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PHEV Battery' EV Battery'

20 Ah 7.2 kWh 50 Ah 18 kwWh
nc Charging Time Inc (A) Poc (kW) loc (A) Poc (KW)
1/3 3h 6.7 24 166 6.0
1 1h 20 7.2 50.0 18.0
2 0.5h 40 14.4 100 36.0
3 20 i &0 216 150 54.0
4 15 rmin ED 288 200 720
5 12 min 100 36.0 250 90.0
5] 10 min 120 43.2 300 108
7 8.6 min 140 50.4 350 126
B 7.5 min 160 576 400 144
12 5 rin 240 B6.4 600 216
20 3 miin 400 144 1000 360

EV, electric vehicle; PHEV, plug-in hybrid electric wehicle
"W, 360 Y.
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Voltage Capacity Resistance Engating! Estore
Battery Developer/Cell Type Electrode Chemistry Range (Ah) (mix) R Ah Whikg (nC = 4)
EnerDel HEY GraphiteMNiMnO; 4125 15 1.4 0.021 115 0.022
EnerDel EV/PHEY Graphite/NiMnO, 4.1-25 15 27 0.041 127 0.047
Kokam prismatic GraphiteMNiColMnD, 41-32 30 1.5 0.045 140 0.05
Saft cylindrical Graphite/MNiCoal 40-25 6.5 k¥ 0021 B3 0.025
GAlA gylindrical GraphiteMNICoMnD; 4125 40 0.48 0.015 86 0.022
7 ib 0.025 78 0.029
A123 odlindrical (raphitefiran phosphate i6-20 22 12 0.026 80 0.032
Altaimana prismatic LITIOMiMRO, 2815 " 2.2 0.024 70 0.04
38 1.15 0.0044 35 0.007
Altaimana prismatic LITiOMiMRO, 2815 50 ) 0.035 70 0.058
Quallion cylindrical GraphiteMNiCa 42-27 18 B0 0.108 144 0.12
EIG prismatic GraphiteMNICoMnD; 4230 20 31 0.062 165 oo
EIG prismatic GGraphitefiron phosphate 36520 15 25 0.0375 113 0.045
Panasonic EV prismatic Mi-metal hydride 1254 B.5 14 0.013 4B 0.045
Hawker prismatic Lead-acid 12-105 13 15 0.033 29 0.066
EW, eleciric vehicle; HEV, hybrid electnic vehicles; PHEW, plug-in hybnd electric vehicke
565 Oy b oS ol b S AR 008 B Sl 658 sl e gy 5SSl 45 65500 (Ss YL 3L 005k ogdle
& gl (oS L.:)n; e a4 sy Gl a5 canl gl el icwl oals sols i (g 900 g ST 4 5L
e Ol B
=y JB b a4 She pl 4 azg Lo o5l it glands olge il 0ol ools LS Y-F Jgom 0 a5 j5b lea
23S oo p o & 5 ype JWg STae
iliceo (ol Slgo b b s FL1C 550 by (Fhg 5l 5l aoMS -Y-F Jgur
Battery Capacity Clamp Charge Time (min}) Time (min)
Chemistry (AR} Vaoltage (V) Current (A) to Clamp/Ah to Cutoff/Ah
NiCabin0, 20 4.2 20 52173 8096
LiFaP0y, 15 365 15 604152 64/15.4
LisTisOnz 1 28 1 65/11.9 BE/M1.9
Lead-acid {12 V) 38 14.7 25 B1/339
45 45/34
65 2629
- J
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il L 5L Jsb o Leo tal3dl g pe jllamil a5 s lea aisls lis AC b)) (g55 g ym 55l ol Jus 90 32
Sl (NE) oz Gl L 5L sbo o Lo il g, 00 )l 11-AR LTO Jo oy 28y ialidl (NE) o
35 sl oo el (ARl 5o sl e L - 500 Jlab aloye 3 V) -AD LTO Juo sl .l

95:3°C 5 VOC 55 & BIG lans o] Lo gl Jola slos ial33l 593 #10 °C AC 5,l5 o1,y $10 °C $C

9 paa) (otlmond Olge &4 yuw 55U gl ulejT gl oolo —F-F Jour

Temp Rise During Charge

Charge Time ta Tapear Charge to Taotal Discharge Initial Temp
Current (A) Cutoff(s) Time(s) Cutoff(Ah) Charge (Ah) (Ah) Temp (-C) Change (~C)
EIG Iron Phosphate 15-Ah Cell

15 3630 210 15.2 15.4 15.50 225 0
30 1770 210 14.7 15.4 15.45 225 1.5
45 1140 199 14.2 15.4 15.38 225 3
&0 840 172 135 15.3 15.30 235 4.5
75 630 184 13.1 15.3 15.29 255 £S5
o0 480 219 1.9 15.2 15.17 23 7
120 240 316 7.9 15.2 1516 25 9
No Taper

B0 780.4 136 12.99

S0 4548 1.6 11.60

Altaimano Titanium Oxide 11-Ah Cell

11 3920 a1 11.9 12.0 12.00 225 0
22 1950 68.5 11.9 12.0 12.00 22 0.5
33 1300 57.7 118 12.0 12.00 225 1.5
a4 970 59.2 1.8 12.0 12.0 23 25
55 760 74.8 1.6 12.0 11.97 215 4
66 620 a3 11.3 12.0 11.97 225 4.5
B8 440 103.1 10.7 12.0 11.97 24 6.5

Sgr b 5l e slexl je sawl cavay sles
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% Ah to Clamp Voltage

Charge Nickel Cobalt Iron Lithium Titanium
Rate Manganese Oxide Phosphate Oxide

c &1 92 99

4C 76 90 98

5C 72 85 96

6C - 78 94

50 -Ah LTO b Jguw g b Jw &o o 5,0 g golojl —F-F

o pwloyl —V-F-¥
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Constant Current Discharge (2.8-1.5 V)

Current [A) nC Time (sec) Ah

50 0.96 3773 52.4

100 1.95 1847 51.3

200 4.0 904 50.2

300 6.1 588 49.0

Constant Power Discharge (2.8-1.5 V)

Power (W) Wikg Time (s) nC Wh Whikg

100 B2 3977 09 111 &9

200 125 1943 1.85 108 &7

300 188 1244 29 102 £4

400 250 B49 4.2 94 59

500 313 636 5.66 B8 55

600 375 516 7.0 BA 54
Summary of the Cell Pewer Characteristics’

s0c Vee R (mg2) (Wikglags o, (W/kadaos o,

1.0 2.7 0.9 455 811

0.9 2.45 0.8 422 751

0.8 2.40 0.8 405 Fral

0.7 236 0.8 392 698

0.6 2.34 0.9 343 609

0.5 2.33 0.9 339 604

0.4 2.32 0.95 39 CES

0.3 2.27 1.15 252 448

0.2 2.2 1.25 218 388

0.1 2.14 1.35 191 339

Weight: 1.6 kg

"B =EFi1 — EF) W 4R at specified EF.

IS 0 oEtslesl (s3lailel 5 oo (slopuSe aidgy Gllos FC U 5L lace ju 10 8:-Ah Jus g 5,0 sla ool
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150 A charge with thermal insulation—temperature and cell voltage vs. time
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150 A charge (free air)—temperature and cell voltage vs. time
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300 A charge in free air—temperature and cell voltage vs. time
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Parameter

Module configuration Ten S50-Ah cells in series

Weigint (ka) 232 module, 16 cells alone

Valume (I} 13.25 module, 8.9 cells alone

Al capacity 505 at 50 A 442 at 200 A

Energy density (Whi'kag) JOB at 1C, 664 at 2C

Resistance (micl) 7.0

Pulse power (W, Wikg) &7 kW, 420 'Wikg cells alone,
0% efficiency

Fast charging capability Up 1o 6C with 96% of rated Ah
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50-Ah Module R (m£2)
Pulse Current
Cell # =300 A =200 A =100 A 100 A 200 A 300 A Ave. R
o] 0.5876 0.5893 0.5841 0.5832 0.5764 05712 0.583633
1 0.675 0.6686 0.6609 0.6561 06512 0.6422 0.659
2 0.802 0.7957 0.7856 0.7778 0.78495 0.7575 0.78135
3 0.7456 0.7368 0.7328 0.7257 0.7157 0.7035 0.72675
4 0701 06944 06915 06859 06762 06667 0. BB596T
5 0.7396 0.7315 0727 0.7174 07112 0.6988 0.720917
B 07126 0.7058 0.6989 0.695 0.6864 0.677 0696033
7 07129 0.7037 0.6997 0695 0.6877 06776 0.6961
B 0. 7865 0.7769 0.7691 0.7704 0.7522 0.7366 0.765283
) 06333 06228 06113 06064 0. 6084 0.5975 061335
Average 071082 0.70255 0.69609 0.69129 0.68354 0.67294 0.692838
51 dew. 0063501 0.063799  0.06382 0.063063  0.0597737 0.057575 0.061894
Madule & 7109348 7201439 6840243 689108 7.016456 6.739212 {micy)
Charge current 50 A 150 4 200 A 250 4 300 A
Madule Ah 505 50.4 50.1{49.9) 49.5(45.3) 48748.3)  (fan coaling)
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300 A charge (fan cooling)—cell voltage and current vs. time
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300 A charge (fan cooling)—temperature and current vs. time
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Maximum temperature at the end of charge S0+C
Minimum temperature at end of discharge 33°C

Average cooling during charging 120 Wimodule
Average cooling during discharging 48 Wmodule
Cooling plate temperatures 33-40°C
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Voltage (V) and temperature (°C)
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Vand Tvs. time (no fan) cycles 196-225
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Capacity vs. cycle number
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