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Abstract d

This project deal with the experimental study on the Power Split
Continuous Variable Transmission for Hybrid Vehicle System. The input
engine speed keep constant but load torque is varing depend on the
operating condition. The study included the hybrid system
jdentification using step input in order to obtain the transfer
function hmatrices; a 2 x 2 system transfer function matrix and a
2 x 1 disturbance transfer function matrix. First order and second
order differential equations are represented for the mathematical
model of the hybrid system. The result from the simulation of the

transfer function matrices are compared with the experimental result.
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T ADC Messurement

Programming of setpoint,
deviation, control equations,
and so on.
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unsaigeagy
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Gd
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- Ge = Gs L
-.AN\
G5 22 o«
e | ADC |
 ADC e

Wszuumuguai A laasafe  dguwey  output  azgnuuadt Sudggnusun-
80N 1A8  Feedback element ﬁwqwuazgnLuéautﬁuﬁwwwméﬁmaaiﬂu Analog to
Digital Converter(ADC) WYWUSzINRHAIUADNRILADY  URsdNSGY set point
dnugunsaUasNyguAdnoas fusuaanine  Digital to Analog Converter(DAC)

i wusasaiven vevszuy siifartieezunsaraensAmvBuiiNauIReIE Aagy

Gd
I e T Y
> Gc > Gs ) >




unil 4

M SRBUEUBIURLN S RN N ARARIERT IBNS 2 1Y

tﬁaqaﬂnﬂuszuua%Qﬂﬂinput1ﬁh1nuﬂﬂwa13uuu Fetunsenfzmmsnavsusg
uaqszuudainputanﬂﬁﬁiﬁ ﬂuuwﬂuaﬂqnwsw1wqﬁnssuuaqnwinauauaquaqszuu $amn
AN W IREAINIINSINYBN characteristic equation tnartm s ifdnanmsiansn
characteristic UANSzUUIIW Sufufl n
AM3UANYS differential #l dwiudl o (i D =d( )/dt]

v(t) = [(agD®+a, D® 1+, +a;D+ag)/(DP+b, D71+, . +byD+by) 1£(t)

ceseea(4.1)
Laplace Transform

[(amsm+am_lsm'1+..+als+a0)F(s)+I(s)]/[sn+bn_lsn"1+..+bls+b0]

1}

Y(s)

(5 (NP e ) (s 000 \[F e 32 | ...... (4.2)
fla 1(s) = waImRIA L Sufuynd

(o Sudndn = 0

Y(s) = [Ly(s)/Ly(s)IF(s) ... .(4.3)

Ly(s)/Ly(s) t38n37 transfer function

1. FIRST-ORDER DIFFERENTIAL EQUATION

SuaNMSHY

(TD+1)*y(t) = K*f(t) ceren.(4.4)

(R/7)*£(t)

(D+1/7)*y(t)
Laplace Transform
(s+1/7)%Y(8)~y(0) = (K/7)*F(s)

Y(8) = [(K/T)*F(s8)+y(0)1/(s+1/7) = «ieuss (4.5)

2(



- Initial conditions Wné = 0

h—T—————————- Kh,

v} f(t)Lﬁu step function
£(0) =0 , F(s) =hy/s , y(0) =0

UNuAN F(s) 8N (4.5)

Y(s) = (Kh./7)/[s*(s+1/7)]
= Kh *¥[1/s = 1/(s+1/7)]
Inverse Laplace
y(t) = Kh *[1-exp(-t/7)] ; t>0
v(7) = 0.632#Kh,

- §l Initial condition ﬁ Steady State

T

1) Kh,
h
' L
he y(0) = Kf(0)+—1
nm+—l
0 T 0 ]

A1 5uFuDBY time derivative = 0
Dly =D®¢ =0 ; n=1,2,3,... ; m = 1,2,3,...
N (4.4) v(0) = K£(0)
W £(t) 1w step function
F(s) = h/s = [h+£(0)1/s = {h +[y(0)/K1}/s
UnuA1 F(s) AN ﬂ4.5)

Y(s) = (Kho/7)/[s*(s+1/7)]1 + y(0)/s

vees(4.6.a)

«...(4.6.D)
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Inverse Laplace

y(t) = Kho*{1-exp(-t/7)] + y(0) ; t>0 cees(4.7.2)

y(7)

0.632%Kh, + y(0) e (4.7.D)

- nsil_ £(0) > h uaz & K sy

ﬂﬂT—
10 ~Kh,
110} "'T J-
he ¥(0) =K7(0)
!
0 H Sy 0 t
F(s) = h/s = [£(0)-h.1/s = [y(0)/K - h,]/s
Y(s) = (-Kho/7)/[s*(s+1/T)] + y(0)/s
y(t) = ~Kh *[1-exp(-t/T)] + y(0) ce..(4.8.a)
y(T) = 0.632%(-Kh,) + y(0) ves.(4.8.D)

- nsliffliawzdn v(0) , £(0) =0 , F(s) = h./s

Y(s) = (Kh./7)/[s+(s+1/7)] + y(0)/(s+1/%7)
y(t) = Khc*[1-exp(-t/7)] + y(0)*exp(-t/T)

= Khg + [y(0)-Kh I¥exp(-t/Y) veen(4.9.2)
y(0) = Kh, + 0.368*[y(0)-KhC] cese(4.9.b)

H0)-

Kh,

¥0) Kh,

y(0) < Kh, y(0) > Kh,



2. SECOND-ORDER DIFFERENTIAL EQUATION

uRIM sty
(D2 + 2Zw D + wp2)*y(t) = Rw 2%€(t)  ..... (4.10)
= 2 2 Z 2
y(t) [Kw,“*£(t)1/(D% + 2 wnD + Wy )
Laplace Transform
Y(s) = [Kw,2#F(s)+sy(0)+y (0)+28w,y(0)1/(s2+28w 84w 2) .....(4.11)
- Initial conditions nnéw =0
()
B £=0.2
i 0.4
(2) i
h-—-f——————- Kh, 97 /’_\/—-w«‘
N I 1.
0 l T i 15
0 1 L L 1 1 1 ;t
yt] f(t) tfu step function
£(0) =0 , F(s) =hy/s , y(0) =0
UnuA F(s) aN% (4.11)
Y(s) = (Rw,2he)/[s*(s2+2%u s+w 2] = A(s)/B(s) ceeen(4012)
dmsy complex conjugate zeros (-1<$<1)
[s-(a+jb)][s-(a-jb)] = sz-Zas+(a2+b2) o= A~T
e L AN uLaY
Y(s) = K;/[s-(at+jb)] + K__/[s~(a~jb)] + Ky/s
l.'.".lil a2+b2 = wn2 , &= - ‘%wn , b= wnﬂl 1-92
Inverse Laplace
y(t) = K *expl[ (at+jb)t] + K_c*expl(a-jb)t] + Ki veenn (4.13)



y(t)

(il -1<%«<0 :

Ko = limg_y45p {[s-(a+ib)1[Kuy?h 1/ [s-(a+jb)1(s-(a-jb)]s}
= limg_ 94 5b {[Kwnzhc]/[s—(a-jb)]s}
= (1/23b) (Kwy?h,)/ (a+jb)
¢ = limg_yq_jp {[s-(a-jb)]1[Ku,2h.1/[s~(a+jb)]}[s-(a~jb)1s}
= (-1/2jb) (Kw,2h. )/ (a-jb)
Ky = limg_,o {[Kw;2h.1/[s2+2 wys+w 21} = Kh,
J
|
" (atjb)
!
5 ! _ Real
- | T axis
|
|
(a:-jb)
|
Kwnzhc/(a+jb)| > Kwnzhc/(a—jb)( = Kw,2h./ a2+b2 = Kw h,

—tan'l(b/a) s tan'l(-b/a)
= tan~1(-¥1-82/-¢)

tiiil 0<5<1 : X= [T+ tan'l(b/a)]

= -[ 7+ tan~L(41-22/-2)]

N EULER’s Equation exp(jX) = cos x + sin
exp(-jx) = cos < - sin «
Ko = [1/2jb][Kwyh *exp(jx) ]

K.c = [-1/2jb][Rwyh *exp(-j«) ]

UMUA K., Koo, Ky 89W (4.13)

(Kwnhc/ZJb)*exp(jd+at+jbt)-(Kwnhc/ZJb)*exp(-jx+at—jbt)+th

{Kwpho *exp(at)/b}{exp(jbt+jx) - exp(-jbt-jx)1/2j} + Kh,
(Kw,h./b)*exp(at)*sin(bt+e) + Kh,

(th/yl—qz)*exp(45wnt)*sin[(anI—CZ)t+°¢]+th s 220 coen

24



25

Logarithmic Decrement

—

ﬁL?ﬂﬂ ty ¢ amplitude = (1/b) KwnzhC/(a+jb) *exp(aty)
(98NS oscillation AU 1 58U T = 27/b
‘ﬁlflﬂ’\ tz = tl + T :

amplitude = (1/b) Kwnzhc/(a+jb) *exp[a(t{+27/b)]

AAS14US=NIN amplitude @8
exp(atl)/exp[a(t1+207b) = exp(—ZUa/b) - exp(ZHQYVI-Cz) ceees(4.15)
natural logarithm UBNA&3I8IUSZ#IN amplitude $a vy 27$/4/1-82

«Janin logarithmic decrement

o Maximum
~~_ overshoot

Ymax | '—/_// \\\\\‘\
thu—J——- N

—

a7 t. ¢ y(t.) = Kh,

sin[(anI-CZ)tr +X] =0
(wﬁVl-Cz)tr +%X =0

ot
i

r = —“/(an 1-8 )
tan~1({1-82/-8) /(w( 1-C2) ;3 =1<8<0 ...(4.16.a)
[T+ tan 1 (41-22/-€)1/(w1-€2) ; 0<Z<1 ...(4.16.b)
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N tan« = (-Vl-Cz)/‘C W cosx= -€, sink = -11-8

N (4.14)Ude sin K+8) = (sin * *cos 4 )+(cos* *sing )

y(t) = Khg - [Khg*exp(-Bw,t)/(1-82)1%[ sin(w VI-€2)t +
Y1-Ccos(wV1-82)t] .....(4.17)
dy/dt- = [Kwphg*exp(-gw,t)/( 1-62) 1*sin(w y1-22)t
MupeveN y(t) Hd1  dy/dt = 0
sin(wV1-82)t, = 0
(w185t = Tal,37,. ..
AMGNERTEY y(t) 1Aafui e
ty = T/(wgV1-82) L (4.18)
UNUA tp 8N (4.16)
Ymax = Kho+Kh *exp(-ETA1-22) ..., (4.19)

- 41 Initial condition # Steady state

y(&)

()
(0}

> !

0 ; A

A13ufurpe time derivative = 0

Py =Dp®f =0 ;n=1,2,3,... ; m=1,2,3,...

N (4.11) v(0) = K£(0) , £(0) > h , M K tfusu

F(s) = h/s

(£(0)-h.1/s = [y(0)/K-h 1/s



UNUAT F(s) avu (4.11)

Y(s) = {Kw,2#[y(0)/K-h.] + [s*(s+2%w;)y(0)1}/{s*(s2+28w st 2))
= {(—Kwnzhc) + [(sz+2Cwns+wn2)y(0)]}/{s*(sz+ZCwns+wn2)}
= [—Kwnzhc]/[s*(sz+25wns+wn2)] + y(0)/s .
y(t) = (—th/VI-gz)*exp(— wnt)*sin[(anI-gz)t+K] - Kh, + y(0)
; £50 3 -I1k%1 L., (4.20)
\\
o Maximum
\\\\\civershoot
¥ ma / N\ 7P
_KAT- vfi\s—g
-Kh, =R
KO)JL 1
! t
0 L
fiamn ¢, : y(t.) = -Kh, + y(0)
tp = tan™1(y1-€2/-2) /(v y1-82) ; =1< 540 (4.21.a)
= (Tetan"1(1-22/-2)1/(w ¥1-52) ; o<zl (4.21.b)
#1287 tp Wigegauae y(t) : dy/dt = 0
ty= Twg1-82) " o L, (4.22)
Ymax = ¥(0) = Kh, - Kh *exp(-ZT4(1-82)  ..... (4.23)

27
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PRESSURE (bar )

2.q(t)Lﬁu step function

- AINHAINITNRRBAN FIG 5.6

N (4.14)
p(t) = (Kqq./ 1"’;42)*exp(—§4wn4t)*sin[(wn41f1—€4‘2)t+o(4]+x4qc

7,/("n4 1-4%)

NN (4.18)  tyy

N (4.19)  ppay = K4qC+K4qc*exp(-§47N 1-4’42)

N FIG 5.6  tpg = 0.1 , Kgao = 49 , DPyay = 85
85 = 49+49%exp(-$, T/y/1-5,2 ) gy = 0.0977
0.1 = T/wy4)1-(0.0977)2 Wpg = 31.57
&y = -[T+tan™1(y1-§2/-1)] Ky = ~1.67

p(t) = 49.24%exp(-3.08t)*sin(31.42t-1.67)+49  ..... (5.7)

FIG 5.24 su§suiflounsawitidandunms (5.7) My nsawitidainmsneans
100r

|

——————— SIMULATION
EXPERIMENTAL

20t

A L 'l ' 1 L

3

0t 2 3 4 5 8 7 8 39 {5 1% 1
TIME (S)
FIG 5.24 PRESSURE - TIME DIAGRAM

2
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M Kyqe = 49 , g = 1517.5 : K4 = 32.29%1073
Transfer Function

P(s)/Q(s) (K4Wn42)/(sz+2C4wn4s+wn42)

- ANNANINPRAY _FIG 5.7

NN (4.14)
w(t) = (K5q0/¢1—§52)*eXD(‘tgwnst)*sin[(wn5V1-§32)t+x5]+K5qc
ps = T/ (wy5Y1-G5%)

N (4.19)  Wpay = K5qc+K5qc*exp(-§5ﬂ/V1-§32)

N (4.18) t

N FIG 5.7 t

5 = 0.55 , Ksag = 607 , wpay = 660
660 = 607+607*exp(~25//11-252) g5 = 0.6131
0.55 = T/(w,5/1-(0.6131)2) Wns = 7.23
x5 = ~[T+tan~1 (V1-852/~%5)] K5 = -2.23
w(t) = 768.35%exp(~4.43t)*sin(5.71t-2.23)+607  ..... (5.9)

FIG 5.25 uSsucilbunsanitidanms (5.9) fiu nswiiidannmsneaag

8001
soo-fb“\‘ e - R
S
§§ 400t
= —————— SIMULATION
i —————— EXPERIMENTAL
2004

Lo 1 2 3 i A

S 6 7 8 9 10 11 12
TIME (8S)

FIG 5.25 REVOLUTION - TIME DIAGRAM

(=
N e
w
>

32.18/(s%46.175+996.66) = Gg; veee(5.8)



N Ksq, = 607 q. = 1517.5 : Kg = 0.4
Transfer Function

(K5wn52)/(32+2 ljswn58+wn5z)

W(s)/Q(s)

20.91/(s248.865s+52.27) = Gy;  ....(5.10)

3.d(t)tiu step function (tuiliidn Kg, K7 +Duday)

- INNR/NISNARBN FIG 5.9

N (4.20)

p(t) = (-stc/‘VI—4’62)*exp(—§’6wn6t)*sin{(wnsvl—fslz)t+°<6]-l{6dc+p(0)

N (4.22) tyg = T/wpe1- 52
M (4.23)  ppay = -Kgd.~Kgd *exp(-S5TA 1-252) +p(0)
N FIG 5.9 tyg = 0.18 , pya. = 158 , ~Kgdg = 97 , p(0) = 47
158 = 97+9T*exp(-Cg/Y1-552)+47 Lg = 0.5246
0.18 = T/w &l 1-(0.5426)2 Woe = 20,95
% = -[T+tan™1(~1-2/-C) ] ®g = -2,123
p(t) = 113.92*exp(-10.75t)*sin(17.45t-2.123)+144 ....(5.11)
N -Kgd, = 97, d, = 15.6 : Kg = -6.22

Transfer Function

P(s)/D(s) (sznﬁz)/(sz+2§6wn63+wn52)

FIG 5.26 tufmuiflpunsiwiidainsums (5.11) Ay nsmit&annisnaaes
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- MNUINIINERIBN _FIG 5.10

1N (4.8.a) wit) ~K7dc*[1-exp(-t/t)]+w(0)

M FIG 5.10 -Kqd, = 170, Tgp = 0.7 , w(0) = 630

w(t) 170*%[1-exp(-t/0.7)]1+630

800-170%exp(-t/0.7) eees(5.13)

FIG 5.27 \uSnucfunswitidannduns (5.13) My nswitInnsnAReN

1000

800 - e o —
S 600}
=
o
- SIMULATION
2
S 400+ +———s o EXPERIMENTAL
o

200

S e

¢ 1 2 3 4 5 6 7 8 9 10 11 12 |
TIME (8]
FIG 5.27 REVOLUTION - TIME DIAGRAM

NN —Kgd, = 170 , d, = 15.6 : K; = -30.36

Transfer Function

W(s)/D(s) = (Kq/T7)/(s+1/7q)

"'43.37/(8"‘1.43) = Glz 0000(5014)



=N

d51_Jnslesunn NN usuAR

HFUNRNISNARDN

Math model ¥39 Transfer function NI LASIEANANSNARDY

t Hugiad]
Gyp = 20.91/(g5248,8658+52.27)
Gig = =43.37/(s+4.13)
Gg1 = 32.18/(5246,175+996.66)
Gpg = ~2613.96,(42:21,515+420.25)

iIl8z Transfer function Y94 Disturbance

Gq1 = 110.65(s+0.571) /(540.385)
Gy = 5.48(s+0.571) /(40.588)
TN
20,91
W /(s2+8.8655452.27) ~43-37/(541,43) Q
P 32.18/(524+6.1754996.66) ~2613.96 /(52,91 515+420.25)|| D
L L N

110.65(s+0.571) /(g40.385)

5.48(s+0.571) /(5+0.588)
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Block diagram UBNSEULAD
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- s:uuﬂﬁduﬂszﬁwuwLﬁﬂuﬁaquwnninﬁaqnﬁ%ﬁﬂunﬁsnﬂaaq
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1 EDDY CURRENT DYNAMOMETER (ED-60-LC)

1.1 #ENNISNNIY

wnflieed  vsznewdhe  dLaceRd, vumunssud ey (EDDY
CURRENT RING), A80N5$u(EXCITATION COIL), 151009 uasivandlinad 1oniia-
wiiend  zadrowdndudlindn  (uamaSuiduysediosy) Taedbunszuansedui ity
AR IANTE U (Hatsiadmprnnindlivdn e umnusiuasvdndusinnau
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U 1
uaznssud R INIzINUIUl | nssudve uflagseniierumunssud e auiuts Land

radrusaiNa et Land ks lumpNnUnsIER MY Lsilinansodtu

Wanivaalieng

Ligature

- ¥
Cooling N it s 1 Eddy current ring
00
water channel -

)
1
i} | FZIT‘ 7
B % Rbtor L/
Gap : \\
[ fr .
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Ut 1.1 usAeduusznauwdnuaY I Tl Aad
1.2 daseadny
tﬂaqannwﬁaqwuannauaqLn?aqLuﬁuu§u1uLﬁuwﬁhqwuﬁqnu€auﬂu1quniu
nszusvaan  naiidisande L Swsumiunssudivaufaeiuscvda L Buts irad¥mame
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- iRefauseiondindatesesdeaeude winideamsdafuanunds
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- usfuiingh feawas miumsdattmiing fonsr asauimmefl nad
- nﬁnLﬁﬂqnﬁsLﬁausqﬂuuuaunutﬁaqqnnuuéquaqLwawuﬁhiﬁiﬁgnaanuuu
i fpsuuse umauny
1.4 fmanifu
- affitusmdsitAiigasvngsn Seusiaaninguuanuaes
- s Ims imvaaitwda i fuganiidriinmuety tapaz g fauidle
Sasmsmdnirfinmuaty feiatauaindSadnsnms mafima tindtmda By
- Sasymsafnmuatd 3z auendnaszwingamgRitn Fuaziean
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- anwnduaeitwaa L Bumaiiheasimiy 0.5-3 kgg/on?
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- meftieasienadumenn iy ifnnarsBadaidg
1.5 Inaedinnd
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- (Jwwustrain Gauge SIS INALAEUS RN
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Nt Al a1aassdenu damefiiuivent vadd
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2) INDICATOR

I 2
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- 1iladpemsududnilunanin fugud Ampasudngudtasiidras fad
tﬂauQuQu1Un1qu11
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- M veagegaiinmety  axifudusedagegauacimnudined tild

LAWY 2713390 L RN SUANYNYDY L v veNEEN e 1L wad 1
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1.6 TACHOMETER
1)DETECTOR
- v osSninin
- 129MsIANY 50-20000 RPM/60P/R
2)MSA M
wselaiysa = Ly*Wkg  N#m
(e w = dfdwidsnIspIcaTor
Ly= 0.2865 m , Ly= 0.7162 m , Lj/Lo= 1/2.5
1.7 OPERATING PANEL
1)#uni
- WUl Set Dial 1Uanu11q=xﬁunszuansz§u T IUAINTEUFIN
Amp Meter Tapfainddadewumsdranszuansedu
- @i Internal-Externalfifanmsevguainmetuiaeifset Dial
wIpnnmenanieudadynot i NExternal Operation
- {8l Overspeed WW1K10501(198U/1000RPH) A1 $250uL Audnfl
gﬁifhzﬁﬁwwﬂutﬁau
- Syenas fawith, A S50y, i (aildeen s AauiDesInd i34

8 = 8 ar 4 B
uffly L finA)uResetua189ASY (nszudnseduazgneini daflfngnal Fauvaeiiiiiu)
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U 1.4 udeduniuee OPERATING PANEL
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- "coil" tfwmdedreiwiivaniansefussaindiadasim s e Wiy
Terminal box ﬁiﬂuﬁiﬂﬁlﬂﬂf
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- ®&#d  "Output Revolution"tDudggnasanuuveaundoavavainna

98V (0-9V/0-9000 RPM)

on — QRS ar
owa. wo 0 A K¢
oo ;L "o — O LA P o-m n‘;n
¢

e R
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msawed 4 uwy ms%eese W Characteristic Curve 8N
1 tfieed dafucurve vavtadavsudiiazia fastarenfiusedatusatlates
1)Constant Current Control (ACR)
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§U‘ﬁ 1.6 AN Characteristic Curve 184 Constant Current Control

2)Constant Speed Control (ASR)

T
W //— T \
2 \
@ / \ (Example)
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l
I l
J |
] i
RIPM

§Uﬁ 1.7 UdRAY Chracteristic Curve 18N Constant Speed Control
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3)Constant Torque Control (ATR)

[~ (Example)
/ nnglne for ship
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Characteristic curves
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gﬂﬁ 1.8 UsdAN Characteristic -Curve B84 Constant Torque Control
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4) Boost Control (ABR)
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1.9 faesseietumsafiany

1)msudpeinszudnssfwivmc i iiuremie  nssuanszdwiusesliadag
pudvga TapLamz M saguuuLnszudastl wazusedaaedl axnfuasaindiddoeda
- 1
Power Switch %38 Excitation Switch NNASNrauMyALATDuA

2)U1Qﬁ§5aﬁnﬁihﬁhswnwsWnaaﬁaqﬂﬁuuaz1nnﬁq1u fpaunahiliugne

L fousa L Tadait

2. PRESSURE SENSOR (PGM-100 KE)

suil 2.1

NMIANAUINTA 100 Kg /Cm2 SNUIIN Pressure Sensor 3¢dHpNKY
N f

Dynamic Strain Amplifierfiaw#pvgnedymne wWidygnafiiluplotduservocorder

3. DYNAMIC STRAIN AMPLIFIER (DMP 613)

waNszgnA UM suENETRRIeRIn Pressure Sensor

3.1 18255 39%um s

1)nﬁntﬁﬂqnwsﬂﬁh1uﬂuﬁﬁﬂqmﬂgﬂgqn§aﬁﬁtﬁuiu(1ﬁbg1uﬁQQ-1oﬁqso’c)
2)nﬁntsﬂqnwsﬂﬁhwunwumﬁhku%ﬁgqﬂ (> 85%)
3)n§nt§ﬂqnﬂs%ﬂh1uﬂuﬁﬁﬂQu
4)5dinseTewsenitemsiuiu inns sudnse
3.2 mMs#aEy
1)Power Connection WM AC 220V +/-10 % uazﬂﬁ%ﬁnawquaqugh 3p

AasAuie

2)Input Connection 1un17ﬂszqndﬂﬁﬁﬁ Pressure SensorW#a#1&3Nn

Pressure Sensor (i Input Connector TRfASY



3)Output Connection #adyNat{ Servocorder Bedpansdggnait
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Uit 3.1 udaeduminuBe DYNAMIC STRAIN AMPLIFIER
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v
T
L
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SYSTEM COMPONENTS

"~ The split-system configuration of Sperry Vickers 19 Series
transmissions pravides optimum application and installation
frecdom for the vehicle designer. The variable displacement,
" axial piston transmission pump is available as a single unit,
or as’a double unit designed for use with two independent
motors. S S
The single pumnp is furnished with an integral supercharge
pump, or with a tandem-mounted single or double vane
pump which provides high pressure for the vehicle hy-
" draulic system and also supercharges the hydrostatic trans-
mission. The double transmission pump has a tandem-
mounted single pump for these functions.

The piston pump’s control shaft position determines the
rate and direction of flow to the axial piston motor
ifixed or variable displacement), which in turn determines
the speed and direction of the motor’s output shaft.
Displacement of the variable motor is lever-controlled;
reducing displacement._pfoportionally increases speed and
reduces torque. Minimum stroke of the variable motor is
preset by Sperry Vickers to fit each application.

Closed-loop repienishing check valves and a supercharge
relief valve are built into the trensmission pumps. Integral
cross-port high pressure relief valves are also included when
required.. The anly components needed_to complete the
transimission’ system are .a reservoic, filter, heat exchanger,
and: connecting lines. If an auxiliary vane pump is used,
“depending on its application, an external pressure relief
valve may be required for pump protection.

AUXILIARY PUMP OPTIONS

Auxiliary vane pumps (single or double) can be provided
with a cover: containing either a flow control or priority
valve, and a relief valve to protect the pump. From total
vane pump delivery, the priority or flow control valve directs

a controlled, essentially constant volume of fluid 10 the

auxiliary circuit. From the auxiliary circuit, this flow goes
to the supercharge cir~ui*. Delivery in excess of the con-
trolled flow goes directly to the supercharge circuit.

When the relief valve in the priority valve cover opens,
controiled flow is diverted to tank. Excess delivery con-
tinues directly to the supercharge.circuit. When the relief
valve in the flow control cover opens, all pump delivery
goes to the supercharge circuit. Controlled flow rates and
relief valve settings are shown in model codes on following
pages.

The single auxiliary pump on the TA1919 double trans-
mission pump is available with a flow divider valve in its
cover for auxiliary circuits employing single acting cylinders.
The vaive directs » fixed percentage of pump delivery to the
auxiliary circuit. From the auxiliary circuit, this flow goes
to the supercharge circuit. The balance of vane pump
delivery is continuously directed to the supercharge circuit.

Circuit diagrams of the various main and auxiliary pump
combinations are shown on following pages.

rd

LOW-COST, SIMPLIFIED INSTALLATION

The packaging of multiple pumps in a single assembly re-
quiring only one mounting and drive point, e.g. TA19V10and
TA1919V10, greatly reduces the cost of the tota! vehicle
hydraulic installation. In dual path vehicles, for example,
the TA1919 double transmission pump eliminates the need
for a splitter gear box to distribute engine power to the
two transmission pumps, To further facilitate installation,
pump and motor controls can be specified for either side
of the unit, and auxiliary pump ports can be located in

. various positions.

CONVENIENT, EASY CONTROL

The vehicle operator can use a single lever to control speed,
dynamic braking, and reversing. There are no gears to shift,
and speed is directly proportional to lever position. Slowing
or stopping is not required to change speed :- reverse
vehicle direction.

OPTIMUM TORQUE/SPEED RATIOS

Infinitely variable output speed in forward and reverse,
with smooth, stepless acceleration and deceleration through-
out the speed range, provides optimum torque/speed ratios.
Selected speeds hold essentially constant regardless of
vehicle attitude or load, and vehicle traction is maximized
on any terrain.

INTEGRAL OVERLOAD PROTECTION

When required, main relief valves can be included in the
transmission pump to limit loading of mechanical and
hydraulic members in the power train. Engine overloads
can be prevented by controlling pump displacement.

SPLIT-SYSTEM CONFIGURATION

Sperry Vickers pumps and motors can be interconnected to
form a complete variable speed, reversible hydrostatic
transmission, or they can be used separately for a variety
of applications.

SPECIFICATIONS
Theo. Max. Displacement

Pumps, MFE19 & MVE19 Motors...... 2.5 cu. in./rev.
MFE1SMotor..................... 2.0 cu. in./rev.
Max. Rated InputSpeed................... 3600 rpm*
Max. Rated QOutput Speed
FixedMotor. . .. ...................... 3600 rpm
Variable Motor - full displacement. . ....... 3600 rpm
- partial displacement. . .....4000 rpm
Max. Intermittent Pressure. .. ................ 5000 psi
Max. Continuous Pressure. . . ................ 3000 psi
Rated Horsepower. . ..... ...... 22.5 hp per 1000 rpm
Fluid. ....... Per Fluid Recommendation Sheet M-2950-S
Filtration. . . . ................... 25 Micron Absolute

*Less than 3600 rpm for units incorporating auxitiary
pump. Maximum input speed is limited to maximum vame
pump speed shown on installation drawings on following
pages.
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WRUBNENNTS First order URE Second order VYANSuUeil

REM *%%%* PROGRAM FOR SIMMULATING THE VALVE FOR X*¥%xx%
REM ***k%* CONTROL SYSTEM OF HYDRAULIC MOTOR. L2 S 2
REM #%*k% (Pressure-Time FIRST ORDER SYSTEM.) *hkk¥
CLS

DIM X(1000):DIM Y(1000)

?" TO EVALUATE THE VALUES OF Kp AND T FOR THE FIRST ORDER SYSTEM"
2" WHICH IN THE FORM OF F(t) = Kp(1- e"(-t/T)) + PO"
om

INPUT " READY ?(Y OR N)";Begin$

IF ( Begin$ = "Y")OR(Begin$ = "y") THEN GOTO DrawAx ELSE

on

GOTO ED

DrawAx:

INPUT " PLOT X-Y AXIS ?(Y OR N)";Plotaxis$

IF (Plotaxis$ = "N")OR(Plotaxis$ = "n")THEN GOTb GRAP ELSE



REM **x*¥x* PLOTING X-Y AXIS AND SCALE. ¥k¥¥xx
REM *¥x*%* DIVIDING X-Y AXIS. *k¥k¥x
E$=CHR$(3)

LPRINT "M400,400,"

LPRINT "X1,100,15,10,0";E$

LPRINT "M400,400,"

LPRINT "X0,250,4,10,0";E$

REM ***¥¥% PLOTING SCALE. ¥kk¥k%

LPRINT "AS30,Q25"

FOR I=1 TO 4

LPRINT "M";340;385+250%1
LPRINT USING "P##!";20%I,E$
NEXT I
LPRINT "M";280;820
LPRINT "R900,"
LPRINT "PPRESSURE(bar)",E$

LPRINT "R(-900),"

FOR I=0 TO 15
LPRINT "M";370+100%I;350
LPRINT USING "P##!";I,E$
NEXT I
LPRINT "M";1060;280

LPRINT "PTIME (S)",E$
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LPRINT "M";750;200

LPRINT "PFIG 1.2 PRESSURE - TIME DIAGRAM",E$

REM ***¥%% PLOTING GRAPHIC OF EQUATION. *¥k¥¥x
GRAP:
?"DONOT INPUT ’0’ FOR Kp AND T."
INPUT "INPUT Kp " ;Kp
INPUT  "INPUT Pressure(0) " ;PO
INPUT "INPUT T " ;T
FOR 1I=0 TO 25
X(1)=400+50%1
R=1/2.71828" (1/(2*T))
Y(I)=400+12.5%(P0+Kp*(1-R))
NEXT I
LPRINT "M";X(0);Y(0)
FOR I=0 TO 24
LPRINT"D" X(I);Y(I);X(I+1);Y(I+1);CHR$(3)
NEXT I
INPUT "ANY VALUE OF Kp OR T ?(Y or N)";S$
IF S$ = "Y" THEN GOTO GRAP ELSE

ED:

?l' ”
? "TERMINATE THE JOB,THANKS."

END
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REM #*%¥%x PROGRAM FOR SIMMULATING THE VALVE FOR RS2 L

REM *¥*** CONTROL SYSTEM OF HYDRAULIC MOTOR. REXKE
REM *¥¥¥% (Pressure-Time SECOND ORDER SYSTEM). *kkkk
CLS

DIM D(1000):DIM E(1000)

?" TO EVALUATE THE VALUES OF Kp AND T FOR THE SECOND ORDER SYSTEM"
?" WHICH IN THE FORM OF F(t) = Kl*e"(-K2%t)*SIN(K3*t + K4) + K5"
on m

INPUT "READY (Y or N) ";Begin$

IF (Begin$ = "N") OR (Begin$ = "n") THEN GOTO ED ELSE

on n

INPUT "PLOT THE X-Y AXIS (Y OR N)";PlotAxis$

IF (PlotAxis$ = "Y")OR(PlotAxis$ = "y")THEN GOTO DrawAx ELSE

ot n

GOTO GRAP

DrawAx:
REM *%%*%% PLOTING X-Y AXIS AND SCALE. *¥%x%%

E$=CHR$(3)

LPRINT "M400,400,"
LPRINT "X1,100,12,10,0";E$
LPRINT "M400,400,"

LPRINT "X0,250,5,10,0";E$

LPRINT "AS30,Q25"



FORI =1TOS5
LPRINT "M";320;385+250%I
LPRINT USING "P###!";20%I,E$

NEXT I

LPRINT "M";265;940

LPRINT "R900,"

LPRINT "PPRESSURE(bar)",E$

LPRINT "R(-900),"

FOR I=0 TO 12
LPRINT "M";370+100%I;350
LPRINT USING "P##!";1,E$
NEXT I
LPRINT "M";900;280

LPRINT "PTIME (S)",E$

LPRINT "M";600;200

LPRINT "PFIG 2.1 PRESSURE - TIME DIAGRAM",E$

REM **¥%*¥% PLOTING GRAPHIC OF EQUATION. **k¥xx

GRAP:
INPUT "INPUT K1 = " ;K1
INPUT "INPUT K2 = " ;K2
INPUT "INPUT K3 = " ;K3
INPUT "INPUT K4 = " ;K4

INPUT  "INPUT K5 = " ;K5



FOR I=0 TO 120
T=10%I
D(I)=400+T
R=1/2.71828" (K2*T/100)
S=SIN(K3*T/100+K4)
E(I)=400+12.5%(K5+(K1¥R%S))
NEXT I
LPRINT "M";D(0);E(0)
FOR I=0 TO 119
LPRINT"D" D(I);E(I);D(I+1);E(I+1);CHR$(3)
NEXT I
INPUT "ANY VALUE OF Kp OR T ?(Y or N)";St$
IF (St$ = "Y")OR(St$ = "y")THEN GOTO GRAP ELSE
ED:
on n
? "TERMINATE THE JOB,THANKS."

END
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