the first 10 cycles.

Typical values for a VH C€s 3000 cell are listed below :

. ,l L
Temperature i: +20°:5°C Expected Cycle Life
Capacity mcasureﬂ at 1,0 voit/cell (Number of cycles) .

3
4
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Negativc Dclta V Quick chargs / Fast discharge 300
(Delta T/ Delta t) Fast charge / Fast discharge | 300

T
\

9 Battery assembly

In case of battery assembly, pleasc note following rules and recommendations before
proceeding to production

9.1 Rules

> Use components adapted to high temperature : cell sleeve, bancry case, |
insulations, glue, z‘

> Mount thermal bre eror/and a fuse in the battery.

> Adopt appropriate chargmg systam for Ni-MH batteries,

!

9.2 Recommendatiéns

2 Educate your pcrsonal about handling and production procedure when mountmg
Ni-MH baiteries. !
> In case of high dis¢harge drain , use pure nickel as tags between cells.

t

10 Battery management

10.1 Charge recomngendatiori

]

10.1.1 General considerations
Ni-MII cells.are normally assembled in series as Ni-Cd ones.
Ni-MH charge shows many analogies with Ni-Cd charge. The main difference is that
charge is exathermic sinck the beginning. . ,
With Ni-MH cells, heat (release is "(U-1.28) x 1 % t” during charge and “U x 1 x t°
during overcharge (with I;J mV;lin Amp ; tin s). ,
In the Ni-Cd technology, ‘the ﬁrst heat release is (U-1.43)x I x 1.
Charge coefficient (Ah charged / Ah discharged) gives full capacity when it is h1gher
than 1,15 for normal or fast charge (nickel slectrodc needs some overcharge). An end
of charge cut-off is reque{sted

VH Cs 3000 |Issue; A
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Larger charge cocﬁ'lcmmi overheats the battery, Temperature increase is detrimental
to life duration (duc to MH alloy corrosion). .

10.1.2 Charge control methods
!

Charge control met’hoc\l Typeof |Maxcharge | Charge |Temperature
; charge duration rate range
Time controlled chargex Standard 160 C/10 -5~40°C
Negative delta V(AV) Quick (2) | 3 h30 min C3 ~3~40°C
controlled charge (1) .
max AV=-5~-10mV /cell | Fast(@) 1 h 45 min 2C/3 -5~35°C
Temperature variation I Fast (2) 1 h 45 min 2073 -5~35°C TF
(AGAY) controlled charge : :
max AB/AL= 1 ~2 °C /mjn Ultra-fast (2) | See § 10.1.3 | See §10.1.3 | ~5~35°C

(1) : The negative delta V detection system must be inhibited during the first 2 min of
the charge in order to avmd early signal detection (false ~AV).

{2) . = A topping charge (also called tnckle charge) corresponding to 10% of the rated
capacity (between 1 hourjat C/10 and 2 hours at €/20) must be added at the end of the
main charge 'in order to equilibrate in a full state of charge the differcnt cells of the
battery. This additional icharge is not mandatpry for each cycle but it improves
chargmg especially after! long rest periods (weeks) and reduces risk of leakage by
ensuring balance of the :battery. The minimal frequency for applying this topping
charge is 1 every 10 cyc]eis

¢ A single ora combmatlon of different cut-off criteria must be used in parallel in
case of failure of the main cut-off method. These critcria are ; -AY, AO/At, absolute
temperature (60°C) and tﬂner (to be adjusted depending on the current)

\
1
)
l
!

10.1.3 Ultra-fast criarge

13 '

The purpose of this section is to point out where difficultics come from with

charge of Ni-MH cells énd to suggest some principles for designing the ultra~f‘aat
charge profile. .

The two main problems are internal pressure and temperature increase. This is

a general behkavior of Nl—MH as far as we observe the sarne behavior with competitor

cells, ; '

i
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When rate of charge is larger than 2.2 Amp, VH Cs cells cannot undcrgo

overcharge. As the charging system must cut-off necessarily before ovcrchargmg, it is

mandatory to use the A@/At criteria as the main one but 1 or 2 back up criteria (among

those listed above) are aléo mandampr for a2 multi Ni-MH cells battery. :
Taking into accoymt the abeve remarks, it appears mandatory for designing an

ultra-fast charge to apply a multi-steps charge current composed of a high current and a

medium current. In the ca‘rsc of VH Cs, we could define :

10.1.3.1 High charge cug:ent :2C (6 Amp)

Voltage, internal | prcssum and temperature evolutions versus time for a 6 Amp
charge rate ut room temiperature for a fully discharged VH Cs cell are platted in
appendnx We consider that overcharge starts after the point “A™ : intercept of linear
regressions of temperaturc increase during charge and overcharge. After this peint, 10
% overcharge (in % of total capacity) at a rate higher than 2.2 Amp providés high
leakage risks. Concern i$ that for 4 “n” cells battery, we must consider Al(t1,91) for;
each cell “i” of the battery and take into account the smallest “t;” for “i= | to n®

The difficulty is| 1o detect “Aj . accurately, 'Ihetefore, il is possible m have
several thermal sensors (1 thermal sensor for 10 cells is recommended). The location
of the thermal sensor 1s also very important To determine the dlstnbutmn of
termperatures. inside the battery, the most convenient and accurate way is to use an
infrared vidco camera. .

Note that, A; changes with the equilibrium of state of charge which depcnds
on injtial capacity spread _and also storage time, self-discharge, local temperature in the

battery, aging ... .
10.1.3.2 Medium charge burrent : 075 C (2.2 Amp)

! !
The charge current is then Teduced from 6 Amp to 2.2 Amp when different
signals coming from volt(fge and temperature show that the end of charge approaches:

¢ Voltage threshd;la’ 4
It must be measu;ed during short interruption of charge ( a few mtlhsecends)

® Value of temperature slope
This value dcpcn,:\s on the battery casing and direct heating from the charger to

the battery plugged on it {ﬂus latter nmst be minimized).

» Absolute temperature
The charge current is then feduced from 6 Amp to 2.2 Amp when the’battery

tomperature is higher than 35°C.

|
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The values of these paramgters must be determined on the final system, it

mcans battery + charger.A single riterion is not sufficient and a combined response
of them is certainly necesEary (the list is neither exhaustive nor inclusive).

Il

10.1.3.3 As an example, gwe could define for VH Cs ©
s
e A charger with 3 predetermined rates : 6 ; 2.2 and 0.15 Amp but with an
interrupt during 3 ms cvci-y approximately 1 s.

o Voltage zhreshald

6 Amp charge js maintained until the voltage measured during current
interruptions is less than Tue, 1.48 Voat 20°C (to be adjusted), with a correctlon of ~
1.4m V/eC.

When voltage is mver Tyo ; 2.2 Amp ratc is applied.

o Value of tempemture .s'lo_pe f
Charge at 6 or 2,2 Amp is stopped when AB/At 2 1.5°C/mn (to be adjustcd
between 1 to 2) or when /A8 from the beginning of the charge is 2 15°C. When AG/At
cut-off occurs, charge caﬁ he considered as full.
Then rate is lowcred to 0.15 Amp for 2 h.
|

o Absolute tempeihz'ture
|
‘Current (Amp) : . Temperature range (°C) :
0.15 From 10 to -5 and from +45 to +60
22 ‘From -5 to +5 and from +35 to +45
6.0 : ' Between +5 and +35 '

& 6 Amp charge qian occur if battery voltage is = n 1.10 V / cell.

E

10.1.4 Conclusior'is

3 eriteria must be kept in imind for the optimization of the charge profile ;
J'I

© A good compramise between available capacity and life duration is feached!
when the end of charge tomperature is around 45°C (50°C max). Apart from the charge
profile, an additional way of limiting temperature increase is to cool the battery during
charge by the means of alfan or similar device.

i
i
i
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@ According Lo cmenon L thc temperature charge control (near peak voltage
cut-off) is morc rccommcnded than AV charge control (especially for shorter txme)

® Accordmg to cntenon 1, the fastest charge can be reached with a muln-steps
current charger with an mmal current at 2 C and a deerease according to temperature
evolution.

1
)

A full charge duratxon below 40 min while mamtammg battery temperature
around 45°C (with a charge current adjusted accerdingly) is certainly possible (but not
so easy) with Ni-MH cc]ls However, it needs accurate adjustment on the systen.

10.2 Discharge recoqivmendation

10.2.1 Battery reve’;rsal

Battery reversal occurs w‘hen one cell is or becomes shorter in capacity. When fhe end
of the discharge approaches, this unbalanced cell is deep discharged until 0 V and then
reverses its polarity in 2 steps

@ The first electrode (usqally positive) reversal occurs around ~ 0.4 V.
# The second electrode ('usually negative) reversal occurs around 1.4 V.

During both electrudes freversals. gas evolve from the clectrode. The hrgher the
discharge rate, the lnghm: the gas flow is and thg lower the gas recombination process
is. When the total prcssurp of thes¢ gas overtakes the venting pressure of the cover, the |
valve opens and gas / ele¢trolyte is releascd causing irreversible loss of performanccs (
cupacity, life duration, ets...).

When both elcotrodes reiverse, the temperature increases steeply and can lead to an
intemnal short-circuit if the insulating companents melt (separator, insulator ring,...).

10.2.2 Influence oii repeated reversals

The high emergy N]-M!-i cells are made of a positive foam electrode whereas low
energy Ni-MH cells (like 2.2 Ab in Cs size) and Ni-Cd cells are made of a sintered
positive eledtrode. These 2 types of positive electrode behave differently . dunng
reversal :

The sintered positive elfctrode doesn’t seem to be affected by moderate repeated
reversals (withoul gas /; electrolyte release through the safety valve) whersas the
positive foam electrode pprfonnances are debased (irreversible loss of capacity).

i
'
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Therefore, it is mandatoty to momtor the cut-off voltage in order o avoid battery
reversal.

10.2.3 Cut-off voltdge determination

Suppose that the numbers of cells connected in stries in the battery is N and that there
is one low capacity cell!in the battery. During discharge, this weakest cell will be
completely discharged a.md will reverse its polarity down 1o - 1.4 V while the other
cells are still at an averagc voltage (AV) mcasured approx:mately ar 30% of the full |
discharge. Therefore, the: weakest cell will be protected against reversal if its voltage

stays above O V. '

The cut-off voltage (CV) avoiding battery reversal is obtained by the relation
’ L
| CV=(N-1)x AV

(CV and AV are expressed in volt)

From the above relation, 'bvc can caloulate the following examples :

\
)

Number of cells | CV CY CV CV
Ny { |V /battery V[ cell V / battery V ] cell

fAV -~ 1.17V (%) FAV=107V(®

3 3 23| 0.8 2.1 0.71

6 55 0.98 54 0.89

10 f; 10.5 105 9.6 5.9

20 | 22.2 T.11 203 .02

(*) The AV values of 1. 17 and 1,07 V are typically obtained at § Amp and 15 Amp
discharge current for VH ng rcspecuvely

From the ahove table, wezcan draw the following conclusions :

@ The higher the numbcr of cells in the battery, the hlgher the cut-off voltage per cell
is and the higher the nisk nf overd:schatm.ng one cell is.

@ The higher the d1schargc currem the lower the AV and CV are,
© For big batteries (hxgﬂcr than 10 cells), it appears necessary to monitor the vo]tage

by sub-pack control ,

i
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For a 20 cells battery op;prating ar' 15 Amp discharge rate, the CV per cell is j1.02 \Y
which js close to the AV. Therefore, the battery may cut in voltage before delivering

full capacity. In such a gase, We recommend 1o monitor the voltage of 10 cells sub-

pack because the sub-padk outting volsage (SPCV) per cell becomes 0.96 V.

The battery ‘discharge cutting criteria can be when the first sub-pack is reaching the
SPCV. ‘

)

i

|
?

: ' i
‘»
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| ' APPENDIX
W/ 1 VH G 085 CELLS LR BYAP
e ' | VOLTAGE AND TEMPERATURE OURING 87_118
ENCENE | CHARGE AND OVERCHARGE AT 8A AND REST 2h :
. ! Vol aTempermure
Vanrags (V) | : Temparatura (SC)
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1,00 T i cmmaen oo mmme D . AQ
.80 3
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0,40 | 22
0 10 | 2 0 %0 50 6o
g v Teme(min)
! {

v : ' VHCs 088 CELTS [EB.« DTAM
' i VOLTAGE AND PREESURE DURING o7_118
m ’ CMARGE AND QVERCHARGE AT BA AND REST 2n :

- VollagR wFressure

erie : ms
i sqp | Time (min)




