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nl"lDDn"UU~l~D1~~0~~~~~UUU~D 
" . . ' 

i . lL uun u nll ( BUTTS TY L E) n"l~tt <11 WWlllWl i1JJi:f ii"llU'Ii ~!lrl~\1"1 VftnL , 
" 

' . 
u "hUIAll 11 :::i'hl ii nU"ln.l:irm~D ehl1'111'1,:r, t l:h.t m:h ,l 

JJln t\Xo,nlni:hii'JJi:fn tfflllluununutu.~ ., 'bilJrn"liiAi'i ~'1"1M.iJ 

~~i1nU"ln1~Jl~ ~~~~iinU"InDl~LAA~ln~u~~"11lDlnlA M~DLAA 
• 

!L 1J1.HI1! flu I 

u 

n"l~ifufiuillA ifDAfiD"1\I'lt~l::: Li1~uM'1DflEH9~h<!DI'I l'i~<lnU"'lnU"i LlW 

LL UUi'l"llJJ 
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~ 

( SL.IDTNG l !.,uu\1 i:JlWY-liof.lJrJiiii>::ii'~JW<lfilmuJJ Lifu 

(LINE 

~ ' ' 
L·h Villi'I~--JVivi 11111 'lDfiV·I~ ,Jiinu "Jn'il :::n nn"ll!'i"'\ ill i'f:::D'li"'LL i1 ::::'1 ~~ ·mu ::::m.JI"' 

' . 
L i'f.lJ 1l 

:-. .. 8_ 

.• 
LL 1J1J l <liJ11 

- ' 

1m! u:::~'lu·.1<1-:anili'A'iviD"lHn"J::o\:i'tJnu lALL~iu i'IIJJ'l"JmJAArmn1Arin Lliirn "i'i1AVi'H1 
' 

""'• .., 1;:.1 ,; ..... I ;!:;;.<:::>1...., ..._, ..... , ,a.,,QI 

l'l'l 1~lLLrl 1'1'1tli'lil "'\1•Ji'l\'lT'ilJD llji"'LL('lt:l:l'l'>l '1i'I"J !VIfii\IJJUIM1..Jil L1J'l\Li'lt:'"Jill:!'l7,U 11'11'1 

n-l1 "lm~::: 11>1 fi en .fu D L u 1'1111\Jn "J::u 1~ n 'LJ':li>i·rm "l ilu ·'1nVI::: fh'1 if 1 iJu~1vi u "'l ,,.,-) 1 >1 

' ' ' 
!,L Ul'll{'liJ~fllJ L l'l:;yiJ,lDI'11'H ''ilt: L \ll.lJ'l:::O'llJYiiiil"' i'il\lll'l"''iJiJf'i!l 1Jl.I~IJDl:inul1i'1M:11Eh1AI~l!J ' . 



l>i'lPil:ilMilllm'WIIWIU~ 
..,~llahiW'.;-nn~fl~l..i!iw.;,~IIIJIIal!~,n 11oi 

.,,~~1•oii, l.i.;ihliiJII•• :nhoa:'lf•~, Keti, • 1, 

. ' . K1R~~~~ ~vunu~ ~~:~~~·= ~i~ruR,~~~L16VY 

tie•>~u11l1.:'~11il,tafiu•llirlll1•1111 ,,;,. 3 li~ltl 

«1~~~~~n~:Unna,1u ~~~LaUnu~1«ufltu~a111n 

"11J'~ ~ LLi'~ ~1luiJ'iJ~Uft11J U.\.rl L iu l,jJ..nflfl-11 3 

·La\H~1& 

«,,.'tmwL iw th~an~:~a;zrruuw LW Lflu~ L .N 
L fiu1 tl\.11 Pl'tltl~ L Rui1Jii'ilil111 ,.,an;11'l.lfl 1 fltm1, nsn 

•wloi 

' 
IL "1-JUColi'l-.l L ~D LDI'!l\l:::LL "l'1~lo\l'lo11U 

" 

'~l.io.,-uil•:«ullolr"t,;..u, ;{"lfi.,ll••1• , o:O 
· •~u.l.irl,.,,j,~ 

' ' ' 

1'-"'~· 1•un.;l«ulla 

·tlll'IJ'H.U,rlJiiiTL ~uu 

lM ~ ""' 
Lt \9::: IJJ!l"lfl L I'I\9D\llil 

~ -
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M-JU I )'j"ll:::ll !1i'i,J 
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• fl'l11111'l (nJJ./'1!11.) 

' ' ' 
1TlWt!. i'l•il •JLL ·~ ,JiJ•llVl"l n1Ju l Hi'im! i~ ~!TlJJ I :h eh~)l ;J "J 

• 
' l 

i 
: I 

•-<.'•· >1 

l 
. --------- -I - ~ .·· I . -- .. _., ,-_, 

·. ; 
·' i 

.. .. . ~ ..... - -, . .···· . . .. 
. IJ~Lfl!l11~fl1~fi!IUUU!IU,fl:l!J 

·' 

- ._._;:·.j 
-"'':'"·'1-;:o"·c:.···*::•>""'• ;.1.:~ .. 1 
IJ~Lfi~1,YII!nuuuuol1Rflnl i 

-. ,,J 

·_' -..~_-
. 4 . . . •.... -.. •', 

li!JI~~'!Yinaimuu;~l~.nin:, 
---~---·-····-'-'~---,~------·· ,_._,I 
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~f ,1JJD \ vliJ ~n"'l :::n iWI "'l ,m 1J111JU'fl "'lJJU i'l::: n "'l :::\l i1 O'!ih1 i'f ~ i'fD ~~~ 1J1J lJ ~1m <!~JiJf.i 
' ' 

' ' ' 
L~D L):iJJH71li1An"'l:::ni1Vi1vm'1u 

' ' 
\:JAi9'1l'l ''\l>iti'1ll~'"l~I\J11l'"lllRDE11ln"lJJ I YJintJ'l-,j'•l"i'Y1~1lRD!L'Ui'l L~>lD"iVi'iili:J 11111 1J1Jil1ln"lJJ 

' ' 
' ' II i'l::: Yrw IU 1J "l:::iliJU nu 'Y1 ;;miD '~Ai'n!'l I -,\iwm 1'1tl £:lntm! :::ViJ•h ,, ilu UlllllJl! nl"'l\l '11l1J n·mf 

' ' 

ll 1ili'I'WI L Hlii:J'ltl '1'1·XHJJU 'ii'\'\J' ~ lt!LL i1 :::il:::A'l nn-l-1 r11:::11 i'IA "l~ nT'!I'rltJ AJJ!llll\'lll~ 
' ' 

LriU SCR (SILICON CONTROLLED RECTIFIER) 

' ' ' 
cY'l:':ll <ii'fi'luu LltJf.i\Hl\l'rnu ILI'it"lll'lil<{ ll'flm.JJ I Vn~nnTl"l :g ~-~:-:H:IJ\IA~It!A'liJJ I ~;fii-'!JJ-

' 

··' ' . !IJ I r::;.l ..._. 4 . I,..,_.. a! -/ .'O.F I 4 4lV 

MI1ALTIULAtl'l1ltJJJ1lLAD"'ln"l:-:Ui1A"l~ UAfiD-,jJJ1JU1l'"lQJILIJ~AIUMU~lJ1l~i'fLALA1l'"lLM1l 
' 

I I , I I I 

L i!i1l'1 1\'!,(l\'u "'J,lUI'I i'f-,j i'IA'1 Un'"li/hr1 L 'iJJ I ARmJili'il'lm1!:iA\l ~ . ' ' 



·.·: 

de 

Commutator Homopolar 

EV prooultion mo1or 

" 
Sy,d,ronous 

Excited 
field 

I 

Unucited Slip 
fi~d ring 

I 
Retucunc:e 

Srries Shunt Wound 
Perma· rotor 

nent 

P!m'lanent 
m.egnet 

' .. 

Fiek:l 
u.c:ittcl 

f"Bgnet 
I 

Elec:trontally 
commuutl'd 

• . ..J u v 

"I!Urtrt14'J'IHH~Hll Ylil 111'1 'll1 u1n 1 ~1\'11 
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2. nli'l6;:::uu~~nl~~Ml~n~ ~,~,u~ru=nnn,n~~=Bru:::;n~ILfill 

'lf '.lAD '-l'ltY 1 r'it:J ~11H iiJ1.1'1 11filt "'h1UAJ.I'l n ;n n'ltl.JD l AiJ ~ift!~lU '1t'l!:Ji'I"N J.ID ll'll:l";j·~ :::i'iu 

- .. "1::;\JIJ '1J"1A 

' 
,.l!JJJ !.1J~iA 'l1~frnfi•l \lJ"l'I'IJ.I'lllAlJJAu~llT'l 1\i:l:::··lJ.iAltli'i'D'IWJ:::'J·,J liA11::: 

' ' ' 
11::: lVIJJl:::i'lJJll'lllll"il rh:JJYJi'J'-li>hWi L1JiAfh~DDil \A liN ii'I!:JDl~!:J'bD-"JoJ i!i'li'im:iti 

" 
'iWi'llJ fi'lJJA ill'h :::fliJ\UilllM 'JmJD!:I\'lllJ l'l'lllJII ti U ~JD •liD ~oJ l'l'lllJ n-'ll •HJ1J ~ 'J'D •lU "::: 
" " 

' ' 
'UD n·~l llAMl L 1J "!I'll\ n:::i1l;::JJ L 1J "lAII'ff"'l 11J "!l'lii1l!:Jfllj L tJfi!:JU'\'1~ ~ ~l\.1 VJ'Jjm:J 

" 



.... 

' ' 

DUfl~W~~l\IH~~~n~riA 
' ' ' 

'-!~. ,roo 
25J2 
ooq 

\~.L'i D~fl~i~~~\~i~~LlUlJL~tlUl1l'l 
' 

I I • lJ.,J 
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Ll!:lnilu \i'Ju:T~rwi-N '"' '1u~hnUfi!l-lD"l 'Yrl'1«ttlJI'Ili'ID::;iJv•tl•'~"''U"llf11'11AAH'-7lu Uf!:" 

' ' 
i'\1¥1 'it: "Hl '1 Hl~l ,,fi··.H"l\! 1~ i'ifll ti'::cfl1J i1tJI! 'NA:U Will d}w iil'l ;.i 11J rl1J J.i'.JJ1J "l:::-i~VItill 'NAIU ... 

''J I I 
•~ ~ .. • I ~ ~ f::>l!l..· :1- o!"S <;.;: o:; 4, = ,-.., 

Ut\1nil!,1 u,._,A1J-,~nu1Jf1"·1~11JlPliJlJ'lr(7JtJ i'ttl1-'lAIH"/I'W l "il<in LtJU1J1:1J1·11l'H"'!I::: t,JU?JDV~l 

' 
i'iv1 ou "h1A'l1J i"lJJ iHri·.J 1. . 7 

" 

' ' 
lldu"'1.<n1::: 1 :ii!:lu :S·n:::-i"ll'li1JJU"l'::::i1111oLt "'HAlUi"lJJ 1 n nl"l'iJ~>n'f,l-J"lflAil!VIff·l tWIN 

1.< I lJ.,J .j lJ.,J 

'2 I :.s 'IJ!l >Jf.iu vh'i\ ,,YlJJI'I ni'i"lJJI "lrli"ll'l ~JJU "l:::-i'i1-1tiil'1AJJ lflM t ~tn 008492 
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' ~1t.tfl1Jfi'flfi~ 20% tl-hlViiiu ,.,, d~t:Wl'VIi'WU'tJ~ 1Jtli\PrTlJJffflM'.HlirfltJQ11J.J11Jf.i'~tJ tii,1Yi 

' 
'1~11J"i!:Jti l~iJ-.Jtl"'h1 L-'i!:il'lVII\.1 

' ' -
Yi~D" Li1l!:i'llJ'1u·\l,m-.t: d" ili1l nT'l d-.:J'1~"!n"J-.:J'11Jif>"~,th unto l"i-.:J"l~!h.!iil-.ul'i>" ., 

;.: 

f 

I 
! 



.... 9_,. ' 

<'l'l1-l,lJJJII-l'1::illl'1tHTl "IDDml UlJ A,,11'i11 ::::'l.n i'\1 l ;;~li!:rnn COURTESY OF HENRY . 

DREYFUSS AND THE WHITNEY LIBARY OF DESIGN , THE MEASURE OF 

MAN (NEW YORK, l967) 

175.51 163.57 

72.39 67.31 

.3. "l::::!;l::::·uA1-1JJt!1111111-lriD,1TIDI'Hlll '28. l 0 26.16 
• • 

25' 15 2.3. 87 

92.96 86.11 

42.67 39.88 
~ 

7. ,:;-, t th<hnnnwu 
• 

50.29 46.23 

41.40 38.61 

45.47 41. 15 

35.30 31.50 

26.92 23.11 
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. l . I'ITl;!.l ihl 160.52 
• 

66.55 

5. ,,::;:1;1~::uv-1~t:.Ju·l~fin .... ,rrD~H)fl 25.9Cl . ' 
23.10 

s. 'lnrrn 84.01 

:38.87 
~ 

7. Vl'l 1. ·ciri'!Tilln~h.t 45.20 
" 

37.58 

10. l3 

l.t ;nfil 1 •ini n'll·.l 'Z'2. 35 

76.45 

47.'2:3 

~ 

tlll11JJI!:l 'IJD ,, nl"l~m:JI n1 "lDDmt uwm ·1 w,:h\l ii\n n1"1'1n "ln 11'1,:il 1\J 

' ' 
1-1!'1LL 1'11! 'i'lfl~ n"!"lJJ n1 "lVI'Nitm 1JU t HJJ ~1u n1"!"l il -;n t uu ?In t i'!Du 'IJ1lfh!:li11! i'1·1 ~ ,, YJfH 

.. .., ' 

~;g~ "lf11 W1':f1Ui'IIJJI "l'fln 'l!:Jr..imm "l<JIL i1::: L ?i.JJ l'l"liJJ i1::::A'l fli'!lJ ll:J"'L'W nT'ltli'\iJ\ii ">1 l\! 

' 
A"liJJi11JJI''lf1;::; 11'11:1 c:i'l'Wilii'lil<l IJ"l':::fiDUi>'f"l!:l i'l1111'1LL "lA~1l~lfll"ll<l'HI'W 



' ' il il il il~u1ll •nn11 20 20 - 40 41 - 60 61 

1i1a 25% 50% 9.3/5% 0% 

q 

1-if!l \j 0% 12.5% 3.125% 0% 

t• 1.1 ' '-' • -4 
1111\IU.A\IDBgHA1'll IWg , B1~ ~1nn11.gfu1B~1\I 8 •n1'llTI 

• 1 ' 

' ' ' w1n11 i.l.6 lL 1 - JL 3 lJ.4 - ;~. 6 • ~ll'l1 lJ.6 
• 

1i1a 6.25 37.5 21.815 18.75 

' q 

11iiJ'l 3. 125 3. 125 6.25 3. 125 



I . 

20 

~ . . 
1'111'1\l:::'l.fu~u lALL fi ifiTil:IIU ll fc!:::J.il'nllJ dh'11i L fll:llflUi'il!t~lll:laf ll'l;D 'll'llJI!:I Dl~ 

l.lJA"! -'i'<11')l~~uri'lu'1,.,~i L UUJ,\Uii LlJtiAfl"!::: L flrHrJ'l'l i:luriDu mo.lJn"h-:Jl'JD,nn,, ti>iu 

lidfi!:ILL #f'JDfd-:r:::w:)o,j 1. 00 - 3. 5 t.lJA":i i\1'!~{il( L l'l~ll:::i1lJ'1l:::lJI'lTl.lJi'!l.lJT'If1'1J.HlT'l ., 
•• J 

1J'"!"l,.,n~l,ml>i 
' 

'·· ' ~~1JD'.l'\Hf1T'ILI'lflmltJ"'ll:liJul,.,,'fn1liutit1D1! J.itf,ml>i t5 n. n. '11J'111lfLi 

200 n. n. 

. . -
Ltltl ":ifl t?J\1 i1D lRDU u.ifli'JunT'! L0lRD\lfhrJi'f,ll'JD,Jl'JU"'l('llfinl'l"iDil11'11in 

L tllfll'l."'llJ 
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. 
l.J'IIIiii 2 

~ ' 
n. Vlif-diJ'l:ni'lD!:l (FUNCTION) "lfl11,,:riU11::cnnmJnn UU L ;:lDnl"l'llUri-,J 

• 

~ ' ' 
rn 'C!mm.L uu "::c~D ,, i, irtt ;:luYitt 'C!"'!VIn'1 ~J:i.1.n nYi<~vt 

, 'l 

.·I I , ..... 

n-:r:::u::: dJI'l 1 W1Je.1i1YII-,Jnl "l1il'l'li·Jii., 'liD,, L ~ -:r1 :::11in?JD.tii1i1"l ~ d·hd"JJJ nT"f"1if.J·lu 
" 

~ ~ 

1~~~ YII.JL~U 'IJUII'l'IJD-,JfiM~ «-,JULM"li:::'IJDUL'IJI'l'IJD.J~I'l"!-,J-,Jitl 

1'1. 1'1'11JJi'l:::l'l'1 n"1un1 "l"1n -,JIU r ERGONOM r cs l "1u n1 "lDD mL uuil'l'lrhu 

~"iil1. un·1 "ID!J nLL Uti ri'lu VltT ,,1J :::'lAJJI'ill nn'l"l1nii'DJJnflll'li'l1liJJ D'mhu VltT -,J1l:::'1tlhn n 
v 
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._, -"--' ' 

tL 1JlJ'11if~-I!:Jfi1:HlT1l ih'111 1~··1-1! \ ;;/1Jel'":'ilF1:::1'1'ltl'l.tJilTWI'.l iil~n!it 
" 

• • 

~ ' 
:tiliJJI n1/ii.'1Vi "il'll:l ~liU •1fi •J11J\.1 't11lrlT'l~RI-Wi1J't1thl:l <1'1.1.11 -:rn~ fii'I.1Afl"iT'li'i :::JJin "1 lL i'1::: 

' ' 
~ 

' 
~l:lll:IIJJfll'liUA1JUrll"i~~VI 

\· 
f 
I" 

• 

' . - ~ 

'il liM ( MATER.IALS) 'li'l>'lili di1Jn'1irer''J"llh'hwwn L u-1 ,:;'~{i l wn:::11::: 
• • 

'L 

' ~.~. 
. ' 

J.h'htmilnu·.1AU 'l~i!.l ri fh1·1'Uil"J1J·m !JA !.Hil~ chm!mm Vlln'l.n·'iilHVilJ'ih'tlirll.tl 'ln • 
" 

t 
I 

t\ 

.. 
1h il::: L th!'hl tt!ir'i' nf\'1 <t LL ,, ::: t VI fl ntt r.JufrlJ @u -:rtl '1un·:dihn ·:w~hH-:J -:r'1il'1 w tlm -lniih <1 

" 
~ 
' . 
' ~ 

f~ 

' ,, . . , 
' 

"l.\! <h \!Vi L iJ \1 ;:i-:~u tl "i:>:ll 1l\J 1/i l.ti'1ri"'tel'1 ·1 i'1 'fl ~ Wtlll:J I tJ'1fi1•1fil iiA n'l. ,:;'JJ I ni/i 
' 

i.'lA t ;;'itJ~n'l. \I 1-11 •li'IO"lih'f1ir nu Fl :::rn ., L iJu ill! "lU 114'1:fl 'ii ·J ii.t1~:ft1 diltJ \i>l11JJtln1JI'Iil!:i ~w ~ 
• 

' . 
Yi ,,J:i,Jfl:.ii*ln ~1'11JI:II'lU i'l ,-mtl'tl C~lt.J iWI 

~ ,l ~ 

:'fmn t iJu ,:;-,'1 11 <II~~~ t ~ "ll:::;,,:::iru "ifl.11'1¥1 u:::,J11J ~fHJ ntt uu'1 ,:;';:t:::l'l"lflA1J n1 "'llilbb i'l ,mr1 
" 

D\f'lJlLL ri rll"'ll~JJtliflR1.1 fl'l"lt!l-f111i'l rll"'lWII'I"liJJil:::t:nel1J'i \ -:Jar\lfll ff1JJJ\'i1J'11'1 
' 
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·a. t-TT'lJJU\'lfll'ltll:l CSAFFTY.I l'l'liJJUm:wl,H!:I' t~1J,, LU\J 3 ihu 

- ~oTTlJJtJnDI'In!:il'inCi'1il'·rm AT"!~ ilDn1ir'1iiAri L i11-1 mr1u 'll'l,:h1~J<hH 
" ' 

' ' c'i iwdhir 011 "lu ;;:;A'n >JJJ l'lii,JJu Yi .m., ~1'11-l~>iu n• "ln"l;;:;LL 1'1 n n r1:::1l.iu~l 
' 

' ' ' 
L i1!:1"'JU 1f! ,h!:! RYi'1·if I'll "1 L l'iu nl'l ! 1'1JJI>::i'IJJ nu i'iill\! Yi llTl'DDillL UU L i!mlTlJJ .lf L Yh13-i • • 



' 
Ul'l\1 3 

' ~ ' 
En I'll "l <ni:J f"hl'lll l'l :;DL"''>l •111< \'Jll Wl'l.l'lfti "'nilin flDt:HllllJlJLL fl"l ;n~n "'!ll.l ti -JW\J Vl'l.TI 

' . 
v 

~-l\JlJW'ill d:lt1 2 <i'lll '1~i\u-i <i'lUI'lU1i!JA.1Hl'lih Ll?~:::ri'lHIJ"l"!ViflA!lll'lff'>l VDfl11'lilV . . 
' ' ' 

:::r -JJ:iri·111 t 11u t ~,;D ,.1iJm1 'l'D ·~D ,,11 n'ii nu, t •nn;J\;:i,':i ,,8.,,. l'J"l'l '1u :hH u "l"'~m;il!Hl'lff '>111::: . ' 

t I I 0 ~# 0 

~.~]-n.l1.''flcJ""Hl .\1~1~'l--JF.f:!JJI"!fl'lif~'.]flltl~fJ liJU1ll~D Lf~J.J1~U~1J"l"1,1Jn·1A 
• 

• 

' v 

I, llil '''ill fl"lfl ll•!{.htl\J :::n fl\1 '1 'l,tJ'l tl'1. \lfl! I'll "l ll fl ::;i'[IJJ'l"lfl 
" 

I ..._. ' < 

tL fl::: tfii r:n Vl"lA'l~,. Viu "l"ll'l n:>n n\1 i'li'l Auvu "'ln~'l 1\ll'lth 
• • 

' ' ~.. e_u :>../ "-' <..'\,! 4_, 

\'J1NA'1"'1fl l WD fl'l "'I ll"'l :::11 'l!:IH 'l H\Hl LL fl::: 11'1 ill'l"JIJJ\J fl Eli'l il!:l11'l flfl'l "'lfl "'I :Oll 1'l n . 

'II. ·.~·nJJ i'f:::A"l n'1 \l n1 "'i'l.TI -Jill ( ERGON OM I C.S) 

- llT"ll'l"llJ\o'lJJiii\'iVJ'l'>l ll~hll'llllUi'llJDflifDJJfi fl'l"ll'l"l!JI'lJJI'lTlJJ I :"f"J llJ'"il'l 
~ . 'll ~ 

' 
11:::Dtivhn-JJ.J'lii'!:i :>;iunih·liiD Dti'1u "'l:::~:r,J Ll'IJJ'l:oi'IJJ "1\JVJ"!-JYfu;;.i'J!:I 

tl ,. 'U 

~ ~ 

- A"l'lJ.Ji'l-Jl'JD>J"!nl'JflJ:::rh•tiut vhllun'l':irh•limJ'ull'l ( \J"'l:oJJ'l!ll 25 ·~JJ. l 
" ' v 

:;j,hh!:ii'!:::i'l"ln iliJJI"llltju<N1Am:h oJ"'l':ll'l 1 ::;, 



~ 
,., 

l~j;!WCl ,!}_.q: t.f.l2 ~rt!,/ ·~ 
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F1g. 12·2. Off-road vehicles and trucks are often powered by direct current motors. Left. In-plant vehicle designed for hauling 
personnel and materials operates frqm batteries at 36 or 48 volts. IOMC Lincoln) ,Right. Trucks have electric drive wheels 

powered by diesel -driven generator. (WASCO/creative services) ~ 
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F1g~.:re 28-6. Bat1ery construction 
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TOROUE 

Fig. 1 2· 12. Curve shows how speed of a de series motor 
decreases as its load increases. 

TORQUE - ARMA TURE 
DEVELOPED CURRENT CEMF SPEED 
N ·m lbf· ft amperes volts rpm 

0.01 5 0 .01 1 0 .34 1 16.6 25,494 
0 .8 0.59 2 .5 95.0 2825 
1 .6 1. 18 3.5 85.0 1800 
2.6 1.9 4 .5 75.0 1, , 5 

Fig. 12-1 3 . Table o f values for typical series m otor. Bottom 
line is for an overloaded motor. -
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Fig. 1 2· 1 6. Curve shows how speed of a de shunt motor 
decreases as its load increases. 

TORQUE ARMATURE 
DEVELOPED CURRENT CEMF' SPEED 

N·m lbf-ft amperes volts 'Pm 

0.015 0.011 0.03 1, 9.85 2075 
0.8 0.59 1.6 11 2 1938 
1 .6 1.18 3.2 104 1800 
2.1 1.55 4.2 99 1713 

~ Fig. 12-1 7. Shunt motor speed varies with load. -

- ....... 
. ...... 

-

LOAD 

Fig. 12-38. Curve shows how terminal voltage of a de shunt 
generator decreases as electrical lOad increases. _ 
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AulnmofJi!r Elf~rlriccJ ond Eh·c:trnnic Syslcm~ 

·---~---~~· 

Co1d No. I Size 
crankmg of I oT bane.ry : G~p. 

Vlt. 
pov..'er- rr.o. 

i 
conta1ner 

Size amps for war- ir, inches 
30 sees. ra;,- (incl. terminals\ 

at 0°F" ted L~th~ Wd. Ht 

17HF 6 400 2< 7% 63/~ 9 
~--------~ ~-" 

2·, 12 4'" 60 8 63;~ 8'h 

12 430 60 9 6\-s 81/o 

22F 12 380 55 9 s ~~s 81/s 
12 330 I 40 9 6~-'e 81fs 

22NF 12 330 24 9~/2 5 1/2 8'/s 
~--~ 

12 525 60 1 o~/.: 6i,-'s 85 's ! 

12 450 55 10V4 67,'s 8~/B 

24 12 410 48 101/~ 67/s 8~.-s 

12 380 40 101/4 6?/s 85/e 
12 325 36 101/4 6'l'a ss/8 
12 290 30 10% 6\t:S 8% 

i 
12 525 60 101;4 6 7/s 8 5/S 
12 .d50 55 10% 6~··f ss.'E 

2!F 12 410 48 10 1,4 6~·S 85,-6 
12 380 I 40 1 O~'t 67;a 8% 
12 325 35 10\·4 6h 8~/6 

12 290 30 10'/, s:::·a 8~/6 
~ 
; 27 12 560 60 12 6~/s 8Sis 

27F 12 560 
-· --~ 

60 12 6 ~/B 9 
4i 12 525 6C 11 I;/,~ 6'Jt !If 6".', 

c-
42 

,, 450 60 95/a 6 7<8 6 3;4 
12 34C 40 gs:s 6~·s 6 3;4 

45 12 420 60 I s~.::., 5 1h 8\is 

.:e. 12 460 60 1 o:,, 6~·e ' E~1B ' _ ___;_ ___ ~· 
48 12 440 60 I 12 6i/s ! 71/: 

49 12 600 60 14"-n 6h 71f: I 
--i 

56 12 450 60 10 6 63/e 
12 380 •s· 10 6 8318 

58 12 425 60 9% 7% 6~'8 

12 .o!5Cl 60 8 71/4 8\.'2 
71 12 395 55 8 7% 81/2 

12 330 36 8 7% 81/: 

72 12 490 60 9 71/4 8% 
12 380 48 9 7%1 8 1;4 

12 585 60 1 ov~. 7v~ 83.·4 
12 525 60 ' 1 o~,4 ?'•;i. 83/~ 

12 505 60 1 01.-·t. 7"-;..: 83,~ 

74 12 450 55 1 OV..: T;~, 83./,j 

12 410 48 1 o~;4 71f4 83/4 
12 380 40 1 01f4 7% 83:~ 

12 325 35 101,4 71/4 83;4 

• Mee!s or exceeds Battery Counci: International rating standards_ 

Figure 28-11. Batlery size chart. 
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