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Abstract

This thesis presents the scheme of the battery charging system lithium ion
nanophosphale by using as the supply source of the eleciric bicycle and needing less time for the
battery charging. Upon comparison with the lead acid battery and in the driving motor system,
shall use IC 555 on connection with the unstable multi-vibrator circuit. This circuit shall create
the square wave signal for the Mosfet. Mosfet shall open or closce the electric current for the
motor. The test procedure shall comprise of the test with the driver in weight of 60 and 75
kilograms and the test without driver in the different topics. The derived parameters shall be
compared ie. current, voltage and speed etc. The test of battery charging shall be done by

charging battery at different voltages to obtain the timr for battery charging,
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1993480 (Main Circuit) 9212995009 uUBY 1 TN Faludiuvaniyn

T ] ] #
Ao I&1F ledes 555 Wudadsdynpaniadfmbouianniodiuamad lsfa(Duty
eycle) 18danat 1% §a 99% Avzdlonldiunemvanios IRF150 99 2 ddafudiflavnietla

nszualinduewes 24 Toad 250 Sagd

LiFePO4

{I Il
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gﬂﬁ 3.8 239954an (Main Circuit)
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293 uFies 141esiad luusmesuuu hitados (Astable Multivibrator) Tno
3 =t 1 A 1w ar 1 Qs o
sivualdtisnmutshiiy 50 Hz wazeninsolfusivesnnunivesiad (Duty Cycle) 14

vinAdunaliuat Tasms ldaueSazdlszond Iifiuduga

o Vee=1dV
4 8
Ri Reset Vce
7| 3
R, Discharge  Out—0O o (1)
Rs l IC 555
iz_Thres \
Trig Cont
-+
=
T CrsAur GND —= C,=0.1uF

—_

51lii 3.9 29e3r9vsiiad lausmesunyhiwdes (Astable Multivibrator)

P o 1 w9 v w o 9}
ED'Q'CT11]1'iﬂﬂ']u'Jmﬂ']ﬂ'l"UENﬂ')ﬂ'!uﬂ'luﬂﬂ@]'llﬂllﬂixﬂtlﬂiﬂﬂ

T, =0.69(R +R,)C (3.1)
T, =0.69(R, + R,)C (3.2)
T=T+T,=0.69QR, +R, +R,)C (3.3)

AOaMINEARIINE £= 50 Hz
T =20mSec = 0.69(R + R, + R,)C

. -3
A1 (Rl +R2+R3)=£x(1j9*— 3.4

1690 C = 0.027 uF
(R + Ry + Ry) =107.35K
Wodfud Ry 1% R, =0
T1 = 1% duty cycle = 0.01(20) mSec
0.2mSec = 0.69(R))C (3.5)



el fli Ry 18 R = Ry
T1 =99 % duty cycle = 0.9%(20) mSec
19.8mSec = 0.69(R| + Ry)C

S @=99: kit Ry
(5) Ry
99R1 = RI + R2

@90 R, (A A Mn U5 uA1) = 100 K

unuAgld R = 1K

-3
(Rl +R2 + R3) = —ZOXIO
C
R3= 6 k
MenR,=12K
_ 02mS —027uF

0.69x1k

(3.6)
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4.2 MINATOUTYYININIDINUHATUH PWM

[T T

mIrAgENMAUITN SynnmInageulwsiad uswesuuylidfios (Astable
£ A @ o = a
Multivibrator) Fudlunvsiisdudaaa pwm Tavidnmsiildweamailuadad Ja-a

) ' o 1 3 1 = S w 3y oA o
ﬂ‘mmimmnamai ﬂ’J‘lJﬂ‘JJIﬂEIﬂ'] Duty cycle @481 0 % 949 100 % NAT1NIIN lwmm 555

r
e =

Tasmyamdygruc 1deoasalaaInlfadyaanvunameuiuvige dvesuoma

v u

1 4.1 19 uiindyau PWM

{ o = a a1 & A Ay
714 4.2 f1 4. 12 Aumsuaagidygrui dnagenninmadadiuse Sazsuiin

Duty Cyele 1411011 0%04100 % laee1 Duty Cycle 921 unadafnigg

Min -r.oiae |
Hl-h 11B.LY H

Hin -2.07 .74
Fily  DLE<

Bk ey

i . e L g v Py 10
WAl - ;

510 42 05 Vg A52@1 Duty Cycle 0% UM 4.3 031 Vg 152AY Duty Cycle 10 %



[P FF N Min @00
g 304 ity
Veey dote Lrly Lo re

51U 4.8 n5 Wl Vg Pazd Duty Cyele 60 %
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511 4.7 n3l Vg 71528 Duty Cycle 50 %

a

I 1200
fieg B1.0CY
recy 14,6000

U 4.9 n51H Vg AveAU Duty Cycle 70 %



(3R Ted.Ly Fin

[P LT A [LIETNS N

Ficg 47,000 Caly 49,05
|

M 170,07
fag 1900
Freq A%l

g1l 4.12 a3l Vg N52@0 Duty Cycle 100 %
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102,04
el 43,00z

ik Led.ed
iy

U 4.11 0519 Vg AT2AY Duty Cycle 90 %
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4.3 msmfmumﬁmﬂﬁamaauamaﬂﬂﬂwmm%’nimu
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nsnAeUMITLIRAeUYeINeImes 1Wih sziniufiunmedeu 3 dnvus fe fd
¥ ¥

Fnihimiin 60 Alanfy diudhihivmin 75 ilansuuazmsneaenTay15n 13z (No Load)

o

InumiTa 60 Nlaniu

o ar =

1 o ¥
51 4.14 msnegevludnuuzdduiiiimin 75 Alandy



43.1 manageulaudruiinifiinmiin 6o tlanin

51 4.15 manaaeuludnuaez 157152 (No Load Test)

M519h 4.1 yaasran1sneasalumInageun M Weudua Duty Cycle

3 ] 14
fad 0 - 100 % Taeddudilimiin 60 Alansy

30

Duty Cycle A5 (m/s) Ao

(%) ATai 1 Adad 2 A3ad 3 iy (km/h)
0 0 0 0 0 0

10 1.20 1.42 1.17 1.26 4.54

20 2.55 2.55 2.78 2.63 9.47

30 2.99 2.90 2.85 2,91 10.48
40 4.23 4.40 4.19 427 15.37
50 4.76 4.53 4.70 4.66 16.78
60 4.88 4.90 4.75 4.84 17.42
70 5.03 5.00 4.97 5.00 18.00
80 5.09 5.15 5.00 5.08 18.29
90 5.42 5.71 5.58 5.57 20.05
100 6.00 5.70 5.95 5.88 21.17
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25
20
E 15
.
2 10
=
[cnd
5
0 T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100
Duty cycle (%)
317 4.16 Ayt nmS 2veesndnson TR sndud Duty Cycle
9197 4.2 Anszuauasusseuldfhfneldiuvemes ludnsuzaS
¥
AL Duty Cycle Aae 0 - 100 %
Duty Cycle NTSLE (A) 599U (V)
o ] v 1 U 1 ] o ¥ Y ] Ed ' ]
(%) adefl 1 | asafi2 | aSefi3 | mAe | afei1 | asen2 | TN 3 | wmae
0 0.40 0.40 0.40 0.40 0.18 0.18 0.18 0.18
10 3.61 3.56 3.92 3.70 5.84 5.74 5.78 5.79
20 4.72 4.98 5.02 4.9] 11.82 11.68 11.59 11.70
30 6.60 631 6.25 6.39 15.43 15.84 15.61 15.63
40 6.65 6.74 6.44 6.61 18.44 18.23 18.67 18.45
50 7.05 7.29 7.15 7.16 19.57 19.50 19.23 19.43
60 7.24 7.22 7.81 7.42 21.43 21.94 21.38 21.58
70 7.38 7.41 7.28 7.36 22.20 22.04 22.43 22.22
RO 7 7.51 7.58 7.66 7.58 22.69 22.12 22.71 22.51
90 7.92 7.87 7.90 7.89 24.25 24.01 2438 2421
160 8.00 7.87 8.14 8.00 24.00 2421 24.37 24.19
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9
8 —e
7 M
6 ’—__/
B4
2
Vi
0 . . . : \
0 20 30 40 50 60 a0 100
Duty cycle (%)
suft 4.7 wduiugvesnszua ifhneldfuemesifouiu
Duty Cycle Hudlunnudned
aseit 43 mnszualbihiswliuemesdudGuaninouianusned
MBURUAT Duty Cycle a6t 0 100 %
Duty Cycle NFZIT (A)
(%) 0s 2s 45 65 8s 10s 12 8 1458
0 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
10 6.12 5.61 5.21 4.82 4.86 432 4.00 4.02
20 12.00 10.32 946 8.54 7.70 6.78 559 543
30 15.91 12.25 10.86 9.72 B.21 7.50 7.21 7.20
40 16.82 12,74 10,50 9.21 8.03 7.45 7.00 6.97
50 1900 | 13.12 | 11.68 | 942 | 872 | 7.40 | 700 | 695
60 18.98 12.78 10.49 9.32 8.69 7.40 7.32 7.21
70 19.02 13.06 10.16 942 8.44 7.50 7.40 741
80 19.02 18.72 12.26 9.99 8.24 7.98 7.90 7.88
90 19.00 18.72 15.12 10.13 9.00 8.72 8.05 7.92
100 19.00 | 1412 | 1211 | 11.03 | 9.00 | 862 | 835 | 820




NISIE (A)
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(=T S R - = B

a1 Gui)

—p0%

i 10%
e 20%
——30%

i 4(1%

——50%
warefeamm GO%
wnsnsnms 7(%
== 80%
o % 00%

v 4 100%

U7l 4.18 awditussenisanssue s ifuwemefifeuduna

U A1 Duty Cycle $aua 0%-100%
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43.2 manageuladiudithimiin 75 Naniu

1 ¥
9199 4.4 AT AAOLAUA Duty Cycle H1aUA 0 — 100 %

Duty Cycle AT (m/s) anuEa
4 1 4 Fy v 1
(%) ATan 1 Aei 2 AfeN 3 mhy (kmvh)
0 0 0 0 0 0
10 1.09 1.01 1.02 1.04 3.74
20 2.71 2.43 2.40 2.51 9.04
30 2.79 2.80 2.75 2.78 10.00
40 3,40 3.62 3.78 3.60 12.96
50 443 442 4.29 4,38 15.77
60 4.71 4,75 4.64 4.70 16.92
70 497 5.00 4.87 495 17.82
80 5.24 4,98 5.05 5.09 18.32
90 5.40 5.42 5.15 5.32 19.15
100 5.73 5.61 5.65 5.66 20.39
25
) /'——/‘
E 15
=4
sy
2 10
—
&=
5
0 /I T T L T T T T T 1
0 10 20 a0 40 50 60 70 80 a0 100

Duty cycle (%)

] 14
g 419 aruduiuinnuiwessadnson Iufuienius1 Duty Cycle Aaud 0 % - 100 %



1 1 @ 1. ar 'L Y =3 i
a19f 4.5 anseuauasusaau fhinehifuuemes ludnyazamusnan

(ReufuA Duty Cycle A4 0 B3 100 %
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Duty Cyele ATLUA (A) UFIAU (V)
v ¥ WV ] Y 1 ] 4 ] FJ 1 9F ] ]
(%) AsIA 1 [afn2 |aFi3 | mae | asnl [ afen2 | a3 | maw
0 0.40 040 | 040 | 040 | 0.8 0.18 0.18 0.18
10 3.46 3.51 3.48 3.48 53 521 5.64 5.38
20 5.27 537 | 489 | 5.18 122 | 1240 | 1268 | 1243
30 6.53 684 | 632 | 656 143 | 1416 | 1462 | 1436
40 7.00 7.21 7.11 701 | 1734 | 1738 | 1791 | 17.54
50 7.33 728 | 7.54 | 738 | 1920 | 1935 | 19.08 | 19.21
60 7.54 7.15 774 | 748 | 2011 | 2033 | 2048 | 2031
70 8.00 8.11 g14 | 808 | 2200 | 2267 | 22.08 | 2225
80 8.25 824 | 847 832 | 23.15 | 23.69 | 23.47 | 23.44
90 8.32 8.29 8.67 8.43 $22.00 22.44 22.38 23.50
100 8.80 894 | 846 | 873 | 2380 | 2391 | 2371 | 2381
10
9
8 M
7 *—‘*_/
<
T g
2 4
=
L
L/
1/
0 I{ T T T T T T T T T 1

0 S0 20

30

40

50

60

Duty cycle (%)

70

80

90

51l 4.20 Pwduiusueamnszua Idhiswlinuuemesihouiusm

» 1 T
Duty Cycle 136 0 %82 100 % YUU TuA 15 109

100
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VA o = o -
HRITHANTINIUDIANIULT IAIN

Meudud Duty Cycle Adia 0 89 100 %

Duty Cycle NIEUA (A)

(%) 0s 2s 45 6s 8s 10s 125 145
0 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
10 6.42 5.49 5.23 4.61 4,20 3,74 3.80 3.70
20 12.22 9.63 9.21 8.53 7.99 7.34 6.67 5.46
30 16.67 12.03 11.53 10.14 9.43 8.65 7.99 7.73
40 18.87 14.42 11.99 10.15 9.61 8.86 8.00 7.83
50 1990 __14.42 12.53 _ 11.87 9.87 B.80 8.40 7.99
60 19.00 14.42 12.36 10.97 10.10 2.82 8.31 8.10
70 19.86 13.98 11.32 10.81 10.15 9.04 8.62 8.30
80 [9.83 14.36 11.94 10.73 9.67 875 8.66 8.60
90 19.99 14.59 12.41 10.99 9,08 9.12 8.66 8.43
100 19.97 14.36 11.86 10.74 9.55 9.03 8.80 R.73

25
—— 0%
=l 10%
g (1%
e 30%
= :
s — 40%
3‘§ —— 50%
=
et G0%
comcaers 70%
- ~B0%
0 6 8 10 12 14
Q-2 00%

a1 (i

1Y - 100%

| o o o 1 1 Ll A W o ¢ = o
51 4.21 auduiutsznnemnszud I aelddusemesifieniuna

9
@il /11 Duty Cycle f19u# 0 % - 100 %




4.3.3 manaeeuludnuazl3nisg (No load)

H 1 a I LY [ =1 A
M 4.7 mnszudiazussaudihnswldiuuewes ludnuuzanuEingh

F
Mofua Duty Cycle A9ud 0-100%
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Duty Cycle nIsue (A) HIIAU (V)
© o o 4 A 4 ] EA o o K
(%) AN 1 | ATan2 | afaN3 | maw | asenl | Aasen2 [ asen 3 | mae
0 0.41 0.41 0.41 041 0.18 0.18 0.18 0.18
10 1.73 1.81 1.75 1.76 11.10 11.5 11.24 11.28
20 1.97 1.87 2.03 1.95 18.42 18.49 18.5 18.47
30 2.05 2.14 2.12 2.10 21.95 21.87 22.01 21.94
40 2.10 2.12 2.14 2.12 23.51 2344 23.21 23.38
50 2.10 2.21 2.14 2.15 24.24 24.06 24.52 24.27
60 2.10 2.11 2.16 2.12 24.70 24 .87 2479 24.78
70 2.15 213 2.14 2.14 25.10 25.31 2514 25.18
80 2.21 2.29 2.11 2.20 25.50 25.62 2549 25.53
o0 2.15 2.16 2.17 2.16 2570 25.65 25.91 25.75
100 2.20 2.24 231 2.25 25.80 24.91 2642 25.71
2.5
2
< 15
s |/
o1
=

s

0 T T T T T T T T T

0 10 20 30 40 50 B0 70 a0 a0
Duty cycle(%)
' o w o 1 i1 [y = ar 1
Ui 4.22 anudsiusvesminszud Idihfiseldfuvemeifeuius

9 ] 1
Duty Cycle §141161 0 %84 100 % T0% TuanTInedh

100
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:‘1 1 A Y ar s‘g 1A o =2 o =
A1319N 4.8 ﬂ'lﬂ'ixuﬂhlﬂ‘ﬁ’]‘l’lfl]’lfJalHﬂ‘]J‘lli’JME)‘iﬁQLlﬂlillﬁﬂ"liﬂ‘i]uﬂ\‘lﬂ'l'\‘mi’iﬂx‘l“r'l

1
Meufua Duty Cycle Adus 0 93 100 %

i (uai)

Duty Cycle NILUH (A)
N (%) Os 2s 4s 6s 8s 10 125 14s
0 0.41 0.41 0.41 0.41 0.41 0.41 0.41 0.41
10 3.26 2.00 1.93 1.90 1.91 1.90 1.90 1.91
20 6.22 222 2.15 2.16 2.16 2.12 2.12 2.12
30 6.55 2.24 2.21 2.20 2.18 2.17 2.17 2.17
40 6.62 2.20 221 2.20 2.18 2,18 2.18 2.18
50 6.22 2.20 2.30 2.21 2.21 2.20 2.19 2.18
B i‘ 60 6.62 221 2.2} 2,20 2.19 2.20 2.19 2.20
70 6.22 2.21 2.18 2.24 2.24 2.20 2.20 2.20
80 6.61 2.20 2.21 2.20 2.21 2.20 2.20 2,20
90 10.11 2.21 2.21 2.20 2.20 2.20 2.20 2.20
100 11.00 222 2.21 2.17 2.20 2.24 2.21 2.20
12
i
——
10 A
\\ il 10%
8 e 20%
g M4 x el 30%
) E 6 \
; ] = 40%
AN\
4 Y —— 50%
\\ cowepmer 0%
2 ] I e ey it i i
s 70%
o . & ¢ s 4 > . ¢  --g0%
0 2 4 6 B 10 12 10 0%
100

3 o w ' 1 i1 [ ¢ A o
Ui 4.23 anwduiusszniuninszud iihAseldiuremesieuduna

a
9 711 Duty Cycle A91# 0 % - 100 %
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mﬂiﬂﬂﬂﬂ‘w 4.20 gV vimiin 60 Alandy fafusalia Duty cycle (11111 100
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4.4 minageumsilszgquuameidifenlossumniunsmna

o

msnageumsdszauuameiaison lossuun Tudeada wneadoulaamsnaiy

1l529 (Discharge) ponIdivasussdununie 2.4 1oad 2.6 Toad 2.8 Taad 3.0 Trad uay 3.2
o 1 o A g Aq = 1 Y] 1

Taddoad  Faresyauuamesaiiouloseuur Turemaveasodnseru i szl

sonilu 8 a8 1iena1t1lszy (Discharge) aonlHindousduaidrsqudnzilszgndudll

Wiuuuanes lavlfinTonlszqdiasou TaodanszuanilszyIndh149 6.5 wewudl ifieg
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m1ah 4.9 namsdszy IMihidfuuuaeeiadon lessuu Tudoara

Taofauanszuailszy 134 6.5 uondl

HIRUILIARBS (V)

nani i lumstszy (i)

2.20 85 Bl 86 84.00
2.40 78 76 78 77.33
2.60 65 64 68 65.66
2.80 47 52 53 50.66
3.00 35 38 39 37.33
3.20 20 21 21 20.66
90
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e 70
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33
5 50
2 40
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TgazDYNUN "lacm'ua's 555

National
Semiconduclor

LM555
Timer
General Description

The LA5B55 is a highly stable davice 1or generaling accurafe
fima delays or asclllaion. Additional temminals ara provided
fot tiggering or resetling if dasired. In the time delay mode of
opartion, Ihe time is precizely controlled by one extermal
ragistor and capagitor. For aslable cperation &5 an osciifator,
tha free ruaning flequancy and duty cycls ors aoouralely
contsolled wilh two exlemal resislors ard cng capacitor. The
circull may be triggered and ressl on faling waoveforms, and
the output circuit can scce of sink up 1o 200mA or drive
TTL cirzuits.,

July 2003

Features

& Direct replacement for SESS5/MESSE

1 Timing lrom micreseconds through: hours

# Gperales In balh astable and moncstable modes
i Adjustable duty cycle

# Culput can sourcs or sink 200 mA

# Culput ang supply TTL compalible

i Temperafure stability better than 0.005% per 'G
a1 Normaly on and nemally off cutpid

& Available in 8-pin IAS0P pachage

Applications

s Precision timing

# Puise genesation
Saguential tming

Time datay genaration
Pulze widih modukation
Puisa position modulation
Linear ramp generalor

Schematic Diagram
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Connection Diagram

Dual-In-Line. Small Qutline

and Molded Mint Smiall Qulline Packages

1 u ]
[ 3 ;;r—m BV"(;
TRIGGER DISCHARKGE
3
OUTPUT et THRESHOLD
_ ! | *___ CORYROL
RESET ==t VOLTAGE
LY

Ordering Information

Top View

Package Part Number Package Marking Medla Trangport MSC Drawlng
B8-Pin 501G LIASESCM LE338CM Rails MOBA
LG5S CMY LMESHCHM 2.5k Injis Tape and Paal
B-Pip MSOF LMSE5CHM 255 $k Unitz Tape and Resl MUADSA
LFS55CMMX Z5E 2.5k Unliz Tape ard Peel
B-Fin MDIP LMSSECH LIASS5CHN Rails NOSE




)

Absolute Maximum Ralings o 2

It Military/Aarospace specilled devices are raquired,
pleaze confact the Hational Semlconductor Sales Oficel

Distributors for avaiability and specifications.

Supsly Voltage

Power Dissipstion (ol 2)
LEASSESCH), LMSSOGH
LSS5 CRARA

Ogerating Temperalure Ranges

LMEEEG
Gioraae Temperalure Rangs

+18Y

1180 mwW
G13 v

'Clo +70°C
-B55°C o +150°C

Electrical Characteristics metes 1. 21
(T, = 25°C, Vo = +5Y to £15Y, urlass othewise specilied)

Soldering infomation
Dual-in-Ling Pagkage
Soldering 110 Saconds) E00
Small Odlfing Packagses
{5016 and ME0P)
VAGH Phase (80 Saoonds) AL
Infrared {15 Seconds) 220G
See AN-450 "Sudace Mounting Medhads and Their Efaci
an Product Roliabiliyy™ for othar methods of soldaring
surface meurd davices.

Parameter Conditions Limitls Units
LM555C
Hin Typ hWax
Supply Vailagas 4.5 16 v
Supply Currant Vi =5V, A == 3 G
Vi = 13V, Ry == 10 15 i
{Low State) {(Mols 4)
Timng Error. Menostabla
Initial Accuracy 1 kO
Ditft with Temgaralira Ha= 1k to 100k, ED ppmi'C
C = DApF, (Mote 5)
Ascuracy over Tamperature 1.5 %
Diifl with Supply 0.3 YV
Timing Ercor, Aslabla
Initial Accuracy 2.25 %%
Daf with Temperalure R, Ag =1k to i00x4, 150 ppi C
C =0.1pF, {MNole 5)
Aseuracy orvar Temperalura a0 kS
Drfl with Supply 030 )
Threshold Voliage 0.667 X Voo
Triggar Voliage Voo = 15% & v
Voo =5V 157 v
Trigaer Cuirent 0.5 0.9 HES
Haset Voliaga 04 0.5 1 V'
Resat Current 0.4 0.4 maA
Threshold Canrent {Mote B) 03 025 HES
Cortrof Voltags Lavel VMg = 15V ] 10 11 N
Viop =5V 2.6 .33 4
Pin 7 Leakage Quipul High i joa nA
Pin 7 Sat (MNote 7)
Qutput Low Voo = 10V, - = 15mA 180 my
Ouiput Low Voo =45V, 4 = 4.5mA 82 200 my
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Electrical Characteristics poes 1.2 iconinusd)
{Ta=25'C. Ve = +3V 1o +15V, unless olhawisa specified)

Parameter Condilions Limits tinits
LM55EC
) Min Typ Max

onput Voltage Drep (Low) Vo = 16V

' ek = 10mA 0.1 025 Y
szt = BUMA 0.4 075 v
lasg = 1004 2 25 v
|z = 200mA 2.5 v
Vep =5V
laatgge = Brnd o
lgnae = BMA 0.25 0.5 A

Guatput Volage Drop (High) lazupce = 200mA, Vo = 15V 125 v
leounce = 100mA, Ver = 16V 12.75 133 v
Ve = 5Y 275 ) v

RAizp Time of Ciipun 100 ns

Fall Time of Quiput 100 ns

Mate 1 All voltages are maassred with respoct 10 e groend pn, unless oharaise spocified.

Mot 2 Absoluie Madmesn Retings indicats lemEs beyond wiich damagae to e 45808 may comar. Gpsrating Fatings indicate coodiicas for wiich |he device s
tunctionall b do nof qualanse spocts pedommants mits. Efscinzal Charsctarefion state 0T and AC stectroal spaciinations uider patiosiar s coradfoos which
guaraMes spectic pedomancs limits This assunres (haf the davige is wihi tha Operaling Rafngs. Seecifcations am nolguasanfead der paramelors whate nis mit
b5 given, hawzier, the typice! value s a goad indication of devics prlonnance.

Rote d: For opzralng at ezalad lerperaiurss the davics must be derted abows p5°C baced i 5 +450°C mavimum aciion bemperaivre akd 3 Germa
rostalance of 10V DR, 170 CAW (B0-5%, and 208 CAY (ME0P) jurcdon (o amkiont

Hote 4: Buply cumerd whoa odimd Fsh hrfoally 1 maless a1 Wos = 8W

Hofe 5: Tesied ail Voo = 8V and Voo = 8V,

RHale 8: This wil delermine he maximumn veue of Ba 4 B for 137 opecalion. The fnadmurs todal fAa « Po) ia 200

Hote 7: Mo profoection againsl excessive pin 7 currend i3 necassery providing the packsga diselprion rating wii nod be sxcsedad,

Hote 8: Peler i AETSSE5X diawing of miftary Lssed and LV555) versions for speufications.




Typical Performance Characteristics
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Typical Performance Characteristics continues:

Qutput Propagation Delay vs. Chuitput Propagation Delay vs,
Voltage Lovel of Trigger Pulce Voltage Leve! of Trigger Pulse
1263 V200
(TS ¢ P
_ 16 Camgmnd .
H £ 5 z 150
— =
= g - Z i
& B
O R e s
- : . [
S L G 4o
= - ”? - " /' =
& Yy ]
£ 2o = "F': < 00
i : :
: ; i
o buddd | Pl o L _
a .1 a7 0.2 ] 01 02 22
LOWEST VOLTAGE LEVEL OF 1AIGGER PULSE (X V) LOWEST YOLTAGE LEVEL OF TRIGGER PILSE tX Veel
) araHIzL DI
Discharge Translslor (Pln 7) Dlscharge Transistar (Pin 7}
Voltage vs. Sink Current Voltage we. Sink Current
1690 e tang 2
i j :
é i
= o g th = e i
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T T PIEE 2 b (48] PIN Y
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Applicalions Information

MOHOSTABLE OPERATION

Ia his meds of operation, the limar funcilens as o ane-shet
[Figure ). The extemnal capacitar i fnitialty held discharged
by a transistar inside the imer, Upgon spplication of a neqaa-
fiva trigger puisa of fesz than /2 Yee to pin 2, the lip-fop iz
sewhich both releases The shor circuil acsoss the capacitor
and drives the culpul high.

BV TSN

—
i F9ALT ! e
L]
I T- -« i
3 13
1RIGGER ISTHAT
YARWALLY O ?asc 5
‘axLosn %
| - | hneshaen
I TERIRRI
04TFYS voLtast ]
‘—.l H ==
ARRMAILY S |
“GEI R DAD * i

[ TELT
H i 4

FIGURE 1. Monostable

The vollage ecross the capacilar then incTeasss axponan-
fially for a peried of i = 1.1 B, G, a1 ihe end of which fine the
volfage equals 2/3 V. The comparaior fhen reseis ihe
fiip-flop which in turn discharges the capacitor gand drives lhe
cutput to s [ow stata. Figure 2 shows tha waveforms gen-
afated In ikis mode of operalion. Since the charge and the
thrashold Tevet of tha comparator are both direcily propor-
fional to supply volizge, Ins timing inleval is indepandent of
aupply.

/] / Ao /
L7 I
Vog = BY Tep Trace: Inpul SNy
TIME = 0.4 maDiY. Mizda Trase: Ouipal W Ty
Ay = B Boftery Traze: Capanitor Vellags Wil

G =001F

FIGURE 2. Monosiable Waveforms

During the timing cycle when the output 1s high, the fudher
application of a tegger pulse will ot sflect tha circuil =0 long
as tha irfgger inpu is retumed high ot leasl 1003 befora the
and of the fiming interval. Howaver the clrcuit ¢an ba resel

55

during 1his tma by the applicatisn of a negative puisa to the
reset larminal (6i0 4} The owtpul will han cemai 1y 1ha fow
siate until a tigger pulse Is Ggain apphad.

Whan the resst funcion is actin use. itis recommendad thal
it be connactad 0 Yoo © avold any possibdlity of false
triggering. :

Fligure 3 is o nomograph for eosy detaminalion of R, G
vales for vancus time delays,

NOTE: In monostable aparatien, the 1dgger should be driven
high before the end of timing cycle.

)
o i0
_;3
ja) 1]
1
L=
Y
3
1
oam

5.651 L s i ;
e 00 s ms [Ors 130 ms 45 s 100s

1, = TIVE DLLAY
TR

FIGURE 2. Tima Dalay

ASTABLE OPERATICN

i the circuit is connecled as shown in Figure § {pins 2 and 6
conmectad) it will frigaer itsell and frae run as & multlvibratos.
The extemnal capaciior chargas thsough Ra + FAa and dis-
charges thiouch Ay, Thus the duly wycle may be precisely
551 by the rafio of thase two rosistors.

e GR3 '/
I d {Fa

r

I

i

!

I 4 |

]

é"' L{: i
|

|

|

|

10247 b
3 51 l[
LR S
£0Lr
! 4

RPN =L

H

FIGURE 4. Astable

In thls mods of oparation, the capacitor sharges and dis-
charges between 143 Ve and 273 Ve, As in tha triggersd
mode, the chargs and discharge times, and therafose the
frequency are independent of tha supply vollans.



Applications information (continued;

Figura & shows the wavefomiz gansraled in this mode of
cperation,

LS
W = BY Top Trsee: Cudpat 5320y,

TIME = copsTIV. Botsm Tracs. Cagacitor Yoltage 130Dk,
Ry = 30k

Ry = k)

= aoipF

FIGURE 5. Asiable Wave{orms

The charga time {output high) is given by:
1, =063 (R, + Bx) G
And tha dischnrge tima (pulpu! low) by:
s = 0.893 (A ©
Thus the iofal pericd i
T=1, +=0893 ", +2Rm
Tha hrequency of oscillation is:

= 1.44
T Ry ) 2RpIC

Figura 6 may be usad far guick Jdelermination of heze RE
vatues,

The dufy cycle is:

0t

G~ CARNCITANMDE |F)

[[X3]

0.033

b I TR - 1T [ N [T |3
F - FREC-AUSTING FROQUENLY [Hi)

DRI

FIGURE & Free Running Frequency
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FREQUENCY DIVIDER

The monesiable circull of Figere ! can be ugsad as 4 fre-
quanzy divides by adjusling Hre lnath of the freng cyoiz.
Figura 7 shows 1he waveforms generaled in a divids by thres
cireuit,

.
barfraifen
o —
bt | e
(LR AR N

Vg = 54 Top Trace: gt 450w,
THAE = 203301V, Mddiz Tracz. Qutpa 2D
Hg, = Bk Botiemn Trace: Gapacter 2V D

G o= BO1pF
FIGURE 7. Frequency Divider

PULSE WIDTH MODULATOR

When the tmer is connacied in 1ha monsstable moda and
triggered with a continuous pulse train, the culput pulse
width can be nicdulated by a signal applied 1o pin 5. Figure
& shows 1he dreuit, snd in Fotre & arg some waveform
axamples.

0 o
g R!

i
niserANGE )
THIEGLA O] 2 )
Lmsky g [LARESRDAD
MOOULATION
inbut
QUTFLT (3—)

Mt

FIGURE 8, Pulze Widih Modulator
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Applications Information  icontinueq

AR
Von = &Y Top Trace: Modulzion 1¥:D6y.

TIKE = 0.2 meA0i¥,  BoMown Trace: Quipst Vollaga 2V 0w
fiy = 27500

C = 001pF

FIGURE 8. Pulse Widih Modulator

PULSE POSITION MODULATOR

This epplicalion usas the timar connected fos aslable opara-
tion, @s tn Figare 10, with a modulating signal aoain applied
ta tha oontro! voltage feminal. The pulsa position vanze with
tha modulating sigral, sinc2 tha threshofd voltage and hancs
the tinia delay is varied. Figume 171 shows the wavaloims
ganerated for a triangle wave modulation signal.

=) e
Aa
i |
2 1
% a“
LMLSY 3
HOOULANIDN I
[N e— ——a ¢
1
HEEALYL

FIGURE 10, Pulsa Posiiian Rodulator
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Yo = 8Y Top Trace: Modulation Frgul i@;[ﬁ.

TIME = 0,4 mu DY, Botom Trase: Outpal 390
Ry = 3 5ka

Hn = k32

C = b.oipF

FIGURE 11. Pulse Positien Modulator

LINEAR RAMP

Vhan ihe pullup rezistor, Ry, in e merosiable circult is
repizced by o comstani curen source, & Enear ramg is
oenerated. Figure 12 shows a circuit configuration thaf will
pariomm thils funetion.

R e

TRIGRERO—— ¥

iNtse
R LA0IY -

LH
QUTPUT (Desocca]

-

CATES1E
FIGURE 12.

Figura 13 shows wavelorms generaied by lhe tinear ramp.
The time interval is given by:

. 203N He Ay + Ra) ©
Ay¥eo - Vac (Ry 1 Rgl
Vag = 06V

WV = GGV



Applications Information (centnuea:

FRNTYEY F W N T T IETF YT TRI TN

/ 3 !
e Pa
v . i
TEE5HT

Yo =a¥ Top Frece: (ppat 30w,
TIME = 2xusDIV. Midde Tracs Cutpst 5V W,
1) = A7k Eztem Trace: Capaciior Vollagps WDy,
Bz = L00kiY
Br =271
C =0t gF

FIGURE 13, Linear Ramp

50% DUTY CYCLE OSCILLATOR

For a BO% duty cycle, the resislors R, and Bg may be
connected as In Fgum 14, The tims periad for the output
high is the s5ame &5 pravicus, t, = 0.693 8, C. For tha output
lowflis §u =

{Ra Rp)f(Ha 3 HB)] Cin

Hg - Eﬂ,\]
2Ra - Ra

Thus the frsguancy of oscilialion is

1
f=
hdlo

58

) o HWew
& B
- 2 i
LMESS §
ourPT 0— 3 % dose [
5 = 0.01F
I il P}

FIGURE t4. 50% Duty Cycle Oscillator

riote that this circuit will not oscitlata if By i3 greater than /2
R, because the juncllan of Ry and By cannoi bing pin 2
dawn 10 12 Veg and trlgoer the lower comparator.

ADDITICHAL INFORMATION

Adeguate power supply lypassing is necessary to protact
azsocialed clregilng. Minimum recommended is 0.10F in par-
alfel with 1uF electrodytic,

Lower comparalor storage fme can be as long as fCps
whan pin 2 Is ddven fully o ground for tiggenng. This kmits
iha mangstable pulse widlk ke 10gs minimuem.

Dealay time reset 1o output is 0473 typical. Minimum tesel
pulsa wicth must be 0.3ps, iypicnl.

Pin 7 curent swiiches within 3%ns of the outpui [pin 3)
voliage,
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swaziduaves wunmesaseylsesuinluronmn (LiFePO4)

RC Developer Kit - Single Cell
performance r/c products

Nominal capacity and vollage

Internal impedance (1kHz AC)

Internal resistance (104, 1s DC)
Recommended standard charge method
Recommended fast charge current

Max continuous discharge

Pulse discharge at 10 sec

Cyecle life at 10C discharge, 100%DOD
Recommended charge and cufo— V at 25°C
Recommended charge and cuto— V below 0°C
Operating temperature range

Storage temperature range

Core cell weight

23Ah 33V

8 m€2 typical

10 m&2 typical

3Ato 3.6V CCCV 45 min
10A to 3.6V CCCV 15 min
T0A

20A

Over 1,000 cycles
3.6Vto2V

4.2V to 0.5V

-30°C to +60°C

-50°C 1o +60°C

70 grams

Cell Dimensions
(@12.90)
; 28 1%
P75 55

(£3.50,
55.00

_ (17,00
((
— DIMENSIONS IN MM
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Low temperature discharge performance

-
| = 25degC,23A
m— () degC,23A
mmm )0 deg C, 2.3A
0 20 40 60 80 100
Capacity (%)
Discharge characteristics, 25 deg C
| - A
4
q o 30A"
0.0 0.5 1.0 1.5 20 2.5

Capacity (Ah)



Discharge capacity (%)

Cycle life performance, 100% DOD, various temperatures

100%

64

90% -
80% -
70% -
0% -
5076
40% -
30%
20M%
10%

0% - -

0

w5 deg C, 2.3A charge/2.3A discharge
m— 45 deg C, 3A charge/5A discharge
w60 deg C, 3A charge/5A discharge

200 400

Cycles

1,000
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{1 265

Ylrpad  Post (3) Viys Y Piula
R TR e
130 430 G0
Aoty it .
30 it 1ae
SHEY [Eil) 20
2503 350 350
Sa00 TG 256
14t} 210 216
166 L s
A 0 - 4 i
9 042 a6l .06 | b i
arsnuaad lvanludnyazag
Torque/N.m | Speed/rpm | P-out/W | Volt/V [Current/A | P-in/W | Efficient/%
No Load 0.39 421 15.12 | 24.09 1.86 44.71 3381
Max
4.79 379 188.97 | 2411 9.74 234.87 80.46
Efficient
Rated
6.65 361 251.54 | 24.12 13.12 316.47 79.48
Load
Max
11.5 315 380.74 | 24.14 21.91 528.92 71.98
Torque
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Model Specs v No Load Rated Load
Speed | Current | Torque | Speed | Current | P-out | Effici
RPM | A NM | RPM | A w | o
n
101672 | 250W24V | 24 | 434 | <1.8 | 6.65 357 | <137 | 250 | =76
£5% | £5% %
101672 | 250W36V | 36 <18 | 665 | 357 | <90 | 250 | =76
£5% | +5% %

Gearbox RatioI=88/9
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