2070161 Al RCRAFT GENERATOR STARTER- DRI VE Technical ‘Field This invention (2%;
relates to a starter-drive for use between an aircraft engine and
generator/nntor to'5 transmt power in either direction. Backgégﬂﬂﬁ 4[ 1
H storically, sone aircraft engines have been started by devices extern
to-the aircraft, which devices supply to {que to accelerate the engine up to
I t 410 sel f - sustalnlng speed within a' réquired time. It has been -

| ong recogni zed that to mnimze weight, cost-and conplexity, it is
desirable to utilize equi pment already on the aircraft for this purpose.

The generating system can be used for engine starting by operating the
generator 15 as an electric notor using an external source of electrical
energy.. Typically, this source of energy is furnished by a ground service
cart. The arrangenent just described is generally referred to as a
generator-starter drive. The generator-starter 20 drive requires a
transm ssi on capabl e of supplying constant speed to the generator in the
nermal generating node as well as supplying torque in the reverse direction
to the engine fromthe generator .operating as a notor. The drive enpl oyed
nust allow the notor to cone up to its 25 const ant operating speed under
z® 0 | oad, and then naintai n AJRORART GENERATOR STARTERFDREMEE! er ati ng
torque to the aircraft engine, which is initially at zero speed. - 2-

U S. Patent No.3, 786,696 (Aleem is tyglcal of the advancing art invol ved
in starter-drives and discloses in Fi gteghnicalaFielddri ve for use between

an aircraft engine angh@sggnvedtdion &I o ROV al ekl dP e dE6ECHERN
The between an aircraft engine and a generator/motor to
5 transmit power in either direction.
Background Art
. ‘Historically, some ‘aircrait engines have been
started by devices external to the aircraft, which devices
supply torque to accelerate the engine up to its
10 self-sustaining'speed within a required time. It has been —
long recognized that to minimize weight, cost and
complexity, it is desirable to utilize equipment already
on the aircraft for this purpose. The generating system
can be used for engine startlng by operating the generator
15 as an electric motor using an external source of
electrical energy.. Typically, this source of energy is
furnished by a ground service cart.

The arrangement just described is generally referred
to as a generator-starter drive. The generator-starter
20 drive requires a transmission capable of supplying
constant speed to the generator in the normal generaﬁing
i mode as well asesupplying torque in the reverse direction
‘to the engine from the generator operating as a motor.
The drive employed must allow the motor to come up to its
25 constant operating speed under zero load, and then
maintain constant speed while applying accelerating torque
to the aircraft engine, which is initially at zero speed.



5 Al eem arrangenent includes a generator shaft 11, an engine shaft 10, a
difgherential. 14 for transmtting power fromthe engine shaft 10 to the

- g&rerator shaft .11; a hydrostatic t¢ransm ssion 12, including one hydraulic
uni-t 19 conmected for rotation with the generator shaft; a 10 second
hydraulic unit 20 connected for rotation w2-h a control gear 26 in the
differential; and a first one-way clutch 16 connecting the second hydrauHﬁa
unit 20 to drive the engi ne -shaft 10 excl usively through the hydrostatic
transnissi on 12 HwSndFatentiNee. 3 M6 /p26m(sleendridr typical ofj &henerefore

seen to req”hﬁﬁr Ostg.[ ldr e End I viE iﬁTﬁuP@eeeaEiaaerAmt @4 sloa odelsl Mgy ed

t hrough the C transm ssi on IS requires that the size of the
hydrostatic Fﬂ-ansﬂq:sﬁ @t antenrfdyivefox o“ﬁﬁnHPE"?ﬁE BngRizcxabit@nGngues

necessary to BEG%C%émdﬂeiélﬁéﬁsﬁbe BSwer €AJkDehak G&&hdtﬁo?ﬁr The
speed.' The invention to be descrl herelnafter roﬁﬁgﬁy& e sane en I ne

starting tor 3486 AL IANAFANY ? #S AJIPBRERT st3% €8
transm ssi onghag tditfg ererdi f e@ptial Dor for eeeahsmdtaingmpowerm from

starter-driv s 25 - prese [ Pat ept 5 Reynol ds et
al), which p?‘@nte"(ﬂlgtq o@é%ﬂi :i‘hg ngeagﬁﬁﬁﬁﬁﬁ%\’lg %Ja.%czirl Vi’ ng?l(y )c/onnect ed
t hrough a d|hyem@mwaﬁldflramsmuss&onblﬂ hidchutioguone hydrauddqmunit

fixed hydr aubige dule e G4l PO0LEEOAOui LR tHbS gL Wnaty) 19 (e

starting 30 genera can accélerated to synchronous
speed By e|tBecondwhydﬁamid¢lu@lth30h9§naapt§dlfﬁGSIQQEM&QFt hy&iraulic

units 13, 14 h I he andr iz2Fiq Jty Griddvapy uni t
14. Torque cac(ralit )6 Eéeé/aﬁslpu92 &%g@tégfgﬁﬁfzﬁgiggﬁ a Qttli rtgt t_ﬂ]e sho E'(L:YC%S

circuit in tied G(EERP9%$1%9 Fh€r§S§Pﬁ§ b éﬁbMPl 1¥e
vari abl e di spiRciRjinéNéhaf € 10cekalbgivedgethibagh the hydrostat;c

transmission 12 during starting. The Aleem starter-drive
15 is therefore seen to require that all the torque from the
generator/motor- be delivered thréugh the hydrostatic
transmission. This requires that the size of the
hydrostatic transmission be sufficient to handle the high
" starting torgques nécessary_to overcome the inertia of the
20 engine at rest or zero speed. The invention to be
described hereinafter provides the same engine stgrting
torques but employs a smaller and lower weight hydrostatic
‘transmission and differential gear. _
A more recent advancement in starter-drives is
25 present in U, S. Patent No. 3,274,855 (Reynolds et al), whlch
patent d1scloses in Fig. 1, a generator 1l drivingly ‘
_connected through a differential 15' to a variable
hydraulic unit 14, a normally fixed hydraulic unit 13 to
an engine 10. 1In this arrangement during the starting
30 mode, the generator 1l can be actelerated to synchronous
speed by either shorthircuiting the hydraulic lines
between the hydraulic units 13, 14 or by varying the
displacement of the variable hydraulic unit 14. Torque
can then be supplied to the engine by throttling the short
35 circuit 'in the former case, or by increasing displacement

4



short-circuiting and throttling nethod allows both hydraulic units to be at
full displacement and therefore, both units to apply maxi numtorque to the
-engine. 5 . It is therefore apparent that Reynolds et al, not unlike
Aleem requires that during start-up all the torque fromthe

generator/ notor be delivered through the hydrostatic transm ssion 13, 14
wi\th the attendant di sadvantages previoysly noted. These di sadvantages are
overcone by the invention to be descrThed™10 nore fully hereinafter.
The present invention relates to a hydraulic control systemfor an aircraft

starter-dri chani sm.that _i nc] udes a generat.or that_can be driven as a
notor (ref laﬁ\:/’ em;"teo vf?é'r’tﬂtﬁaﬁ t@ﬂ's% gﬁeﬂéﬂég%gﬁd}oﬁ:]?et%agtﬁg Etalsiﬁvhglﬁl
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0 ich are ¢ t to econ raul j.c units o 12 rostatlc

t ransni ssi oﬁn&% &6’ etPf’e ae‘hgé'ﬁﬁ ﬁ%%@iﬁ&?ﬁe&? %‘P {g‘?ﬁ? OFfde P 1ts

hydraul i c cgata@bryﬁm&xﬂmumnmoﬁqaeatoonmmobngﬂm@ operatively coupled to

t#e fjrst and second draulic units tive d ng .t he sIart

node % 0 -control &rsau%?%r? Wb@?%gﬁnt%hé%r}gﬁ'?%{%ﬁﬁg aﬁ r“g’og/
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ive shaft, thro the different raulic units

hydraulic cBfit Fltﬂli ML & T ﬁ@snm etlag%sc 2 ransmé?éﬁppng%ovae‘f vith

furni shed t ghehattemiait mmnmgesdpmeimbumxymopedat i me)saiel i ver ed

ycr ost at | CALPRRATRASRS e CPYEEVRhe: 1 G SvehbantnEC i aenctived,

t he mrcrafmogmeﬁlﬂtly hetreinaptented as an electric notor, to provide

plural 30 %P%ﬁtétfm;%‘?{:i‘éﬁclﬁ% t%&g €5 é%&’&réﬁi&%e% trol syséam

preferred enbodl use wt arter
bet ween an £iorcreal tajorapalt asitantgendriver mllﬁnlmttha‘;nuncﬂmﬂas |a1

ei ther diregbiofa ddi?teidf! d88SHE fb5%en as a motor (referred to hereinafter
as a generator/motor) that is drivingly connected to an engine -

15 driveshaft through a differential, elements of which are
connected to First and second hydraulic units of a hydrostatic
transmission and to the engine driveshaft during a start mode.
The hydraulic control system comprises a control valve
operatively coupled to the first and second hydraulic units,

20 and operative during the start mode to control hydraulic flow
between the hydraulic units, thereby to divide the deiivery of
rotary power from the generator/motor_to the engine drive shaft

- through the differential and the hydraulic units.
Thus the hydraulic control system of the invention allows

25 starting power furnished to the aircraft engine to be divided
and cooperatively delivered by the hydrostatic transmission and

- the mechanical differential. The hydrostatic transmission and
' o differential gear arrangement therefor allow the aircraft
generator, when operated as an electric motor, to provide plural
30 torque paths to the aircraft engine to be started.



s connectible with the generator/notor and a second shaft 5
hectible with the engine. A differential is provided which has first,
second and'third el ements. The first eleenent is rotatable with the second .

-shaft; the second elenent and third el enent are rotatable on the second

shaft. A first hydraulic unit is drivingly connected to the first el enent
of the 10 differential and a second hydraulic unit is drivingly

.connected to the second elenent of the differential. The first and second*'é
‘hydraulic units are hydraul i cakl g int erconnected through and A controll ed

by the control valve of the -control systemof the invention. 15

The third elenent of the differential is drivingly connected through a

first one-way clutch to the first shaft for dr|V|ng the generator/notor in
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'”Craﬁﬁiﬁglsh&riﬁﬁﬁgl f cohf et dees hetid £Irsheebagnneoﬂhthe S|nultaneously
o ot Beeteitatan ”%ﬁ?%n%&yﬁa%&é S (Y G g U pbRREYed ™! Ve
di spl eeethet secohd elemeatcdfitiie differential. The flrst and second
hydraulic units are hydraulically interconhected through and
controlled by the control valve of the control system of the
invention. - o
The third element of the dlfferentlal is dr1v1ngly
connected through a first one-way clutch to the first shaft
for driving the generator/motor in a-geﬁerating'mode, and
through a second one-way clutch to the first shaft for driving
the engine from the generator/motor in a starting mode.
In the preferred embodiment of the invention, the control
valve is operative to dissipate the enefgy of hydraulic flow
between the first and second hydraulic ﬁnits, wvhile simultaneously
being operative in the starting mode to: cause the First hydraulic
unit to maintain maximum displacement, thereby initiating an
engine starting torque to the second shaft through the hydraulic
units and the differential. When the flow capacity of the second
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10 - stnultaneously naintaining the first hydraulic unit at maxi mum

di spl acenent, thereby initiating an engine starting torque on the second .
shaft exclusively fromthe first hydraulic unit through the first el enent
of the differential. Thereafter, increased displacenment of the 15 second
hydraulic unit results in a contribution to eBgine starting torque acting
.thkeugh the second el enent of the differential, thereby increasing the
starting torque to a naxi num val ue achi eved when the second hydraulic unit
di spl acemrent nabhyfesullic dniftl mesches dhe maximm @isplacgment| £EoWnit .
The continued o ls laS iyyap 1153 f

enbodi ment onceetghgk? ngWBfgf t?'glhﬁefgg?g h_yc?r"{ala':lE gﬂhﬁ?ﬁnﬁ céu%gt?ﬁg GaLve

di spl acenent of cangesi tde Ajgsiuhydrankic anit Jdrepagsment to be peduced
vertical sectiogpOhelie anal thieRled® tTrd! & -dMaeiman o2t 06 £ SaRNLHPESEYENY
the invention, Ei,g. la is a,partial section of control_valve arrangegent
for use in3a noﬂ&%§§¢ﬁ&PVOﬁh§F$ iFreFsing the 5pRed Of FHie §eF8"§E :
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maximum displacement, thereby initiating an engine

starting torque on the second shaft exclusively from the
first hydraulic unit through the first element of the
differential. Thereafter, increased displacement of the

15 second hydraulic unit results in a contribution to engine
starting torque acting through the second element of the
'differential, thereby increasing the starting‘torque to a
maximum value achieved when the second hydraulic unit
displacement matches the disélécement of the first

20 hydraulic unit. The continued operation of this
embodiment is the same as the preferred embodiment once
the flow of the second hydraulic unit matches the
-displaceﬁént of the first hydraulic unit.

25 DRAWINGS

]

fig. 1 is a vertical section of the integrated
starter-drive generator system embodying the invention,

ot

Fig. la is a partial section of control valve
arrangement for use in a nondissipation start mode of
30 operation, _
_ Fig. 2 is a diagramatic illustration of the
mechanical cbmponents of the starter-drive embodying



“FiLg. 7 is a graph of engine speed versus torque in the starting node. .

- Ref@rence is now made to Fig. 1, which is a vertical .15 section of the

grated generator starter-drive system enbodying the invention. The - -

) temincludes a nunber of basic conponents positioned within a housing 11
whi ch has an end cover 12 secured to the housing 11 by bolts, such as bolt
13. The basi c. conponents are a hydrostati6620 transm ssion 15, a 1;3

differential 16 and a generator generally indicated by arrow 17. The

gener at or as_a,st ured to the h u3|n 11 and a rotor 19
secured to at ﬁngféf‘g ég‘i{fr RE&sgn %Hd?‘f ‘?’E"l s someti nmes termed.

The gener at or shafF1§0 i3 :.ra)Lmtbicbcm Mnmsof?lthe&tare&-adrﬁbé\m . The
bearing 21 i r:Eﬁqr e a multitude of simlar roller
beari ngs uti Pyggéﬁ ?‘b l'{g]g:rheencre]"(éh’ei"l‘;ra}"""b'ener ator 17 also includes a
second stator 23 sBdgned ti® endpeadmanRgr an rtuif oth@4diffehenbiakcured to a

sl eeve g6, P 0§ g@e =Y %%Hﬁi}fgiadfnﬁﬁ¥)ﬁﬂu 3@y1§69%8hs€2r£93 r posed

bet ween genera hatt 20 eeve eeve as secure theretop
a gear 28 whiRed ecooperates with a differential 16 in a manner to be

When the Systeml s LB the aerorn i O endIfy Siied GO ROAREMER Th”
31 is |nte¥p3§gh §é?ﬁ@éﬁem rhﬁ %ﬂﬂﬁﬁlqﬂ)ﬁﬂﬁFsleeve 32. The sl eeve 32
The. ol ogve 3.4 bobuses 4. ‘@“” m"“‘g’ﬂ?‘? “‘siﬁfj@%%“tﬁ%*rt?ﬁa“‘%ﬁéggéif 33
engage sa poﬁPFg §gg?h3 (ﬁﬁqfﬁl ; Is driven fromthe
generator shaft 20Fikrodghs le g;apind:ﬁ)rlmqn;e cdpéed Bdrsiusibgrghe s$harting

node. The co r Wyyegear 33, the diffeerential 16 and hydrostatic
transn155|on9§§ a%P?QéagdescF?bed nore fully hereinafter. A drive shaft 36

or second shaft as it )
Reference is now made to F1g.-1, which is a vertical

A5 section of the integrated generator starter-drive system °
embodying the invention. The sysiem includes a number of
basic components positioned'withih'a housing 11 which has
an end ‘cover 12 Secured to the hoﬁsing 11 by bolts, such
as bolt 13. The basic cdmponents are a hydrostatic

20 transmission 15, a differential 16 and a generator
generally indicated by arrow 17. The generator 17 has a
stator 18 secured to the housing 11 and a rotor 19 secured
to a generator shaft 20 or_first shaft as it is sometimes
termed. The generator shaft 20 is mounted on bearings 21,

25 22 as shown. The bearing 21 is a roller bearing; There
are a multitude of similar roller bearings utilized but
not referenced. The génerator 17_aiso includes a second

stator 23 secured to end cover 12. A rotor 24 is shown o
~ secured to a sleeve 26, which sleeve 26 has a first
30 one-way clutch 27 1nterposed between generator shaft 20 <

and sleeve 26. The sleeve 26 has secured thereto a gear
28 which cooperates with a differential 16 in a manner to
be described hereinafter.- One-way clutch 27 provides a
drive connection only when the system is in the generating
35 mode. A second one-way clutch 31 is interposed between .



~38, which sleeve 38 is integral with a first elenment or carrier 39 of the
differential 16. The differential 16 is conventional in-operation. The
differential 16 is conprised of three basic el enents, the 15 first

el ement 39, is a carrier which supports nutuakly neshing planet gears 51,
5. The second elenment of the differential is made up of ring nenber 41
whi ch has outer gear teeth 42 and inner gear teeth 43. Inner gear teeth 43

fengﬁge pldanfet ggahesatofhehtalfiur ¢oelaemer§1ea‘vé gsazlﬁo The o&i%@vensjzaitsm ihs47

ashioned of rin i.spqse er on er gear te
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52. The carrier pa2titiionglOnot THeealeews I2DlimcIudds safgegmr e33i integealay
outer ring ele er r h

" receives its d?lg%&gd\t,mﬁégr ntgr "at qﬁ‘% r%%gttfrorﬁnagﬂi%nect%gg{sééf?f gi‘%aw ng

-a splined 8ecti dafferentdmdd 16xanthdls yirjfverd tamistgy genévatoonabaftoROt o

ah output drive r [ ).
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through a qU|ckmeﬂgeonﬂbétQﬂQﬂﬁﬁﬁh&?n|QQthﬁeiﬁiﬁﬁﬁﬁajt@eaﬂléferaﬁﬂlﬂﬁl%ﬁ

i® of a type kngng h?dEBQt@Hié“EiéﬂBﬁMédﬂbﬁiIB”ﬁEilCEeﬂ@é@éEﬁbQ&“ﬁQrQy the
assi gnee of thl%ugi bcatlon GEneralhy t he qglsconnect stgagture

i ncl udes a 35 gRedpafiters IS‘Q’%e‘?t PFr$eeoRdFhagk gRgit

-8- connel0i ng sbakerhedyntaz wummﬁmwm aﬁ@tindjﬂyv\éhgagéaywbeh

noved fromthe I.on- shown,.i.n,.Fig 1t rds i aX| tiye shaft

36 to cause eng gghgﬁyebé @#Hﬁﬁué¥%§¥?1 liﬁ}éhl “15 ugeglﬁﬁ enment

of the 5 drleéemhatt036dammm§tt3&adﬁﬁﬂheeﬂnﬁﬁememtlalFlg 1Thgai nst the

action of a sprizggrQzehiad! 4359 &£ !ddfbn¥ional in operation. The
differential 16 is comprised of three basic elements, the

15  first element 39, is a carrier which supports mutually

' meshing planet gears 51, 52. The second element of the
differential is made up of ring.member 41 which has outer
gear teeth 42 and inner gear teeth 43. Inner gear teeth
43 engage-élanet gear 51. The third element of the

20 differential 16 is fashioned of ring member 46 which has
disposed thereon outer gear teeth 47 and 48 and inner gear
_teeth 49. The inner gear teeth 49 engage planet gear 52.
The carrier 39, though not clearly visible in this figure,
includes'an outer ring element 53 with outer gear teeth

25 54. The drive shaft 36 receives its drive in the
generating mode from a connecting shaft 55 having a
splined section 56 located externally of the housing 11
for connection to an output dfive from a prime mover, such
as an aircraft engine (not shown). Rotation of connecting

30 shaft 55 is imparted to the drive shaft 36 through a
quick~disconnect structure, indicated generally at 57, and
which is of a type known in the art and shown in a number

10 - is terned, has a splined portioh 37 matingly engaged with a sl eeve (E%g)

of patents owned by the assignee of this application. -
' Generally, the quick-disconnect structure includes a
35 disconnectable clutch 58 between the drive shaft 36 and



== \Which stops the drive of-drive shaft 36. A quick-disconnect structure of

jk his type is shown in U S. Pat ent No. 3,365,981 and the-discl osure

t hereof is 10 i ncor porated herei n:by--reference. The hydrostatic

transm ssion 15 is shown having hydraulically connected coaxial units.

These units are axial piston units. Intgmapreferred enbodi ment of the

i nvention, one unit is a fixed displacement unit 70, while 15 the ot hgw
is a variabl e di spl acenent unit 71. Each of-the units is of the same basic

structure, ddifidutig'ohatabss: sxblad&@ciZa@Qéoaaecrte deg 59 1 n which

pi st ons reC|procate under the control a_swashpl a The--fi xed
di spl acemethigh (may) besmoyved £xempthe pPpeitdpnzshowdedn FA01l control

of a swashpla£rdd vhé cixis 8t €héi agdvanghartWiil eo RAusd ielydyement - -

di spl acenent unit 71 h 7 wh trok B
control -l Qﬁjﬂéﬁ%v&%ﬁfﬁf%tﬁsgﬁﬁn% ngn% Fﬁdceawﬁgiiﬁ‘feé%é@ % ed- by
hydra® i c éagmwelsl(sjattxcwrEowaﬂdgehedlbytar aswvaéwemelmarﬂg.oll 25 . .
structure | reci Al ore 87.
The plstonaﬁ?ﬁ?%g g@% 3§£f§$eﬁfaﬁn¥§ggﬁgrk Qeggﬂ%% éﬁn€§ en d£ as is
shown t hr onghicin sbeps ngh89dr ivehefeddive ahhﬁte362 Phe-pi-ston -- 86

I S connect %fiab%§ﬁg&ﬁé§t7§tP¥?%fgso@f tf‘u?o‘i %c% Xl £ with ¥

fittings 9 ermt I ve novenen fB and rod 91
as wel | as r&rS8sivePa gﬁtaﬂonnﬁeﬁﬁﬁb9§étﬂééntbﬁsﬁéﬁqy?ﬁﬂﬁﬁrQhFEEP Ife

pi st qry 86- 'fhé@%ﬁ@?aﬁ@d”ﬁé?ebﬁ B?erEQ@E@héE'Ve relative pressure
differentials |nduced across | ston ,86 i%ht on Qy 3%{ t he delivery
of hydraulic fluithet $6F?§t961°9 ran?ﬁé551° cds SHOBY RaER9 uid to the

port 97 rramymca;@mé@iiydcbunacgeaeeba&iaensnntut\se hyttiend ivnits tanet- shown.
Accordingl y,  MPNe i DEoR GRELES T PhCEnk" PYeRUked’ embdditfint dFAhN -
invention, one unit is a fixed'di%placement unit 70, while
15 the other is a variable displacemknt unit 71.  Each of the
units is of the same basic structhre, including rotatable
cylinders 72 and 73, respectivelyb in which pistons
reciprocate under the control -of ia swashplate. - The -fixed
displacement unit 70 has, for'example, piston 75 under the
20  control of a swashplate 76 which is at a fixed angle,
while the variable displacement unit 71 has, for -example,
a piston 77 whose stroke is controlled by a swashplate-78
which is mounted to have its angle varied- by hydraulic
control structure indicated by arrow 85. The control
25 structure 85 includes a piston 86 mounted for -
~ reciprocation in a bore 87. The piston 86 includes an -
integral tubular skirt-88 which extends as is_shown
through an opening 89 in the end of a bore 87. The piston
- 86 is connected to swashplate 78 by means of a dogbone rod
30 91 with fittings 92, 93 that permit relative movement of L&
' swashplate 78 and rod 91 as well as relative angular
-- movement between piston 86 and rod 91. The piston 86 is
caused to move by the cooperativé relative pressure
_ differentials induced across the'piston'sslbrought on by
35 the delivery of hydraulic £luid at ports 96, 97. The



the rod 91 to nove therewith, resulting in a change in angle of swashpl ate

pressure force fromport 96, the p| ston 86 rmVe_s to the 5 | eft and cause@

78. The change in angle * of+ t he'swashpl ate 78 varies the
di spl acenent of the punp in a known manner. A rotatable cylinder 73 of the
unit 71 is connected to a tubular quill shaft 80 V\/mch is, in 10 turn,

splisned to the cylinder 73 as shown at 81. Jadul ar quill shaft 80 has
~integral therew th, gear 83, which gear engages external gear 54 of
differential 16 carrier nenber 53. The fixed di-splacenent unit 70 is
drivingly connexdmtirob ofi thenfhuidf tohéhei poate9t7 mayl be monigiolileshdiy 82

15 whi ch i t d '

t hr ough- ![ﬁe lﬁb%‘?é’émﬁﬂ ?eﬁgf#*%oﬂg?%gaiﬁ xe(ylg-' spéacé’%e u\r/]ﬁ%&% ﬂys
its rotatabl e ¢Whemdehe 7pressysanferce firgmsport 97 tis greater Wwham 'gl@gr
84 is drivingly P@é’é‘@féeéoiEeOEEan @%fi"’t %Et '%h‘ézﬁlstrdd‘gaﬁﬁdmﬁ‘és b thél.

Ref erence |s nowma e ' here | | lustrated
diwagr amat? c f&ﬁftt%dnﬁéﬂﬁﬁﬁcﬁhecéﬁ’ﬁoﬁént@ Byenfdierawiithy FRswl binghin

starter-drive earb@niange heaﬁglacbw %%a%fhﬁlfé%eoﬁ%sent'rhé“tﬂﬁﬂgb“ i 815g1e

-description of t chan t f the b I f
gemeria?olr start ?ngelﬁﬁpijgg Bgrgéég‘lréfoft&qe 7 arCFq?'f?S’n"gln%é w&p

formof Fig. 2. 1mcaokdmglmanhhe meahaoitatlablid foyridnidead 735, ofhetlse simoiva 7D

first e ement  of® (RRRAFRFERCER: 3 Tubuiad e, Shalt o daeh 7 by ed
to drive Xhaft ®érniheplineddtel &hentcydflrtdee' A famr exhtowal ats 8X%. r Pubglkared
2 rns Morae SLFHES86RE B8, FREPInCRRT kAN, G (€5] R Yoar
represented by engagednpEtesnaihgenr 54 of differential 16 carrier member
53. The fixed displacement unit 70 is drivingly connected
‘to an element of the differential 16 through a shaft 82
15 whlch is splined to the cyllnder 72 of the unit 70 and ‘
hlch extends through the tubular quill shaft 80. The:

- fixed displacement unit 70 with its rotatable cylinder 72
is connected via shaft 82 to gear 84 which gear 84 is
drivingly connected to outer gear teeth 42 of ring member

20 41. '
' Reference is now made to Fig. 2 in which there is
illustrated in diagrammatic form, the mechanical '
components and hydrostatic units of the starter-drive
embodying the princlples of the present invention. A
25 descrlption of the mechanical cooperation of the bas1c
elements of the generator starter-drive can be more easily
‘followed in the diagrammatic form of Fig. 2. Accordingly,

. : the mechanical differential 16, here shown in dotted
. ‘outline, includes three basic elements. As noted earlier,
- - 30 _the first element of the differential 16 is represented by

carrier 39 secured to drive shaft 36. The second element
of the differential 16 is represented by ring member 41,
which ring member carries internal gear teeth 43 and
external gear teeth 42. The third element of the



carrles a pair of external gears 47, 48 and a single internal gear 49.. The
‘Wnternal gear 43 of the second elenent and the internal gear 49 of the

ird el enent are 5 shown respectively engagi ng pl anet gears 51 and 52 -
as is shown. In the generating node, the differential 16 has four drive
onnections. The first of these drive copgggtions is froman engine, not
shown, through the clutch 58, drive 10 shaft 36 and carrier 39, which .J,
carrier is the first elenment. The second connection is fromthe fixed '

dISp|aceﬁemaﬂgkéﬁéhéfaitl§2isgﬁébrgéenﬁéaebygﬁahgtﬁ@ﬂbéﬁ34§ Jﬁybﬁecond
elenent or rin nber 4]. |rd onnectlag fromthe carrier nenber

53, 15 wHf r?ePahEﬁB eggegga nSesr 8| 'sé@uﬁ&91§)§%ﬂﬂ%9part -of
the first eliapEadnal mflco.S%hIhEneatnaQr gE&Ii‘bQB of itheFewmided via

gear teeth 5 r 83 shaft, .8Q .t ar, S cenent
ot o T el £, ﬁ %P{dﬁgnﬁ d9F 8L 4?n8&tqﬂg hg‘t‘féft ?ﬁ: {3 20
vari abl% di sshewreneespectivélyoergaghngpplhanetsgedescSlbahd BR: duig h

connection f e-differential 16 in the'generating nmode is fromthe outer ,
gear teeth carried by the third el enent or rln% menber 46, gear 28,
sl eeve 26, and onelRahe| genarating mpdegetbeadifiarantizl Ji6 dms four

gener at or :Wé %% eétféhﬂsed'rﬁsrE?EHEedEU%%eQ%S‘Hr'ﬂ%d’céﬁ}%éiF&i’s of thew

drive shaft 6 can be noni{ored as negess splacenent of the
variabl e di sk de9Rnan @ngine, Bptegh °Wﬁer@53}"9he;t@el 1L e

const ag 30 shafpeys aﬁdreaanea 99 owh@thgeark rieet hs41u‘earfrﬂm by the
third el ement, or ring

e_constant, s ear 47
transm tt ed, LEERE- de@g?lﬁ@ﬁonghFBBBﬁcFﬁgnoﬁé %%fﬂfﬁh%ﬁ? nd the shaft
20 of the gedmplmerﬁé’ntaVOOMatbhageneaat geat7 84q ubdrdeearonsdtint 42

frequency 35 P tﬁ%”ﬁ@@0ndTQfeﬁEBHCBHr?ikgrm@&%e ohlpg the |nput speed and
" The third connection is froﬁ the carrier member 53,
15 whlch carrier membér 53 is 1ntegrally secured to and a
part of the first element or carrier 39. The carrier
member 53 is cognectea via gear teeth 54, gear 83, tubular
quill shaft 80 to variable displacement unit 71. This
connection provxdes a dlrect input from shaft 36 to the
20 varlable.d1sp1acement un1t 71 over the path just described.
' ‘The fourth connection for the differential 16 in the
generating mode is'from the outer:gear teeth 47 carried by
the third element or ring member 46, gear 28, sleeve 26,
and one-way clutch 27 to the generator shaft 20 of
25 generator 17.
| With the disclosed structure just described, the
speed of the drive shaft 36 can be monitored and, as
necessary, the displacement of the variable displacement
unit 71 varied, whereby there is established a constant
30 'speed of rotation of outer gear teeth 47'carried'by the
third element or ring member 46. The constant speed of
outer gear 47 transmitted, as was:described, through the
one-way clutch 27 and the shaft 20 of the generator 17,
allows the generator 17 to provide a constant frequency
35 oﬁtput. The structure for monitoring the input speed and

0



not shown. In the starting nobde, the generator is accelerated to
synchronous speed, as an induction notor- with little or 5  no connected
load, in order to linit the internal heating of the generator. Once at
synchronous speed the generator, operating asig-synchronous notor, delivers
pombf_for engi ne cranking. Accordingly, in the starting node, the roles of
the drive shaft 36 of the generator shaft 20 10 “are reversed. Wth the

generatorloPeLabemuﬁinﬁn%;theshpdto%ﬂaﬁiovtﬂansnidsiuhngsadzgwe#ﬂhrmqyn
one-way clutch eey ar nd outer gear teet of the
third el ement oijﬂr ﬂ"& r%tﬁbe%qlﬁfn?ﬁes%ﬁ'gérential 16. The sane reversal
of roles also applies Im the startirigzmades thef gendrdtopl dscasceleriated.
In-the start no ' Cadi SRl t s 4RI [ MY ts fd
] K8 spéed aﬁ&”&ﬂ HBh%; {on' o Bg ?’1 15 1ld
sane nec t7pa iRt

di spl acenent uni't over the I ani ca [ . I n_respect of
t he generadi ng Msdeonneqtrd dkaad; pinoprder Ftg. limitetbeeiidefaalheatingo

tHe hydraulic c rgle Q_{éﬂ@ﬁé‘f@r 85 Ghe¥NatNsfhhrénbilsdgpedd OwHe ne. The
hydraulic control structure inc|ludes the apparatus between the f,ixed

di.gpl acement uni@eNRF ALERFPRETAFIRG| 35 (R SBYAEBRBAPUSNROLRE fA6d 1vsks gower
structure 85 or fomtemyingl ¥Cankbngl | Ac66FBihGEY, ¢hethed sttarding mode,

herei nafter, ingludes a valye plate.79. . T Y ate 79 _ar,__por at

ne Tt "or comet | A ke ot tERe nOFRES phaEE Y8 B8 BhR' SePecRial apdhe f
operati onliOn detaxid méversediuctWith the geneehkoknoperatelde az ta midtor/) ow
of hydraulic fly et rra LSp n Lt/ 0

fixed displ ace##%iﬁ%%%d%% éhélr:?Ygil‘éch?gggsb;i}h?ﬁyggorl?tnféolwa\?a?é\}ehw
to Fig. 1 and alllowsaikseve032p geant 33w ahduouteangeart itegtiovkd afo thet 71
or to limt the dsdepieY ebnBOYE! r{hg heblr /1ga0E0HenAylrE drtth Tl My

al | owabl e hydraul 1 c working pressureof the hydrostatic 35 transm ssi on,
Fig. 2 which il Tha sake tfeversak pEjroles also applies to the unit 71 and

15 fixed displacement unit 70. In-the start mode, the
variable displacement unit 71 is driven by the fixed
displacement unit 70 over the same mechanical paths
described in respect of the generating mode.

In the description of Fig. 1, reference was made to

20 the hydraulic control structure 85 shown in Fig. 2 in N
dotted outline. The hydraulic control structure includes
the apparatus between the fixed displacement unit 70 and
the variable displacement unit 71. The control structure
85 or éontrol valve, as it is sometimes referred to -

25 herginaﬁter, includes a valve plaée 79. The valve plate
79_qn port plate, as it is sometimes referred to in the
aff;'is a common structure in its operation in detail of

controlling the hydrostatic transmssion 15 is well known i.n the art and is(géz

o ) + “construction and is well know ‘in the art. The flow of
. "hydraulic fluid between the variable displacement unit 71
v 30 and fixed displacement unit 70 may be short-circuited by

the control valve 85 to Fig. 1 and allow unit 70 to rotate
without transmitting power to unit 71 or to limit the
transfer of power from unit 70 according to the maximum
‘allowable hydraulic working pressure of the hydrostatic

35 transmission. Fig. Z.which illustrate the preferred



t is ternmed an energy dissipating starting node. In the energy
sipating starting node, the hydrauli.c control valve 85 dissipates the
. hydraulic fl-ow 5 fromthe fixed displacenent unit 70 at essentially zero
. hydraulic working pressure,.while the genexator 17 is being brought up to
speed as nentioned earlier. This allows the generator/notor to conme up ta:
- operating speed with essentially no l'oad. The control valve 85 then 10
functions toembaﬂzmamt;tnnciuﬂqnhyﬂrammiélcuntroh1vabvenBB désigned@mo

det | f. h 4 | pr. UL e, WM bl
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gener at or shaklard@13d@ worsdlaid ;h@emgpammg £hé s§efifphtorang tke drive
shaft 36; a second,shaf The wvari a?]% di :'RI acgérg uni t.shall

desi gnat ed aPeRg: BER 4P kR (SPef SPRELEREN EHFF may be
desi gnat ed aa&&@m&iﬁneﬂgaﬂenatunﬂmoﬁﬁt to come ¥p tbecopeeadinl theedive &
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the start no of operatlon ener SS’IS I ON Cease
necessary toP#es&usse wirkh drhe rfeamy@mael tsplacementn upét 71 held at

maximum displacement as is shown ;n Fig. 1. This produces
an initial engine starting torque on the drive shaft 36
15 through tubular quill shaft 80, gear 83, external gear 54,
ring member 53 and first element 39 secured to the drive.
shaft 36.
For purposes of providing antecedent bas1s for the
description and claims that follow, the generator_shaft 20
20 shall be designated a first shaft, and the drive shaft 36;
a second shaft. The variable displacement unit shall be |

<g§§~ enbodi nent, "i ncl ude hydraulic control valve 85 designed to function in

-

designated a first hydraulic unit, and the fixed
displacement‘unit may be designated a second hydraulic
unit. '

25 As the speed of the drive shaft 36 to the engine,
not shown, increases from zero, the speed of the variable
displacement unit 71 increases proportionately until its
hydraulic flow capacity reaches the level where it can
accept the full hydraulic flow being produced by the fixed

30 - displacement unit 70. At this point in the start mode of
operation, energy dissipation ceases as it is no longer
necessary to dissipate any of the hydraulic flow from the

. £ixed displacement unit 70. The control valve 85 through
movement of dogbone rod 91 causeg swashplate 78 to move,

35 which movement causes the reduction of displacement of the



fixed di splacenent unit 70. The. control valve 85 through novenent of 'Q%ﬂ)
dogbone rod 91 causes swashplate.78 to nove, 35 whi ch novenent causes
the reduction of displacenment of 'the -« -13- ‘variable displacenent unit 71
whi |l e maintaining the required | evel of hydraulic working pressure. This
reduction in displacenent further causes the fgeed of the drive shaft 36 to
" the engine to increase. The 5 di spl acenent*6f the variable dlsplacenent
uMi’t 71 can be reduced to zero, and then increased to its maxi mum val ue in

t he opposite direct ol n thr | ac osition
just noted, the &r}g&ie :ﬁ l;?g?ﬁé'}' h%%g‘ﬁhf 'ﬂ% g?iniﬁg %]tht 70
reverses, So 10reunnaﬂ1ﬂeyaixnﬁehyﬂnagiicwwpeknng/pneasuteonmwhestorque
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differential 16, m nus ng absor from
. the variabl e di s}slia@emfmra& tpltlmmmsmm'cOspeeaeaéesusThan abl e 15

hydraulic gnit @ispicemnt d#'ﬁﬁé5¥E¥*a§ﬂ§eé1§§1§éémaﬁérﬁHitC7§nbEnSB%ed
and drive shaft speed versus tor e to the, drive shaft 36 are forth

Mespectivel y i ntEfNced; B0 28T Qv and th %‘ah%c‘?e”ﬂdtﬁe éEEoﬂéxéﬂﬂﬂdl"ﬁéﬁﬁ of

thte lnven: Ih on, anZghe dopydlsalﬁee dilt:?dﬁTﬁﬁiC&STBntAﬂﬂéf g6ifi behrbggndthte[] ztbﬁa
or as the secqn raul.ic uni £ _oper em wi e

| rs‘ge)cond hydr aul i 1l§|ﬂltay§§‘e§‘tv£qs&tﬁ’e°tﬂl35‘fﬁ %%ﬁg uﬁ*‘? ' FFxgé"@xﬁfal ned

more fully herepmwanafld&ﬁﬁhnnugh|theunnhadtltanalgn1ta7ﬂhreherhbsstsates

2,25 ¢ PRBLT on 3k Rl ot Ul ke @l Yol SclRALT bRty B8 kRTELEY

that will “permt feplacerne | Xe a vari abl e
di spl acenent uniprodyuqged hy. bheanx#|Zﬂnﬁ@ﬁlm@eonyuheuﬂrcveoahaét 86ructure

85, shown in Fi ghrbuln tHd HiFerddtidP 18% | hihG¥CRhe! BBEque being
absorbed from the drive shaft 36 by the variable
displacement unit 71. Drive shaft speed versus variable

15 hydraulic unit displacement; drive shaft speed versus
hydraulic unit speed and drive shaft speed versus torgque
to the drive shaft 36 are set forth respectively in the
graphs of Figs. 5, 6 and 7. _

In the second embodiment of the invention, a

'20. variable displacement unit is substituted for the motor as
the second hydraulic unit. . The operation of the system
with the second hydraulic unit as a variable displacement
unit will be explained more fully hereinafter.

Reference is now made to Fig. la which illustrates a

25 portion of the hydraulic control valve 85 modified in a
fashion that will permit replacement of the fixed
displacement 70 with a'variable displacement unit 70°'
prime. ‘A comparison of the hydraulic control structure .
85, shown in Fig. 1 with that of Fig. la, will reveal that

30 there has been a duplication of the swashplate 78
actuating mechanism which includes dogbone rod 91 and
piston 86 in bore 87. The structure to the right of
center in Fig. la is identical in construction and
function to that depicted to the left in this figure.



30. there has been a duplication of the swashplate 78 actuating mechani sm
mhich i ncl udes dogbone rod 91 and piston 86 in bore 87.- The structure to
rlght of center in Fig. lais identical in construction and function to
depicted to the left in this figure. -14- Accordingly, there is
a noveabl e swashpl ate 96 connected b%4dogbone rod 97 and piston 98.
Movenment of the swashplate 96 is controlle

of swashplate 78 described in detail in respect 5 of Fig. 1. It is
sufficlent tAceat dingl eIkl &' £s %naidl & "BodbaBlaCeBRhpihtkgglydraulic
unit 70" may be vari €d sane nmanner e varla I spl acenent unit

71 is varledc°¥ﬁ@?§ﬁﬁn§ﬁn@ﬁgkﬁp%ff?ﬂe9ﬂyﬂﬂﬂup%§t€BnPﬁel Movement of
structure shewe iswashpldte I%tf@ asﬂefalpédSiﬁri:Bé Suher fashddae@nt s of

Fi 1 and 2 will allow a st n ere i s_nqQ ener
d|25|pat|on ROy emes QN§¥ iﬁg%n£§1¢ﬁ56§%§?$ %Bdgetﬁﬁé 3GhFﬁ§gg%§ve 85
pl aces She vefi Rlilge di.splItcdemuffichenhtctonsay7thatt seashpliatle W6land
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. essentially A tb&dsaﬂeamqnnennas thmtvatlableeGBSPbacEmgntlmnuheﬂﬂxx;rw
to cause theghpglegase in di'splacement of the 20 vari abl e di spl acenent

unit 70 fron1essent|ally zero, in such a g ‘las to maintain sone
predet erni ned | evelThss Hﬂﬂﬁﬁﬂﬂﬁiﬁkﬁﬁkﬂﬁgtbﬁe ¥arauligi centioat yadivey t he

|10, aLaseTIs g UmRIA] TR Sphareng pegfy Mot
fFom t he' var PLERBISRRRRR B8 JHY- 74 aRBc2 Wbt -ALhaw A Skarting, mpds i,
outer gear Swhiehnither®’ imnchd fm@ﬁgywissﬁ:aeieﬁentxﬁ%wbl abn-eneaqy ed to
the +  dissipating.start mode, thefcontrpl valve 85 places the
variable displacement hydraulic unit 70' at essentially
15 zero displacement while the:elect@ic'starter motor 17 is
being brought up to speed. This allows the generatgt
motor 17 to come up to speed at e?sentially no load.
The hydraulic control valve 85 of Fig. la then
begins to cause the increase in displacement of the
20 variable displacement unit 70°' frcm essentzally zero, in
such a way as to maintain some predetermlned level of
hydraulic working pressure, while maintaining the variable
displacement unit 71 at its maximum displacement. This
produces an initial engine starting torque on the drive
25 shaft 36 delivered from the variable hydraulic unit 71,
' the tubular quill shaft 80, gear 83, outer gear 54, member
53 and thence to first-elemént 39 which is secured to the
drive shaft 36. As the'dispiacemept of the varible
displadement unit 70' increases from zero, its
30 contribution to engine starting torque inc¢reases from
zero, acting through the differential 16. |
When the displacement of thg variable displacement
unit 70' reaches its maximum value, the hydraulic control
valve 85 operates to keep it in this position, and then
35 ' begins to cause the reduction in.the displacement of the

in the same fashion as nnvenem;;

¥



drive shaft 36. As the displacenent of the varible displacenent unit 70
increases fromzero, its 30 contribution to engine starting torque

i ncreases fromzero, acting through the differential 16. \Wen the

di spl acenent of the variable displacenment unit 70' reaches its maxi rum
val ue, the hydraulic control valve 85 operalis_to keep it in this position,
ang. 4 hen 35 begins to cause the reduction™n the displacenent of the
-15- variabl e displacenent wunit 71, while naintaining the required |evel of
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differential 16, m nus sor rom rive sha
vari abl e d|spIa%@mehﬁvﬁnitsTQJSFéaeﬂ@ﬁDb rFeducednkoc zesoriand $hem de a

presents g 20 maiﬂﬁﬁrﬁ'eﬁaﬁﬁé‘%ﬁnﬁﬁébfaéeﬁﬂhtf i 52kheN o %bo%'i‘i‘:e direction.
generator/start Eéglég st em enbodyi ng the fnventio diragram of Fig.
lﬁ# i %Qé

3 shoul d be st j EEm okhej ERr @ gisplacsmept, positipRe
reference nunerdd sectpdnysfl powér 0flow 8RE0BGA’ €hel ithioZ @driiablied. 3 to

I dentify, the displacement units 70', 71 reverses, so that the engine
accelerating torque now comes from the torque delivered by
15  the variable dlsplacement unit 70° acting on the drive
shaft 36 through the dlfferentlal 16, minus the torque
being absorbed from the drive shaft 36 by variable
displacement unit 71.
Reference is now made to Fig. 3 which presents a
20 further diagrammatic simplification of the
generator/starter drive system embodying the invention.
The diagram of Fig. 3 should be studied . in conjuction with
Figs. 4, 5, 6 and 7. The same reference numerals employed
in Figs. 1 and 2 are utilized in Fig. 3 to identify the
25 same components. In addition to the reference numerals,
there are reference characters. The following table will
explain the sigpificanCe of each of the reference
& . - characters employed in Fig. 3.
N = RPM
#.gear ratio
= torque
variable displacement unit

= fixed displacement unit or motor
= unit

W aN g A
L}

35 = engine



same conponents. In addition to the reference nunerals, there are
®rence characters. The following table will- explain the significance of
' of the reference characters enployed in Fig. 3. N =RPM 30

gear ratio T = torque V = variabl e displacenent unit F-= fixed
di spl acenent unit or motor U = unit 35 ’ E = engine -16- G
= generator S = start npde Reference is nowtfEde to Fig. 4 which is a speed
nonogram of the differential 16. "This speed nonogram 5 i ncl udes three “w#
separate ordinates. To t 1§§% L 0 {%g. 4, the first ordinate represents
generator/notor RPM  The i C Nttt e represents drive shaft RPM The
third ordinate, |ocated or8thestaxrt mode of Fig. 4, represents RPMto the

fixed displacenent Ij?/ %gou%%tno‘umg\aél taepigﬁen 4 LRI2h ‘i% tah§3>eterae

generator is initial é%eo speed and operat e
sychr onous nnﬂ@ﬂogﬁﬂﬂnQﬁ @' di tal ob6en Thisgspeesd: somegram RPM

ordi nat esr-epr Q%@lﬁﬂéﬂ“%m@tﬁéﬁam Oéré:hﬁ‘aGSQGr ag-gr tHer gt '1@1 %‘1?"[ '419

node. 15 |t further recalled that e drive shaft
is equal to tﬁeeeﬁdqrﬁet 1%‘&9tmr?mnwrsﬁneréﬁeﬁ{meﬁocrh@l’aﬁ-ffEsm.a| -
16 rotates atmtualzam&d¥ﬁéﬁ@ b4 é&eNESSbﬁiVeaQHafheRQNQIn@heAmhnﬂdShOU|d

oo be i Dol il (e Faeolbec el B el
of the differaﬂuzﬁo:ﬂhe £1xed displacement hydraulic unit. It w111 be
10 recalled that the generator is inxtlally brought up to
speed and then operated as:a sychronous motor.
Accordingly, the. point 100 ion the generator/motor RPM
ordinate represents the constantfRPM of the generator
during the starting mode. . | |
15 It will be further recalle? that the drive shaft 36
RPM:is-equal to the engine RPM, hna that the first element
of the differential 16 rotates it the same RPM as the
drive shaft and the engine. And it should also be
additionally recalled that the #PM to the fixed
20 displacement hydraulic unit 70 is directly proportional to
the RPM of the second element of the differential 16
designated in Fig. 3 as Ng. At the beginning of the
start mode; line 101 of the graph having its origin at
point 100, extends downwardly to the right and thrdugh-the
"~ 25 zero speed coordinate at point 102, which point 102,
represents the fact that'the.drive shaft 36 has not begun
to rotate. The line 101 continﬁes on to the right to a
point 103 where it intersects the RPM ordinate of the
fixed displacement unit 71. Three additional lines 104,
30 105 and 106 have been illustrated to demonstrate the 5 'g
relative speeds of the elements of the differential,.
‘respectively for three conditions; namely, "hydraulic
units F and V speeds equal and bpposite," "straight
through,"” and "hydraulic units F and V speeds equal."
35 Reference is now made th?ig. 5 which is a graph of
drive shaft RPM versus variable hydraulic unit




designated in Fig. 3 as [err]. At the beginning of the start node, |ine 10 ;22
of the graph having its origin at point 100, extends downwardly to the '
right and through the 25 zero speed coordinate at point 102, which point
102, represents the fact that the drive shaft 36 has not begun to rotate.
The-line 101 continues on to. the right to a.pQint 103 where it intersects

t heRPM or di nate of the fixed displacenent ufnit 71. Three additional I|ines

104, 30 105 and 106 have been illustrated to denpbnstrate the 5 relative

speeds of the ¢ "éFﬂgnEr¥3é&fiéfsnéﬁﬁgnerﬁﬁﬁeghiEﬁby Eﬁ@'%@%?ﬁtive"
conditi ons; nanely, ydraulic units F apnd V spee S equap ané_op oslite,
"straight thrompde ehEtagky sthe cvaniable brdrouljpecynitqddl is jmdicated

Reference is nay rpsint 0110 Oco Sbehaghai fagifitAPBispldeementhal irH@PM ver sus
vari abl e hydraulic, engine RPMin the

t .. -f?- di s Iﬁc nenh“ At,zeg

nondi ssi pat i ve VirdAle <digplacement, REdFaunjg, uptfe 7inis hoMD beyteRakp
%dpoi In_t B0 t(ﬁ?ﬁﬁn*ﬁ X1 Daien nll_sphgeenrenhe eﬁben\gaargbh:ea?{md e;:esml A d

raulic unit J71l.is s to pemmin const agt e til the
engi ne RPM reac’f{é%l%a%?)‘g\ggyi Efﬁﬁ?‘éﬁeb§hP£F8F85c§Esnér aé‘?‘gr jfﬁl . The
f%xeg_diFplacenﬁi&plﬂbeﬁfﬁt apiév?denasdebﬁdbhngdlby,lﬁaeanmﬂamnemaﬂnsi n
i Us displacene entdrgs t ngnen
Referenge shoulrk;dp %%%’Ee ﬁ%dgeérmﬁlé%?grg‘lgfﬁgf’g é&%k g,tlgm%hgﬁrﬁo?%g%ea’gégs t hat
fromzero drivestartingerginetspeedsd.speed NES2, initial drive shaft

‘torque iggrexi num antRepPsbReé Sfioutdl HEWCBeCHalBE hbRRnthzillfeltd Hiy, 1P,

Fig. 5 it wll be seen that as the 15 vari abl_e hydraul_ic unit

di spl acenent dethieRekllustrates; Bbatcfrep Zereedrive shafl ispeed,dntidheed
to the engine itke espesd Ngg,, initial drive shaft torque is maximum

and constant as is indicated by line 112.
Returning to Fig. 5, it will be seen that as the
15 variable hydraulic unit displacement decreases, as is
evidenced by curve 113, the dribe'shaft speed to the
\ engine increases. - | ) )

Fig. 5 also includes a curve 120 which indicates the

conditions present in a.nohdissipative mode start where
20 © the fixed aispiacement unit has had substituted therefore,
' a variable displacement unit.

Fig. 6 is a graph of engine speed versus hydraulic
unit speed and sets forth, graphically, the ranges over
which the variable displacement hydraulic unit 71 operates

25 as a motor and then as a pump; and additionally, the range
of drive shaft RPM during which the fixed hydraulic unit
- 70 operates as a pump and then as a motor. A study of
Figs. 6 and 7, in conjunction, reveals that in both the

&

dissipative and nondissipative modes, that the maximum
é 30 torque limit is reached at drive shaft speed Npgo-

Fig. 7 includes a curve 121 which arises during a
nondissipative start and shows a gradually increasing
tbrgue curve that reaches a maximum when the drive shaft
speed reaches NESZ‘

35 It can be seen from the preceding description of the

invention that the hydraulic control system for the



\ 5 also includes a curve 120 which indicates the conditions present

di ssi pative node start where 20 the fixed displacement unit has had
ubs ituted therefore, a variable displacenent unit. Fig. 6 is a graph of

ne speed versus hydraulic unit speed and sets forth, graphically, the
ranges over which the variable displacement hydradlic unit 71 operates 25

as a notor and then as a punp; and additi onk8+y, the range of drive shaft
RPM during which the flxed hydraulic unit 70 operates as a punp and then ag‘*
a notor. A-study of Fi 6 and 7, in conjunction, reveals that in both :
t he di ssi pati@érgsatio |a§§q§atdw¢rmhanm.tmemm§zma¢sé to tbeque

limt is reacppdopt agtl Seatitalr-drnnsh [endd Eéﬂwzréacayﬁeétareyﬁge 121

whi ch ari ses durlng a_nondi ssi_pative start. and a y ncreasing
e

torque curve EREGURcEbrough rRRkAtic HF?%%mkﬂﬁ} nsﬁgeﬂ feaches

_[err]£_35 . tSttaﬁteEt-gQ'aﬁlé}e refui t :felr@raﬁ?e arpse?iaa desehepéntgmntef t he

i nventio a raul i n ro em for aircr S r

drive neghan|§ﬁf %ﬁ %PE@ﬁﬁar d’ ?)E?ﬁ? *Eﬁeé_{o ?gftﬁ?gﬁ?FvggrPﬁgg E%

del i vered aIIhgﬂaobtagitotqmmﬂﬁnsnxﬁnIPmﬁﬂydrdsmsequenceneﬁlshusnspilthe

starter- drives hegul (53 Aot % o Be SBRLIEeF 1n $126! ShaPOIST O
8 E Elhroug‘% f% &

be transmtte hé engrne ransim SSi on. "
consequence owelbhg-SMhn aﬂdnﬁ;onrtprgmweam¢tan|;ncanzgeasdawaeshmn S|ze

and wei ght. a@%g&'c% ricy D PBId Oéuﬁ’sﬁi@@eane'omehehsngihs et&aagency

of power transn1tte g the engimne urlneqh "“start is_ inproved in
there at@ feméFaﬁﬁdlléullﬂ‘PQ%’ﬁs”br %&eaaEGrf)?Y’aFyh&QVaH?-&&el"ﬁﬁle& of
t he generatorﬁmh@htstawsl wd&/ﬂlaﬁy cawaﬁtazelsembke apdehenal Iy, the

| ocati on of the dlffere tial r¥ e, out'put of hg congiant sggid drbve
coupled Wi th gﬁge§3| starting wer i irectly use e an

finally, the. iocat1on of the d1fferent1a1 in the output of
the constant speed drive coupled:thh the split power
15 paths described earlier, allows the use of a smaller and

lighter weight differential. Thb.reductionfin size and

weight of the hydraulic units, as well as the employment

of a smaller differential, adds up to a substantial

saving in weight with a concommitant improved efficiency
20 and starter~drive performance.



15 _ paths described earlier, allows the use of a smaller and |lighter 3
wei ght differential. The reductlon In size and wei ght of the hydraulic

units, as well as the enploynent of a smaller differential, adds up to a
substantial saving in weight with a conconmtant .i nproved efficiency 20
and.starter-drive performance. - 19 o GALMS 1. lic contro

system for an aircraft starter-drive nechanlsn1that Embudes a

generator/notor drivingly connected to an engi ne dr| ”M"”ﬂ
.differential, 5 el enents of which are connect ﬂecond

hydraul i c unlts of a hydrostatic transm ssion and to the englﬁe drlveshaft
the hydraulic control system conprising a control valve operatively coupled
to the first andceerM®d hydraulic units and operative during a start node

v ae. the del i vryAJPERE 58 ErBEepT, 5l Gl ShE sl Stdi Gt e
driveshaft througechanldmftha&nnnaludns Bh@dmﬁnaﬂﬂnﬁmonunsdrxylnghwntro
sgstem accor di “%c}ﬂn?&@%ﬁ‘e’co""ﬁﬁr ‘éh@l;ﬁ%' grzgﬁz:éfsgﬂfltév%rg- ugh a ﬁ]vﬁ-‘érsentlal

operative to diss ener % e first and
“second hydraul i cebﬂmeetsmﬂ whiehngre; msmms‘é@sismc eémuam iseqond

s€arting node tonfeﬁéﬁliaeuﬁnrcgt oY & dyldrogtl thid QraH Mididi s dna Mo the

di spl acenent, therebx a |atbﬁg ana_.f]gg_uthW startlgﬁafor%ae to the eggT

driveshaft 20 enging,dpiygspaltyy AraRlic SARtERl TR SAMBrising

A cont{ol Fystenaacontﬂomgvamvelapem&oﬁvsl mdﬂyisamnnﬂtﬁetflmétt&nd second

control valve a en t c

of the second h;@éﬁ'ﬁu?{g ﬁ#lﬂr‘f&t %ﬁgs%ﬂé'm "g&%cs{%%{ '?%%af‘g %‘é’xf ol

of thel®irst 25 hydraulﬁgdf&oW|beMWEBnlﬁhe(hydnaulmcﬂunitSuﬁhﬂremydt¢|dSV1de

hydraulic unit dipgl 862i%aky! BeDPAINC Fhuieh Z5idh AHb YIS LS /méfor to the
engine driveshaft through the differential and the hydraulic
units.

| 2, A control system according -to claim 1 wherein said control
15 valve is operative to dissipate the emergy of hydraulic flow
' between the first and second hydraulic units, while being
simultaneouSly operative in the starting mode to cause the
first hydraulic unit to maintain maximum displacement, thereby
. initiating an engine starting torque to the engine driveshaft
20 through the”hydraulic units and said differential.

3. A control system according to claim 2 wherein the
cooperation of the control valve and the hydraulic units is s
that when the flow capacity of the second hydraulic unit
' matches the maximum displacement flow capacity of the first
25 hydraulic unit, the control valve causes said first hydraulic
]Q unit displacement to be reduced to zero and thereafter, to
| a maximum value in an opposite direction, thereby increasing
the speed of the engine driveshaft while 51mu1taneously
reducing torque.

30 4. A control system according to claim 1 wherein the first
hydraulic unit is of a variable displacement type.



‘Mexi num val ue in an opposite direction, thereby increasing the speed,of

engi ne driveshaft while sinultaneeusty—+eductng—torque. 30 4. A

optrol systemaccording to claiml | ' hydraulic unit is of-
a variabl e di spl acenent type. - 20 mﬁ‘mﬂl " 'I}‘T[!!ystem according to
claim4 wherein the second hydraulic ¢lSLOly d di spl acenent type.

6. A control systemaceo® ”g to claim5 wherein the control valve includag}
means to control the anount of the displacenment of the first hydraulic '
unit. 7. A control systemaccording to claim4 wherein the second hydraulic
unbt Ascontred SxiStem @cgioNdindfhickajie 4 svherebnt EBe §¢60Bfh according to
cl gl I §inRA +t r Qs - | éﬁﬁéh : independently to control
thgyg}ﬁé&%’t&eo?h?ﬁe&%i ﬁlnggcgr}eﬁrﬁa \(ﬁiée%ﬂﬁcﬁl ’ ydrﬁﬁ?@euni t. 9. A control system
according to claim8, wherein the cooperation of the control valve and the:

hyd ttanl F@ﬁ&&b:lﬁ sy(?t%ml: ractdm_tdtﬂﬂyrarrid h%ﬁxﬁi {3$ ﬁﬁgé?éinoi:héhteoﬁ;tﬁ@nd h%/dr ?ul ic
uni t _mat che e " di spl acenent_ .0 irs rauljc yni e contro ,
VaPoAVELIBEuIRS BB ahn ok b  #lguRE PALFRE HREPlAGSREREeduced o
zeoB she fhiestahydrauldc wmExi.tum val ue in an opposite direction, thereby ¥

I ncreasing the speed of the second shaft while sinmultaneously reducing 1

torque. 10. A control system according to claim1 therein the control val ve =
i s7epdr gonEyoln syissem acdargingicta chaimedt whereénnth@ydraul i c unit

0i 38LBAAMRYra0IN WAL GANAE FdWidbiE! alkiatbinentnihples M Nt i ned

at maxi nu | s& acem&*ntt,e tifereby t?ni ti at?ng an. gng{l:lne star %’lpng torque on

the second shaft exclusively fromthe first-hydraulic unit through a first

el gUeAl contiried. dyldtent Hidcdind MitE o/ RFlaine7 | Whepasnd thespbatedant of the

%8 %eh¥%ETﬁdéé‘#Eéhé‘?%ﬂéﬁ%ﬁdbﬁily to control the amount of

the displacement of each hydraulic unit.

9. A control system according to claim 8, ﬁherein the
cooperation of the control valve and the hydraulic units is
such that when the displacement of the second hydraulic unit
matches the displacement of the first hydréulic unit,
the control valve causes the displacement of the first
hydraulic unit to be reduced to zero and thereafter, to a
maximum value in an opposite direction, thereby increasing
 the speed of the second shaft while simnlténeously reducing
torque. |

10. A control system according to claim 1 wherein the

control valve is operative in the stérting;mode'to cause

the second hydraulic unit displacement’ to ﬁe increased while -
the first hydraulic unit is maintained at maximum displacement,
thereby initiating an engine startiné torque on the second ' ) _
shaft exclusively from the first hydraulic5unit through a ' t
first element of the differential, vhereupon the increased
displacement of the second hydraulic unit ?esults_in a

contribution to engine starting torque acting through a

second element of the said differential, thereby increasing

the starting torque to a maximum value acﬂieved when the secord
hydraulic unit displacément matches the dfsplacement of the

first hydraulic unit. '




contribution to engine starting torque acting through a second el enent of
the said differential, thereby increasing the.starting torque to a maxinu
val ue achi eved when the second’ hydraul i e uni't di spl acenent matches—the .

di spl acenent of the first hydraul ic unit. umﬂu rive for
use -between an aircraft engine and a gen rator/rmt m'mww

hydr,aul i ¢ control system according to an? precedi ng clfit c8ntsol41 ng a
hydrostatic transmni ssion of the starter drive. 12, A hydraulic control
system for an aircraft starter-drive nmechanism substantially as described

herein with reference to the drawi ngs. The text of the specification has
been reproduced by1phdt stapyengdraveafori uset dedniegman ajpevafitptengine rend

contain a few a”EngEﬂ&a‘ﬁ'B fhote , dbhipty 's&ntgo d Wfraulie® Rddidlsyst

typescript containi these amendnent’s be "1 nspct an _the prems
the Pat ent Offlceaccordlng to any precedlng clalm controlling a hydrostatlc

transmission of the starter drive.

3 5 12. A hydraulic control system for an aircraft
starter-drive mechanism, substantially as described
herein with reference to the drawings.

The text of the specification has been reproduced by photocopying the applicants original
typescript. It may contain a few amendments which are difficult to read. The original
typescript containing these amendments may be inspected on the premises of the Patemt Office



