NICKEL CADMIUM BATTERY

EUROPEAN TECHNOLOGY

Excellent high rate discharge performance

Over 1500 charge & discharge cycles

Wide operating temperature range from -40 to 60 °C

Comply to IEC60623/2000, DIN, EN standards

Design life over 20 years

Manufactured under ISO 9001 quality system

Low maintenance with topping-up interval more than 2 years
at 20 °C under normal operating conditions
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FILL NICKEL-CADMIUM

. GENERAL AND OPERATION

The fundamental inventions in the field of nickel-cadmium batteries were made around 1900 by Edison in USA and by
Jungner in Sweden. The electrochemical reactions during discharge are:

« the oxidation of cadmium Cd = Cd**+ 2e at the negative electrode,
« the reduction of trivalent nickel to the bivalent ion Ni**+e—» Ni** at the positive electrode.
During charging both reactions are reversed.

Diluted potassium hydroxide (KOH + H,0) mixed with lithium hydroxide (LiOH) with nominal density 1.20 kg/I at 20°C
is used as electrolyte in nickel-cadmium batteries, so, hydrogen and oxygen evolution are also secondary reactions in
nickel-cadmium batteries.

The completed reaction equations are:
Cd + 2 OH*> Cd(OH), + 2e negative electrode
2NiOOH + 2H,0 + 2 e+ 2 Ni(OH), + 2 OH" positive electrode

2NiOOH + Cd + 2H,0 ¥ 2Ni(OH), + Cd(OH), cell reaction

When the nickel-cadmium battery was developed, the lead-acid battery was already existing, and the inventors clearly
realized the advantages of nickel cadmium battery system.

Advantages are:

1. Potassium hydroxide (KOH) does (practically) not take part in the electrochemical reaction. Only water that represents

the gross of the electrolyte is consumed (or released). So, only small concentration changes occur. Consequences for
battery practice are:

e Spacing between electrodes can be minimized. This means low electrolyte resistance and suitability for extremely
high current of loads.

e The freezing point of the electrolyte does hardly change, so there are no problems even at very low temperatures
(-40°C).

e Electrolyte stratification does not occur, boost charging is always possible.

2. Corrosion of metallic parts is hardly observed. Plate supports and conducting elements are made of nickel.
Consequence is:

o Nickel-cadmium batteries can be stored for practically unlimited periods without refreshing charges.

3. Hydrogen evolution does not occur at the equilibrium potential of the cadmium electrode.
Consequence is:

e Nickel-cadmium batteries can be made sealed.
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_ BATTERY CELL CONSTRUCTION ( Pocket Plate )

Cell container
Material: Translucent
Polypropylene or MBS.
Flame retardant is avail-
able on request.

Plate group bus

Connects the plate tabs with the
terminal post. Plate tabs and
terminal posts are projection
welded to the plate group bus.

HFILL NICKEL-CADMIUM

Flame arresting vents
Material: Polypropylene.
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Plate frame
Seals the place pocket and
serves as a current collector.

Cell cover
Material: Polypropylene
or MBS.

Terminal Material
Nickel plated steel.

Separating grids

Separate the plates and insulate
the plate frames from each other.
The grids allow free circulation of
electrolyte between the plates.

Plates

Horizontal pockets of double-
perforated steel strips for L, M, H
Type and Sinter Plate for X Type.

TECHFILL NICD RECOMBINATION PLUG (Optional)

operation.
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With Techfill Maintenance-Free plug (MF-plug) installed on
the battery, it will effectively recombine the hydrogen and
oxygen generated during charging and forms water vapor
which goes back to the battery cells. Therefore topping-up
with distilled water is no longer necessary under normal

When the gasses enter the Techfill MF-Plug, the catalyst
inside the plug controls the conversion of hydrogen and
oxygen to water vapor. The catalyst material is made of
precious metal. The efficiency of the conversion is above

Techfill MF-Plug type |Battery Capacity

MF-Plug - A

Techfill NiCd with recombination plug

Up to 300AH

MF-Plug - B

301AH and above




L NICKEL-CADMIUM
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. BATTERY RANGES AND APPLICATIONS

Battery Performance Type

Positive & negative electrode |Sintered Plate Pocket Plate Pocket Plate Pocket Plate
design
Optimize discharge current Seconds to 15 15 minutes to 45 45 minutes to 1 hour 1 hour and above
minutes minutes
Applications Automatic Guided |Engine starting, UPS, railway DC power Emergency lighting,
Vehicle (AGV), UPS, operation and | sources, auxiliary power |telecommunications,
Engine starting, control of DC motor, |source for power sta- operation of commu-
UPS application water treatment tions, chemical plants, oil |nication equipment
etc. plants, etc. refineries, steel mill, etc. |on a ship lighting and
air conditioner con-
trol on a train, etc.

A

. NOMINAL VOLTAGE

Nominal voltage 1.20 Volt/cell

A

. CHARGING

The following charging voltages are recommended :

Cell type Floating charge Boost charge
TSX 1.38V ~ 1.40V 1.46V ~ 1.48V
TPH 1.40V ~ 1.45V 1.55V ~ 1.60V
TPM 1.40V ~ 1.45V 1.55V ~ 1.60V
TPL 1.40V ~ 1.45V 1.55V ~ 1.60V

Initial charging

The whole charge should preferable be carried out at constant current. The charging time is inversely proportional to
the current which is set by the current limit of the charging equipment.

Recommended rates for the first charging:
0.2Cs A for 12 hours
0.1Cs A for 24 hours

A

. CERTIFIED QUALITY SYSTEM

Techfill quality system is certified according to ISO 9001:2000.




DMIUM

CAPACITIES, DIMENSIONS AND WEIGHTS

Max. Dimensions (mm) Max. Weight | Max. Weight
(Unfilled) )
(kg)

Max. Dimensions (mm) Max. Weight | Max. Weight
i) (filled)
() (kg)

(TPH101 [ 164 | 167 | 35 | 90 | 130 |

TSX 250 107 166.5 348 13.20 15.12

Max. Dimensions (mm) Max. Weight | Max. Weight
(Unfilled) (filled)
(kg) (kg)

Max. Dimensions (mm) Max. Weight | Max. Weight
(Unfilled) )
() (kg)

e | w | w | w0 | a5 | o2 |
i | w | w | w0 | 50 | s |

Tom | @ | m | w0 | s | e
o | w | m | ws | 63 | 60
I N N I A . R
o | e | e+ | s | s0 | 1o
TPM 1020 186 398 570 50.0 65.0

- T
Y-y

TPL 1020 186 398 570 44.0 61.0

Wby




< . MAIN ELECTRIC PERFORMANCE PARAMETERS
TSX Type for Ultra High rated loading

Final discharge voltage 1.14V per cell

Final discharge voltage 1.10V per cell

Minutes Seconds

Cell Type Cs

o0 | 20 | o2 | spac | 704 | soves | 132 | saass
Toxa0 | a0 | 9245 | 1149 | 15408 | 2030 | 22609 | 2090 | 30095
o0 | c0 | waas | 1790 | 2i0s | 3umrs | a7 | a2 | arss
x50 | %0 | 2200 | 298 | 3630 | 471y | s2200 | se2c6 | 72439
o0 | 200 | 9220 | 6090 | 8230 | om0 | 1913 |

Final discharge voltage 1.05V per cell

Minutes Seconds

Cell Type Cs

o0 | 20 | 75 | soos | sosa | 125 | senss | waeso | sm0m |
o0 | a0 | s | sse | 1083 | 2sias | 2aas0 | 30067 | 376 |
oo | o0 | 510v | as0s | 359 | w00 | dseer | aoa | senso |
o0 | w0 | anon | sy | azara | sesse | o |
o0 | 20 | st7an | ssi2 | 300 | 1o | o | 1s9ase | s |

Final discharge voltage 1.00V per cell

Minutes Seconds
Cell Type Cs | |

10

Minutes Seconds
Cell Type Cs |

10

o0 | a0 | 10900 | 10297 | zoves | awmsr | 2035 | 4725 | wacs
Toxc0 | 0 | 170 | 20670 | sa6 | 45ass | 51039 | saaso | sors
Toxs0 | 50 | 205 | s2000 | sinss | a0 | 7590 |

Final discharge voltage 0.85V per cell

o0 | a0 | 12305 | a0sas | 2797 | a0 | ass | awren | sioas
Toxc0 | 0 | 19260 | 32100 | 4363 | susas | ossar | soaso | 7975
Toxs0 | o0 | 250 | aw1so | ssese | e | 97091 | 102027 | is202

Final discharge voltage 0.65V per cell

Minutes Seconds
Cell Type Cs |

10

Minutes Seconds

Cell Type Cs

o0 | a0 | 13090 | 22203 | sa6ss | 50 | s | oz | ssers
960 | 0 | 2054 | 3530 | 5130 | 0ona0 | 13260 | 155150 | 160393
x50 | %0 | 0002 | 5240 | 74800 | 5400 | 169790 | 199670 | 03200
v

o0 | a0 | s | 26t0s | soass | arear | 9950 | ssueso | 6rsse
o0 | o0 | aiss | 3697 | 6023 | a0 | 156220 | a6 | 23
Toxs0 | o0 | s | seso | sseso | s0nss | 21930

o0 | 200 | 70085 | 136820 | 18610 | 36940 | 421210 | sesao | sss00

® Fully charged condition, with ambient temperature of 20°C and with allowance for connector loss

® Nominal Capacity Cs is 5 hours rated to end voltage of 1.00 Volt/cell




TECHFILL NICKEL-CADMIUM

~MAIN ELECTRIC PERFORMANCE PARAMETERS
TPH Type for High rated loading

Final discharge voltage 1.14V per cell

Seconds
cttvee] & ™0 T s | 5 | 3 | 2 | 15 | t | 30 | 20 | 5 | 0 | 5 | t | 30 | 5 | 1
TPH 10 10 0.99 1.18 1.80 3.20 4,70 6.10 8.00 10.70 12.50 13.80 15.30 18.80 29.20 34.10 41.50 45.60
TPH 20 20 1.98 2.36 3.60 6.40 9.40 12.20 16.10 21.50 24.90 27.60 30.70 37.60 58.40 68.30 83.00 91.10
TPH 31 31 2.97 3.54 5.40 9.70 14.20 18.30 24.20 32.20 37.50 41.40 46.00 56.40 87.60 102.40 124.10 135.90
TPH 41 41 3.96 4.75 7.70 12.90 18.90 24.50 32.50 44.10 51.30 56.50 62.60 76.50 118.80 138.00 171.20 179.80
TPH 51 51 4,95 5.96 9.50 16.20 23.80 30.70 40.80 55.10 64.10 70.60 78.10 95.20 148.70 172.30 215.10 224.70
TPH 61 61 5.94 7.17 11.30 19.40 28.50 36.80 48.90 66.00 76.90 84.50 94.20 114.50 177.60 206.50 257.90 269.60
TPH 71 71 6.93 8.38 13.10 22.60 33.20 42.90 57.00 77.00 89.90 98.40 109.10 133.80 207.60 240.80 300.70 314.60
TPH 81 81 7.92 9.49 15.20 25.90 37.90 49.20 65.30 87.70 102.70 113.40 125.20 153.00 237.50 275.00 343.50 359.50
TPH 91 91 8.91 10.71 17.05 29.10 42.50 55.10 73.30 98.95 115.55 127.30 140.70 172.25 266.95 309.25 386.30 404.45
TPH 101 101 9.90 11.92 18.90 32.30 47.10 61.00 81.30 110.20 128.40 141.20 156.20 191.50 296.40 343.50 429.10 449.40
TPH 121 121 11.92 14.34 22.50 38.70 56.90 73.80 97.40 131.60 154.10 169.10 187.30 229.00 356.30 413.00 514.70 539.30
TPH 151 151 14.85 17.88 28.20 48.50 71.20 92.00 122.00 165.90 192.60 211.90 234.30 287.80 444,10 514.70 643.10 674.10
TPH 181 181 17.88 21.33 32.40 58.16 85.12 110.00 145.10 195.42 226.62 250.42 277.98 340.48 528.82 615.50 755.42 816.00
TPH 201 201 19.90 23.63 35.20 64.60 94.40 122.00 160.50 215.10 249.30 276.10 307.10 375.60 585.30 682.70 830.30 910.60
TPH 226 226 22.30 26.68 41.04 72.87 106.48 137.35 181.69 244.75 284.79 314.22 348.43 426.44 662.07 769.52 949.99 1015.99
TPH 251 251 24.75 29.80 47.00 81.30 118.80 153.00 203.30 275.00 321.00 353.10 390.60 478.30 740.40 858.10 1072.10 | 1123.50
TPH 277 281 27.22 32.77 52.70 88.80 130.00 168.00 222.00 298.50 346.10 380.40 418.90 509.90 774.10 891.80 1082.80 | 1151.30
TPH 302 302 29.69 35.75 56.40 96.30 141.20 183.00 240.80 322.10 371.30 407.70 447.30 541.40 807.90 925.60 1093.50 | 1179.10
TPH 327 327 32.18 38.75 61.13 104.90 153.62 199.15 262.83 353.84 410.58 451.26 497.35 605.99 923.04 1064.43 | 1298.57 | 1377.18
TPH 352 352 34.64 41.71 65.80 113.40 165.90 215.10 284.60 385.20 449.40 494.30 546.80 669.80 1036.80 | 1201.60 | 1501.20 | 1572.90
TPH 402 402 39.59 47.67 75.20 129.50 189.40 245.00 325.30 440.80 512.50 565.00 626.00 765.10 1187.70 | 1380.30 | 1712.00 | 1797.60
TPH 508 508 49.69 59.59 94.50 161.60 237.50 307.10 407.70 551.10 640.90 705.10 782.20 955.50 1487.30 | 1722.70 | 2150.70 | 2247.00

Final discharge voltage 1.10V per cell

Minutes Seconds
o< Tvpe - 1

TPH 10 10 1.01 1.24 2.00 3.40 5.00 6.50 9.20 14.20 16.50 18.40 20.40 24.40 36.90 42.60 52.30 55.70

TPH 20 20 2.02 2.48 4.00 6.70 9.90 12.90 18.40 28.50 33.00 36.80 40.90 48.80 73.90 85.20 104.60 111.30
TPH 31 31 3.03 BY6) 5.90 10.10 14.90 19.50 27.60 42.70 49.40 55.20 61.30 73.20 111.30 127.30 157.30 | 166.90
TPH 41 41 4.04 4.95 7.90 13.50 19.80 25.90 36.90 57.00 65.90 73.50 81.70 97.80 147.70 171.20 | 209.70 | 222.60
TPH 51 51 5.11 6.19 9.80 16.90 24.80 32.40 46.10 71.40 82.50 91.90 102.70 122.00 185.10 | 214.00 | 262.20 | 278.20
TPH 61 61 6.13 7.42 11.80 20.20 29.70 38.80 55.30 85.60 98.90 110.20 123.10 146.60 | 221.50 | 256.80 | 314.60 | 333.80
TPH 71 71 715 8.67 13.70 23.60 34.70 45.40 64.50 99.90 115.60 128.40 143.40 171.20 | 258.90 | 299.60 | 367.00 | 389.50
TPH 81 81 8.17 9.90 15.70 27.00 39.60 51.80 73.70 114.50 131.60 146.60 163.70 195.80 | 295.30 | 342.40 | 419.40 | 445.10
TPH 91 91 9.19 11.16 17.65 30.35 44.55 58.25 82.90 128.40 148.20 165.30 184.05 | 219.90 | 332.25 | 385.20 | 471.85 | 501.30
TPH 101 101 10.20 12.42 19.60 33.70 49.50 64.70 92.10 142.30 164.80 184.00 204.40 | 244.00 | 369.20 | 428.00 | 524.30 | 557.50
TPH 121 121 12.22 14.85 23.40 40.40 59.50 77.70 110.20 171.20 198.00 | 220.40 | 245.00 | 293.20 | 444.10 | 513.60 | 629.20 | 668.80
TPH 151 151 15.35 18.69 29.20 50.60 74.40 97.20 138.00 | 214.00 248.20 276.10 307.10 | 365.90 | 554.30 | 643.10 | 787.50 | 841.00
TPH 181 181 18.44 22.45 35.14 60.74 89.34 117.18 166.26 | 257.68 | 298.30 | 332.56 | 369.38 | 440.42 | 665.96 | 769.58 | 944.16 | 1007.32
TPH 201 201 20.50 24.95 39.10 67.50 99.30 130.50 185.10 | 286.80 | 331.70 370.20 | 410.90 | 490.10 | 740.40 | 853.90 | 1048.60 | 1118.20
TPH 226 226 23.05 28.00 43.85 75.87 111.58 146.39 | 207.87 | 321.75 | 373.03 | 414.70 | 461.74 | 550.44 | 833.66 | 966.17 | 1184.18 | 1264.37
TPH 251 251 25.65 31.11 48.70 84.40 124.10 162.60 | 231.10 | 357.40 | 415.20 | 460.10 513.60 | 612.00 | 928.80 | 1080.70 | 1322.50 | 1413.50

TPH 277 281 30.70 37.47 54.50 92.90 137.50 180.30 | 255.70 | 394.30 | 458.00 | 508.30 | 566.00 | 675.20 | 1025.10 | 1181.30 | 1452.50 | 1546.20
TPH 302 302 33.23 40.55 58.90 101.40 150.90 198.00 | 280.30 | 431.20 500.80 556.40 | 618.50 | 738.30 | 1121.40 | 1281.90 | 1582.50 | 1678.80
TPH 327 327 34.50 42.10 63.73 111.76 165.44 | 215.76 | 306.15 | 467.82 | 541.14 | 604.84 | 670.16 | 799.67 | 1213.95 | 1403.53 | 1714.94 | 1827.89
TPH 352 352 35.75 43.63 68.50 122.00 179.80 | 233.30 | 331.70 504.00 581.00 | 652.70 721.20 | 860.30 | 1305.40 | 1523.70 | 1845.80 | 1975.20
TPH 402 402 40.91 49.69 78.30 137.00 | 201.20 | 263.20 | 372.40 | 576.70 | 664.50 | 740.40 | 823.90 | 985.50 | 1485.20 | 1722.70 | 2110.00 | 2240.60
TPH 508 508 51.11 62.01 97.90 173.30 | 254.70 | 330.60 | 468.70 | 718.00 | 832.50 | 923.40 | 1033.60 | 1228.40 | 1860.70 | 2150.70 | 2634.30 | 2806.60

Final discharge voltage 1.05V per cell

Seconds
cttvee] & 70 1 s | 5 [ 3 [ 2 [ 15 | t | 30 | 20 | 15 | 0 | 5 | t | 30 | 5 | 1
TPH 10 10 1.01 1.24 2.00 3.40 5.00 6.50 9.20 14.20 16.50 18.40 20.40 24.40 36.90 42.60 52.30 55.70
TPH 20 20 2.02 2.48 4.00 6.70 9.90 12.90 18.40 28.50 33.00 36.80 40.90 48.80 73.90 85.20 104.60 111.30
TPH 31 31 3.03 3.73 5.90 10.10 14.90 19.50 27.60 42.70 49.40 55.20 61.30 73.20 111.30 127.30 157.30 166.90
TPH 41 41 4.04 4.95 7.90 13.50 19.80 25.90 36.90 57.00 65.90 73.50 81.70 97.80 147.70 171.20 209.70 222.60
TPH 51 51 5.11 6.19 9.80 16.90 24.80 32.40 46.10 71.40 82.50 91.90 102.70 122.00 185.10 214.00 262.20 278.20
TPH 61 61 6.13 7.42 11.80 20.20 29.70 38.80 55.30 85.60 98.90 110.20 123.10 146.60 221.50 256.80 314.60 333.80
TPH 71 71 7.15 8.67 13.70 23.60 34.70 45.40 64.50 99.90 115.60 128.40 143.40 171.20 258.90 299.60 367.00 389.50
TPH 81 81 8.17 9.90 15.70 27.00 39.60 51.80 73.70 114.50 131.60 146.60 163.70 195.80 295.30 342.40 419.40 445.10
TPH 91 91 9.19 11.16 17.65 30.35 44,55 58.25 82.90 128.40 148.20 165.30 184.05 219.90 332.25 385.20 471.85 501.30
TPH 101 101 10.20 12.42 19.60 33.70 49.50 64.70 92.10 142.30 164.80 184.00 204.40 244.00 369.20 428.00 524.30 557.50
TPH 121 121 12.22 14.85 23.40 40.40 59.50 77.70 110.20 171.20 198.00 220.40 245.00 293.20 444,10 513.60 629.20 668.80
TPH 151 151 15.35 18.69 29.20 50.60 74.40 97.20 138.00 214.00 248.20 276.10 307.10 365.90 554.30 643.10 787.50 841.00
TPH 181 181 18.44 22.45 35.14 60.74 89.34 117.18 166.26 257.68 298.30 332.56 369.38 440.42 665.96 769.58 944,16 1007.32
TPH 201 201 20.50 24.95 39.10 67.50 99.30 130.50 185.10 286.80 331.70 370.20 410.90 490.10 740.40 853.90 1048.60 | 1118.20
TPH 226 226 23.05 28.00 43.85 75.87 111.58 146.39 207.87 321.75 373.03 414.70 461.74 550.44 833.66 966.17 1184.18 | 1264.37
TPH 251 251 25.65 31.11 48.70 84.40 124.10 162.60 231.10 357.40 415.20 460.10 513.60 612.00 928.80 1080.70 | 1322.50 | 1413.50
TPH 277 281 30.70 37.47 54.50 92.90 137.50 180.30 255.70 394.30 458.00 508.30 566.00 675.20 1025.10 | 1181.30 | 1452.50 | 1546.20
TPH 302 302 33.23 40.55 58.90 101.40 150.90 198.00 280.30 431.20 500.80 556.40 618.50 738.30 1121.40 | 1281.90 | 1582.50 | 1678.80
TPH 327 327 34.50 42.10 63.73 111.76 165.44 215.76 306.15 467.82 541.14 604.84 670.16 799.67 1213.95 | 1403.53 | 1714.94 | 1827.89
TPH 352 352 35.75 43.63 68.50 122.00 179.80 233.30 331.70 504.00 581.00 652.70 721.20 860.30 1305.40 | 1523.70 | 1845.80 | 1975.20
TPH 402 402 40.91 49.69 78.30 137.00 201.20 263.20 372.40 576.70 664.50 740.40 823.90 985.50 1485.20 | 1722.70 | 2110.00 | 2240.60
TPH 508 508 51.11 62.01 97.90 173.30 254.70 330.60 468.70 718.00 832.50 923.40 1033.60 | 1228.40 | 1860.70 | 2150.70 | 2634.30 | 2806.60

® Fully charged condition, with ambient temperature of 20°C and with allowance for connector loss

® Nominal Capacity Cs is 5 hours rated to end voltage of 1.00 Volt/cell



ECHFILL NICKEL-CADMIUM

_ MAIN ELECTRIC PERFORMANCE PARAMETERS
TPH Type for High rated loading

Final discharge voltage 1.00V per cell

Seconds

Celipe| & =901 5 [ 5 | 3 | 2 [ 5 [ 1 | 30 | 2 [ 15 | 10 | 5 [ 1 | 3 [ 5 | 1

TPH10 | 10 | 104 | 127 | 200 | 350 | 520 | 68 | 1000 | 1750 | 2390 | 27.40 | 3150 | 37.70 | 5390 | 6220 | 7820 | 85.90
TPH20 | 20 | 208 | 255 | 410 | 7.00 | 1040 | 13.50 | 19.90 | 3510 | 4770 | 5480 | 6290 | 7530 | 107.00 | 124.10 | 156.20 | 17230
TPH3L | 31 | 342 | 38 | 620 | 1060 | 1560 | 2070 | 30.20 | 5490 | 7450 | 8420 | 9630 | 11660 | 165.90 | 190.50 | 238.60 | 26220
TPH41 | 41 | 416 | 510 | 820 | 1410 | 2090 | 27.50 | 40.20 | 73.20 | 9930 | 112.40 | 12840 | 15520 | 22040 | 253.60 | 317.80 | 348.80
TPHSL | 51 | 520 | 637 | 1020 | 1750 | 2610 | 3430 | 50.30 | 9150 | 124.10 | 141.0 | 160.50 | 19370 | 276.10 | 316.70 | 398.00 | 436.60
TPH6L | 61 | 624 | 766 | 1220 | 2110 | 3140 | 41.20 | 60.30 | 110.20 | 148.70 | 169.10 | 192.60 | 23220 | 330.60 | 379.90 | 477.20 | 523.20
TPH7L | 71 | 7.28 | 893 | 1420 | 2460 | 3660 | 48.00 | 70.40 | 12840 | 173.30 | 198.00 | 22470 | 27070 | 386.30 | 443.00 | 556.40 | 611.00
TPH81 | 81 | 832 | 1020 | 1620 | 2810 | 4170 | 5490 | 80.50 | 146.60 | 199.00 | 225.80 | 256.80 | 31030 | 440.80 | 506.10 | 636.70 | 697.60
TPHOL | o1 | 936 | 1147 | 18.20 | 3165 | 4695 | 6180 | 90.55 | 16480 | 223.60 | 254.15 | 288.90 | 348.80 | 495.95 | 569.75 | 715.85 | 78535

TPH 101 101 10.40 12.73 20.20 35.20 52.20 68.70 100.60 183.00 | 248.20 | 282.50 | 321.00 | 387.30 | 551.10 | 633.40 | 795.00 | 873.10
TPH 121 121 12,52 15.35 24.20 42.30 62.70 82.40 120.90 | 219.40 | 297.50 | 338.10 | 385.20 | 465.50 | 661.30 | 759.70 | 954.40 | 1047.50
TPH 151 151 15.66 19.09 30.20 52.90 78.30 103.00 150.90 | 275.00 | 372.40 | 423.70 | 481.50 | 581.00 | 827.10 | 950.20 | 1193.10 | 1309.70
TPH 181 181 18.75 22,91 36.20 63.40 93.96 123.40 | 181.08 | 329.54 | 446.86 | 508.48 | 577.80 | 697.22 | 992.10 | 1140.22 | 1431.24 | 1571.60
TPH 201 201 20.81 25.45 40.20 70.40 104.40 137.00 | 201.20 | 365.90 | 496.50 | 565.00 | 642.00 | 774.70 | 1102.10 | 1266.90 | 1590.00 | 1746.20
TPH 226 226 23.41 28.60 45.20 79.16 117.32 | 154.47 | 226.10 | 411.49 | 557.93 | 634.89 | 721.45 | 870.58 | 1238.77 | 1423.67 | 1787.06 | 1962.32
TPH 251 251 26.06 31.82 50.30 88.10 130.50 172.30 | 251.50 | 458.00 | 620.60 | 706.20 | 802.50 | 968.40 | 1378.20 | 1583.60 | 1988.10 | 2182.80
TPH 277 277 30.01 36.67 55.40 96.99 143.56 | 189.67 | 277.00 | 504.18 | 683.64 | 777.93 | 884.03 | 1066.75 | 1517.90 | 1744.48 | 2189.73 | 2404.59
TPH 302 302 33.84 41.36 60.34 105.60 156.20 | 206.50 | 301.70 | 548.90 | 744.70 | 847.40 | 963.00 | 1162.00 | 1653.20 | 1900.30 | 2385.00 | 2619.40
TPH 327 327 35.16 42.96 65.40 114.40 | 169.68 | 223.75 | 327.00 | 595.18 | 807.12 | 918.47 | 1043.73 | 1259.43 | 1792.03 | 2059.60 | 2584.69 | 2838.96
TPH 352 352 36.46 44.54 70.40 123.10 183.00 | 240.80 | 352.00 | 640.90 | 868.80 | 988.70 | 1123.50 | 1355.70 | 1929.20 | 2217.00 | 2782.00 | 3055.90
TPH 402 402 41.71 51.01 80.40 141.20 | 208.70 | 275.00 | 402.30 | 731.90 | 993.00 | 1129.90 | 1284.00 | 1549.40 | 2204.20 | 2533.80 | 3180.00 | 3492.50
TPH 508 508 52.22 63.83 101.50 | 177.60 | 263.20 | 346.70 | 507.20 | 919.10 | 1247.60 | 1418.80 | 1615.70 | 1947.40 | 2773.40 | 3182.20 | 3995.40 | 4382.70

Final discharge voltage 0.85V per cell Final discharge voltage 0.65V per cell
Seconds Seconds

o<t Tvpe m m

TPH 10 10 60.99 77.04 103.79 | 116.63 | 126.26 | 133.75 | 145.52 TPH 10 10 68.48 99.51 142.31 | 157.29 | 170.13 | 176.55 | 191.53
TPH 20 20 132.68 | 170.13 | 221.49 | 240.75 | 263.22 | 274.99 29.96 TPH 20 20 128.40 | 214.00 | 292.11 | 315.65 | 343.47 | 358.45 | 386.27
TPH 31 31 207.58 | 252.52 | 331.70 | 357.38 | 394.83 | 414.09 | 450.47 TPH 31 31 255.73 | 339.19 | 444.05 | 477.22 | 523.23 | 546.77 | 592.78
TPH 41 41 263.22 | 330.63 | 404.46 | 441.91 | 477.22 | 499.69 | 558.54 TPH 41 41 303.88 | 435.49 | 554.26 | 600.27 | 642.00 | 676.24 | 736.16
TPH 51 51 289.97 | 367.01 | 444.05 | 486.85 | 524.30 | 547.84 | 613.11 TPH 51 51 332.77 | 485.78 | 609.90 | 660.19 | 700.85 | 742.58 | 807.85
TPH 61 61 369.15 | 429.07 | 532.86 | 588.50 | 636.65 | 667.68 | 727.60 TPH 61 61 433.35 | 556.40 | 716.90 | 785.38 | 848.51 | 877.40 | 937.32
TPH 71 71 506.11 | 560.68 | 714.76 | 761.84 | 820.69 | 843.16 | 926.62 TPH 71 71 562.82 | 763.98 | 971.56 | 1015.43 | 1103.17 | 1129.92 | 1220.87
TPH 81 81 577.80 | 640.93 | 816.41 | 870.98 | 938.39 | 963.00 | 1059.30 TPH 81 81 644.14 | 870.98 | 1114.94 | 1162.02 | 1261.53 | 1294.70 | 1399.56
TPH 91 91 607.23 | 682.13 | 852.79 | 927.69 | 992.96 | 1029.88 | 1123.50 TPH 91 91 677.85 | 910.04 | 1160.42 | 1254.04 | 1339.11 | 1385.65 | 1499.61

TPH 101 101 636.65 | 723.32 | 889.17 | 984.40 | 1047.53 | 1096.75 | 1187.70 TPH 101 101 711.55 | 949.09 | 1205.89 | 1346.06 | 1416.68 | 1476.60 | 1599.65
TPH 121 121 691.22 | 805.71 | 949.09 | 1105.31 | 1158.81 | 1242.27 | 1335.36 TPH 121 121 781.10 | 1020.78 | 1285.07 | 1579.32 | 1602.86 | 1656.36 | 1806.16
TPH 151 151 970.49 | 1078.56 | 1323.59 | 1464.83 | 1541.87 | 1588.95 | 1780.48 TPH 151 151 1102.10 | 1464.83 | 1811.51 | 1997.69 | 2091.85 | 2151.77 | 2343.30
TPH 181 181 1113.01 | 1240.34 | 1493.08 | 1640.74 | 1750.52 | 1818.14 | 2021.87 TPH 181 181 1340.92 | 1688.89 | 2046.48 | 2248.07 | 2376.26 | 2461.21 | 2671.36
TPH 201 201 1208.03 | 1348.20 | 1606.07 | 1758.01 | 1889.62 | 1970.94 | 2182.80 TPH 201 201 1500.14 | 1838.26 | 2203.13 | 2414.99 | 2565.86 | 2667.51 | 2890.07
TPH 226 226 1342.56 | 1498.62 | 1788.27 | 1951.86 | 2099.36 | 2184.39 | 2414.79 TPH 226 226 1643.68 | 2048.00 | 2450.48 | 2675.58 | 2851.87 | 2952.99 | 3202.03
TPH 251 251 1479.81 | 1652.08 | 1974.15 | 2149.63 | 2313.34 | 2402.15 | 2651.46 TPH 251 251 1790.11 | 2261.98 | 2702.82 | 2941.43 | 3143.66 | 3244.24 | 3520.30
TPH 277 277 1628.01 | 1817.40 | 2171.57 | 2364.70 | 2544.46 | 2642.37 | 2916.82 TPH 277 277 1969.34 | 2488.29 | 2973.00 | 3235.68 | 3458.24 | 3568.45 | 3872.33
TPH 302 302 1776.20 | 1982.71 | 2368.98 | 2579.77 | 2775.58 | 2882.58 | 3182.18 TPH 302 302 2148.56 | 2714.59 | 3243.17 | 3529.93 | 3772.82 | 3892.66 | 4224.36
TPH 327 327 1865.54 | 2082.28 | 2487.92 | 2709.48 | 2914.98 | 3027.36 | 3342.03 TPH 327 327 2256.74 | 2850.76 | 3406.25 | 3707.54 | 3962.81 | 4088.57 | 4436.95
TPH 352 352 1953.82 | 2180.66 | 2605.45 | 2837.64 | 3052.71 | 3170.41 | 3499.97 TPH 352 352 2363.63 | 2985.30 | 3567.38 | 3883.03 | 4150.53 | 4282.14 | 4647.01
TPH 402 402 2148.56 | 2398.94 | 2866.53 | 3121.19 | 3358.73 | 3488.20 | 3850.93 TPH 402 402 2600.10 | 3283.83 | 3923.69 | 4271.44 | 4565.69 | 4710.14 | 5111.39
TPH 508 508 2363.63 | 2638.62 | 3153.29 | 3433.63 | 3694.71 | 3837.02 | 4235.06 TPH 508 508 2860.11 | 3612.32 | 4316.38 | 4698.37 | 5022.58 | 5180.94 | 5622.85

~ DISCHARGE CURVES (TSX AND TPH)
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® Fully charged condition, with ambient temperature of 20°C and with allowance for connector loss

® Nominal Capacity Cs is 5 hours rated to end voltage of 1.00 Volt/cell



< . MAIN ELECTRIC PERFORMANCE PARAMETERS
TPM Type for Medium rated loading

Final discharge voltage 1.14V per cell

Minutes Seconds

Cell Type Cs |

onis | 15 | 1 | 16 | 277 | as | s | 539 | o9 | os | o | s | 1259 | sss | 22 | 252 | 007 | 33t |
s | s | ars | sso | 959 | sass | ;o1 | avi2 | 2aan | sess | a3 | s | apas | sizs | 1255 | wias | saxs | 1ioes |
os2 | 152 | 2uov | 1 | saos | e | soss | 57 | e | rear | war | aasas | wma | wean | o |
Tonion | w0 | sas | sse | 007 | 2739 | saw | s13 | sase | saer | ;a0 | oen | somt | aom1e | 5oz | wrans | 2043 | arves |
iy | 163 | 1515 | 1o | 056 | sass | sses | e0s | 7777 | 10037 | 11535 | 13208 | ssass | s7ase | oansn | oo | s2rs | as0os |
oot | st | moe | s | ans | ooy | sewr | wer | waise | 1579 | rars | 19902 | azsry | arirs | mosa | azss |

o5 | a6 | soas | e | 763 | w0910 | 11 | toarm | 19674 | astes | s | ness | soiss | aases | exsan | owor | sisce | s |
Tonsas | o | 7oas | ssas | 153 | awas | 7713 | e | e | sons | svaes | o2 | 7o | orosn | saa6ss | 1a9aan | seaerr | o0z |

Final discharge voltage 1.10V per cell

Minutes Seconds
Cell Type Cs | |

Tis | 15 | tas | is | 297 | ase | 603 | ras | 905 | 11 | 12 | 143 | 1675 | 2028 | nen | 3250 | 352 | soar |
s | so | ass | 6z | 99 | ise2 | aos2 | 2019 | 3007 | 3907 | 4569 | 905 | ssoe | Grar | 957 | 094 | i | 16101 |
s | w | 752 | ssi | se | a4 | mar | e | weor | w7 | ;o | s | ee3s | aosw | sa0n | 1aae | avsee | zaa |
onion | w00 | o5 | s | 199 | mas | sz | 483 | o013 | 7ase | s | 992 | i1 | sanse | o5 | 22056 |

iy | 163 | 1504 | 195 | uen | 499 | 6 | 770 | 9050 | 1253 | 465 | 6029 | tovwy | 2io1e | dnes | assar | sis | s |
ozt | st | aars | s | a7 | 779 | sooss | 12091 | 15007 | isess | aanse | asids | ase7s | seesn | 327 | soose | ceas | 7ane |
a5 | 05 | a9ss | aos | o | taas2 | sorsy | 4 | aeis2 | 5o | amvaa | aonas | wwes | swss | v | wese |

® Fully charged condition, with ambient temperature of 20°C and with allowance for connector loss
® Nominal Capacity Cs is 5 hours rated to end voltage of 1.00 Volt/cell




< . MAIN ELECTRIC PERFORMANCE PARAMETERS
TPM Type for Medium rated loading

Final discharge voltage 1.05V per cell

Minutes Seconds

Cell Type Cs |

tenis | 15 | s | | 3 | 5w | on | soo | 1027 | 1aas | ssae | por | ssse | msr | 34 | 4osr | so0n | sass |
owap | 30 | 305 | a6 | o | 1030 | 1 | o0 | 2054 | 2095 | 3071 | sa03 | 306 | 3 | 7054 | wrar | ionss | s |
s | s | s | 66 | a0 | 1223 | 2230 | 208 | 3435 | sas2 | sias | ses2 | 6527 | rera | 1177 | 1399 | t692 | ta0ss |
Teni0r | 01 | 02 | 1263 | 23 | 3050 | 4505 | sa57 | 7is | o672 | ttoar | sosr | 14017 | 16750 | a6y | aensy | aaas | o |
rowzse | 254 | 255 | a6t | 50 | s | 11235 | 130 | 1790 | anis | 27606 | 02t | 350 | st | ssrri | orise | srigs | sees |
00| 100 | 10302 | 1292 | 204 | a2 | 45089 | 55626 | 72053 | 10731 | 11113 | 1o19s | 14124 | sos274 | 25701 | aronse | sasnza | a4us |

Final discharge voltage 1.00V per cell

Minutes Seconds
Cell Type Cs | |

s | so | sas | 6 | w2 | 175 | assr | 0% | 4002 | 5700 | oees | 79 | sass | toves | a0 | oo |

Tenion | w00 | 103 | sam | 204 | 349 | sias | eur | aoas | iiess | 175 | 659 | ioese | aas | 56 | w250 | 395 | saiso |

o2 | w2 | aans | s | 295 | aeo1 | 716 | G | 111s | 05 | e | 20544 | 232 | aoese | 00aa

romer | 612 | 6201 | 7650 | iza2 | 21079 | 30616 | a7ias | dnns | ooeor | soms | sesen | io02ss | 122622 | 1rinde | 190600 | 23026 | 256553 |
.

® Fully charged condition, with ambient temperature of 20°C and with allowance for connector loss
® Nominal Capacity Cs is 5 hours rated to end voltage of 1.00 Volt/cell




‘\ MAIN ELECTRIC PERFORMANCE PARAMETERS
“TPL Type for Long rated loading

Final discharge voltage 1.14V per cell

Cell Type
o | v | s | m | e | s | e | o | e |y | e | e | e | am | s
o | 6 | | s | on | ww | ne | o | e | we | sw | mw | ow | o | |
o | o | s | en | v | s | en | o | o9 | om | s | ne | ow | an | | se)
e | & | n | s | e | sy | aw | | o | v | we | an | ew | se | e |
i | m | oo | o | s | o | e | wn | s | se | an | on | av | e | o wn)
o | | e | ma | e | x| sw | on | o | wo | w0 | 5o | we | me | e | on)
s | s | an | aw | s | aw | s | s | ous | wew | s | wow | s | e | e | 80
s | w5 | an | | on | e | ww | e | wn | o | w0 | sin | me | s | wa | )

TPL 816 72.82 m 123.42 193.67 242.89 274.99 310.30 373.43 418.37 447.26 485.78 m 727.60 784.31

TPL 1020 1020 91.00 113.12 155.04 241.82 303.88 343.47 388.41 466.52 523.23 559.61 606.69 695.50 909.50 980.12

® Fully charged condition, with ambient temperature of 20°C and with allowance for connector loss
® Nominal Capacity Cs is 5 hours rated to end voltage of 1.00 Volt/cell



‘\ MAIN ELECTRIC PERFORMANCE PARAMETERS
“TPL Type for Long rated loading

Final discharge voltage 1.10V per cell

30

AR i A T A ET
ma | @ | e | ow | ww | w  w | oo e | ow | s | e | so | s on
o | o | sw | s | wa | x| as | on | ww | | %o | aw | an | a9 | e |
s | w5 | on | s | we | | won | me | wn | sen | | ow | o | e | sus | e

TPL 1020 1020 97.26 122.21 179.52 277.13 370.22 433.35 496.48 595.99 673.03 711.55 768.26 894.52 1136.34 1240.13

® Fully charged condition, with ambient temperature of 20°C and with allowance for connector loss
® Nominal Capacity Cs is 5 hours rated to end voltage of 1.00 Volt/cell




‘\ MAIN ELECTRIC PERFORMANCE PARAMETERS
“TPL Type for Long rated loading

Final discharge voltage 1.05V per cell

Cell Type
1

n | 2 | e | e | w | e | s | e | ow | se | uy | us | un | we | on | se
i | % | s | s | ws o | vw | as | | e | no | ws | x| e | 6o | ae |
i | 6 | oo | s | aw | e | wn | we | w | e | oe | s e | ws | aw | o
| o | o | ms | me | om | wn | se o | wor | | e | es | | e | e
s | 5 | sm | n | we | | e | e | wn | on | | sen | we | on | mo |
i | o | o | s | | | e | o | | o | o | sue | s | ous | oun | e |

TPL 1020 1020 102.01 127.26 204.00 312.44 418.37 507.18 602.41 738.30 819.62 881.68 972.63 1177.00 1409.19 1530.10

® Fully charged condition, with ambient temperature of 20°C and with allowance for connector loss
® Nominal Capacity Cs is 5 hours rated to end voltage of 1.00 Volt/cell



-CADMIUM

< : MAIN ELECTRIC PERFORMANCE PARAMETERS
"TPL Type for Long rated loading

Final discharge voltage 1.00V per cell

Seconds

W | m | 2o | a9 | s | e | 0w | s | s | w00 | 9o | mss | mw | an | wm | no
e | w6 | 4ot | s | s | 150 | @ | s | 93 | sem | was | o | wse | s | ous | oo
wow | | o0 | 2 | w0 | wse | v | sem | o9 | sew | 997 | 00 | wse | s | wes | mose

TPL 1020 1020 104.03 128.27 204.00 346.68 475.08 567.10 700.85 863.49 976.91 1043.25 | 1137.41

1309.68

1673.48

1806.16

DISCHARGE CURVES (TPM AND TPL)

se: TPM at 20° Type: TPL at 20°C

cell Voltage [V]

Capacity [%]

® Fully charged condition, with ambient temperature of 20°C and with allowance for connector loss
® Nominal Capacity Cs is 5 hours rated to end voltage of 1.00 Volt/cell
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