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SUMMARY

A design for an electrie drive for the M113A2 hased on availalie state-of-the-art components
is proposed. The proposed electric drive has a specifiec weight of about 9 Ib/hp. Efforts were
made 10 make this estimated weight as realistic as possible; anxiliary components such as field
supply. cooling system. braking resistor. and controls aceonnt for 1 I/hp and miscellancons
items add another 0.44 Ibhp.

As proposed, the vehicle design for the M113A2 meetx the standard military reqnirements
and is capable of 40 mith and a maxinmm sprocket torque of 17.000 ft-1h. It has no separate
water propulsion system; however, a water propulsion sysem powered by the alternator can he
added without disturbing the land proputsion system.

The drive train consists of a Detroit Diesel 6V-53T engine, a Westinghouse 500-k VA alter-
nator, an air-cooled rectifier, and, on each side, a GE 90-hp d.c. drive motor driving the track
through a Funk two-speed gearhox which is coupled to the existing final drive. The field cx-
citation for the drive motors is supplied by a Bendix 48-V hrushless d.c. generator driven hy
the vehicle engine.

The layout of the major components is similar to the standard M113. The engine remains in
the same place and drives the 500-k VA alternator with a belt. The alternator is mounted in
place ¢i the existing transmission, The two drive motors and gearboxes will replace the existing
differential,

The operator controls appear 10 be conventional to the operator. Thev are accelerator, hrake,
shift, and steering wheel. However, control is accomplished by the use of a inicro-computer.
Operator inputs, as well as other inputs from the vehicle, are fed into the camputer which then
sets the proper engine speed, generator voltage, motor field, etc. The vehicle is capable of
regenerative steering and has both electric resistive braking and hydraulic disc brakes,

Specific weight reduction opportunities are identified that could reduce tife weight of the
propesed system by 1.1 Ib/hp. Additional areas of technological development that would be
likely to yield further specific weight reduction are disenssed. v e
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DESIGN AND INTEGRATION OF AN ELECTRIC TRANSMISSION IN A

300-HORSEPOWER MARINE CORI'S AMPHIBIOUS VEHICLE

. L INTRODUCTION

1. Background. This report summarizes a MERADCOM preliminary design of an
. electric-drive demonstrator using an M113A2 as a surrogate for a new Marine Corps Amphi-
bian. The work was funded by the Marine Corps Programs Office at the David W. Tavlor
Naval Ship Research and Development Center as a part of their exploration of alternative
drive trains for future amphibions vehicles.

2. Scope. it is worthwhile 10 disenss the seope of this c¢ffort and its relation
1o an earlier competitive solicitation for the development of an electric<drive train. Ounr effort
was relatively compressed in time and limited in the seale of the investigations, Cousider: hle
emphasis has heen placed on experience, engineering judgment. and even intnition in arriving
quickly at a design we believe will meet both the Marine Corps nearterm goal for
demonstrating the performance of an electric drive and offer significant opportunity for per
formance growth. At the outset this investigation was limited to a.e. generators and .c. drive
motors. Furtheninore. the water propulsion aspects of the competitive statement of work has
heen eliminated from eonsideration, although such a requirement is fully compatible with the
approaches considered.

The work was done during the fall of 1982, Our thrust was to locate state-of-the-art
components and 1o combine them into an electric-drive design that would meet the Marine
Corps goals for performance. light weight, and low space claim and that could be hnilt and
tested in the immediate future at a moderate cost. The effort was structured this wayv to em-
phasize development of electric-drive-train technology as a whole. The initial denonstration
would establish the capability of satisfying the Marine Corps near-terni goals with an electrie
drive. It would also provide information needed 10 gnide the electric-drive technology develop-
ment needed to realize potential improvenient in performance.

il. INVESTIGATION

E 3. Requirements. The initial requirenients for the M113 vehicle were as follows:
1 Gross Vehiele Weight: 28,000 1b.

3 Tractive Effort to Weight Ratio: (.89 (25.000-1h tractive effort).

4 Eugine: 6V-53T. 300 bhp @ 2800 r/miu.
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Rolling Resixiance: Assume 12000 11 constant.
Gradahility: 60% longitudinal: 1% transverse.

Maximnm Speed: 45 mith on land (788 vimin on a 9.6-in. rolling radins).
10 mit/h in water (15001 thrust).

Sprocket Torque: 10,000 ft-1h per side,
Steering: Fully variable, fully regenerative.
Braking: 16 fus? dynamic, static for 60% grade,

Acceleration: 0-20 mi/h in 5 s,
0-145 mith in 45 s.

Life Cyele: 2400 h at specified dnty cycle.

Weight: 3000 th or less.

Efficiency: 200* sprocket horsepower available over 90% of the speed torque range.

Environmental: -25° 1o +124° F: 10% to 100% humidity.
Based on observations made at the GE, Dalton, Massachusetts, Test Track. instructions from
the Marine Corps were 1o decrease sprocket torque and maximum speed 10 8500 fi-lb per side
and 40 mifh far purposes of this investigation,

In addition. the water propulsian requirement was eliminated for this investigation,

Fonr of the most severe operating conditians were added to the requirements as
specific cases. These are:

a. Low Speed, Straight Ahead, 60% Grade.

Left Sprocket Right Sprocket
+ 40 r/min + 40 r/min
+47 hp +47 hp
+ 6200 fi-1b + 6200 fr-1h
2

.......
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b. High Speed. Straight Ahead. 0% Grude.

Let Sprocket Right Sprocket
“-' ) + 730 rfmin + 750 r’'min
+ 120 hp + 120 hp
+ 850 fi-lh + 830 ft-lh
-.'_'.: ¢. Low Speed. Clockwise Pivot Turn in Soft Soil. 0% Grade.
Left Sprocket Right Sprocket
+ 10 r/miin -10 rfrrin
+17 hp + 17 lip
+ 900 ft-1h -GN fi-lh

d. High Speed, Clockwise Turn, 0% Grade.

Left Sprocket Right Sprocket
+ 770 r/min + 740 r/min

+293 hp -113 hp
+ 2000 fi-1b -800 fi-1b

4. Drives Considered. Two systems will be discussed. one using three motors per side
driving through a combining gear and the other using one motor per side with the two mators
mounted one above the other in the front center of the vehicle in pla<e of the differential steer

s ing unit. The two systems are shown in Figures 1, 2, and 3.
5. Description of System. All major components of the electric-drive system and their
interconnections are shown in Figure 4. The system consists of a diesel engine driving. throngh
] a speed increaser, one alternator. The output of the alternator is reetified in a three-phase full-
- wave rectifier, and ihe d.c, output of the rectifier is fed to the motors via a two-positien switch

such that the motors van be connected to the hraking grid. The broken lines from components
to the control box denote control lines for the most important control functions, These fune

tions are engine speed, alternator field current. motor ficld currents, gear shift. and dynamic
hraking. All control power is supplied by the battery and battery charger, and motor field
power is supplied hy a small generator which is belt=driven from the enginc.
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TRACK DRIVE
Figure 3. Two-motor installation in an M113A2 APC.
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6. Descriptian of Camponents,

a. Engine, The engine is a Detroit Diesel. 6V-53T. capable of delivering 300 bhp
at 2800 r/min,

b. Alternator. In order to demonstrate elevtrie drive for o tracked vehicle at reasonable
cost. greal emphasis has been placed on seleeting componems on hand or in regular produc-
tion, For the safety of persoune! it is desirable to keep the system voltage at a level as low as
possible. However, the lower the voltage. the higher the current will be. In hoth dexigns 10 he
diseussed waximnm motor enreent will be 1008 A or a total of 2000 A in order 10 get
F7.000-ft-1b total sprocket torque. For three motors per zide maximnm voltage will be 300V,

and for one maotor per side it wilt he 120 V.

The altermator selected for the demonstrator is a 300-k VA Westinghonse alternator
of the =ame type as that nsed in the M3 demonstrator made by the FMC Corporation. This
altiemmator is on hand at MERADCOM., and recent tests at MERADCOM show that it is eapable
of delivering 2000 A at 4000 rfmin. which corresponds to 1250 r/min engine speed, The alter-
nator wil' L belt-driven ax in the FMC demonstrator (3AE Paper No. 690442, May 1969). The
weight of this alternator is 130 Ib,

For futnre electric-drive svstems. a weight saving of 280 b ean be realized by
nsing two Bewdix type 28B329-1 brushless alternators, This alternator is an oil-cooled
150-k VA machine (<ce Appendix A for description), For this application the machine eonldd be
wond for half the nsnal voltage. which witl donble it< nsualt current capability. The two alter-
nators would be driven through a speed-inereasing combining gear box and mechanically ar-
ranged so that their phase voltages will adid arithmetically, The system conld <till he nsed as a

H00-Hz mobile eleetrie power plant with the standard ontpnt of 1207208 V, when the phases in
the two machines are seriessconneeted,

¢. Rectifier. The rectifier i« a three-phase full-wave bridge and there are three
choices of units:

{1} Foreed-air-cooled. The Westinghonse PDATRISOL6 in a 'ler(’-]bha‘i{‘ full-
wave bridge arrangement can supply in exeess of 2000 A if 60° C or less inlet air is delivered
over the heat sink at 300 lin ftymin, A straightforward arrangement of these assewblies wonkld

be abont 18 i wide by 15 i high by 7 ine deep and wonld weigh 50 Th, Required airflow
would be abomt 100 [£2/min. Air duets and cooling fans will be required in addition.

{2) Natnral Convection Cooling. The Westinghouse PDAYRIGO22 ix a tvpical
uatural convection air-cooled assembly. These assemblies are rated at 2000 A in ambient air at
52° €. A arrangement of these wssemblies wonld ocenpy a space 32 inowide by 1810, high by
7 i deep amd woald weigh aboat HO Th.




{3) Water-cooled. Westinghonse PDW TRT20 assemblies are snfficient to deliver
i excess of 3000 A with a cooling water How of 1 walfmin per assembby (3 calfinin totaly at
10° Cindet temperature. The dasic assembly wonbl ovenpo o space 18 in. wide T 120 high
by 6 in, deep and wonhl weigh abow 25 1h,

A modified structure coubd be redneed o 18 in, by 9, by O ine v caokimt
distritartion manifold. pump. heat exelanger. and fan or Thowing airk are abso required. These,
with the coolant. wonld add an additiemal 30 1 1 the rectifier ssstem weight.

A natural comveetiom it i reccanmended fur the demonstrator for simplicity,

d. Drive Motors, The {irst approach was 10 nse three GE model SBY 10143
mtors per side. mainly dne to MERADCOM s experienee with this motor and becanse five
were on hand. The motor i rated 10 hp, 8000 tfmin, 96 V305 A contimons diny . A series af
tests performed in 1969w the GIU plant. Erie. Pennsybania. established <hart time ratings,
Results of the GE tests show that the motor is capalde of 100-ft-1b <hafi torqne for 1 minnte
{Appendix B). To get 8500-ft-1y sprocket torque froue a threemotor deive assemlds. a totad gear
ratio of 28:1 ix required. It was decided to obtain this ratio with a 2.8: 1 combining gear for the
three mators, a 2.5:1 planctary gear which ean he shifted to a F:1 ratio. and the present i:4
final drive. Extimates of size. weight. and volnme for the gear calenlued by Dasvid I Gui-
mand are in Appendix C. GEAR DESIGN CALCULATIONS, Estimated size and weight of
one it consisting of three motor: and the gears will then be 26,4 in long, maximm width
18,6 in.. and towal weight 370 1b (see Fignre 1). When we comtacted GE. we learned that the
BY 101 motor is no longer in regnlar produetion bt eondd st be mannfactured at substantial
cost, Hawever. a new hine of d.e. motors for electrie cars and forklilt trucks is now heing
manufactired. One of these motors, the BT2378, was selected Tor a Tinal design. This motor is
a 90-hp. 5200-r/min. 120-V. 611-A machine capable of 500-ft-1ly shaft 1rque for 10 min and
120-hp for 30 min from a cold start. Compnter runs were performed a1t GE for cight different
shunt field voltages giving shaft torque, revolutions per minnte. horsepower. and efficiency as
a funetion of armature enrrent (Appendis D). Using these data. the vehicle performanee ean e
estimated,

Several distinet advantages are obtatned by nsing this motor compared 10 the
BY401 motor: efficieney is higher. 91,6 pereent compared 10 86.2 pereent: maximum voltage is
120 V. where 300 V wonld be required for three BY 1< in series: mounting i more castls ae
complished: and there will bhe more room Tor the brakes, Fignres 2 and 3 show the monnting of
the two motors and aszociated gears. An additional advantage when the arrangement shown is
nsed i that the ewd hells o the two motors and the honsing of the Tirst reduction wear can be
made one casting and thus eontribute to a very solid anit.
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The total gear ratio will i this case be 2000 in low and 784 in hich sear,
Total weight per <ide for metor and gears wilt be 675 Ih, hased on 180 th Tor zears estimated
by Funk Mannfaetnring Cowmpany. GE was contaeted for an estinsnte of cost and defisers time
atd both are vers ceasonabte, Bendin was aleo contaeted Int only for the <matt motor ssmilar
to the GE BY {01: they gquoted @ snbstantiat cost for deselopment i debivers of <iv motors
(e Appendiv A),

Excitation power Tor the motors with he delivered from a hensbess e, generator,
This generator i= a type OB machine presentts heing monmufactured by Beadin: this
generator mnst be modified to produce an ontpnt of 18V and 200 A when driven at - 100 to
1O rhmiin, The weight of the generator is 15 1 (see Appendin F for deseriptions),

M. DISCUSSION

Y. Vehicle Performance and Contol. Calenlated vehiele perfornianee is shown in
Fignre 5 amd is derived from the compnter rins Tor the motor ind short time ratings far the
alternator, With 270 hp availabte from the engine and wn estimated efficienes of 69 pereent ta
75 pereent (the low «fficieney is nt low speed only), 200 hp can be defivered to the tracks from
approximatels 7 mifl to 40 mi/h, bat time will he imited ta 30 minntes, Assnming 88 percent
efficienes of the gears. 160 hp ean be delivered continnonsly above 8 nifh,

Contral of vehiele speed s accomptished by contral of engine speed, alternatar field
enrrent. matar field enrrent. and gear box ratio. When the vehiele is started from a dead stop.
three things must happen simultancansly to obtain safficient mator torgne 1o get it rotling.
These are: inerease of matar fictd eurrent, inerease of engine speed, and inerease of alternator
Fiekd enrrent to generate enomgh voltage 1 produce a matar armatnre cureent whichs in com-
hination with the matar field, will eveate the required motar targue.

A an example, i maximnm sprocket torgue of 17,000 ft-lb i< required. the motor
fiekl voftage mnst he inereased to 48V resubting in a Tield enrrent of approximately 100 A,
engine speed must be inereased ta 1250 rfmin which will inerease the alternatar speed to 2000
rfmin and in combination with increasing the alternatar Field enrrent ta 5.2 A, will resalt in
1000 A of armatore current in each of the two mators, The abave-mientianed nnmbers are the
result of actual testing performed at MERADCOM with the 500-kVA alternator nsing a fixed
resistor to simulate initial motar load (see Appendix F), Referring to the GE compnter ran (Ap-
pendix D) for 48V on the motor fietd and 1000 A armature enerent. the motor torgne will le
433 fr-ll and the tral resubtin low gear wilf then he £33 fi-lh x 20 ratio x 2 tracks = 17800 Tt-
th. After this initial startnp. inerease in speed is accamplished by deereasing motor fiekd
vottage aad increasing alternator valtage ontpnt: this witt necessitate an inerease of the engine

speed,

10
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Aziain eefereing o the GE eamputer nms fnll metor speed will be reached when
motor fiekd vottage is deereased toapprovinsteh 125 A o low gear maximnm motor speed
reanlts in 15-ntifh vehiele speeds te farther inerease <peed the gear nnst be shifted o high,
Maxiimnns motor speed will then resuft in 3200071 = 700 r/min sprocket speed or 10 mifh vehi-
ete speed,

If high starting torgne is not required. e vebicle e be e theongli the speed
range i hizh gear. total staeting torgue wonted then he 20740 1 133 = 6300 10, or wotal trae
tive effort of 8000 th, Referring to Fignre 50 any power eneve ean be foltowed throngh the
speedt range aceording to the operator’s wish, Maxinmm performanee is 206 hp 1o the iraeks,
but i~ theoretically time fimited. as noted o Figore 50 I practice, this Tinitation might he
disregarded sinee it i~ untikels that a condition will be encowntered where fult power will be
required for 30 nninterrupted minutes, Betow the 160-hp carve and abose 8 mifh, vehiete
operation i~ continnons. Low speed. straight ahicad on 60 pereent grade requiires @ total of
E2000 fedly sprocket torque. This requirement is well within the drive ssstenr’s <hort term
capabiliin, bt thae-Lnited operation will appds, The requirement Tor high speed. straight
ahead is 120 hyp per side with a sprocket speed of T30 thmin, Sinee maxinn sprocket speed
for this investigation is 700 ¢/min, the horsepower regnirement witl he 12 hp per side,
Howevers with 270 hp available for traction, an efficienes of 83 pereent would be required 10
tra=nit g total of 228 hp o the tracks. With a maxinnmm estinaated efficieney of 75 pereent
thi~ requirement cannot he met,

Vehicle steering is aecomptislied by comrol ot the motor fietds. and steering controt
will be contiononsdy variable with regenerative transter of energy from one side 1o the other,
Wheno as an example, a sharp right tien is required. the field on the right motor mnst be in-
ereased to foree the motor to <low down, A the same time, the field on the left motor is de-
cressed and the teft motor with iny to inerease in speed. The right motor then gets into the
generating mode suppiving power to the leftmotor and, in doing o, holding back onihe right
trach while the left motor wilt speed np the left teack and thns foree the selivle into a right
tnri,

The fiekt enrrent 10 the two mators s snpplied from the Bendin des generator
threngh two high-cnrrent switching transistor power supplies. which are comrolted by the
microseomputer with inputs from the operator’s controts,

High-speed turns require power detivers to the onter motor greater than the engine
cantdeliver, Howeverswith the regenerative transtfer vapabilits the inmer motor operating in the
generator mode witlh sapply the difference, One of the original reguivements is a high=speed.
cloekwise tew, requiring 293 hp to the left sprocket at 750 s sprocket speed and 83 hp
generated by the vight sprocketmotor at TH efmin sprocket speed, Since op sprocket speed is
00 rfiin, the required power will he 203 ~ T00/7700 = 200 hp and 103 hp zenerated, Ae-

covding o the GE compater rone this i witlio the eapahilits of the motor,
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Pivot weering i~ aeconiplished by reversing the field e one o the ntotors,
The requirement Tar o pavot tuen s+ 0L [ to one sprocket and =900 £ o the other,
this i~ more than the B3R pee <ide agreed npan bt sill be within the capalilits of the

=yv=len.

Dyvnamie Laaking is accomplished by conmnecting the wmotoes 1o a leaking grid and
apqdying exeitativan, The motars sill then generate poser which will T dissipated in the Leak-

ing il Rinee thie motae exeitation is individoally eonteedleds steerime will faetion mamnalls,

8. Operatar Controls and Funetions: The contrad sv<tenr will consist of operator inpnt
conteols, o digital processar. analog ontput conteadlers, and seliicle parameter feedbacks, A
Mock diagram of the hasic control Tinetions is sheewn in Fignre 60 The jaocessar itself,
operator control hardware, engine conteadler, and software rontines in eenmar with the
Wivelrostatie elTort will be purelinsed from Senthwest Research, Tne, The analog controlless il
ditienal programming and hardware, assewmlds, andalebngging will Le done by MERADCOL
Funetions o the operator controls are disenssed helos:

a. Arvvelerntor. Sets alesired vehiele speed, Signal will be comprired 1 actual
veliiele speed amd aceelerated at i rate proportional w the differeuce. Initiation ol aceeleration
colisists of inercasing engine <peed. alternator Tield eureent, and mator Tield enerents, folloswed

by a deercase of motor Tield 10 inerease speed,

b, Brake, (Ohverrides aceelerator, Fivst part of hrake travel sill activate proportional
dyvimanmie braking, forther travel sill pickup the Iindvanlie dise brakes viie o master evlinder,

v, Steering. Sets u desired track speed dilferennial, wihich i~ accomplished Dy
imversely adjnsting the metor Tiekl enreents, Steering respoanse <hould he <los on eenter aned

fasier toward e stops. Pivot steering hecomes available toward the end stoje.

d. Selectr Funetions—=R N H D Reverse—allows operation i los gear ondy i
revvese direetion: will be inhildted if vehicle ias forwaed selaeits, Nenteal—engine <peed con-
tralled I aceelerator position: alternator Vield disaldeds steering and braking fonetivas e
mal: mannasiy apphy hvdranlie Leake to park, High=—allosw- operation in Jietcmenr andss widl
be inhilited iT vehicle Tras reserse selocity, Drive—alloses operation in o wear nneder 15 milhe

antematie <hifting ar 13 mifh,
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9. Weight Estimates. Estimated weights are in the following table:

Weight Estimates

Total
Weight Number Weight
o Component (Ih) Reqnired ()
X Alternator 430 i 430
L
,_ Belt Drive 95 1 95
- Rectificr 110 1 1)
“' Drive Metors 195 2 990
Motor Field Snpply 45 1 45
Controls 9% 1 90
Gears 180 2 360
Final Drive 220 2 440
Braking Grid 5 I 75
2635
Mise. Cables, Blowers, ete. 5 percent 132
Total Proposed 2767
Lightweight option:
> Oil-cooled Alternator and Reetifier 2430
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10, Porentinl Weisht Savines, he <peeiife wercht of the saebem s proposed s
(4 4 I ! (Rl

0.2 Ihp. There are seseral wavs in which this specifie weizht nieht be redueed:

ac Replacement of the proposed alternator with the two hicliespeed  oil-cooled
machines discnussed earlier and ~election of the lighitweight floid-cooled cectifier option will
wive 335 e or 1L ”l”lll.

. Component iechuolors can be impuosed, e conld deseloge higher speed meotors
witloa Bhely woving of 75 1 and o single highespeed alteenator saving, perhaps another 25 1.
Combined. these deselopments wonld vield anatler 13-007/hp <iving, One of the heaviest com
petents where weight savines nias be possible s the gearing, The proposed ssstem seight -
eliddes 00 Th of sears It secms worthwhile from a<vstem point of view to integrate the motors
and wears amd to deselop lightweight sear teehnology, We Tiave not estimated the weight <as-

ines Trome snele ¢fTorts,

oo One i deselop beter overall electrie=drvive technology by identilving opportunities
for weight and volume ~avings doring Hleselopmental testing of the demonstrator, The
demonstrivior. as proposed. will vield important data on the pecddormanee of the eleetrie deive
nnder computer control in the vitriets ol operating conditions which the amphibian will en-
cannter. 10 is dikely that these data w1 advanee eleetriesdrive teelmology by providing i

proved specifications and requrirementts for svatem engineering,
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APPENDIN A

BENDIN BRUSHLESS GENERATOR. TYPE 28B329.1 D¢

DESCRIPTION.

A single-hearing generator, the 28B329-1 i designed 10 share a hearing with a constam
speedd drive il o ntilize the drive’s oil for cooling. The generator bolts direetly to the drive.
add integration invohes the mating of the drive spline and oab-ing oikout ports,

A eomplete AC wachine, the 28832941 is extremely ightweight, o weighs only 75 1 vet it
carries an ontpint rating of 150 kVAL and has fullb overload capabilities,

Similar ta other Bendix IDG generators, the 28B329-1 ntilizes both condnetion and oiluist
spray eonling technignes o provide optimmm heat transfer characteristios,

Cooling. Cooling vil from the drive enters the generator at the maating flange interface where it
3 - " - -
goes through a short conmecting channel and then into a series of grooves in the housing,

The grooves snrroniud the generator stator core which is shennk ino the machined bore of the
housing to form a chamael throngh which the cooling 6il flows,

Oil flow through the channel is turbulent and it contaets all surfaces of the channel in-
chiding the stator core 10 provide optinunm heat transfer,

The oil then leaves the stator conling passages. and flows throngh a cast-in channel to the
antisdrive ensd of the generator, Hereo a small amonnt of oil is metered throngh a elearanee to
first lubricate the hearing and then to spray the permanent-magnet generator,

Most ol the vil enters the rotor throngh a hollow generator slalt where it procesds towards
the drive end, Metering orifices in the shaft provide a means of distributing the cooling oil in

the proper quantity aud in the right places to do an effective vooling job,

The Tirst orifice discharges a jet ol oil into the rotating diode heat sink area to rewove heat
from the dodes awd then to spray and cool the exeiter armature,

17
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The oil in the shaft next is meteredd throngh orifices at the wain generator etor where it is
first distributed over the rotor windings and then sprased over the stator end tens, A imigue
desiom featnre directs the il to flow betweea the rotor poles to carey away heat from these
areas, The same oil ix then naed again to spray and cool the stator winding end turns. This
cooling technigue is exteemels efficient mal operating temperatures of the generator stabilize
very rapidly,

Inswlation. Jusnlation usedd thronghont the 2883291 i+ Dul’onts “Nowex™ awd our own
RB-160 insnlating material. The combination of these two materials provides optimum heat
trausfer characteristies,

RB-160. nsed 10 impregnate the wound assemblies of the geuerator. abo has great
mechanical strength o provide exeellent bonding within the windings, Fhese are important
characteristies since movement within the windings due to vibrational stressex is prevented,

Tablex T and 1 show insplation life and thermal conductivity of the instattation nsed in the

28B329-|.
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Specifications DeSign Featutes " Cool.ng techimingaes provide wxtrpmeas,
etfect..e Conimn ¢, 5tene o oph 2o
Rating: 150 KV ., contimuous * Oil-cooten by conduction and ou-miest SEVatIVEe gererator operdtian
output @ .75 PF, spray
120/208 voits, 3 uhase, " Insulation system s complerely com
d-wire, 400 Hz at * Integrates with drive ta provid: compact patible with, and unatfected by
12.000 RPM compact drive generator pachage. MIL L 7808, MIL-4-23699
hydrauhc flu.ds.
* Cooling Onl:  Qikin @ 250°F and * Lightweight urit has weight to-output
flow at 7.5 gpm ratio of oniy 51b. KVA. ° Integration with ¢rive makes up
@ 230-240 psr lightwerght overall package.
* Weight: 74 1bs. * PMG excitation source with solid-state
control unit eliminates need for ® Brushless dosign provides long service
PMG Qutput: 42 = volls external excitation and produres ex- {ife and low averhaul/mamntenance
cellent generatar gutput character- costs.
isNes,
Table | Comparison of fiB-169
Thermal Conductivity Enoxy

! RB1S) | |

Epoxy
R

L]
=Y
4

Typical
Fon |

Silicone MI:
Yarnish Vzr-y_!%sh

r"'ﬂ

BYU/[W.) [FT?} [°F/a)
T

[

-

Various Impregnating Materials
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Table Il lInsulation Life

‘\
\
lo,oog &
8 L
7 = h
3
5 !
4 |
|
3 _— !
| |
f
& 2 DUPCNT DATA OMN NOAMEX (HT'! ] __I
3 PAPER) USEFUL LIFE ARBITRARILY !
Q DEFINED WHEN DIELECTRIC |
| ) STRENGTH FALLS BELOW 3oov/MmIL. \ 1 ! 9 | _.
W 1 (NOMEX MATERIAL IS USED IN | i
W 1000 | — MAKING STATOR SLOT CELLS) \ —
4 97T ALSO DEFINES LIFE OF BENDIX ___ |\ i s
‘a‘ 71— RB-160 EPOXY RESIN ARBITRARILY [\ T
G ¢ DEFINED AS TIME WHEN WEiGHT \ N
Z LOSS EQUALS 5 Y%b. - \
|
4._}'_ ANACONDA DATA ON THERMAL LIFE . . \
24 oF ML INSULATED MAGNET WIRE. \ | \
3 C \‘ y
2 - ! -
\ |
100 1T -
150 15 200 225 250 275 3oo
DEGREES CENTIGRACE o
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EFFICIENCY CULRVES, 28B329-1 IDG
GENERATOR Pn 2 @ 12,000 RPAAj O1L IN @ 250°F,

100
! I.OP}"
|- 1
2> .
O - . “ '
i 1 | 75PF
m ]
8o
> .
§) i
2 I
w ;
O | i
il ?
u
w 4 :
o
, |
‘_v 4 Y
e0 8o 100 120 140 160
GENERATOR OUTPUT - KVA
OVERLOADS
GEN. YOLTAGES [{-2-7~] (et | T | Fras
om|wva] e LR BRI | 5g 2| G| e | sur| o |ReaD)
rs|37.5 |37.5 |72 |78
r2000| 150 | 75 'S8 | U T V53 A At A A K

- 119.8 {11977|119.5|37.5 |37 |37.5 /72 |29

L oo | re (a0 7 2 e 2 2 222}
s 119.9 |179.8 | 119 : ~ IaV, Talrl
Y 12000\ 150 |75 (2075|2075 :agfg /6 |46 |6 290 | 131 | 1°

% 375|375 ) 775|120
11000 |82 | .75 (%0 | Bos|508 |28 e %2\ Ton| 35| 20

119.8 1119.2 |775.0 |56.25156.2556.25126.5 | /20
1000\ 225 | 75" (257 \'G5% (705 (62a| éeal ceq| 9,351 /30| © (4%
v18.9 |562515¢.25156.251280 (/20 | 5 |-

Cadr g e i
B

2000 | 225 |75 (59 T 118 (083 6ig| 623|624 | 935 Ko 2%
; /75.9 |56.25156.25] 56.25| 2%.0 | r2/
7000|225 | 75 (55 (18 (08 e e Ci| aas| 0| 7O
76 | 75| 75 | F0.0 5 |7ogv
JR000| 300 |75 gag?_,; ~ | - |g32|532 932 65K - |sev | ~
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PROPOSED BENDIX TRACTIHON MOTOR
40 P DC MOTOR
8000 RPM
100 VOLTS, DC
(40 LB




APPENDIX B

GENERAL ELECTRIC TEST RESULTS
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GENERAL‘@ELECTRIC DEFENSE PROGRAMS

DIVISIUN
COMPANY
EQUIPMENT AND COMPONENT
777 FOURTEENTH STREET, N. W., WASHINGTON, D. C. 20005 . . . TELEPHONE EXecutive 33600 FIELD OFERATION

January 13, 1969

Department of the Army
MERDC
Fort Belvoir, Virginia 22060

Attention: Mr. C. Helse
Gentlemen;
The attached information hopefully provides sufficient data for your
present planning. J. Nadzam will check the engineers to determine
if additional tests are planned so that you may have a complete
speed torque curve family. At one time, this action was contemplated
but the availability of test equipment was delayed.
Very truly yours,
A0 tdzg,
C.J. White .
Manager - Ground Power Programs

CJW/ra

Encl.
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GENERAL ELECTRIC

Dial Comm: 8*312-2081 Date: November 26, 1968 Copies: GF Bond. 64-3
WG Brighton,
17-2

Dept: Direet Cnrrent Motor & Generitor Dept.
Address: 3001 Kast Lake Road. Erie, Pa. 16301

Subject: Tvpe BY 401 Motors for KRDL

RECEIVED
OFF HIGHWAY VEHICLE
EQUIPMENT PROJECT
NOV 27 1968
TEFPMO
TRANSPORTATION SYSTEMS DIVISION

Mr, J. P. Nadzam
Bldg 42-3

A litile over one year ago we shipjed 5 motors to ERDL for powering an experimental vehi-
cle. Questions from the customer on ovetload capability of the motor prompted us 1o snggest
that they return one motor to ns for testing with a dynamometer facility that was not availahle
at the time the motors were initially shipped. Thix facility has permitted us to test the motors at
speeds np to 8000 r/min and at ontputs of 100 hp or more. We have now completed these tests
with the resnlts as showa on the attached two curve sheets.

The attached cnrve sheet “Duty Cyeles and Short Time Ratings™ is particularly interesting
beeause it is a complete statement of the thermal capability of the motor on any type of
repetitive load,

You will observe that the maxinmm duration for an overload condition is somewhat shorter
than we had previously indicated that it would be. The following observations are ap-
propriate.

(1) The maximnm capability of the motor is 102 1b-ft for ong minnte. This is <imnltaneonsly

a thermal and a eommutation limitation, At this torque. and at 6004 r/min, 116 hp will he
» delivered by the motor.
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121 The rated wanimam speed of the motor i= 8000 rlmin, Am speed greater than this vatoe
shonld he considered an overspeed. The masimmne <afe spred i TOBHY thuim,

Our tests diselosed that wlen operation at high enrents amld high <pesds will he frequently
repeated. two changes will improse comnmntation, hrush Gife, and commutator ife, These are;

) Change brush grade to §-206,
(b Inerease spring pressire 5O pereent,

Eam attaching a copy of Mr, Bowd's test report. from whicl von can see the imguertantee of
these elanges, We amderstaimnd that the enstomer i interested in eonsertiag from shunt to series
windings. At the time the pracliines are retared to us for consersion we ssonld pling to install
the new hrnshes and springs. He sheald, at the <awe Gine, retuni the two mators to us wlich
have already been converted 1o series windings in ovder that we can make the brish and spring
changes as well as reeheek the machines thoronghly 1o see that they are in top condition,

I

C. M. Wheeler. Snpreeviror

Special Prodnet Engineering

Specialty Motor Produrt Engineering Sulisection

Blilg. 64B8-3. Exi, 298|

Attachments
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Brush Tests on Model 3BY401A5

The motor is a series wonnd machine, separately ventilated and is rated 40 hp, 8000 r/min,
96 V. 345 A continnons dnty=100 hp, 6000 rfmin, 96 V, 920 A, 20 s short time duty,

The enstomer. Mobility Eqnipment R& 1) Laboratories anticipated the motac’s capabilities as
shown in Fignre 1 and reqnested one comments on the *time-on™ values for the various Inad
conditions,

Tests have been taken amld the important results are included in this report.

Conclusions.

(1) The comnmtator was designed for operation at 8000 r/min and tests confirm commutator
stability at this speed. No load overspeed is 10.000 r/min.

i2) Brushes shonld be changed to grade 1,206,
(3) Beush sprirgs shonld be changed to give 50 percent additional pressure,

i-h For load currents exceeding rated. the operating time is limited by brnsh temperatures
rather than winding temperatures,

Tests,

(A) Black baml tests weee taken to confinn compensation and to compare different hrush
grades. Tests weee at half rated volts, Vibration required the nse of double-pressure springs,

by Grade 537, This is one of the original brushes, preferred for good wear properties. Black
baud is narrow aud closes at fess than peak eureent.

(2) Grade 456, Favored brush for low contact drop. bt rejected for poor wear, 1as open
band to peak coneni.

(3 Grade 1,206, Revommended by Carbon Products, This split brosh has very wide hand,
- Grade 1206 solidh. Poor band.
(B Tests were taken to find “time-on™ valnes at points on or below the characteristic curve,

Brush tewperature by thermoeouple and winding temperature by volt drop were ohserved, The
motor was ruu to selected speed and load cuerent as guickly as possible,
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Results (CW rotation only)
°C o

LV LA rfmin  Comm  Brush Temp  Time On Remarks
675 1000 4000 -1 % 250 1.3 min L206 split brush
93 1000 6000 I-2 250 1.25 heavy springs
94 800 6500 2 250 2.5
92 650 6800 2 250 4.75 high friction

58 350 6000 1 150 Cont

66 1000 4000 1 %3 230 1 min L206 split brush
95 800 6500 23 200 1.2 light spring
%4 650 6800 23 200 2.5
88 450 7500 23 175 3.25 worse sparking accounts
61 350 6000 i 130 Cont for short times
62 1000 4000 1.2 200 225 min 456 heavy spring

- 1000 6000 2 150 1 shut down due to
87 800 6000 3 175 1.5 brush dusting

- 1000 4000 - - - 456 light spring

severe sparking streamers

- 1000 4000 - - - SA45 light spring

vicious sparking

19

.

ATy

31

The L206 split brush is clearly the most successful. A spring of 6 Ib/in.? would be a com-
promise between high brush friction (with double spring at 8 lb/in.*) and poorer commutation
with the normal spring. Brush temperatures indicate a strict time limit on overloads, and it
may be concluded that an increase in brush area and commutator size is needed to achieve
more reasonable short time ratings where an application of this motor demands such ratings.
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APPENDIX C

GEAR DESIGN CALCULATIONS
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MEMORANDUM

From: Code 2723 (D. Guimond)
To: MERADCOM (C. Heise)
Via: Code 2723

Subj: Final drive gearbox; preliminary design for

Ref: (a) Meeting on 10 Sep 82 btwn G. Anderson {DTNSRDC, Code 2723) and
MERADCOM personnel at DTNSRDC, Carderock

Encl: (1) Design Calculations

1. In support of your work with Mark Rice, of the Marine Corps Project Office,
for the design of final drive for tracked vehicles and based on the requirements
discussed in reference (a), preliminary designs were worked out for two gear-
boxes to obtain estimates of size, volume, weight and cost.

2. The first gearbox consists of three input pinions (each being driven by an
electric motorg meshing with a central output gear giving a reduction ratio of
2.8:1. Each pinion has a pitch diameter of 2.857". The gear has a pitch
diameter of 8.000". The gearbox would be approximately 14.00" in diameter and
4.50" wide. The weight would be 66 1bs.

3. The second gearbox is a planetary arrangement taking as it's input the
output of gearbox No. 1. It consists of an input sun gear, five planet gears

and a ring gear held stationary by a clutch or brake. The output is taken from
the planet gear carrier, with the overall reduction being 2.5:1. The unit can be
by passed by releasing the clutch holding the ring gear and energizing a second
clutch which connects the input sun gear to the ring gear, locking the planet
gears, to achieve a 1:1 ratio. The unit would have overall dimensions of 13.00"
diameter by 5.50" wide and weighs 58 1bs.

4, Funk Manufacturing Company has been asked to supply cost and lead time
estimates for 2 of each unit.

5. The gearboxes should have a life of at least 600 hours. Rough design
calculations are included in enclosure (1).

David P. Guimond
Ext, 2362

Copy to:

Code 2723

Code 1120 (Mark Rice)
Code 27235

TR T T
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45
cos 30°= —
X

4.5

cos 30°

n

X = 5.20

center distance = 5.20”

ER d = 2.8 d
do=dv 5 28 =399 © P
2 dp
28dp + dp — 590 38dp _ 590 dp = 2.737 smallest
) 2 dG = 7.664" Dossible
Np = 40 Ng = 112 12 _ s
= © 0 7
o N 40 12
L P=14 d=— dp=—=2857" dg = —= 8.00”
) P 14 14
I dp = 2857° dg = 8.00° F = 1.50”
|0 Np = 40 Ng =112 J=.495

Bonding Stress

Fd’JB (1.50) {2.851)° (.495) ___._.—_____._a———J

K Factor K=V Mgl 2T A12000D ey,
Fd B Mg . d 2.857
g 1008 (2.s+1)
1.5(2857) \ 2.8 Al
24
l- “




........................ S T e e

-------------

Size & Weight

Fdf, 1.5(2.857)! = 12.24 x 2 = 36.73

ng = 1.5(8.00)* = 96
SFA* = 13273 X .5 = 66.365
Weight = 66 Ib.

s

[5.20 + g_g_S_'Z] 2 = 13.257 14” dia.

F=15 3F =45 4.5 wide

35




B T e AT At e RO LI EA AT SR N ATt it R
¥

LTt

Ty T W LT,
Dy PR R

2.5:1 Planetary
Input Torque 120 (12)(3)(2.8) = 12,096 1b. in.
000
Speed L = 285. RPM
2.5
N
2.5 ratio T _1s5s  Ns=8  Nr=120
Ns
_ - Nr+ N 12
Np = Nr — Ng _ 120-80 _ r+Ng _ integer 0+ 80 _ 4
2 2 # planets 5
N
D= 14 d = — ds = 5.714” dp = 1.429” dr = 8.571 F=1.375
p
ds = 5.714” Ng = 80 5 planets
dp = 1.429” Np = 20 p=14
dr = 8.57" Nr = 120 F =1.375"
25° Spur Gears Js = 505 Jp = 405
2618 (2857)(8.571
= osighdr I8 ESNESTD 5564 31 Fr./Min,
Mg 2.5
33000 H d T 12096 (2857
w2 p( ') Hp = —— = G2 _ ss0
\Y dr +ds 63000 63000
33000 (550) 8.571
\'i'l' — ( ‘\‘” = 4246.76 lb.
2564.31 8.571+5.714
W /ds+d 4246.76 |5.714+1.429
Kian = — ( p) = Kswn = 540
simon  BF \ dsdp 5(1.375) |(5.714)(1.429) pinion
W /dr—dp\ 4246.76 [8.571—1.429
ring = oo = Kring = 360
BF \ drdp 5(1.375) 1(8.571)(1.429)

36
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Bending Stress
48 TN 4.8 (120906) (80
= - sur = ( - ( ) o SSUH = 4’0,97() pSl
Fd’ JB (1.375)(5.714)*(.505)(5) e o
dp 1.429 _ _
Tplanet = Teoun CI_ = 12096 ﬁ, = 3025 ib.-in.
4.8 (3025) (20 . .
Splanet = - ( )_( ) Sptaney = 51,075 P51
1.375 (1.429)4(.405)3
Weight & Size
Q P [(Mg P17
Weight = 9500 — = o [ 2
ci8 K V= e
550 [(2.5+1)’} (3.30)
Q 2857 2.5 30 a0 540 579
Weiglit = 58 b.
d = 1.5dr d = 1.5(8.57) = 12.855
L =3F L = 3(1.375) = 4.125 + room for clutches
13" dia. x 5.5” wide
3

...............................




2.8:1 Ratio

2.857” dia. I |'__ l I

8.000” dia.
-:_‘_E"" 14'mu
Y
a5
2.5:1 Ratio
1.429” dja.
= — 13.00"
5.714” dia. =
8.57” dia,
- 5. 5" "
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APPENDIX D

MOTOR PERFORMANCE

USAMERADCOM ce: Charles Faulkerson 13-2
Oct 27, 1982
Mr. Mike Mando

Enclosed find computer runs for our BT2378 motor rated:

90 hp, 5200 r/min, 120 V, 611 Amps, BV (150 CFM)
Short time ratings are shown on an attached sheet.
Runs were made with 48 V, 36 V, 24 V, 20 V, 16 V, 14 V, 13 V, and 12 V excitation.

Also included are runs for our BT2346 motor with 48 V and 36 V excitation.

sl
E. D. Elwonger

General Eleciric Company
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USAMERADCOM

BT2378-3311

FLD = 65 T .1285"

Time
{nun)

D W N -

30
Cont

Thermal Ratings

ARM

2574
1920
148v
1227
1040
763
61]

40

FLD

250
187
119
144
101

50
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BT2378-3311 ,115 M785 USMERADCOM ELWONGER
wED, OCT 27, 1982, 9:26 AM

ELECTRIC VEHICLE PERFORMANCE-REV 7/14/81
CIRCUIT PARAMETERS

MAX STALL BAT AMPS (SCR)= 400.0 ARM, IND., L = ,11995E+00
\ PEAK-MTR STALL AMPS(SCR)= 8918.1 UNSAT SER L = .GO0GOE+00
- MAX STALL MTR AMPS (SCR)= 1000.0 SAT, GER. L = .00000E+00
: RB= ,0000 NL BV = 120.0 TOT., MTR. L = .95336E-01
RiL= ,0070 PI/DT = 1258.7 UNSAT 8H, L = ,21540E+02
RA= ,0057 SCRTYP= 8.0 ST, GH, L = ,37341E+02

FIELD DATA.SPD¥ 2)

R&Ha, 4360E+00 RSHD=, 00005400 SEV=,<g0BE+02 SHUNT TURNS = 65,00

RSE=,0000E+B6 RS =,0000E+00 RD =,0000E+00 SERIES TURNS= L00
FOR IA ) 468,750 FOR IA (= 468.750:
BRUSH DROP=1,40+ .000564%1A BRUSH DROP= ,00363xIA
MOTOR CHARACTERISTIC DATA
IR 1A UM TORR RPM HP LOSSES EFF
8918, av18, 57,6 3755.7 0. .00 590931, 0

4457, 4459, 88.8 1840.4 ?58. 339.31 1481353, 63.1
3656, 3456, ?4.4 1552.3 1139, 336.65 97417, 71.6
2998, 2998, 99.0 1279.8 1280, 312.05 69440, 77.0
2459, 2459, 102.8 1061.0 1380, 278.90 S0016, 80.6
2016, 2016, 105.9 B879.9 14%6. 244,03 36773, 83.2
1603, 16%3, 108.4 722,06 1529, 210.28 27720, 8.0
1356, 1356, 110.5 5%0.,2 1593, 179.12 21511, 86.1
1112, 1112, 112.2 482.4 1646, 151.24 17235, B6.7
211, ?11. 113.6 394.1 1689. 126.81 14278, B86.9
747, 747. 114.8 321.%9 1725, 109.72 12223, B4, 6
613, 613. 115.7 262.6 1753, 87.72 10785, B3.9
503, 503, 116,55 214.1 1777, 72.48 9773, 84.7
412, 412, 117.1 174.3 1799, $59.7% 8990 . 83.2
338, 338, 117.6 141.7 1819, 49,10 842¢0, 81.3
2z77. 277. 118.1 115.0 1835. 40.19 goz28 . 78.9
227, 227. 118.4 ?3.1 1848, 32.76 7756, 75.9
186, 186. 118.7 75.1 1859, 26,59 7568, 72.4
153, 153%. 118.9 60.4 1867, 21,48 7436, 68.3
125, 12%. 119.1 48.3 1874, 17.25 7343 . 63.7
103, 163, 119.3 38.4 1880, 13,76 7278, 8.5

84, B4, 119,4 30,3 1885, 10.88 7231, 52.9

] 69. 69, 119.5 23,6 1889, 8.%1 7197, 46.9
57.  S7. 119.6 18.2 1892, 6.55 7172, 40,5
46, 46. 119,7 13.7 1895. 4.95 7154, 34,0
38, 38, 119.7 10,0 1897, 3.63 7141, 27.5

e 31, 31, 11%.8 7.0 1899, 2.54 7131, 21.0

! 26, 26, 119.8 4.6 19001, 1,65 7123, 14,7

P 21, 21, 119.9 2.5 1902, g2 7117, B.8

b 1%, 17, 11%9.9 9 1903, 32 7113, 3.2

a joo0 113 433 18 137

W
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“I1ELD DATACSPDE 3)

RSH=,4340E+00 RSHD=,0000E+00 SEV=,3600E+02 SHUNT TURNS = &5.00
RSE=.0000E+00 RS =,0000E+00 RD =,0000E+00 SERIES TURNS= 00

FOR IA ) 468,750 FOR IA (= 468,750.
BRUSH DROP=1.,40+ ,00064%IA BRUSH DROP= ,00363x%IA
INCREASED BRUSH DROP DUE TOU FIELD WEAKENING = EDx2,50

MOTOR CHARACTERISTIC DATA
1k 1A VM TCRQ RPM HP LOSSES EFF
8918. 8918, 37.4 2889.2 0. 00 588443, 0
4457, 4459, 88.8 1395.8 1276, 339,28 145863, 63.4
36T4H, 3456, 94,4 1163.0 1520, 336.60 97140, 72,1
2998, 2998, 99.0 976,95 1677, 311.99 67170, 77.6
2457, 2459, 102.8 B812.1 1803, 278.83 47751, 01.3
2016, 2016, 105,99 675.3 1897, 243.96 34513, 84.1
1693, 1653, 108.4 D61.6 1965, 210.20 25462, 86.0
1356, 1336, 110.5 464.9 2022, 179.05 19254, 87.4
1112, 1112, 112.2 382.4 2075, 151.17 14980, 88.3
%11, 11, 113.6 312.5 2129. 126.74 12024, 88.7
747. 747. 114.8 2355.2 2174, 105,64 9969, g8.8
613, 613, 115.7 208.2 2210, 87,64 85331, 88.%
503, w03, 1165 169.7 223%, 72.40 7521, 87.d
412, 412, 117.1 138.2 2267. 59.67 6739, 86.%
3348, 338, 117.6 112.3 2291. 49,02 6170, 85.6
277, 277. 118.1 ?1.1 2311, 40,11 5778, 83.8
227, 227. 118.4 73.7 2327, 32,68 5507, 81.6
184 . 1846, 118.7 w9.3 2341, 26.%1 3319, 78.8
153, 193, 118.9 47.8 23%2, 21.40 o188, 75.5
125, 125, 119.1 ig.2 2361, 17.17 5095, 71.5
103, 103, 119.3 30,3 2348. 13,67 =030, 67.0

84, B4, 119.4 23.9 2374, 10.7% 4983, 61.d
b9 . 4%, 119.5 18.6 2379, 8.4 4949, 55.9
57. a7, 11%9.6 14,2 2383, 6,47 4925, 49.5
464, 46, 119.7 10.7 2386, 4,86 4907, 42.5
38, . 119.7 7.8 2389, 3.54 4893, 35.0
a1, 31. 119.8 .4 2391, 2.40 4883, 27.3
26, 26. 119.8 3.4 2393, 1.56 4876, 19.3
21, 21, 119.9 1.8 2395, 83 4870, 11.3
17, 17, 119.9 9 2396, 23 4866, 3.4
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BT2378-3311

TUE, OCT 26, 1982,

CIRCUIT PARAMETERS

115 M785 USMERADCOM ELWONGER
5:22 PH

ELECTRIC VEHICLE PERFORMANCE-REV 7/14/81

MAX STALL BAT AMPS (SCR)= 400.0 ARM, IND, L = ,11995E+00
PEAK MTR STALL AMPS(SCR)= §918.1 UNSAT BER L = ,00000E+00
HAX STALL MTR AMPS (SCR)= 1000.0 SAT., BER., L = ,00000E+00
RE= ,0000 NL BV = 120.0 TOT, MTR. L = ,95336E~01
RL= ,0070 DI/DT = 1258.7 UNBAT SH, L = ,21540E+02
RA= ,0057 SCRTYP= 8.0 SAT, SH., L = ,30180E+p2

FIELD DATA(SPD% 2)

RGH=,43460E+400 RSHD=.0000E+00 SEV=,2400E+02 BHUNT TURNB a 435,00
RSE=,0000E+00 RS =,0000E+00 RD =,0000E+00 SERIES TURNS= .00
FOR IA > 468.750 FOR IA (= 448.750:
BRUSH DROP=1,40+ .00064%IA BRUBH DROP= ,00343%1A
MOTOR CHARACTERISTIC DATA
1B IA v TORQ  RPH HP LODBBES EFF
89168, 8918, 57.6 2022.4 0. »00 587008, 0
4459, 4459. 88,8 920.9 1935. 339.4%5 144082, 63.7
36856, 3656, 94.4 763.4 2316, 3346.73 95389, 72,5
2998, 2998, 99.0 &41,0 2536, 312,10 65437, 78.1
2459, 2459, 102.8 542.8 2498, 278,94 44024, 81.9
2016, 2016, 105.9 459.5 2788, 244,05 32795, 84.7
1653, 1653, 108.4 387.,2 2851, 210,28 23754, 86.8
1356, 13%6. 110.5 327.,4 2872, 179.11 17538, B88.4
1112, 1112, 1na2.2 272.2 29146, 151,22 13289, 8?.5
?11, ?11., 113,64 225.5% 2952, 126,78 10338, 90.1
747, 747. 114.8 186.,1 29682, 10%5.469 B828%, 0.5
613, 613, 115.7 153.,0 3009, 87,68 &B52, ?0.5
S503. 503, 1146.5 125.,3 3034, 72.44 5842, 0.2
412, 412, 117,1 102.2 3066, 359.70 5060, 89.8
138, 338. 117.6 83.1 3098. 49,0% 4491, 89 .1
277, 277. 118.1 67.5 3123, 40.14 4099, 86.0
227, 227. 118.4 54.6 3143, 32,72 3829, 86.4
186, 186, 118.7 44,1 3162, 26,55 3641, 84.5
153, 1535, 118.9 35.4 3177, 21.43 3509, 82.0
125, 125, 119.1 28,3 3186. 17,20 3417. 79.0
103, 103, 119.3 22,5 3198. 13,71 3351, 75,3
84, 84, 119.4 17.7 3206, 10.83 33905, 71.0
69, 6%, 119.95 13,8 3212, 8.46 3271, 65.9
37, 7. 119.6 10.6 3217, 6,350 3247, 59.9
45, 45. 11%9.7 8.0 3222, 4,90 3229, 33.1
38. B, 119.7 w.8 3225, 3.58 3215, 45.3
31, 31, 119.8 4.0 3228, 2.49  3205. 36.7
26, 6. 119.8 2.6 3231, 1.60 3198, 27.2
21, 21, 119.% 1.4 3233, .87 3192, 16,8
17, 17. t119.% .4 3234, 27 3188, 5.8
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FIELD DATA(SPDE 4)

RSH=,4340E+00 RSHD=,0000E+00 SEV=,2000E+02 SHUNT TURNS = 45,00

RSE=.0000E+400 RS =,00C00E+00 RD =,Q0000E+00 SERIEY TURNS= .00
FOR JA ) 468.750 FOR IA (= 468,750
ERUSH DROP=1.40+ ,00064%IA BRUSH DROP= ,00363%I1A
MOTOR CHARACTERISTIC DATA
Ik IA VM TORQ RPM HP LOSSES EFF
8918, 8918, %7.6 1733.8 0. 00 586608, .0

44359, 4459, 88.8 756.1 2357. 339.52 143629, 63.8
34656, 36Y6. 94.4 624.6 2831, 336,77 94955, 72.6
&998. 2994, 99.0 524.9 3122. 312.15 65000, 78.2
24%9. 2459, 102.8 445,33 3289. 279.01 45562, g2.0
2016, 20146, 10%.9 380.9 3365. 244.16 32311, 84.9
1653, 1653, 108.4 323.4 3415, 210.41 23256, 87.1
1336, 1356, 110.5 275.0 3422. 179.24 17058, 88.7
1112, 1112, 112,2 234.3 33%90. 151.32 12809, 89.8
?11. ?11. 113.6 194.8 3419, 126.88 862, 90.6
747, 747, 114.8 161.3 3444, 103.78 7814, ?1.0
613. 613. 115.7 133.0 3465, 87.77 6382, ?1.1
w03, 503, 116.5 109.3 3483, 72.%52 5373, ?1.0
412, 412, 117.1 9.6 3504, 59.79 4596, 0.7
338, 338, 117.6 73.2 3526, 49.13 4029, ?0.1
277. 277, 118.1 5?.5 3546, 40.22 3638, 87.2
227, 227. 118.4 48.3 3565, 32.79 3368, 87.9
186, 186, 118.7 39.0 3582, 26.62 3180, 86,2
153. 153. 118.9 31.4 3598, 21.31 3049, 84.0
125. 125, 119.1 25.1 3611, 17.28 2957, 81.3
103. 103. 119.3 20.0 3621. 13.79 2891, 78.1

84. 84. 119.4 15.8 3630. 10.90 2844, 74.1
&9, 69, 119.5 12.3 3637, 8.53 2811, 69 .4
37, 7. 119.6 ?.5 3643, 6.58 2786, 63.8
44, 46. 119.7 7.2 3648, 4.97 2768, 57.3
8. 38, 119,7 5.2 3651, 3.65 2755, 49.7
31, 31. 119.8 3.7 3633, 2.597 2745, 41.1
26, 26, 119.8 2.4 35657. 1.67 2737. 31.3
21, 2l1. 119.9 1.4 35659, .74 a2732. 20.5
17. 17, 119.9 & 3661, 34 2727. 8.5




FIELD DATA(SPD# 3)
RSH=,4360E+00 RSHD=,0000E+00 BEV=,1600E+02 SHUNT TURNS = 535,00

RSE=,000C0E+00 RS =,0000E+400 RD =,0000E+00 SERIES TURNS= .00
FOR IA ) 468.750 FOR IA (= 468.7501
BRUSH DROP=1 .40+ .00064%IA BRUSH DROP= ,00363%IA
MOTOR CHARACTERISTIC DATA
IR IA UM TORQ RPM HP LOSSES EFF
8918, @918, 97.6 1445.0 0. 00 586281, 0

A459. 4459, #8.8 580.7 3068. 339.41 143381, 63.8
3656, 34T, 4.4 477.5 3701, 336.58 94768, 72.6
2998. 2998. ?9.0 401.8 4075, 311.92 64842, 78.2
2459. 2459, 102.8 343.,3 4263. 278.79 45400, 2.1
2016, 2016. 105.9 295.7 4332, 243.97 32126. 85,0
1653, 1653, 108.4 255.4 4322, 210.27 23029, 87.2
1356. 1356. 110.5 219.0 4295, 179.16 16783, 8e.8
1112, 1112, 112.2 188.6 4214. 151.34 12468, 0.1
?11. P11, 113.6 162.5 4100. 126.74 9488, 0.9
747. 747. 114.,8 135.4 4105, 105.86 7424, ?1.4
613, 613, 11%.7 112.1 4115, 87.86 5984, ?1.6
503, S03. 116.5 92.5 4123, 7?72.62 4972, ?1.6
4143, 412, 117.1 76.0 4137, 59.89 4188, ?1.4
338. 338, 117.6 62.3 4152, 49.24 3618, ?1.0
277, 277, 118.1 50.8 4165, 40.33 3226, ?0.3
227, 227. 118.4 41 .4 4176, 32.90 2954, 87.3
186, 186. 118.7 33.5 41835, 26.73 2766. 87.8
153, 153, 118.9 27.1 4193, 21.é62 2634, 86.0
125, 125, 119.1 21,7 4200, 17.39 2541. 83.6
103. 103, 119.3 17.3 4207. 13.90 2475. 80.7

B4, 84. 119.,4 13.7 4212, 11.02 2428, 77.2
&9 . 67. 119.5 10.8 4216, 8,65 2394, 72.9
97, 57, 11%.6 B.3 4221, 6,469 2370, 7.8
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FIELD DATA(SPD% 3)

REH= , AJ60E+00 RSHD=,0000E+00 8EV=.1400E+02 BHUNT TURNS = 45,00
RSE=,0000E+00 RS =,0000E+00 RD =,0000E+00 SERIES TURNG= .00

FOR IA ) 468.750 FOR IA (= 4468.750:
BRUSH DROP=1.40+ ,00064%]A BRUBH DROP= ,003463nIA
INCREASED BRUSH DROP DUE TO FIELD WEAKENING = BDwu2,50

MOTOR CHARACTERISTIC DATA
IB 1A V4 TORQ RPM HP LOBBE8  EFF
8918. 8918. 57.6 1300.6 0. 00 586147, 0
4459. 4457, 88.8 485.8 3666, 337.23 143375, 63.8
36356, 3Jb&56. 94.4 397.1 AAAb, 336,29 94846, 72.6
2998, 2998. 99.0 3I3IS5.3 4B79. 311.56 64968. 78.2
2459, 24709, 102.8 288.7 5063, 278.43 43332, 82.0
2016. 2016, 105.9 2350.8 5100, 243.63 32233, B84.9
1653, 1653, 103.4 218.7 5040. 209.98 23107, 87.1
1356, 1356, 110.5 189.4 4960, 178.92 16827. 88,8
1112, 1112, 112.2 1463.9 4840, 151.13 12483, 90.0
?11., P11, 113.6 142.0 4687, 126.79 9461, 0.9
747, 747. 114.8 119.4 4650, 105.74 7378, 91.4
613, 613, 115,7 99.2 4644, 87.73 5924, 1.7
503, 503, 1146.5 82.1 4641, 72.53 4899, 91.7
412, A12. 117.1 67 .6 Ab4ab, D9.82 4103, ?1.6
338, 338, 117.6 55.3 4655, 49.17 3532. ?1.2
277. 277, 118.1 45,3 4643, 4A0.26 3137, 90.5
227. 227, 118.4 J6.9 46469, 32.84 2864, 8?.3
186. 186, 118.7 J0.0 4674, 26,47 2673, 88.2
153, 153, 118.9 24.2 4479. 21.56 2540, 84.4
1235, 125, 119.1 19.4 4686, 17.33 2447, B84.1
103, 103, 119.3 15.5 4693, 13.84 2381, e1.3
84, g4, 119.4 12,2 4499, 10.96 2333, 77 .8

69. 6%, 119.5 9.6 4704, 8.5% 2299, 73.6
57, 57. 119.6 7.4 4708. b.64 2274, 68,3
46, 46, 119.7 5.6 4711, 5.03 22356, 62.95
i Iz, 119.7 4.1 4715, 3.71 2243. 59.2
31, 31, 119.8 2.9 4Ns, 2.43 2233, 46,7
26- 26’: 119.3 1:9 ‘72‘- ‘|?3 2225- 3&08
21, 21, 119.¢9 1.1 4723, 1.00 2220, 25.2
17. 17, 119.9 4 4725, AD 22195, 11.9
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FIELD DATAC(SPDS 4)

R8H=, 4360E+00 RSHD=,0000E+00
RSE=,0000E+00 RS =,0000E+00

FOR IA )} 468.750
BRUSH DROP=1,40+ ,00064%IA

MOTOR CHARACTERISTIC DATA
Ik IA v TORQ
8718, 89%18. 57.6 1228.3
443597, 4439, g88.8 432.5
36356. 3636, 74.4 33,7
2998. 2998. 9.0 299.1
2459, 2459. 102.8 259.5

2016. 2016, 105.9 226.8
1653, 1653. 106.4 199,3

1356, 1356, 110.5 173.9
1112, 1112, 112,.2 191.,2
211, ?11. 113.6 131.4
747, 747. 114,8 110.7
613, 613. 115.7 ?2.1
%03, 503. 116,95 76.3
412, 412, 117.1 62.9
338, 338, 117.6 $1.7
277. 277, 118.1 42.3
227. 227. 118.4 34,4
186. 186. 118.7 27.9
153, 153, 118.9 22.95
1235, 125, 119.1 18.1
103. 103. 119.3 14,4

84, 84. 119.4 11.4
&69. 69. 119.95 8.9
57. 57. 119.% 6.8
456, 46. 119.7 5.1
38, 38. 119.7 3.8
31, 31, 119.8 2.6
26. 26. 119.8 1.7
21, 21, 119.9 9

PRt i L v ol e o sl e 0 SNSRI RIEL L An A A AR A S, A A K

RPM
0.
4116,
5016.
5463,
9626,
5633,
usas,
u396 .
5243,
5060,
5010,
4996,
4983,
4981,
4984,
4987,
4990,
4995,
5004.
$011,
5017,
5024,
5030,
5035,
3039,
3043,
5046,
5048,
w050,

L p i i A aE i oL Yo L )

RD =.0000E+00

FOR XA (= 468.73501
BRUSH DROP= ,00363#1A

HP

00
339.07
336.02
311.24
278.10
243,32
209.72
178.70
150.9%
126,64
105.60
87.63
72. 41
59,69
49.06
40.193
32.74
26,57
21.446
17.24
13.74
10.87
el49
6.54
4,93
3.61
2.53
1.64
90

LOSBES
586084 .
143432,

4986 .

65149,

43715,

32405,

23242,

16931,

125355,

2511,
7418.
$958,
4930.
4135,
35356 .
31357.
2880,
2687,
2533,
2459,
2392,
2344,
2310,
22835,
2267.
2233,
2243,
2236,
2230.

EFF
.0
63.8
72.5
78.1
81.9
B4I9
87.1
89.7
90.0
90.9
91.4
?1.6
91.6
91,5
91.1
90.5
89.5
88,1
86.2
83,9
81,1
77.6
73.3
68.1
6109
54,5
A% .7
35,3
23,2

r“-r\‘r’ - "-r"-r' .‘ '-‘_" J

SEV=,1300E+02 SHUNT TURNE = 45,00
SERIES TURNG= .00
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FIELD DATA(SPD¥ 35)
REH=,43460E+00 RSHD=,0000E+00 SEV=,1200E+02 SHUNT TURNS = 65,00

RSE=,0000E+00 RS =,0000E400 RD =,0000E+00 SERIES TURNS= .00
FOR IA ) 468.750 FOR IA (= 468B.750:
BRUSH DROP=1,40+ ,00064%IA BRUSH DROP= ,00363%IA
MOTOR CHARACTERISTIC DATA
IR 1A v TORQ RPM HP LOSSES EFF
8%18. 8918, 57.6 1156.1 0. .00 586027, 0

4459, 4459, 88.8 372.9 4769, 338.78 143595, 3.8
3656, 3656, 94,4 301.3 S64s4, 33I5.51 93309, 72.4
2998, 2998, 99.0 259.0 4298, 310.67 450515, 78,0 -
24%9, 2459, 102.8 227.9 63I96. 277,57 40055, 81.8
201&, 2014, 105.9 201.,1 56340, 242.83 32713. 84.7
1653, 1653, 108.4 178.8 6145, 209.30 23494, 86.9
1356, 1354, 110.5 157.7 G937, 178,36 17124, 88.6
1112, 1112, 112.2 137.9 5734, 150.67 12708, B%.8
?11. ?11. 1:3.6 120.5 5510, 126.42 ?620. 90.7
747, 747. 114.8 101.8 5435, 105,40 7507, ?1.3
613, 613, 115.7 B4.7 5420. B7.43 6047, 1.5
503, 903, 116.5 70,3 53%4., 72.22 °012. ?1.95
412. 412, 11741 8.1 %381. 5%.52 4211 . ?1.3
338, 338, 117,46 47,7 S377. 48.88 3628, ?1.0
a7, 277, 118.1 39.1 9373, 39.99 3224, 0.2
2a7. 227, 118.4 31.8 5379, 32.57 2947, 8%.2
186, 186. 118.7 25,7 5386, 24.40 2735, 87.7
153, 153, 118.9 20.7 5394, 21.29 2620, B5.8
125. 125, 1191 16.6 95403, 17,07 2927, 83.4
103. 103, 119.3 13.2 5411, 13.58 2460, 80.%

B84. 34. 119.4 10.4 5417, 10.70 2412, 76.8

6%. 6%. 119.5 B.1 5424, 6.32 2378, 72.3

57, 97, 119.6 6.2 5429, b.37 2354, 6.9
19

*%GCREEN CONTENTS @:TUE, OCT 26, 1982, $124 PM
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APPEDNIX E

GENERAL ELECTRIC MOTOR DIMENSIONS

DtMENSIONS: Open or Separately Ventilated Motors
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# 1 e are holted bn type
Muchine can be furnished with or without feet When feet are specified, they can he tyroed
inward or outward,

& Far blowar ventilation bottom half cover is solid
for apen {an-cooled ventilatinn screen covers top and bottom halt will be turnishixd

¥ Shatt diameters 1.375 inches and smaller shall < ome within the limits of +0 0000, 0 %13
Uanveter 1,025 inches -0.000, 0N

Muunting face will he square and rabbet diameter L ancentric with shalt within 0.004 inch inchicater
raedng Shaft runout will not pyveeed 0002 inch indicator reading, :

TV represents dength or straight part of shatt.
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APPENDIX F

BENDIX BRUSHLESS GENERATOR, TYPE 30B119-9

Description

Utilizing design features which provide maximum operating reliability with minimum
maintenance, the 30B119-9 will produce 300 amps of 30-volt DC electric power when driven
at 4000 to 10,000 rpm.

A brushless generator, the 30B119-9 is designed for extended operating service. It is
equipped with a fan which supplies cooling air for ground operations and it will accept an air
spout for blast air. The generator will provide the outputs shown here:

Altltude 30 Volt
Feet DC Output Air Required
Sea Level 300 amps Self-Cooled
30,000 Blast Air
to 400 amps at Il in,,
57,500 H,0
Brushless Design

The 30B119-9 has 6 poles with two 3-phase windings connected in wye, and separated by 30
electrical degrees to produce 12-phase commutation of twelve output diodes. The diodes are
connected in two full-wave bridges to produce the DC output. No interphase transformer is
used in the circuit.

Build-up excitation is provided to the generator exciter field through “residual magnetism”
inherent in the generator. When the generator begins to produce its rated output, a portion of
this output is used 1o supply the exciter field.

A small current transformer winding brought out through a rectifier bridge to the (E-) and
(D) terminals provides an equalizing voltage for parallel generator operation.

50




Curvle Drive Spline

The generator is equipped with a curvic drive spline which will accommodate a polyimide
spline sleeve with a low coefficient of friction. The sleeve eliminates the metal to metal contact
between drive members and smooths driving operations.

Electronle Components 100 Percent Tested

All of the diodes and rectifiers used in the generator undergo audit procedures and 100 per-
cent testing, including soak/bake cycles at hot and cold temperatures.

These components are mounted on an extruded aluminum heat sink which provides efficient
transfer of dissipated heat to the cooling air stream.

Solld Epoxy Insulating Material

The generator windings are assembled and held together with welded stainless steel bands.
The windings are insulated with 100 percent solid epoxy material which not only provides
resistance to hydraulic fluids, fuels, and other solvents found in aircraft environments, but also
provides the best possible heat transfer from the inner portion of the assembly.

Generator Control Unlt

Bendix 25B12-3 Generator Contrel Unit is recommended for use with the 30B119-9. This
GCU provides voltage regulation and over-voltage, and flywheel diode proteetion; it will an-
nunciate faults and detects failed diodes in the generator. The 25B12-3 is described in
Specification Sheet 79-180.

Design Features

® Brushless design provides long life and high MTBF—practically climinates maintenance
and overhaul,

L U

®  Unit delivers full output at sea level and high altitudes—efficient fan supplies cooling air
for ground operations and does not impair flow of blast air at higher altitudes.

®  Auxiliary bearing system takes over rotor load when main bearings show signs of malfunc-
tioning.

Oy RIS LA
LA L R
- .

af
4]

® Curvic drive spline with polyimide spline sleeve eliminates metal-to-metal contact.

TR TR
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Specificatlons

Nominal Output—30 Volts, 300 Amperes

Speed Range--4,000 to 10,000 RPM

Mounting Flange—Conforms with AND 10262, Type X11A
Spline & Adapter—Per MS 14169, Basic Size 3-inch
Weight—See Outline Drawing

Auxiliary Bearing System

A unique “bearing-failure sensing and auxiliary bearing system™ is designed into the
generator. The system detects main bearing failure and provides a means to prevent generator
damage in the event of a bearing failure.

The bearing failure sensing device and auxiliary bearing system consists of a small auxiliary
bearing mounted on the generator shaft directly adjacent to the hearings at each end of the
generator, together with insulated sensing circuits instaltled in the outer race support housing,
Radial clearance of approximately .0025 inches is provided between the outer race of the aux-
iliary bearing and its support surface so that in operation, the auxiliary bearing, as a unit,
turns with the shaft and does not contact the stationary support. When the main bearings begin
to wear or fail in any manner such that the shaft becomes displaced from its normal rotational
center by .0025 inches, the outer race of the auxiliary bearing will contact its stationary sup-
port surface. In doing so, the outer race of the bearing bridges the gap between the insulated
detector ring and the adjacent steel surface of the support. This grounds the detector circuit
thus closing an indicator light circuit and alerting the pilot to the fact that a main generator
bearing is in process of failing, The sketch shows the arrangement of installing the detector cir-
cuit in the stationary outer race support.

The sensing circuit consists of a low-carbon steel punched ring installed in the outer race
bearing support and insulated with Melamine glass washers and rings. A steel ring is shrunk
into the main stationary ring and pressed firmly against the insuiated detector ring assembly
with appropriate staking at the outer edge to assure positive retention of the assembled parts.

The auxiliary bearing is an extremely lightweight assembly with a 25-mitlimeter bore, an
OD of 1.653 inches and a width of .354 inches. It is temperature stabilized, equipped with
Viton seals and greased with DuPont Krytox AC high temperature grease. The combined
weight of the auxiliary bearing’ outer race support, indicator circuit and connecting leads does
not exceed .25 Ib per generator.

'''''''''''

¥, -
X gt e o V. ; AL
.-p?i AP AAWT e 7, a L) D LA L U T L I L e
"J!:'-'-.h"&.is‘{.‘; i:!-'. ; AT D O R ) .'-!.'\r'_"- P i G N A




A

Lol o

& o alie & Tnl Mo Tt ittt i St Wl i A e B ST B S L AR e B g it i . S e N i R R R ARG R

Advantages of the System
a. Detection of a main bearing failure is indicated at an early stage.

b. The system prevents disintegration of the main bearing and supports the rotor, thus,
preventing the rotor rubbing the stator with resultant major damage.

c. The system permits sufficient time for the pilot to take corrective action, de-energizing the
generator and permits continued operation of the aircraft engine and/or the constant speed
drive.

d. The system permits re-energizing the generator in the event of emergency and continued
use of the generator on the auxiliary bearing,

e. The system provides a means whercby the generators can be operated “on condition”
rathier than on a scheduled overhaul basis,

f. An analysis of the cost per operating hour indicates that a reduction in cost to one-third
(two-thirds reduction) can be obtained by the use of the Bearing Failure Sensing and Auxiliary
Bearing, primarily in the reduction of scheduled overhbauls and in the reduction in damage
when generator bearings fail.
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SENSING LEAD

F— STATIONARY OUTER RACE SUPPORT
7 “ i INSULATED DETECTOR RING

m“ 0.0025 IN. GAP

AUXILIARY BEARING QUTER RACE

AUXILIARY BEARING

AUXILIARY BEARING AND DETECTOR CIRCUIT
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APPENDIX G

LOW-SPEED, HIGH-CURRENT TEST OF WESTINGHOUSE ALTERNATOR
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LOW SPEED HIGH CURRENT TEST
WESTINGHOUSE 500KVA 400HZ ALTERNATOR

FIELDCURRENT AMPS

2000
1800 - 3.0
1600

1400 -

1200 4~

050 /PHASE

1000 —+

800

8001

AC AMPS /PHASE

400+

2004

l | | | | | [
1 I | | | | |
833 1710 2565 3420 4278 8130 5985

Lol o ol Lo b

GENERATOR RPM

MERADCOM
‘ 15 SEPT 82
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