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SUMMARY .

This report describes the design, construction, and
evaluation of two high speed D.C. motors for a propulsion
application with a nominal rating of 10HP at 6000RPM and

an intermittent rating of 20HP at 3000RPM.

The objective of the work done by Boque Electric
Manufacturing Company was to design, construct, and test
two D.C. propulsion motors which were to be compatible
with a multiphase D.C. chopper-motor drive, described in
the 1EEE Transactions On Industry Applications, Vol. IA-8,
No: 2, March/April 1972, pp 136-144, entitled "Design
Analysis of Multiphase DC Chopper Motor Drive".

The motors also had to interface with an existing
electric propulsion test rig design, originated by
Barber-Nichols Engineering Company, Arvada, Colorado,
which limited its envelope dimensions.
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INTRODUCTION,

DESIGN OF A 10HP, 6000RPM, CONTINUOUS 20HP, 3000RPM
INTERMITTENT DUTY TRACTION MOTOR.

The design is based on a compromise between good
efficiency and low weight-two conflicting requirements.
Any reduction in electro-magnetic weight causes a decrease
in efficiency and any increase in efficiency increases
weight.

The electric loading and current densities are
based on values extrapolated from previous designs of
similar units. As it turned out after testing, the limit
in the design was not temperature or efficiency but
commutation. Cousiderable difficulty was experienced due
to the fact that only two commutating poles were used
in order to save weight. We will discuss this in greater
detail in a later section of this report.




The solid state control methodology utilized in con-
junction with these motors requires that each motor contains
a series field which is supplanted by an auxiliary shunt field.
The auxiliary shunt field assists in the recuperation of
energy during braking, whereby the series field usually re-
mains in circuit and returns energy to the source during the
freewheeling operating mode of the controller. In addition,
the auxiliary shunt field controls speed balance between
the two motors and provides steering angle control if necessary.

As can be seen on the motor interconnection diagram
in Fig. 1. the two armatures are connected in series, whereas
the series fields of the respective motors are connected in
parallel. By sequentially switching the paralleled series
fields, the armature current becomes twice the field current.

The special requirement for this motor is to provide a
series field winding which furnishes 85 to 100 percent of the
required ampere-turns with only half the armature current,
while the remaining requirements for magnetic flux excitation
is provided by the shunt field. Since it was necessary to
pretest this motor as a conventional series motor, the series
field was arranged in two parallel circuits making it possible
to operate in a series connection under electronic control
or in parallel connection as a conventional series motor.

Another requirement is to minimize its weight. The
nominal rating of the motor is 10HP at 6000RPM with an inter-
mittent rating of 20HP at 3000RPM. A goal of 90 1lbs. was set
for this motor by extrapolating from similar motors built
in the past. Because of the relatively low voltage of this
motor the currents are high and require a large commutator,

a large brush, rigging, and heavy lead wires.

We had a choice between a 4 pole or a 6 pole configuration.
For reasons of economy, we adopted the 4 pole design. To
reduce weight, we provided only two interpoles which also
provided space to accommodate the large number of leads. We
also reduced weight by fabricating the end brackets of
aluminum and the brush-holders of thin gauge brass.

We investigated the possibility of using Vanadium-
Permendur for the magnetic structure but found the cost
prohibitive for the small reduction in weight that could be
realized.

Vanadium-Permendur contains 50% cobalt and the price
of cobalt has risen from $5 a pound to $50 a pound during
the last four years. It is also a material that must be
imported from unreliable sources providing another reason
to avoid its use.




SUMMARY OF DESIGN

THE DESIGN IS BASED ON THE PEAK RATING OF 20HP,

3000RPM, 48 VOLTS.

Armature:

Outside Diameter
Inside Diameter
Length of Stack
Number of Slots
Number of Poles

Slots per Pole Pitch
Type of Winding
Number of Coils

Turns per Coil

Number of Conductors
Conductors per Slot
Total Flux in the Gap
Distribution Constant
Magnetic Loading

Flux per Pole
Conductors

Copper Area
Insulation

Current Density at 400 Amps
Resistance at 25°C

Frequency of Armature Current

p

s/

Simplex Wave

45

1

90

2

.0197

Class

P=

.69

.66

b4

No.

5

1

4

4

4

1

X

X

.000 in. (12.7cm)
.500 in. (3.81lcm)
.00 in. (10.16cm)

5

1L.25

lO6 lines

1146 AN/in (451 AN/cm)
105 lines
10 AWG Square (2.59 x 2.59m

in.2 (.]27cm2)

H

2
10152A7in.2 (1574A/cn?)

.007 Ohms
100 Hertz
e —————




SUMMARY OF DESICN-CONTINUED

Amp Turns per Pole
Material of Laminations
Rotating Mass Inertia

Poles and Yoke:

Material-Main Poles
Material-Interpoles
Material-Yoke (Frame)
Pole Height

Pole Length

Pole Width

Interpole Dimensions
Interpole Shoe

Pole Arc

Main Pole Air Gap
Outside Diameter of Yoke
Inside Diameter of Yoke
Length of Yoke

Magnetic Section of Pole
Magnetic Section of Yoke

Pole Leakage Constant

2250
M-19, #29Ga. (.035cm)

0,605 Lb.Ft.2 (255Kgcm’)

M-iQ, #29Ga (.035cm)

Low Carbon Steel

Low Carbon Steel

1.250 in. (3.175cm)

4.00 in. (10.16cm)

1.25 in. (3.175cm)

3 x 3.5 1n. (1:27 x 8.89%cm)

.625 in. (1.58cm)

o

60
0.071 in. (0.180cm)
8.750 in. (22.2c¢m)
7.640 in. (19.4cm)
5.500 in. (13.97cm)
4.75 in. (30.63cm2)

5.95 in. (38.37cm2)




Stationary Wind

1ngs:

Size of Conductor

AWG (cm)

Conductor cross section

(in2) (cmz)

Maximum current/section (A)

Current density
2 2
(A/in") (A/cm™)

Turns per pole

Resistance/section at 25°%

Resistance/section at 1250C (ohm)

Voltage Drop

Watts Loss

Commutator and

Brushes:

Diameter

Length of brush surface

Number of
Bar pitch
Number of

Size of br

Current density (At 400 AMP)

bars

brushes

ush

SERIES INTERPOLE SHUNT
#7S0 #750 #24
(.365) (.365) (.051)
.0199 .0199 .000317
(.128) (.128) (.002)
210 210 el
10552 10552 8517
(1636) (1636) (1320)
8 17 400

.01 .007 40

.014 .01 56
2.94 .06 108
1180 825 292

4 in. (10.16cm)

2.5 in. (6.35cm)

45

«279 in. (.708cm)
8
.375 X 1.00 in. (.952 X 2.54cm)

266A/in.2 (41 A/cm?)




SUMMARY OF COMMUTATION

Bars covered by Bruct 1,342

Commutating Zone on Armature Surface 0,723 fn. €1.B5cm)

Width of Neutral Zone 1:335 in., (3.3%cm)
: Width of Interpole Shoe 0.625% in. (1.59cm)
Gap of Interpolc 045 in. (llécm)
L

Commutating Zone in % of Neutral 54%

Reactance Volts at 400A 0.7 volts

L .

Interpole Gap Density 12732 L/in.” (1974 Gausses)

Amp. Turns for Gap Density 148

Armature Reaction (At 400 AMP) 2250 AT/Pole

Total Amp Turns Required (Approx. 125%) 3400 AT/Pole

Tarns per Int. Pole (2 Par. GCirc.) 17

e ———




LOSS PROFILE AT OVERLOAD.

Resistance drop at overload (at 420 AMPS and 125°¢) (ZSOC)
Armature IR .008 X 1.4 X 420 = 4.70 V 3.36 V
Series Field IR .005 X 1.4 X 420 = 2.94 V 2.10 ¥
Interpole IR .0035 X 1.4 X 420 = 2.06 V 1.47 v
Brush Drop (Copper Graphite) - 1.00 V 73 W

10.70 vV 7.64 V

Losses (at 20HP, 3000 RPM)

Copper and Brush Contact 4495 Watts 3209
10.70 Volts X 420 AMPS

Brush Friction 95 Watts 95
Iron Losses 160 Watts 160
Friction + Windage 90 Watts 90
Stray Load 400 Watts 400

W

5240 Watts 3054

14920
[14920 + 5240

.74 (at 125°C)

Efficiency

14920
[14920 + 3954

Efficiency .79 (at 25°C)

Torque at 3000 RPM

% 6
TD = 7.04 X 2.69 X 10" X 90 X 420 X.66 _ 39.4 LBS. Ft.

8

2 X 60 X 10 53.4 N-m)

Required Torque = 35 LBS Ft. (47.46 N-m)

W




LOSS PROFILE AT RATED LOAD.

I'ull Load Resistance Drop (at 183 AMPS and .12'3”(‘) (25“(,‘)
Armature IR 2.04 V l.46 V
Series IR 1.28 v <91 v
Interpole IR 0.89 Vv .64V
Brush Drop (Copper Graphite) TOTAL 0.50 V « 20 V
TOTAL 4.1 ¥ T 2.3l ¥
Full Load Losses (at 133 AMPS, 6000RPM)
Copper and Brush Contact 862 Watts 642 W
4.71 X 183
Brush Friction 95 Watts 95 W
Iron Losses ' 50 VWatts 50 W
Windage + Friction 200 Watts 200 W
Stray Load 100 Watts 100 w
1307 watts T1087 W
7460
Efficiency = |7460 + 1307 = .85 (at 125°C)
7460
Efficiency = [7460 + 1087 = .87 (at 25°C)
Torque at 6000 RPM
P = LU N T AR 0 XS0 X 18T X 66 . o 40 1pc pe.
2 x 60 x 10° = 12.71 N-m)
Required Torque = 8.75 LBS. Ft.

Il

(11.87 N-m)




MAGNETIC CLRCUTT At tQ0OREN, Onr

DENKLTY LENGTH AT/IN  OERSTED  AT/POLE
l.lNl-‘.S/lN: GAUSSES | BN UM
AREA
GAP A2H00 6H89 FRO ¥ 180 - 1111
TEETH LO2000 L9814 . 600 1.524 85 42 L §!
ARM. YOKE 0000 12403 L5000 1.810 1o H.95 13
POLE 106000 L4 34 1,250 Vo123 123 ol 84 139
FRAME q0000 L1953 Y. 32 8.17% 40 19.79 12%

TOTAL = 1485

BECAUSE OF ARMATURE CROSS MAGNETIZATION THE ACTUAL TOTAL AT/PpoLE
ARE 1000,

pon "
M‘, By SN

,J
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MAGNETIC CIRCULT AT 600ORPM, 10HP

_DENSITY
o

AREA LINES/in™ GAUSSES

__LENGTH AT/IN  OERSTED AT/POLE

IN CM

GAP 23200 1596 071 80 ~m——— mm——— 609
TEETH 55300 8573 .600 | . B T Lol 3 « g8 |

ARM.YOKE 26000 4031 1.50 1.81 L3 0.74 2.3

POLE 57600 8930 1.25 3.18 4 1.98 5.0

FRAME 47200 7317 3.22 8.18 10 o I 32.2

TOTAL = 650.0

BECAUSE OF CROSS MAGNETIZATION THE ACTUAL AT/POLE ARE 732.

et i il

12.




DISCUSSION.

The purchase description for this motor specifies two
points for the Speed - Torque Characteristic. 10HP
at 6000RPM and 20HP at 3000RPM. By careful choice of
saturation levels, air-gap and series field turns we
were able to accommodate both points at the same voltage
level. This relegates the shunt fjeld to balancing the
speed of the two motors, to angle control and inter-
mittent regenerative braking., There is no need any more
to maintain a large shunt field on the low speed end
in order to reach top speed by weakening this field as
was envisioned in the Interim Report.

As mentioned previously we encountered some diffi-
culty with commutation. In order to save weight, this
motor has only two commutating poles. Therefore, the
commutating pole flux has to return through the main pole.
But the main pole becomes highly saturated at overloads
and cannot accommodate the additional interpole flux.

For proper operation of the interpoles it is necessary

to maintain linearity between flux and current which cannot
be accomplished while the main flux is subject to

large fluxtuations. Therefore, we had to compromise in

the calibration of the interpoles in order to achieve a
tolerable degree of commutation.

As a further consequence of oyr difficulties with
commutation we could not achieve the efficiency during
overload that was predicted in the interim report. This
is due to parasitic torques in the conductors under-
going commutation and is buried in the loss profile under
the heading of Stray Load Losses. Nevartheless, the
efficiency is still as good as on machines weighing much
more.

In order to further improve the ce¢fficiency of the
motor under solid state control, one could laminate the
entire field structure of the motor. This may produce
a measurable redrction in iron losses. The additional
cost of the laminated motor would have to be justified
by the possible energy savings over the life of the
motor. This is a subject that is heyond the scope of
this present study.

The airflow was maintained at 200 CFM during our
test program. The pressure drop at this flow rate is
1.0 in. of water.




ANALYSTS OF COMPARABLE WEIGHT AND COST OF A SINGLE MOTOR
RATED 20HP VS. TWO 10HP MOTORS.

We assume in this analysis that the 10HP motors are
48 Volt motors operating in a series connection and that
the 20HP motor is rated at 96 Volt. This keeps the current
in both ratings the same and permits us to use the same
size commutators, brush-riggings, and cakhles. Based on
the above assumptions the 10HP motor will weigh 95 LBS.
and the 20HP motor will weigh 163 LBS,

A Cost Breakdown for these motors based on 1979
Dollars follows:

QUAN’I‘ITX 10HP 20HP
100 $ 1250.00 $ 1800.00
1000 $ 1060.00 $ 1530.00
10000 S 875.00 $ 1260.00
J
3
E
1
i
; |
|
b {
14.




Weight of Parts: i
‘ 1

Bearing Bracket Ext. End Aluminum 3.69 1bs. (1.67Kg)
Bearing Bracket Comm. End Aluminum 5.57 1bs. (2.52Kg)
Frame Ring Steel 21,72 1bs. (9.85Kg)
4 Main Poles 8.57 1bs. (3.89Kg)
2 Int. Poles 1.25 1bs. (0.57Kg)
M.P. Coils 3.7 1bs. (1.68Kg)
1.P. Coils 2,75 1bs. (1.24Kg)
Armature Coils 5,00 1bs. (2.27Kg)
Armature Laminations 16,10 1bs. (7.30Kg)
Commutator : 9,35 -1bs. (4.24Kg)
Cables 2.00 Ybs. (0.91Kg)
Shaft 6,31 1bs. (2.86Kg)
2 Bearings 1,00 1b. (0.45Kg)

Brush Holders 1,12 1bs. (0.51Kg)

Brushes 45 1B, (0.20Kg)
Rocker Ring .24 1b. (0.11Kg)
Cover - Ext. End .91 1b. (0.41Kg)
Bearing Inserts .36 1b. (0.16Kg)
Cover Commutator End 3.00 1bs. (1.36Kg)
Hardware 1,91 1bs. (0.86Kpg)

TOTAL 95 1bs. 43 Kg

15, | J
s N s o e ‘ T ——




ALTERNATIVE CONCEPT MOTORS .

In discussions with representative of MERADCOM it
was agreed that endurance testing and environmental
testing as prescribed by Par. 4.4 and Par. 4.5 should
be cancelled and that instead two more motors be built.

The original motors had radial brushes in order to
insure complete by-directional capability. A radial
brush is not very stable and under certain conditions,
especially under very high speed, may cause chatter with
simultaneous arcing. 3

Brushes in trailing confiquration or reaction type
brushes are much more immune to chatter put have one
disadvantage; they are unidirectional.

In view cf the fact that propulsion motors operate
in one direction most of the time, we will take advantage
of this characteristic and build taese motors with trailing
type brushholders.

The original motors had only 2 interpoles which caused
some difficulties with the interpole flyx due to satura-
tion of the main poles. Therefore it was decided to incor-
porate 4 interpoles in the new motors.

m

16.




pr——

‘ s 3
‘ ‘ r “

. () e (e (et o e e () e '
- STEIRING ), (P

; "‘. ré’ ANGLE /|‘(
i N > M1
} S “\ 2 R
e
o s |

jB‘x,,f;__,_\h 'A

e b, snamntaiteits. catatossiidnatind ..‘...L..._.._..‘.J

«=

o) BT STINT, S
< s € ;
FOpme . o M2

FSH‘ >

i <

| c:) MOTOR <o

i pALANCE ) : O

| aLN\Aw\m—J [\ o oy
S A

CZF:j (gg lrs

A o %
,/ "]ovrn ZX z_’ .

[
| \ \ 06
),\ (REG. mwa)/\ ;.:,_‘ DRIVE A
_ Lo

'~
~
-
. by
e e’
w

j‘J‘\.—C——-}

BRAKE PEDAL

A~

- o

- - —_— e =
—t— C /'

vf\/‘. J—J

!
|
{
r-n'
!
|
!

l o
o
! J _ | ' ,
& > t O 4 =
= 19S
; - - e ..__ - S e e G M ge es e ww e e ee e el
F.S. = FULL SPECD CONTACTOR " .

e B B oo il e W77
-
_fz'l

o
mn
~

o e a ey b
B T
]
o
=
-
=
=)
N

FIGURE 1

fatent Applicd

USAMERADCOM, Flec Power Lal
Flectrical Equipment Divisi
Fort Belvoir, Vivginia 22C




3
£xi0 T

N Rpr
CAMPS

<]
~

BOGUE TE7CE oLl /0. P2ESE

SN T LD Te = O

. = S Bty hen ey = S : /9
T BN
2 1200 - - o —_— \
; IS
{ 1100 - T
(O] mo m.o NO =
TS5 e e e e e e x et ___ TORQUE N-=m

i




/

VAT 7"

N
. '
o SRS
- I =
I s
-l
. TG
/(.
t
1
S
'
W ks
s
/“
fm
- ' -

L0585 0E /Io7OF 17olll 0. TESEG

IO T SOLTAGE = ZE | = SO/ ST

SHINT FIELY CLecls= &
; P l\\\l\\c\-\\
S\\Jj(»\

WA

Mo TORQUE

o




/} A /’ P\¢

\
()
\)

300+

{0C ~

EOGeE spyaw AILE, 0 7E9¢

A

CHETANT

-

o
o~

T I

g




N
| BEGUE 1OT708 /7eils NO. 756
N
. m Q SO AL = coh ST T
2T
Y
: >y
T
|
300~ = »
)
S @
N
|
200 !




VoLTS

Y ToRQue N-=pry

Cr
D
A

ﬂyngm

EOGUE o702 A7eitil WO, 7224

AULIX. LOF70 BT 2000 £L47

VOoLTS

HP

CURRENT

= /

s
N 1
ad
p
O
Iy
2)
3

o
o

|




YoLTS

-¢6

23+

L BoGLuE o7l \\.\\QNWR A\m .N%.w@ ‘
Bl BE Shivn 7 GanicCg 7oe

SO LOL  SETUES T COCES

k¥

G-

— 7

C ¢




20 =
W) T
4
T
> <
9] (@]
| .l’\.-u V
W Wi 251V
| U P
L 3
L g
3
£+ 20t 2CC

iC+ 10C

i
4

&1

JUCHSCEEPESIrUTEGY TS

BCGUE NVJOTOE MILEL . 7256
BEGEN/EAAITIVE BRI/ E
Wiorsd sACn 7 fTELD OVETL
SHLNT FTELS AT SO8 LellS

AINVES 2.2 PSS

.
-
o




|
REGENERATIVE BRAKING WITH SERIES FIELD ONLY
et (W
- o fep ™ . =
[ OCAUE \ \VL) LW COR,
. l"f']
—
1
2
SELVES ﬁAfZ<D K\ )
l “AEOY *“”666‘
v LU o
‘ </ <%,:)
4 e
¥ B
e
-
WSl it SA=)
L Ve | L2 \ OCE /’;,/r/ ¥ / A T A“*"Z‘:-‘\"f-‘/_v;’_c;‘
7 v | A B0 BN L4 e I, Vv (,*3"3" » X 7, /o \ -+ ! =L | A : A
0.81 - ey - | Bariaks 0
50 8.8 3 .62 2.1 440 798 .55

10 }29.3] 70 ji.40 | €.37 | 2830 ¢ 2345 _ NP

150 27.4 118 2 36 12 88 4110 4902 .84

mrve e ¢ o s o | v tvesma e v B e R - o ey e At rt— - s o) At e S . T+ e A e A A A e e —

200 36.5 196 3:92 22.64 7300 8896 .82
L.....,.- - —— -— e e s s . s L e e s W —

""/ et <A ' 2 !




e

© EFFicIET Y

Y=

VOLTS

HO

354

30
V)
'
b &
£
251 ¢L0

GOG LUE W70 MooEd 789¢

. CEGENECATNE  ELLING

W7 A SELSES Ar&esd Oowvey

Lo = TFEE sy

L)
k LI e d
EFEICIENCY | RN
| : ‘ > ’gbf(
”
"/ >
W
5 é"( e
e
| .‘// {
e Hati
' ) ”l'( ..
bl
| ’ Jeod
5 ¢v N=n

TORRUE

(C




BosuE AmLEl O 7ESG <

VDL TS, ATRS, EAF/C/EC ) VB TORGUE

;;Tf'f‘” -1y

AM S
|

O] = S000 = COMNETAN T

=
N VOLTS

-t
()
!

P ‘ e e nr—
m
0
O

p -
om- =

A
0
0

et b
...-...--_...--m..|.~-. -

N
i N
5«.l_ 2z NwOO ~ \4
S
¥ o TC2200
t




Lo MopEs o, 7E96 5

28

VELTS, IS LAF/C/EACY V5 TOELUE

VOLTS

Ll = OO = N/ S777v 7




COMPUTATION OFF INDUCTANCES

flifi| UL

o

[ YO

A AP TR
{ 7 ) )
i "

4

4r

SRS f' V3 } SN S — .--i
\\LQ‘C"I

V., Ly 12 1 €3] L.

- - | -—1 -
OC  AC | D Vi (s (i |\ 8

0 3.8 0 A7) <17] <22 LS55

.05 3.514.65| .15] .15f .21 |51

2.10 3.3 1 R.30/.145|.145| .19 |48

- ol

4.20 1.1 P5.90) .14 .14] .18 L 46

F
::
H
1IN
i
‘-
H
il
N
w
e




A s AN ool e
o i » & - y . PRI v‘
|
BOGUR MODIT, NO. 7896
MOTOR INDUC'TANCE VS. FIELD CURRENT
M I _ ARMATURE CURI;"ENT 1S TWICE FIELD CURRENT
| | \ | |
i | { | | i { ] |
0.6 | BB 0 ikt LN SEHEN
\ | |
o.5 4 \‘\_ |
o4 4 ]
io’a P S
O'z ->
O.‘ iy} i |
1} \ H { { } :
{ ‘ , TR S LS F I FHE N S . prripH '
| ! ‘ | ! ' ‘ | | | {
L TSR e T T i 206 AMPS ||
SERIES F1ELD CURRENT
it MR 58 | |
' b T '
MH
FIELD INDUCTANCE VS. FIELD CURRENT
0.5 + ARMATURE CURRENT IS TWICE FIELD CURRENT
0.1
Y\-/YYV\_.‘
e I
) {
1—% — ‘—— — —_'A |
[ LSNP !
'..L s e b ad —J,
\00O 200 P;MPS
T N RN SERIES FIELD CURRENT
FIG. 14
A . 30.
= T —— P




1".‘

_ satract o oo rigl ! Type of T g ~vnlu
BOGUE ELECTRIC MFG. C0. CSo7=r okor fowicie, | Type of T Dore Dest =
| r : el s
QUALITY CONTROL I i g
TEST DATA | | 7896 _ HEAT RUN 6/6/79 5 |
Description of Equipment: 1 pp 6000 RPM Spec Paoragroph H&«M, ljmvon. Porogrogh ol
48 V, 183 AMPS. R 4.8 | Temperature Rise
~LAixr Flow =
Applicable specification D e e Ao i P
A (QC~-7896/1 E k L i o o et . R oo
8 F
€ G
D - (0]
g A RPM  Norque 1 THERMOQOUPLES: |~ C :
in in 3 4 3 Time
& : Main Main Inter
v A N~-m Pale. | Pols T P TR PR T
s 48 183 6100 11.86 41 42 40 61 D 9:40
. 48 183 6100 11.86 55 58 49 63 26 9:50
N
48 183 6100 11.86 58 62 52 65 24 10:00
48 183 5100 11.86 | 59 63 52 68 26 10:15
48 183 5100 11.86 60 63 54 67 27 10:25
= |
48 183 65100 11.86 51 63 54 67 27 10235 _
438 183 6100 11.86 61 63 54 67 27 10:45
48 183 6100 11.86 61 63 54 67 27 10255
AIR FILOW: DO CFXM : _
w‘.ﬁ....mqu PRESSYRE DROH = 1 ingh mmo *
&
1

Government Inspector:




O
Sl‘
Y
N
R
EE:
8
N\
0
)]
19)
~
A\
%]
X
M
o
dd,

R SR ey Sy P (Rl LRI s - e SRS T e ) e IS e A — B

! I
P\
{ ™4

G

——— e 0

SNOT S (=S OCZ L& w
i 0 £V X IR BT

SULLTGA G RS T T T

CECL QU P TR DO T 5 1 S RS S S e i SR SR

f it

'
- o

. < it} e -
BNOISIAID OL ¥ S39040 =
A PR LS 11T OD UGS S N VIe4nay e T !
-
r L A 19 6SE DIAHIIEYOOT tKES = . A




matasn s
oy WORRS SLH TR -

L .,~. e g
ARE THE PROPERTY -

PROPATETARY- BEBIGN. USE. - MANUFACY - e -

: : "SWERETO. TMESE CONTENTS SHALL -
QT 0f. USED. DUPLICATED DR OISCLOSED YO AN OUTSIDE
PARTY I 'WhOLE N PART WITHOUT WRITTEN PERMISSION

~of yuc LOMPARY. "~ - ,




P CRANGED Posrhauj ? f %

j 2% A INSCT. Suowd Al .m Pt 78

I C D;L_a'::ga CoiL SuPPo&1 rALL_ ‘[ " “73
Fear - AR B W

E N T el el o B

a




e T T T R o

| =

« 275 _ :
S, sa5my  2TA : 2 HOLES
c QALY SPACED
y ~ | BN G500 DA, B.C
| ‘. o
i ? e -
et ! Gk

-

/

{ : s
e

b
4
b | B
: 1 =
!

| o




_-—‘ —
£ .

e ) a ahai

T R

e

{
|
t
1
i
{
|
- e } -—
[
'
t
}
i
!
{
'
!
——— e il o we
q 0.29‘\\:";‘25
) LG 3!

o s ,»,_ 1 VRV |

A




S A

A SA

Qe wf

—— B

6©3.50 MM

—————
RSy - G g




{
BRUSH SI12E
S == 3
. 1 - { t ey 256 WA =4
R R SN Wi oBUS L
- e LU OMM 25,00 MM 3., 5725 Mum -

i !

|

: RAT ANa E"‘\L\. "

e METRic BALL BREARING . .



T T o R T R T i bR i S i b i s < dﬂil vy

Qom

J 1)
L ) %b

-
3 A O

v\S

F
45 3AR CoM
BAR €




Voes
Vg
Lt

— ——

- H

¢

-

L

L .

L2 Z:-:D COYER WITH AR INLETT
=T W

-
—

= CCAN BE QO'TA"CD N
Ps OF Q0°

P

R S.ZE‘ "- E
Z, 567 MM e
- ’,/'\

i

i

SR
5 “_,-.;_._-.. A R

?

{







i I KL S L e S A

: _
’
s 1 VAROR A, S s S s RN

' .-..UUO; i m

coe
S_aoeeo?v Ou.._.. m,o..

/.J_.. onvﬂu' Ocm
CQO A

! l
] .

‘ .
:'D
\
j
.
‘\
'
‘\
%
pa
W TRPPT e —




7 TR T

r-ﬂ- ———— e ol

640"’3"2; 1A T
1958 . eF wm, b
' 4. .00 i

-y -—— e - ;
1. €. MM
H o
<
— — — s—— P PR | -
¢ = 5

R sl e TS

Raee 1 :
¢ :. : |
E: - ' S
: Tms END COVER “/,»;
, O owmHTH AR OUTL.ET %
. - CAN BT ROTATIED
To ANY Po*‘x“*‘«.)«\}



_4.0DC ViR
1Ol g2 MM

jo— — p—— —— —— —

mtics il s . et e e A e

ST T e

‘. ‘ \ ':

B T PR S—

T

Lopler a5 2




AN : MILLIMETERS. -

;if.

CALL DIMINSIONS ABOVE wiNE

ARE IN INCHES § BELON LINE



i ¢'ANG _%.._-ADQ i3
# 18 AWRS TEans |

4
4 ¥z ANG LEAD

Cn

'
‘-9-‘-.«-—....,_
£y .'yv .

.

¢

S S AR N ‘2 : ',____
; 34:430« ‘

— {/ 7T HERBARL, 5wz QHL 5 Cjs INTERPOLES, 70 3
ﬁ-.h i . A C P ¥ <h s - 203‘ ® J i 52“- ¢ ‘ =g
‘ ; i | UL W ] gs.s'c ,‘

~»»:.— _.2..‘..."" e - 4

1O HP 600@ RPN 4{3\1’@@ ;,amﬂuaas
Vo HP uQO sz 4EVIC NTERMITTEN'S

i T

t%.:“c

;;WEerT @.A c.u A‘TE. 36 ..34
s - 4o 823 ;;er




! ¢
4 4 CANG LEADS
T #1018 AWK L

5 \ ‘ 4 ‘ i
--,-—-~,- e s B e e .

i G4 #2772 AWG LEA "“‘
= b PRI R | & el
i W A :
2 U TeEReaa SWVTQHt- 5 ON OINTERPOY 4:5 70
'.I C_” < A" gCS‘F /‘ }5Q°~ - : f
933*C ° 192.2°< ¥y e
/3 RATING - gl

o Tor i e cweoe

!OHP 000 = PRA 4_5\,’3, CQN‘TxNUQJ"{;
7o HP 30Q0 &P)‘\’\ :‘VDC "NTERV\I’T'T"MT*-

\~l\‘._- - P~
. W,

WEeieHT 's-fuCu ATED® 30 L8S
| B , _ A0, e'za KQ‘

<

e . -

.....- - v‘wwv ‘

S e L S o

ol "l’f“l X __4“__“-

- x. P o us.-..ﬁ-y*_h--c"- :




THIS DOCUMENT AND WIS CONTENTS ARE THE PROPERTY

or BOGUE ELECTRIC MANUFACTURING COMPANY.
“GRCEPT FOR USE EXPRESSLY GRANTED. IN WRITING. TO ITS
VENOORS VENDEE AND THE UNITED STATES GOVERNMENT
THE BOGUE ELECTRIC MANUFACTURING COMPANY
RESERVES ALL PROPINETARY DESIGN. USE. MANUFACTURING.
AND REPRODUCTION RIGNHTS THERETO. THESE CONTENTS SHMALL .
NOT BE USED. DUPLICATED OR DISCLOSED TO AN OUTSIDE :
PARTY IN WHOLE OR 1N PART WITHOUT WRITTEN PERMISSION

or THe COMPANY.

Al

3 . ROTATIO
;. RS

N ViEWED FROM

A | |—~RED. LCADS

DATE OF iS50

’ SEP 281379

' 1a §o ")
ELeCixiC pG €O

BOGUE

MounT ‘
THERMAL SWITCOH
oN INTERPOES

»CanAUTATOR.

L




TR I 2. | '84‘50'19 'i P S35k ‘
—* S .:-_
. MVISIONS

DCN. [ ZONE JLIR ] "DESCRIPTION F1] DATE | ENG | APPRVD
; > - | A ] ADoEs THEAMAL SwiToHE Ta .
Bor isus J?ﬂ? DiAGI AL, T Pole wr FJ : £
le . L Bk sk sl st 52 L /79% &
1 e 1 & | € 4&49: WE i pE L - c s ah
281979 - 3¢z | «&sc: . 2B ) U ¥ A2 02D F‘/:i/ﬂ LrG;J .3{0

‘;mc 14, (0. Ay (¥ AZ g 45
: ¥4 SILICONE '
RUBBCR, T~ ¥ oW

!
\
)

F+ INT PaCE wo4¢ \ IA:)T Poié W'u‘q
: — 1] P
s, ¥ ¢
-Sy= SHUNT FiEcw 4' ,
r’Uo’\-——fU f ‘ - Nl IS YT ‘
CISER SER rSe.k : £ v
S3* %0 _{ §18 TR i S R
» Sz 3 Se &3 Sa Ft ' Fa-
. TR MAL SWITAH ?GXAQ ‘NS') a g ( -EXAS
F"' 4BTT2 CLose 'L»u"F\ ' H4§M‘-’§L S\:IS’-C?:Q;%‘?‘ ) =
chEN  170° ST ok
NP7 VAY. AMPS SELOREN JaseF ;
NT WHiTe I AMP : Al 1
S‘W)", ce LEAJ«“ QES',S}T\"JE : R.ED '-EADS %
¥sr 7o E g A ' 4 : 5 l
START B\.owcﬁ. _ 0PEN MA CovTacToR J"' "
Pl onEawise rstyaon ) BOGUE, ELECTR
6 s ARE mﬁg:? _ e ‘:...;. n'u:nssa. NEW u?stvﬁﬁ Aco
Ry I C.O'd NEC T10 w4 < 1
lmmsx : Tosew ol 1 1. 1A
g l-q;-ﬂ 'D?A@QAM :
~ farwovd . R Rt V.E ;i
L e ey 2 ,% V.4
, g RN, B 07“0 B 4”307‘3 g1
oy LG




4 ]

e e R R S

THiS DOCUMENT AND 1TS CONTENTYS ARE THE PROPERTY

of BOGUE ELECTRIC MANUFACTURING COMPANY.

( PY FOR USE EXPRESSLY GRANTED. IN WRITING. TO (TS
VENDEE AND THE UNITED STATES GOVERNMENT

Nlt BOGUE ELECTRIC MANUFACTURING COMPANY

RESERVES ALL PROPMETARY DESIGN. USE. MANUFACTURING.

AND REPRODUCTION RIGHTS THERETQ. THESE CONTENTS SHALL

NQT BE USED. OUPLICATED OR DISCLOSED YO AN OUTSIDE

PARTY 1N WHOLE OR IN PART WITHOUT WRITTEN numssvon

of tne COMPANY

\J - 'r"‘- ' * ?I‘.;’..
] ,250 % 14| WEYWAY  3.929mm | /6. 436u
6.350x 3,872 Mm ¢ \7 »
- 3 = o f 5 m‘ 5
peile Lol \ \d Wi
£ //, ‘\ \J )
- % it ‘- L [ '33
/, H 3: Sua:’l‘
Vs W, | N
b P S L5ED. 0
o 2501y

\ ! \ ;
\ \\ /3 '
\\ \\[ | // S.C/L.\t:’*'
\ X T " %2 & ._-_'_
\ \ / ' "L':.’-D:"-oU.
\ 7 i #
\ \
\ / | ‘.
\ - j A “
-»\ g
” ! e
2 .I -~
y R % el
"O\.S S ,_,,,.—-/"
’ 5 —f,q. -' “ T
= ‘Y“
39 ¢ i o I,*a M

.‘\

Sl b el a ikl

Mo n
2

a8

V'.-'l ki .‘&rm A




K REVISIONS "
ODCN. _JZoNe JUIR] OESCRIPTION DRFT| DATE '[ENG]APPRVD i
A5 T eTH® Flod’ wAL 19 STy { 'y
| ‘A.j’?"::)' ;ba-!gu)l.'Lwrln""\4 ! ‘ |
, AL RS MAg gl 21GwWA S 19T / ! g
A ; ! | } ..1'0_,;...3, e o7 D:E wAD "U) !3"‘\)3 (/
¥ | A 552
; , : 7 : P ey /-’{ i
. ‘ . 5
£ EQub.LY . B | Adusp ue- IAENE ) or A
E:E ' 7..2..{ ; 1 R¢e © ! gt 1/77; [ l
k 5 =00 } Da s L o SIS S || D S (e R A e e
-]
f :
3
i
Y ‘
BELANLING DIE-  A2849 ( 206 :
SLOT Die A S065%  T-76 37 )
)
MATER IA L
PART |- # 25 56 M-19- (S STE e
5 « ~ e, MM
a:"E \(' 15.\11_
QEP 2 1979
( et
50! -
{NCHE S

MILLIMETERS

A

S T8¢ | SOMRSETIRMG.CSS
én”a% 53:2{22 ::;»; 1; ?72& ROTOR L._L\MNATICMJ
W o oy |
: : SIZE |COOE IDENT NO.| ORAWING NO. XA
o Blo7seo | B 42030 | &




i’( Dotk GF [53UE 3.°

21%0 DA
« 4,826 MmM.

g‘_ SEP 281979
// AHOLES

BOGUE &LeCIxiC MrG, CO.

wle x
i r ol
2 1eR
1z G ]
gg + —L—- 9. 825MM ?
T pase 0 |
L 3
: 250 9¢.338mm R .
6'354’51 i
Tye
125R
/3.'7"‘;“
1 Typ
N 2.539R e
¥ b4, dEEMM o
1. 313 =
| BT T ee
% e 2 w25 2.286m
..__~.\.. - 4 s ~--~r-—-—-—-—i
\ LG, @75MM /
2 / /
\_\ ;' P
\. (% ; _/.‘

MATERI AL St
PT-1 #266A CRS “Zs5um

LI N20A M9 <2g. | Y/ DIE NO. 154
" O 3 56 MM ! /
; N i
2 ’/
\ 7 4
\ Ao INcHEeS
! : / : L
THIS OOCUMENT AND ITS CONTENTS ARE THE PROPERTY / MILLIMETSA S
or BOGUE ELECTRIC MANUFACTURING COMPANY. — e R 5
CXCEPT FOR USE CXPRESSLY GRANTED. IN WINTING, 70 ITS ™" m RN .
VENDORS. VENOEE AND THE UNITED STATES GOVERNMENT. ) "
THE BOGUE ELECTRIC MANUFACTURING COMPANY PATEROON, NJ.
Pt e SR Y
ROT 56 USED. DUPLICATED OF DISCLOSED 16 AN OUTSIOE - . POLE L.AM"JA'T‘OM

/| PARTY IN WHOLE OR 1N PART WITHQUT WRITTEN PERIISSION
or Tue COMPARY. '

T “°"" ' A-2200 |4

.8 \

st i i ORI




=

whAg .8

Cdo
J.

9275 (B [%nq'

3

Joare
3976 L | A Ma/re] Magn mecvan 2

l

MARK C 2

SETAMPE

BRE ~
“X%6e

0e R
SC.8)Hum
\

THIS DOCUMENY AND ITS CONTENTS ARE THE PROPERTY -
of BOGUE ELECTRIC MANUFACTURING COMPANY.

EXCEPT FOR USE EXPRESSLY GRANTED. IN WRITING. TO (TS
VENDORS. VENDEE AND THE UNITED STATES GOVERNMENT.

THE BOGUE ELECTRIC MANUFACTURING COMPANY
RESERVES ALL PROPRICTARY DESIGN. USE. MANUFACTUMING.
AND REPROOUCTION RIGHTS THERETO. THESE CONTENTS SWALL
ﬁu USED. DUPLICATED OR DISCLOSED TO AN OUTSIOE

we COMPANY.

MATER!AL
A53200 -X9¢%

79,525 % mm

+-oco .
%4

JNCSHES

MiLCIMETERS

Y IN WHOLE OR IN PART WITHOUT WRITTEN PERMISSION -

m%&mwfﬂ

Practions:  Decimals *




4

"“‘ i o

—

‘-

Distribution List
ADRESSER

Department of Dcfense

Technical Library
DDR & E
The Pentagon, Room 3E1039

Washington, DC 20301

Director, Technical Information
Defense Advanced Resecarch Projects Agency

1400 Wilson BRoulcvard
Arlington, VA 22209

Defense Documentation Center

Cameron Station
Alexandria, Virginia 22314

Department of the Army

Dr. Charles H. Church

Chief, Advanced Concepts Team
USADCSRDA, DAMA-ARZ

The Pentagon, Room 3E-361
Washington, DC 20301

Director, Tank Automotive Science Laboratory
ATTN: Colonel Herbert H. Dobbs

USATARADCOM, DRDTA-RGT

Warren, MI 48090

Department of Encrgy

Mr. Edward Beyma
Transportation Energy Conservation Division

Department of Energy
20 Massachusctts Avcnue, NW
Washington, DC 20545

USAMERADCOM

Commander
ATTN: Special Assistant for R&D

USAMERADCOM, DRDME=-Z2K
Fort Belvoir, VA 22060

NUMBER

12

-

(S}

i




USAMERADC OM ((?_Qr_lLi.nued)

i
. Commander: 1
; e ATTN: Special Assistant for Materiel Assessment

USAMERADCOM, DRDME-7G .

R Fort Belvoir, VA 22060
Commander 1

1 ATTN: Office of Patent Counsel

1 USAMERADCOM, DRDME-L
Fort Belvoir, VA 22060
o Commander 1

Electrotechnology Laboratory

s ] USAMERADCOM, DRDME-E

§ Fort Belvoir, VA 22060

: Commander 12

‘ ATTN: Electrical Equipment Division

! USAMERADCOM, DRDME-EA

; Fort Belvoir, VA 22060
Commander 2

R— ATTN: Technical Library

¢ @ USAMERADCOM, DRDME-~-WC
Fort Belvoir, VA 22060

TN

- ——

I

i _ s 34.
i v L R | . el e T S rma T g e ey e L e s, 4 e
X ¥ Y iy o : o % ," Wit Wty et A -‘,,n.:..l.‘%;'..;..,‘,‘..»’ A - .~"‘.¢'°~..‘>_-“- .'PA..

" > v
L L - e v . . . .
. . . . . . e
. -

L S I .




