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THEORY OF OPERATION
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Component Descriptions
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Machine Cummins Detroit HP KW

L 1350 QSK45 (Tier 1) | D4000 12v
QSK50 (Tier 2)

L 1850 QSK 60 D4000 16v

L 2350 QSK 60 D4000 16v

Tier 1 Detroit receives RPM Command from Engine Remote Module.

All others receive RPM Command from J1939 Bus.

ENGINE

LeTourneau Technologies, Inc. J_l



L-1350 - 9B Generator

L-1850 - 12B Generator

L-2350 — 12C Generator
Temperature protected

Single sealed bearing

Wye wound Generator (3 phase)
KVA for Generator
Manufactured by LeTourneau

GENERATOR

LeTourneau Technologies, Inc.



MAIN GENERATOR - 12B

A, B AND C LINE TO LINE
350 TO 600VAC

Al9, B19 & CIO

145 TO 249VAC GEN1
TO LINE 1847,2054
2202
TO LINE 1846,2053
2201
Al9 = TO LINE 1907
TO LINE 1845,2052 —-s A

2200

GENERATOR

Component Descriptions LeTourneau Technologies, Inc.




1 Brush Stud
2 setscrew
3 Spring
4 Brush
5 Brush holder assy - includes springs - DOES NOT include brushes
6 Roll pin

7 Air deflector (7 and 7B only)

BRUSHES AND SLIP RING

LeTourneau Technologies, Inc. L
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MAIN GENERATOR 128

N
A, B AND C LIME_ TO LINE
350 TO GOOVAC
o Al9, BI9 & CLD
———me 7O LINE 1847 ,2054 145 TO Z48VAC
2202
TO LINE 1846,2053 ==t
2201 b
-.cg cAP3
FUlec R4 R4A
1m [ol:] i CA 2 "
/ N PRIS
e e Nw—-|
GROUND FALLT %
e e e e e e e e e mmmmmmmmmmmm——eo . _ LIMITING RESISTOR
) GENM ASSY
I (4 EA - 250, 9?5'!4}
L__FIELD L10D OHMS TOTAL
TO LINE 1907 f/_\ﬁ N
7 I
Rz R2A \,__/
T | = A AR "
0 LINE 1845,2052 A A,
2200 /

GENERATOR SUPPRESSION
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700

Variable Generator Voltage

VGEN FOLLOWS THIS CURVE IF IN BKG. ”
AND IVn 1 > 1.2v (EDORPM)

SHOP MODE

Voltage (V)

WGEMN FOLLOWS THIS
CURVE OTHERWISE

150

100 - =

Component Descriptions

600 B00 1000 1200 1400 1600 1800 2000

Speed (rpm)
Vn iv= 500RPM

GENERATOR OUTPUT

LeTourneau Technologies, Inc.

GEN VOLTAGE

GEN WOLTAGE in BRAXING
GEN WOLTAGE in SHOP MODE

= MOTOR VOLTAGE PROPEL

= MOTOR VOLTAGE BRAKING

TAT1208
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Field Converter

AC FUSES

LeTourneau Technologies, Inc.



TRACTION MOTOR (J2)

LeTourneau Technologies, Inc.



T s

POSITION BRUSH IN

MEASURE OVER GAUGE SAME WAY
THE CARBON FOR ALL MEASUREMENTS /VERN'ER GAUGE
|
RADIAL
BRUSH

n!l 1

/ 1 T SHOWN
— NOT ALL LEADS

-"—._\_\_\_\_\_

L "~ HIGH POINT
ON CARBON
(NOT PAD)

; |I REACTION VT

BRUSH - M40 MOTORS

BRUSH MEASURING

Component Descriptions LeTourneau Technologies, Inc.




No |IA feedback or MAX command

FLASHOVER [SLOW SPEED]

LeTourneau Technologies, Inc. L



Rough Commutator or
Bad Springs or

Bad Commutation

FLASHOVER [HIGH SPEED]

Component Descriptions LeTourneau Technologies, Inc.




4 Pole DC
400 Hp continuous rating
Reaction brush holders

Manvufactured by LeTourneau

TRACTION MOTOR (M40)

LeTourneau Technologies, Inc.



TRACTION MOTOR (M40) BRUSHES

LeTourneau Technologies, Inc.



2.5 MSEC
IN #1 5 DIV

5VMIN (25D b

FREQUENCY
BV (.3 DIV) MAX f
BV (.3 DIV) MAX DIRECTION (LO)
FORWARD
1 #2
I Gmp:lm&ﬁ AFFLY TRGLE BEND OF B Y FLAF MOTCH
A Lo = ADHLTNE [FIN L m-amm Ar1zOTLACE
5V MIN. (2.5 DIV) FREQUENCY e S
) |
BV (.3 DIV) MAX DIRECTION (HI)
| REVERSE
[ R I N R U

5V MIN. Ft—r——T—-r1—1
L L d_Ld_L

APPLY LOCTFE [FM 40385
FOEQM MITS A LR PROPER
TEFTMNG [ ERCASL BHED,
-0z
oo®” ranmr

Speed Sensor

Component Descriptions LeTourneau Technologies, Inc.




MOTOR DC FUSES

LeTourneau Technologies, Inc.



_GP 900 0 2

Standby power switch

Frequency Adjust

Voltage Knob Adjust

Load Bank Mode Switch

Aux. Tester Sig. Switch

Rear Traction Torque Adjust

Front Traction Terque adjust

Operating Wheel Motors Switch

Throttle Logic — Card C1

Speed Error - Card C2

Slip Limit/Brake Mode — Card C3

VR Control — Card C4

Field Control — Card C5

AC Command Limit — Card C6

AC Control — Card C7

Reference Signal — Card C8

Speed — Card C9

SCR Trigger Signal — Card C10

SCR Trigger Signal — Card C11

IV Feedback — Card C13

Power Supply — Card PS

Prime/Ground Fault — Card C20

AC Blown Fuse Detector — Card C21

VR/FC Fuse/Braking Detector — Card C22

Thermistor / Temperature — Card C23

Transducer Power Supply — Card C24
Remote/interface 1, 2, 3 — Cards RI-1,2,3

TA100E6-5

CONTROLLER

Component Descriptions LeTourneau Technologies, Inc.




o
4 OPERATING MOTORS

- © AR SENS ' EAC =5 >
T ANDBY \ \ - : = RF SR RR
POWER - |

AUXILIARY TESTER )
STGNALS AUX METER

REAR\ .~GTION - 5
D @

CONTROLLER

Component Descriptions LeTourneau Technologies, Inc.




CONTROLLER [BACK]

LeTourneau Technologies, Inc. L



CONTROLLER [TOP]

Component Descriptions LeTourneau Technologies, Inc.




Component Descriptions

CARD

NO. NAME PRIMARY FUNCTION QTy
. Generates VHC, VH and WHL signals. Puts out NOT STANDBY and
c1 Throttie Logic SLOW SPEED MODE signals. !
All related VA and VE signals generated. Commutation Limit signals
c2 Speed Error generated. 1
c3 Slip Limit, Brake Mode | Slip Limit and Brake Mode signals generated. 1
VR Enable/Inhibit and VR CTRL signals generated. Also, VGEN, Prime
c4 VR Control Inhibit, VR Op ALM and VR/GEN Temp signals. !
All Field Commands and Limit Curves, and FC1 & 2 OP ALM, CTRL,
c5 Field Control Enable/Inhibit signals are generated. The IF, IF Proper, IF POL and 1
LOAD BANK MODE signals generated.
Receives the VE command and various limit signals. Generates the
Cc6 AC Command Limit VIAF & VIAR signals, and VIA (1-4) signals. Also generates the Enable | 1
and OP ALM signals for AC 1-4.
The VIA (1-4) signals are ramped. The AC (1-4) CTRL and Inhibit
cr AC Contral signals are generated. !
. The SCR reference signals (cosine sweep and endstop) are generated
ca Reference Signal for proper field and armature SCR triggering !
o] Speed [VN], VN and Speed Sensor Fail signals are generated 1
SCR Trigger signals are generated for the VR and FC. A picket fence
c10 SCR Trigger Signal oscillator operates during each trigger pulse, which is sent to the panel 1
Trigger Card.
SCR Trigger signals are generated for the AC (1 &2) on one card and
Cc11 SCR Trigger Signal AC (3 &4) on the other. A picket fence oscillator operates during each 2
trigger pulse, which is sent to the panel Trigger Cards.
Motor Voltages (VM 1-4) and Armature Currents (IA 1-4) are generated.
c13 IV Feedback Field Current (IF), HP and HP Limit signals are generated. !
The 24-volt battery voltage is used to generate the +15v and the two
Ps Power Supply +12v speed sensor supplies, and the +60 volt supply for the SCR Trigger | 1
Cards located on the converter panels.
) Generator priming control, and ground fault detection and shutdown logic
C20 | Prme/Ground Faut | JETE0 g g aic | 4
AC Blown Fuse AC Fuse Proper (1-4) signals are generated. AC fuses are detected by
c21 Detector voltage across them, and DC fuses by an open circuit motor voltage (VM | 1
1-4) measurement.
co22 VR/FC Fuse and VR/FC Fuse Proper signals are generated. Dynamic braking and brake 1
Braking Detector failure are detected.
The panel heatsink thermistor cutputs are processed to generate AC 1-
co23 Thermistor / 4, FC and VR temperature signals. Voltages from the RI 1-3 cards that 1
Temperature represent the Motors 1-4 and generator thermistor are processed to
generate those temperature signals.
The 24-volt battery voltage is used to generate +15v supplies for the VR,
c24 ;Lap’ﬁgucer Power FC and AC 1-4 current measuring transducers located on the converter | 1
panels. The +15v supply is also used to drive the heatsink thermistors.
These three card assemblies connect the Master Module to the
Controller via the CAN Bus. It transfers the Remote Card connections to
?' 53 g",‘emme’r Interface 1.2, | the other Controller cards, bufters and scales signals that go between 3

the Remote Card and the Controller, inputs the address connection, and
connects the CAN bus to the Remote Module Card.

CONTROLLER [CARDS]

LeTourneau Technologies, Inc.
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CONTROLLER [REMOTE INTERFACE CARD]
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CONTROLLER [INTERCONNECT WIRING]

Component Descriptions




L1350 TRAINNG SCHEWATIC

v ) VRFC FUSEBRK CETECTOR
comacn o} CARD #22
v )

Component Descriptions LeTourneau Technologies, Inc.




/ \\
Sample OP AMP / nveriing ‘\J\ \
Circuit

\ Non-Inverting
|

~, Outputt

" +/ |

\\ 1 /
\ /

\ 15 /
\\ //
Will be approx. +7v A P
due fo resistor fo Gnd. \‘"‘M___ B ﬁ//
+15V /
éRM + = Enabled
- = Dlsabled -
21~
S| A R108 @HVEVR (TEST)
VR Fuse Proper

VR INHIBIT
-1Z2 = Blown Fuse l__' o )i ) {2 E
+12 = Fuses good [ i 0201 %R?z.‘ + = Inhibit
== - (or @nd) = Enabed
,

+15

+ furns fransistor “on”

CONTROLLER [CARD OPERATION]

LeTourneau Technologies, Inc. L



REMOTE CAB TESTER

Component Descriptions LeTourneau Technologies, Inc.




INPUT DEVICES

LeTourneau Technologies, Inc. |



f BUCKET BUCKET ALT MACHINE GROUND
@ AUTO LEVEL HEIGHT SPEED FAULT TEST @
/\ \\
! Y Y Y Y H
) —
N QN
I I
]D ]D
- J -/
— —
QR
|
]D
- J -
y N - -
-
@ MANUAL ENGINE
k LUBE SELECT

ROCKER SWITCHES

LeTourneau Technologies, Inc. L



FOOT POT

LeTourneau Technologies, Inc.




DIRECTION SELECT SWITCH

LeTourneau Technologies, Inc.




BRAKE BOOST

LeTourneau Technologies, Inc.




Park brake

pressure transducer

Service brake

pressure transducer

PARK AND SERVICE BRAKES

Component Descriptions LeTourneau Technologies, Inc.




Generator Suppression

Voltage Regulator

Armature 1 -4
Field Converter

Inductor Coils

CONVERTER PANELS

LeTourneau Technologies, Inc. L



White
Gate Occurs Here Red

‘ A A A

SCR

>
D

Component Descriptions LeTourneau Technologies, Inc.




Gate Occurs Here Red

| A

SCR

LeTourneau Technologies, Inc.




Command sl

Actual

“Control” represents
the difference between
Command and Actual

Command Card

CONTROL

+6 VDC MAX 1

0
VCOS 90" 0OUT "

Group of pulses

2-4 ms of pulses for VR and FC due to inductive lo:

|€——— 1 ms of pulses for AC - non inductive loads

ads

3/, ]

Yo cTRL

Ya 1

Reference Card

End Stop (VES)

Cosine (VCOS)

A

Rectified D.C. Output

B C A B

0 r
! « Vs
J# >
SAME WIDTH AS SINE WAVE
CONTROL P1 HHHHHHH p1 [ g1 41 || pg ——
P2 P2|| Y2 21 p2
F3 p3|| Ji3 P3 . CRé s White Cate
End Stop (VES), TRR O ‘ P 165 | Dh--
Cosine (VC) 1w . R 1%;2007 w l| 3 CR5 R6 |
‘ . oAy ‘ TS » v (D CR3 2 ; ‘ ‘ R
Trigger Signal Card 2 NaY = INSSETA 21 ¢ R7
J
. . Ri Y Red
SIG1 || @ . SIG 1 > {u %m
]
COM .
N Trigger Card
TD+15 || = > TD+15 R3 5 )
N4GOT e _
- | ] C
q 10 2 w Qo
TD-15 - ‘e TD-15 o — 3
COM || w23 L j:: COoM — A
. ‘:_ﬁz COM —
—5 || COM
VCon R30 CR4 R5 Whit
60vdc Vo | R2ow m || P o5 | B
Power Supply Card .% e fg o R 1 | RS R
e a E TGS 1N4007 R4 l
1 L< 482 1 — P com >j 20K R
5 TGS 1 fr?saam ° é e A
Rly Dr Rly Dr . J R7
y - R at Red
6 | P
e Femn pRIME || PRIME R
NEU | % " INEU - = Trigger Card
c
DC+ 2 12 [ 12 DC+ cl 8 g
DIV z 4 (%
A-BF RI1Z 121 1o A-BF |
DIV B
CRE  rs )
To Blown | K K13 R25 2 » 1o White [
Fuse Detect BSR/F ‘ v J B-BF » T8 | o =
- oo e L[S -
. P com )T s 2517K ; ‘ ‘ R8
C-BF R4 C-BF il 1N5357A 2 4
DIV : [ v &
> - by at Red
Ale\%F R R15 22 " A-REF (N/A) R2
-7 Trigger Card
B-REF 37 R7 R1 R28 1 B-REF (N/A) - s
» DCc ‘B
DIV lo g8
?a
CbF‘{\I/EF 5% 5 | C-REF (N/A) |—> z 4/‘\ §

Interface Card







VDL MAX

Y

avagc i oreu

Rectified D.C. Cutput

Y
A B ¢ A B ¢
A L}
e s, T | p—
——— 11
el s v " =1
. ——— [y T
[ [ I I -
15 ]
..... e —
1 .
[o—
oM || = - |
..... ¥ = EE p—
Al E - - |
FummiZngily 'i Iﬂ—Ei 3_
20 o |
Tis Doy
Funa Datat
Card
Interface Card
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SCR firing.
#7 to N

VOLTAGE REGULATOR

LeTourneau Technologies, Inc.




SCR firing.
#7 to N

VOLTAGE REGULATOR

LeTourneau Technologies, Inc.




SCR Firing - #44 to N

FWD TQ REV TQ

= 200 volt

FIELD CONVERTER

LeTourneau Technologies, Inc. | I_l



SCR Firing - Measured
at Test Points on Face
of Controller.

Known as “lA”

1 X paL

ARMATURE CONVERTER

LeTourneau Technologies, Inc.




Cursor

Type

Mone ""'|

Yertical
Scale Position

—

2 _ | ~

Hornzontal

Scale Position

1x B 2 m MNE >)

ARMATURE CONVERTER

LeTourneau Technologies, Inc.
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w
IR W R R Eﬁ‘uﬁkﬁ ééﬁ
::::> L eeieTE EZ8 <o0 1L
[ua [Js]e | ur [ 8] [0 Juo [ um ]

10 ohm
Resistor

%@D Tl
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@

H
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e L
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e ey s
1

®
Oy

EEE{EEEEE

Interface Card

Trigger Card

9
o1
e

T

SCR
1

Trigger Card

=

S O ==

Thermistor

¢
®

Trigger Card

®

w
@]
Je

O
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O
=1\
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P
2

2@
%%

SIS

LI Lelourneau,
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VOLTAGE REGULATOR

SCR PANEL ASSY

Mov

= = VOLTAGE REGULATOR/
CONVERTER PANEL
2 P2 PR = From P1 U J4:1
B P3 Pa [ = FC/VR trigger P2 |42, 44:2
bl o o - Signal Card P3 |33 s
5 sie ™ —= TR-R || 2. J5:1
s | com siG NOTE: % —
TD+15 RLY1 IS OPTIONAL o AR21 J5:2
1 TD+15 AND IS NOT MOUNTED
ON THE VR PANEL.
e ) PR R, 5 o
g com COM |— JUMPER. 4t
INDICATES CONNECTION BETWEEN 14 - ¥
| veon COM [ ——= INTERFACE BOARD AND OTHER SIG1 || 25 = = £53
5 P coM = PANEL AND PERIPHERY ITEMS g g % g
= >— RLYDR COM || 8 %_
6 PRIME > PRIME _«_‘__“:' =
1 NEU T8 aneR (| 4z Je:t
Tes = (IF RELAY NOT INSTALLED) P2 y TD+15 M > 5
: b+ RLYDR | = N 8% 1N4007
il b [] J2:2 - 1N4007 Jg2
oS . TD-15 || i & |
FCNR-34 5 C-BF NEU [— sI
6 | AREF DC+ | = =
J2:3 Je:3
7| BREF ABF |— W T COM T I =>
s | CREF BBF = oo [ J :2
g . THERMISTER X oV >
= = ane o
INTERFACE o= 60VDC from VC J24 J1:3
BOARD p S I on T
- ower Supply v 3_]_3 [ 38:1
— Card 13 | 182
425 J8:3
[ % B o G Z Rly Dr
A~ b+ WA~  pe+ WA pe+
24VDC From J2:6 Jg:1
K K K N
o [ © i”EK . [ © >O§§ o [ © >O§X Prime Card P RIME
a 2 N E U 431 R1 R10 R22 J9:2
com —< com < com < DIV
TBRIGGER P <P TRIGGER P —<p2 TRIGGER P —<P3
Tes < Tes < Tes < DC+ || 82 R2 R11 R23 J9:3
DIV
ABF B-BF CBF
APHASE [} -FUSE t4A200A 700V A8 A-BF || 232 R3 R12 R24 01
B PHASE E FUSE 14B 200A 700V B6 DIV
C PHASE A FUSE 14C 200A 700V cs
To Blown B-BF J34 R4 R13 R25 J10:2
Fuse Detect DIV
Card
2A
A FU3GA AREF 135 103
Tt C-BF : RS R14 R26 :
FU36B .
B 1 BREF To Field Converter Panel biv
FU36C
c CREF
A-REF J3:6 RG Ri5 R J11:1
DIV
2A
T . g
A Fussa AREF /o . " 7O GENERATOR B-REF || 27 R7 R1B Ro8 2
P> NEUTRAL DIV
B FU35B BREF
{T Tt 4 To Controller
Fu3sc
c imi! CREF 7 PR1S C-REF || %28 Rg R17 R20 3
AREF GROUNDFAULT = DIV
LIMITING RESISTORASSY
To Armature Converter Panel (:O%Aéﬁs sz_rziw) I t l‘f C d
— nterface Car:

P1——

P3
TR

TS

SIG1

TD+15

TD-15

COM
COM
COM

TGS J

TGS
TGS

Rly Dr
PRIME —
NEU

DC+——

A-BF

> 1G-S

L—p com

J

CR2
1N4007
CR3

1N5357A
21 |4

1
R4

20K

5

R2

R3

]

Suppression

B-BF

C-BF

From Phase on Panel

A-REF (N/A)

B-REF (N/A)

C-REF (N/A)

Trigger Card

To terminal “P”

o White MMH“M

VOLTAGE REGULATOR PANEL

To
SCR
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FIELD CONVERTER
LeTourneau Technologies, Inc.



Transductor
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= =
5 | eom mn @ 1 mn @
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PUL] =t ==
1 % L L —F 1
PL4
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FIELD CONV
424-5201-09

!

Jols

EElzEEEE]zE

\ |

g

C}j@

O
;/TQ@

e
EEREE=EE]zE

Q)
;/7}_)@
S
= O
/T}_j@

- o Transductor [« >
S _
[ @ [ % ol
£
B 2 [
A2 | < o) [¢] R
1 oL = L = C ) ) S
o
= v
A REF| L__ S = C D
(_F B REF|
= lc ReF
e
P =
o oy |24 LU FWD Torque
ONVERTER PANEL From B2 agl )
P = FIELD C N P2 s a3 Only one used at a time.
P = FC/VR trigger s > P
f Ji4 P4 ———
e Signal Card P [ L REV Torque
P = NED L7 -,
P6
R = rr |2 B3 U -
S = N+ R32 J6:2 s
&
siet = 1 = - s
siG2 = J1:8 = = SIG 1
sl = IS g8
TD+5  [—== o | = X33 33
o sSIG =
D15 [—= J1:10 % 5 % § | =
com = coml sic2
com |— P = =
com —= INDICATES CONNECTION BETWEEN D15 el SR 1pers
INTERFACE BOARD AND OTHER + T
Tes = PANEL AND PERIPHERY ITEMS T To Transductors
168 [ L
Tes = o5 |22 53 S 1015 >
g —— Transductor Bf
oc- == =
= J2:3 81
i = 1 com - T > com—
— — — [1o415 | 01 [ 105 | = com
; ® m e
7 CR3 R2 White
ABF
60VDC from 124 R30 Jg:1 [ N\ G-U
B8F THERMISTER P Suoply V6 T > TGS P 165
ABF = ZEO ch 2 ower Supply s q{: 8,1‘ Tes
CBF 1 QM3 C 5 153 1 3 CR4 R3
ard —— + CR1
e BBF |[—— 56 AL TGS R1 H —D——W— R12 S-l(-?R
CBF =
BREF CR2 CRS R4
— o e | % Ris B el b, (FWD TQ)
P4 P1 Ps P2 P& P3 DIV ™ 105 w Red
Wi ry vy ¥y vy vy vy y . - I
e CREF COM‘ PL ‘ PU ‘YGS COM‘ PL ‘ PU ‘ms COM‘ PL ‘ P-U ‘TGS e |2 & - - 1102 . 4’ PU
DIV R28
CR17 CR9 i
TRIGGER TRIGGER TRIGGER CR12  Ro3 D’—';R/y oL m’
- BOARD = e " —D—W
= = piopg 333 & 5% Sn 283 biooe N N CR10
P o U 10D > con 3 | CRBB Ry R15 To
5(? L1 oer L oer L ocr » ———W—3 RI7 SCR
i 2 2 Dpe+Br 934 RS R19 R3s L] R = CR14  Ros CR1  Ryg (REV TQ)
+ WA 4 ——wn—
oIV Red
8P kL ————Pp
R30
Q2
cp J35 R& R20 R37 Ji1:2 4> P-L
wA R31
CR18
AN T BN T CN o | .
sl 2 - IJ IJ 436 R7 R21 R38 I = = Tl’lggel’ Card
252 b+ D+ e R32
] )—'vvf
GL L ©L
R / KL Y/ KL y/ K AgF 937 7, B2 B R3] - Lo §
Inductor Coils o (i ) @
= U )7 g
o [0+ [ sic2 [ 1015 | g s - o o 4122) gL (| ———— E3
[ [ [ 44N = BiGF VR B-BF %)
1o
O
Transductor 'g » . R33 @
ToUNE 1812 FU9A 400A 700V 150 rour cBF 439 R10 R24 CBF DCL D_,Wi
- it > To Blown o
TO LINE 1804 - o 4 Fuse Detect
c FUSC 400A 700V
LoME Card 13:10 Rt R25 Rz 4134
TO LINE 1803 MoV [ E— Eﬂ E’ﬂ AS‘RVEF A-REF
4 Phase Reference from
D]_< DC+>— 44 P R12 R26 Ra3 9182 o cer 2a fuses
FIELD
N
4 | C-REF|9312 R13 Ra27 Ra4 33| - ReF
DIV

LEFT FRONT
WHEEL MOTOR
N H (

| and H invert for right side)







———————————————————— - Previously used was a “transductor” that required AC input

- This is a “transducer” that has a + and - power requirement.

- The transducer has electronics inside that are powered by the + and -.
- (+ and -Voltages do not have to be equal)

- 2000:1 ratio

- 1000A gives 50ma output

- Closed loop hall effect device

- 0 to +200A capability

+15V has 1A total supply (15W)
-15V has 1A total supply (15W)

=10 S464 S464 S464 01

)1
1
11

Field Current Sensing

c24 e | mmmm e |
Tranducer ! FIELD Lo FIELD I
gowelr | CONVERTER (POSITIVE) - CONVERTER (NEGATIVE) I
u | |
PPy +15V ' D415 1! TD+15 |
Card ] ]
! ! l
' 1p.15 . ! 1015 I
15V | : X :
| |
““““““““““ ! " - |
! ! l
: ° M ° ! : ® M ® !
! ° 9 e ™2 | | ¢ 9 ¢ ™1 |,
| L !
! D] :
| |
TD2 FC I [ !
1 [ !
Current output | [ !
_______________________________________ 50ma = 100A | [ !
R N R S
C13/C5
I/V FEEDBACK CARD / FIELD CONTROL
| TD1FC
—-— 1.0 §60 §60 1 022
1 1L
| 1\
L AW —
| 100K
1V = 431A |24k
. . Law— 1V = 50A IF
: * +=FWD
|
|
I
|
|

Equivalent to 30 ohms
Current across the resistors produces a voltage
that is amplified by the op-amp to give the1V=50A ratio for IF
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TECHNOLOGIES”
ARMATURE
CONVERTER

Transductor SCR PANEL ASSY
422-7124

¢¢§
="

)
O

|

|
[E§
|
|
=H
= =1 1

o ]
B | =S O
—0 == t

ZES ¢ "

= = =S| B o o

E = =| |3 mﬁm@

= = = |
L+ —F ;*; ‘6 O

— | |[E] 5 Dﬂjjj 00
o L& E Eﬁﬂ@
Q
o (=Sl 0

Braking
S Diode

-8 3 8 8 8\

o= e FWD Torque
From b2 B 5 e
AC trigger P [ 2. Only one used at a time.
Signal Card pa | | -y REV Tc
J15 JE orque
—_— ARMATURE CONVERTER PANEL = [ EcliN
AC1-1 1 P1 Pl = B e
INDICATES CONNECTION BETWEEN #1 a R i
Aci2 2 P2 P2 = INTERFACE BOARD AND OTHER s _— 5+ I3 4
PANEL AND PERIPHERY ITEMS Transductor - F>: + s3] °
% 3 18 = o
AC1-3 P3 P3 e 1200A/1000V 16 1| L si61
AC14 4 P4 P4 = 5518 551A ikl e ST
| | | o siz0 EFET
AC1-5 5 P5 P5 e COoM| e —" sIG2
‘ TD+15 | SIG1 | TD-15 ‘ )
AC16 6 P6 P6 v+ Sl = il S rous »
/k /k /k U3y UT »>
AC1-13 7 | TRR TR f——= TS R A A A = To Transductors
< Act12 } s | siet S = THERMISTER 5518 & 8 e 5 o5 >
9 | SPARE SIG1  f——== :
ania THERMISTER cou | =
10 | SPARE siG2 @TM4) = ol
£d
com
A0 T 1oms D5 == 60VDC from s "R o o g
Power Supply  '%" X Tos » s I N N oy White
™45 = PR11 ower Supply pen - & 2 » 2 b —E P
ACH-11 2 | TD-15 Card e— 3 ° es RS R ﬁl
BRAKING GRID - Ps L = 52 res R 1P| R m CRT  Rip
COM  f——= 6EA@ .97 o re—s T R1 Bt Ao Bt Ri2 To
ACt-8 9 com 146 TOTAL e RS 2 0T Lre
com e & B ) agd S CR RS Ry s CRE g SCR
ACLT + | veon — P4 P1 P5 P2 P6  P3 o e i (FWD TQ)
cow_|—= Y Yy r vy ¥y . S
ACt9 5 | SPARE Y Y Y Y w522 5 s o s P sy &
5 TGS f—= com‘ P-L ‘ P-U ‘TGS com‘ P-L ‘ P-U ‘TGS COM‘ P-L ‘ P-U ‘TGS 10413 BLK (¢ oV w‘ " RSB ) o =
168 = RED B 55 C;u ¥ X c;g v oL M’
ACt-15 1 MV+ o atm I w & s = = - R p
Tes = TRIGGER TRIGGER TRIGGER g LEFT FRONT » cRis B | O e o ORI Ris
% 8 P con = N o &) N To
ACH-16 2 MV U BOARD v BOARD — BOARD & WHEEL MOTOR Bz 4 T | ke o i & SCR
— g osar| 93t R g 5% P = L, CR16. ORI gos o e CRI  gyg
L= S 5 (REV TQ)
AC1-7 3 | DIODE K-U K-U KU H THERMISTOR v o g Red
- Tl e ’
o L o A (QTm8) B . " . N . " = o
DIODE f—== t—— DG+ A —— obc+ AW L—— bpc+ Py 4’ .
ACt-14 5 | sPare p 10414 WHT (" o R Lers
(%)
ACt-18 6 | SPARE 2 = W A 2 5 - Trigger Card
Act-19 7| ABF ABF ocu J/H
aBF |97 Ra 22 Ras iz s 5
AC1-20 8 B-BF B-BF [:1% W W ABE ‘B
ACt-21 9 | cBF ABF = C-BF 5 Zu 4" 3
> ° % - &
Act22 10 | AREF BB DIODE B i o e o @
¥ = o o
ACt-23 11 | BREF C-8F TOUNE ) ) ) s R33 ?
y " I s123)
< AC1-24 %12 @ ARER = 1e58 d 1J To Blown R i # w - .
- RED TOLINE Dc+ AV Do+ W pc+ AV Fuse Detect
BREF [~ 1456 Card
PANEL INTERFACE BRAKING AeREr R B o G I3 arer
BOARD CREF [—== TOLINE Gl GL GL DIODE o
1860
; — Z :
24 5 KL 0 KL e 0 5 & B 137 e Phase 2Ref'erence from
a fuses
FU10A 12! V- chvEsz i\ e R ngal o
APHASE [T 50A 1000V Al
BPHASE TT] FU10B 1250A 1000V B1
C PHASE D:D FU10C 1250A 1000V c1

ARMATURE CONVERTER PANEL







————————————————————— 1 - Previously used was a “transductor” that required AC input

- This is a “transducer” that has a + and - power requirement.

- The transducer has electronics inside that are powered by the + and -.
- (+ and -Voltages do not have to be equal)

-4000:1 ratio

- 1000A gives 250ma output

+15V has 3A total supply (45W)
-15V has 1A total supply (15W)
(Armature current is only one

direction - so most of load is on

|
| I
| I
| |
| I
! l
: +15V circuits) | - Closed loop hall effect device
| 1 - 0 to £2000A capability
|
|
. c24 | o e .
: Tranducer | 1 ARMATURE !
I Power : : CONVERTER :
I Supply |
I
| Card LtV AcCt ' TD+15 !
| | | I
! ! ACt ! TD-15 :
| 1 -15V 1 I
| o ] ! : \ 4 :
| |
I I
I M I
| R |
I v I
I I
| |
TD AC1 ' osie :
| |
e e e e e Current output ! |
. 250ma = 1000A : :
c13 - To HP circuit 1 Em e e e e e e e e e — — — — — — - - ———
I/V FEEDBACK - o 4
CARD ' T
21.5K
1V = 431A 12.4K \
- —AW\ - 1V = 250A A1

p— §46.4 46.4 §46.4 §46.4 46.4 432K

Armature Current Sensing

Equivalent to 9.28 ohms
Current across the resistors produces a voltage
that is amplified by the op-amp to give the1V=250A ratio for IA



BRAKING GRID
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Current Limiting Resistors

GROUND FAULT ¥

LIMITING RESISTOR

ASSY

(4 EA - 25, ZZSW)
100 OHMS TOTAL

GROUND FAULT RESISTORS

LeTourneau Technologies, Inc. L
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CIRCUIT DESCRIPTIONS
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CIRCUIT DESCRIPTIONS

Engine
* Prime
* Voltage Regulator
* Field Converter
* Armature Converter
* Dynamic Brake Fail
* Ground Fault Detection
* Load Bank Mode

e Stand-By Power

- LeTourneau Technologies, Inc. ,



LINCS Logic

[ S S S N S N S S N S N S S N S N S S W S N S S N S N S S N S N S S N S N S S N S N S S N S N S N S N S S N S N S S N S N S S N S N S N S S S S S S — — —

High Throttle

Latch

Inhibit

Command Modifier

Wheel Motor
Speed >100RPM

Door Interlock Open

Red Alarm with Mtr. Speed <100RPM

RPM Command

L o o o e e o ¢ — — — — — — — — — — {— — — — — {— — — — — {— — — — — {— — — {— — {— — — — — {— — — — — {— — — — — —— — — — —

-

= =]
= =
= =
. =
EmmmmEmEm .

H

! _ 1410 to 1980 RPM (Tier I)
® !

| Stand-By Fower 1386 to 1851 RPM (Tier Il)

- Frequency

| Adjust

! 4‘/_ 1500 RPM

I A 4

i Shop Mode

H

!

I o 1980 RPM - Tier |

i Hieh Throtte 1851 RPM Tier Il

I Inhibit

| 4‘/ 800 RPM Fire Detect i

- Shut Down Enabled

| Ignition Switch

H

Stand-By Power

Remote Module

Q|
Q|

Remote Interface
Cards (3)

Remote Module

ELECTRICAL CABINET
DOOR INTERLOCK SWITCHES

Engine Module

ECM Logic

High Throttle - 1980RPM (Tier I) 1851 RPM (Tier 1)

Low Idle Lock when coolant

Translator

temperature is low.

Idle - 800RPM

ECM Logic

Shop Mode - 1500RPM

Stand-By Power - 1410~1980RPM (Tier I) 1386~1851 (Tier II)

J1939 Speed Command

Low Idle Lock when coolant
temperature is low.

Ignition Signal

W,
Cummins Engine

Engine RPM Command - Cummins







_ 1410 to 1980 RPM (Tier I)
A J -
Stand.By Power 1386 to 1851 RPM (Tier Il)

LINCS Logic

Inhibit

Red Alarm with Mtr. Speed <100RPM
Door Interlock Open

—c/ 800 RPM Fire Detect if
o
Shut Down Enabled

Ignition Switch

Lt o o s s s £ £ £ £ £ € o 5 5 £ o £ £ e £ e £ £

Stand-By Power

fm =8 N JHRER
\ : 5y Remote Interface

Cards (3)

-

Q|
Q|

= o e o o )|
= =
= =
. =
EmmmmEmEm

.
I Frequency
. Adjust
| _ 1500 RPM

A 4
i Shop Mode
I Latch
.

i Wheel Motor

! o T RoM Toct Modify Speed >100RPM
I High Throttle ier
i Inhibit
.
.

Remote Module Remote Module

Engine Module

RPM Command

Shop Mode - 1500RPM

Idle - 800RPM

Speed Command - 1hz = 5RPM

High Throttle - 1980RPM (Tier 1) 1851 RPM (Tier Il)

Stand-By Power - 1410~1980RPM (Tier |) 1386~1851 (Tier II)

Ignition Signal

ELECTRICAL CABINET
DOOR INTERLOCK SWITCHES

Fl_l_I_I_l_I_I_l_I_I_l_I_I_l_I_I_l_I_I_l_l_l_l_l_l_l_l_l_l_l_l_l_I_I_l_I_I_l_I_I_l_I_I_I_I_I_I_I_I_I_I_II

Detroit Engine

Engine RPM Command - Detroi







Remote Interface “,
Cards (3) s

PRIME / VOLTAGE REGULATOR SIGNAL FLOW

Remote Module

REMOTE
INTERFACE VCONV6 (60VDC)
RI3-37
CONTACTS
CLOSED WITH
LINCSBOOTED | T
24VCD 33
VOLTAGE C241P |1 3B1 24VDC GROUND FAULT
STABALIZER 1 36,37 39,40 35,36 2
RLY DRIVE RLY N
COM | 46 PS 33 1
VOLTAGE ENABLE
REMOTE 47
INTERFACE HIGH THROTTLE 1
RI1-1 PRIME OUT RLY 1
43,4445 = } } P2
PRIME INHIBIT U
22 12
VGEN J1
>200 J1INSTALLED IF
RLY 1 1S NOT USED
N 1)
2 C4 NEUTRAL c20
10 OHM
300 OHM CURRENT LIMITING
VCONV 3-TGS RESISTOR
VOLTAGE
REGULATOR B C
e
RPM VHC RI2-6
e
CMD % C4-17 CARD
27 40 ! LOAD
FREQ | % A BANK 1 TRIGGER !
ADJ ? MODE CARD G -
07 vAG orstr K
STANDBY i CONTROL e \ SR
STANDBY SW ——p»(43 POWER MODE Shopdioge 4 SEN 21 17 41
c1 40 20 your y TRIGGER P2 | TRIGGER !
voLt cmMD 112,13 CARD ¢ |
ADJ r 43 415,16 ¢
AN —pr8 19 C4 , c4 >C10 4 ¥—m . e N
A A
INHIBIT
P3 TRIGGER
CARD g— &
38
9,10,11,15,16,17
F Y 4 VH > RI2-11 ENABLE
> VES1-6(2 g - INHIBIT
ELECTRICAL CABINET " 3DAC 3743 . “ 31 C4 7
VES1-6(2
DOOR INTERLOCK SWITCHES 309v B~ REFERENCE e VGEN
C—> 4 VCA »la F’ RI1-6
P VBC »|5 VOLTAGE 2 GENERATOR
) VAB oo SLIP RINGS
Cc4
REFERENCE
T1/C8|
SEE VR STATUS

BUCKET
@ AUTO LEVEL

BUCKET
HEIGHT

ALT MACHINE
SPEED

‘e

(O

]
U

w
U

o

ETHER
INJECTION

ENGINE SHOP ] @

SELECT MODE

GROUND
FAULT TEST ®

PAGE FORALL [ om

ERE 200 Volt

5 ms Ch1 -]

GROUND
FAULT LIMITING
RESISTOR
100 OHM







*
Remote Interface %,

Cards (3) '.‘

REMOTE
INTERFACE 1 HIIDLE

RI1

ELECTRICAL CABINET
DOOR INTERLOCK SWITCHES

VOLTAGE REGULATOR STATUS

VOLTAGE REGULATOR

T1 REF

31

38

42

27

C4

VR THERM
VR THERM 26 40
GEN THERM
GEN THERM 28 38
C23
AOREF ——= 34
RI2-16
BO REF 39 (VR FUSE STATUS) 29 28
COREF —= 44
VR FUSE PROPER
28 35
VAB
AO VR — =137 VBC
BO VR — = 42 VCA 4
CO VR = 47 C22
= 37
VR/PRIME ENABLE 16 20 17 19
VOLT ENABLE
NEUTRAL —= 40 47
6
COMMON ——= 30
2 o0 L\VN\ (<1MPH)
,,,,,,,,,,,,,,, RI 3-37
(GROUND FAULT)
STD BY SWITCH 43 26 NOT STANDBY
40
COM 31
VHC
— FREQ ADJ 27 29
3 C1
FREQ ADJ SUP
#134S ENG SPD
2 VH
| 2-4 C8 38-40 VES 1-6 9-11 4
27-29 41-43 15-17 C1

JUST INHIBIT INHIBIT and ALM JUST ALM
*GROUND FAULT
LOW THROTTLE (<IMPH) VGEN < 3.0
VH NOT PROPER VR PANEL
STBY MODE ONLY TEMP HIGH
GENERATOR
TEMP HIGH
BLOWN VR FUSE
VEVR
. VRINHIBIT
RI 2 -37
(VR OP ALM)
VGEN > 3.0v
CARD COMMON
POWER SUPPLY PIN# 47
C1 PIN # 30
C4 PIN # 30
C8 PIN# 30
C20 PIN# 30
Cc22 PIN# 30
C23 PIN# 45







LINCS

Inhibit

Limit

Red Warning Active
Park Brake Set - unless Load Bank

Fire Detected
Ladder Down

Service Brakes Applied
10psi to 50psi. >50psi full limit

VAW
Operators Commanded
Speed and Direction
FWD
REV

Inhibit

Speed Sensor Failure (>4mph)

No Direction Selected
Ground Fault Active

{+=FWD {-=FWDTQ

-=REV +=REVTQ
VA VE POL
_=FWD Difference between {AMOUNT}
{ e REvS |Commanded and Actual -\VE|
(ERROR)
-VN

Inhibit

F

Limit

ield

Boost

Load Bank Mode
Low VGEN (120VAC)
Blown FC Fuse

Motor Voltage

Motor Speed (Field Shaping) r— Brake Boost Switch

Field Conv Temp

Operating Wheel Motor Switches

Brake Boost

Actual Speed

(—m’

LF Speed Sensor

RF Speed Sensor

Controller Signals

VAW 0 to 10v

FWD 0 to 24v

REV 0 to 24v

VA 0to12v (+ =FWD) (-=REV)
-VN 0TO 4.6V (+ =REV) (-=FWD)
VEPOL (-=FWDTQ) (+ =REVTQ)
-|VE| 0TO 6.9V

VIF 0 TO 5V (1V = 50 AMPS)

VIAF 0TO 4.2V /5V (1V = 250AMPS)
VIAR 0TO 4.2V /5V (1V = 250AMPS)
VIA1 0TO 4.2V /5V (1V = 250AMPS)
VIA2 0TO 4.2V /5V (1V = 250AMPS)
VIA3 0TO 4.2V /5V (1V = 250AMPS)
VIA4 0TO 4.2V /5V (1V = 250AMPS)

P e i

Multiply by 4

All Four Armatures

Inhibit

Power Supply Not Proper
Park Brake Set unless Load Bank

Limit

Gen/VR Temp
Low VGEN (300)
VHL

Open Card Interlock
Low VGEN (120vac)

HP Limit
IF Proper (yes or no)

Front or Rear Armatures

Front Motor Limits

VIAF

Armature

Individual Armatures

Front Torque Adjust Pot

Rear Motor Limits

VIAR

Rear Torque Adjust Pot

AC 1 Inhibit AC 1 Limit
Blown AC/DC Fuse e Motor / sA].g mtv Temp
AC 2 Inhibit AC 2 Limit
Blown AC/DC Fuse e Motor / S/Ti‘; Sm/ Temp
AC 3 Inhibit AC 3 Limit
Blown AC/DC Fuse = Motor / Sfl\lg Sm Temp
AC 4 Inhibit AC 4 Limit

Blown AC/DC Fuse

Motor / AC Conv Temp
Slip Limit

VIA 1

VIA 2

VIA3

VIA 4

VIF






FIELD CONVERTER SIGNAL FLOW

1. GROUND FAULT
2. FWD/REV NOT SELECTED
3. SPEED SENSOR FAILURE (>4MPH)

32
REMOTE
INTERFACE 1
CARD
RI2 2 DIRECTION
& SPEED CL\’;AMP VA VE POS(POLARITY)
VAW COMMAN
c2 VN ERROR
A SPEE |vE|
e L SIGNAL
Remote Interface “, co c2
Cards (3) * Rev f A4
. SPEED SENSE 1
0 VN
o“ SPEED SENSE 2 ’—> Mumpl%
., [ DYNBRKBOOST- e DYN
., BRK
A BOOST 300V
v ————— MTR VOLT LIM CMD ABC
REMOTE R MOTOR 3E$%;;TS|NG # # &
INTCEARFIQZSCE Vm2— w | 5201420V BRAKING VOLTAGE SWITCHES v
> cs cs5
vm3—————————— 3| 30 AC
RI1 VE POS
vina cacq 4 REFERENCE —
SET MOTOR v T1/C8
POWER MODE ———p»{ FIELD »| VOLTAGE \/
RAMP cs v Y
o IVEl o FIELD
FIELD COMMAND
i FL - CJ::FI{_:NT V| (SELECT | NN SEE FC STATUS PAGE FOR INHIBIT LOGIC
cs FIELD VLFC SMALLER)
s cMD VEFC
CURRENT > cs cs ——>  ENABLE
OVER LmT Y cs5 INHIBIT
cs5 > cs5
FC TEMP » TEMPERATURE IF INHIBIT
c23 cMD INHIBIT 1 l immarr 2 il
> cs P2
DYN BRK BOOST IF PA1
FIELD FIELD CURRENT 1 on2 P3
CURREN | _ F|ELD CURRENT 2 »{ TRIGGER
c13/cs PAS e
> CONVERTER
USED INARMATURE IF PROPER | FIELD |1 PB4 INEIEAI’R\‘IE/-I\-CE
CONTACTS commanD LoGic € PROPER P4
CLOSED WITH PEs CARD
LINCS BOOTED cs PB6 Ps
24vCD
coa1p CR9 c10 .
VOLTAGE || 3B1
36,37 300 OHM
STABALIZER [ 3 VCONVS5 (60VDC)
CoM |46 .
Remote Module
CARD#3!
A FWDTQ
44p
B
(63 LF RF LR RR
MOTOR #1 MOTOR #2 MOTOR #3 MOTOR #4
44
H | H
PL tRIG — |
CARD#1 < 44N
Lot | H ! H !







*
Remote Interface %,

Cards (3)

FIELD CONVERTER STATUS

REMOTE
INTERFACE
CARD

1

RI3

FIELD CONVERTER

JUST INHIBIT INHIBIT and ALM JUSTALM
FC PANEL
LOAD BANK MODE BLOWN FC FUSE TEMP HIGH
VGEN < 3.0
37 VEFC
RI1-37
47 (FC OP ALM)
8 LOAD BANK MODE
RI3-35
c5 (LOAD BNK MODE)

FC TEMP
FC THERM 30 39
c23
AOREF ——&= 34 ~l2 15 24
AQ FC1 = 35 (FC FUSE STATUS)
BOREF —= 39 26 FC FUSE PROPER
BO FC1 40
COREF — = 44 57
+15V
COFC1 — = 45 o 0
c22 PS | LOAD BANK SWITCH
10
| A
PARK BRAKE REL
VCA 4
VGEN >3.0
VBC = 5 o7
VAB —= ¢
c4

CARD COMMON

POWER SUPPLY PIN #

47

C4 PIN# 30
C5 PIN# 30
C22 PIN# 30

C23 PIN #

45







ARMATURE CONVERTER SIGNAL FLOW

IDIRECTION

& SPEED
OMMAND|

VAW

32
REMOTE
INTERFACE

1

RI2 2

Cards (3)

REMOTE
INTERFACE

33

RI 1

Remote Module

Steering Position Sensor

———————— STEERPOTPOS

1. GROUND FAULT
2. FWD/REV NOT SELECTED
3. SPEED SENSOR FAILURE (>4MPH)

CLAMP VA
VA

VE POS(POLARITY)

ERROR

SEE AC STATUS PAGE FOR INHIBITS

TRIGGER CARDS

c2 N
|-VE| VEAC1 VCONV 1
FWD- SIGNA el
c9 c2 _ PIA gl ARMI
REV. P4B_o_| CONVERTER
\ 4 INHIBIT B PANEL
SPEED SENSE 1 'S P2A gl |NTCERFACE ARMATURE
’ ARD
SPEED SENSE 2 ’—> MUVL'1“-|pL+ SLIP ﬁzgr%ﬁgue +6 CONTROL REFERENCE| TRIGGER TRIGGER —P5B gyt cogXEEEER
BIAS p3a o) _ | >
DYN BRK BOOST. €2 SWITCHES c2 ICONTROL 1A > . Tom
c3) c7 ( By |
ARM 1
a1 [CURRENT] MOTOR 1 ARMATURE
E— ]
c1
VM
> 300V
> c3ics ABC
+ + + TRIGGER CARDS
POWER MODE FIELD o ac INHIBIT, VeONV2
| RawP 30AC TRIGGER PIC | ARMATURE
= CONTROL TRIGGER o ] CONVERTER CONVERTER
CONTROL — P PANEL PANEL TO M2
T8 o7 c11(a) P20 gy INTERFACE e >
»
» P5D |
2 mﬁ:ggﬁ | MOTOR 2 ARMATURE oac
P6D g |
@
<)
<
VR TEMP » OVER w F
s 1 TEMPERATURE > FIELD | _FLD CURRENT 1
ENT! > c23/c4 -~
\ [CURRENT_ FLD CURRENT 2
e c13/c5
c13 ’—‘ IFPROPER | o o IF
VGEN > e PROPER
c6 c5
< 63.0 or >68.0 (Tier I)
VH P-< 59.7 or >62.5 (Tier Il) | VHL
c1
FRONT REDUCTION. |
FRONT
FRONT TORQUE % I PROPER_ |A\RMATURE
ADJUST COMMAND
N N e SoVels, B
POWER BRAKE| 1 SHAPE c2 6- [VE] Sﬁﬂfgg}) GEN & VR TEMP, LINCS BOOTED
MODE  MODE ACCELERATION HP LMTy, LOW VGEN VIAT AP 24vCD CR9 P 'VCONV1 (60VDC)
LimiT > c6 VHL | OVERALL C24P || 381 lapqr g | /COM2(OVEO)
c2 ar | ARM CONV 1 VIA1 40 | VEONV3 (60vDC)
AVERAGE - - COMMAND COM |46 31 VCONV4 (60VDC)
CEMF kﬁ SLIP LIMIT SLIP LIMIT, e
c3 o c3 ‘ TEMP
AAAA =
AC1 > OVER
j TEMPERATURE
LU > c23
GEN & VR
A/
M1 »|
:l CEMF LOW VGEN Viaz -
4
Al > o VHL | ovERALL ViA2
Vi | ARM CONV 2 cr
- COMMAND
g LIP LIMIT
Vm2 »| - SLIP LIMIT S
j CEMF = s ‘ TEMP
a2 > c3l cé
AC2 : OVER
T TEMPERATURE J
m2 > c23
1 B 2 ms Ref A
REAR REDUCTION. ARM?%URE »
REAR 1
|4 PROPER |ARMATURE REFERE"EES
6-VCLR comn vms VOLTAGE << TRIGGER CARDS
»  MOTOR | - c13
IVN| MOTOR (SELECT veonvs
s E SHAPE 6. vE] |SMALLEST)
REAR TORQUE s c2 P1A o ARM3
ADJUST CONVERTER
HP LM, co GEN & VR 4’:22 t PANEL
INHIBIT _ » INTERFACE
LOW VGEN — —» Pss CARD ARMATURE
VIA3 RAMP F TRIGGER o CONVERTER
VHL CONTROL TRIGGER PoA gl
OVERALL VIA3 ICONTROL PeB PANELYN
-VIAR | ARM CONV 3 c7 c11(B) e ‘
COMMAND ARM3
v, > %:‘ SLIP LIMIT SLIP LIMIT 4, [CURRENTI= MOTOR 3 ARMATURE
m3 ™| CEMF3 > A3 N
> c3 TEMP c13
A3 c3 ce
AC3 OVER
j TEMPERATURE VEAC4
M3 TEMP > c23
TRIGGER CARDS
GEN & VR VCONV 4 ‘
ENABLE | | INHIBIT
P1C
LOW VGEN Viaa INHIBIT __PIC Ol arma ARMATURE
RAMP cr E TRIGGER P4D_y, | CONVERTER CONVERTER
HL ol OVERALL VIA4 CONTROL TRIGGER Pac ] wrANEL PANEL To M4
VIAR |ARM CONV 4 o7 p CONTROL, e 4’.:50 { INTEREA EL ———»
—
SLIP LIMIT ARM 41J P3C
Vi SLIP LIMIT dpg ORI MOTOR 4 ARMATURE T
CEMF c3 ‘ TEMP c13 L
a4 c3 c6
AC4 > OVER
" TEMPERATURE
M4 TEMP > c23







ARMATURE CONVERTER STATUS

M1 TEMP
M1 THERM ——— 5 33 29
AC1 TEMP 57 | AC1M1TEMP ARMATURE CONVERTER
AC1 THERM ——= 2 44 30
M2 TEMP JUST INHIBIT INHIBIT and ALM JUST ALM
M2 THERM — = 11 34 31 AC2/M2 TEMP
AC2 THERM o 43 AC2 TEMP . 38 BLOWN AC/DC FUSE | AC TEMP HIGH
MOTOR TEMP
M3 THERM =17 35 M3 TEMP 33 AC3/M3 TEMP P.S. NOT PROPER HIGH
AC3 TEMP 39 PARK BRK. SET
AC3THERM ———— 14 42 34 UNLESS L.B. MODE
M4 THERM 23 36 M4 TEMP 35 AC4/M4 TEMP OPEN INTERLOCK
AC4 TEMP 40
AC4 THERM — 20 41 36 VGEN < 3.0
c23 c21
INTERLOCK i
22 5555 ACT , ARM1 RI 1-34 (AC 1 OP ALM)
c13 4
27 43 29 a4
VGEN >3.0V w
—
C4  2|— VGEN(RI1-6) @ §6¢€ AC2 1 ARM2 RI 1 - 36 (AC 2 OP ALM)
Remote Interface"o‘ E 41
Caros ), POWER SUPP = 108 40
PROPER 4 a B -
., PS
§ o) 28 33 ARM 3 RI 3 - 34 (AC 3 OP ALM)
i PARK BRAKE REL 45 L 39
RI 3
S ACE 4, ARM 4 RI 3 - 36 (AC 4 OP ALM)
37
15V 3 2? = ) 26 o5 o0
+ LOAD BANK LOAD BANK
7o 7 8 RI3-35
PS S7 SWITCH 5 MODE
C7 AC Control AC1 INHIBIT
ARAEFF1 — ;3 RI1-15 (AC 1 FU PROP) 7 —
— VEAC1
AF2 ———= 10 F AC1 FUSE PROPER L5 AC2 INHIBIT
AF3 — 1 5 ¢ VEAC2 0 17 =
AF4 12 AC3 INHIBIT
B REF 5 RI 1- 16 (AC 2 FU PROP) VEACS | ., 29 c3 -
BFt ——— 16 4 F AC2 FUSE PROPER VEACE |4 45 AC4 INHIBIT
Remote Module BF2 17 -
BF3 - 18 RI 3 - 15 (AC 3 FU PROP)
CARD COMMON
BF4 — < 19 F
C REF 4 o5 3 AC3 FUSE PROPER POWER SUPPLY | PIN# 47
CF1 21 c4 PIN# 30
CE2 — 2 RI 3 - 16 (AC 4 FU PROP) B
C5
CF3 ——— 23 ) AC4 FUSE PROPER
C6 PIN# 30
CF4 —= 24
c13 PIN# 30
I ! - Vm1(RI2-3) - S
§ ol VM2 ——= 41 - Vm2 (RI2-4)
g" g VM3 45 - Vm3(RI3-3) c23 PIN# 45
2 VM4 ——= 43 C21 Vm4 (RI3-4) c24 PIN# 30
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29
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b DC+
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COM‘ P-L ‘ P-U ‘TGS [
TRIGGER
GU
K-U

OM‘ PL ‘ P-U ‘TGS

TRIGGER

BOARD
U BOARD
K-U
DC+

COM‘ P-L ‘ P-U ‘TGS

TRIGGER

U BOARD
K-U

AN I

GL
KL

S

‘ TD+15 | SIG2
TD2

TD-15 ‘

[ 44N

Transductor

150

150

MoV

[vi=<

1.0 MF
1.0 MF
1.0 MF

DC+ >—Et|a

FWD TQ

REV TQ

[£]
=]
ey
[

ARMATURE CONVERTER PANEL Transductor
#1 1200411000V
5518 (\/\(\q 551A [Fl%
/k \ \ \
n, ‘TDHS siGt | TD-15 ‘
B ] s ™R ] * * * ™
% THERMISTER 5518
(& x5 |=~© & o2
L] 1.0MF ==
PR11
BRAKING GRID _
A@ .97 2
146 TOTAL
P4 P P5 P2 P6  P3
com‘ P-L ‘ P-U ‘TGS COM‘ P-L ‘ P-U ‘TGS COM‘ P-L ‘ P-U ‘TGS
L TRIGGER L TRIGGER L TRIGGER g
BOARD BOARD BOARD 3
GU GU GU
K-U K-U KU
DC+  AAA—] (_‘ DC+  [AAM—] (—‘ DC+ WA (—‘
%] %] (%]
ABF
B-BF _
3
C-8F DIODE
[%] a [%] +
DC+ WA (J DC+ [ (J DCc+ MWW (J
Z‘X KL Z5 KL ZGX KL _
W

Forward Propel

Field Converter
Scope Trace

FNESH 200 vout 5 ms Ch1 [« |

A

8

Armature Converter
Scope Trace

[ 2 volt 2 ms Ref A [ -]
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FIELD CONVERTER PANEL Transductor
L | L1 o1
A KT oy &

vy

P1

Y

P2
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L—— bc+

[

COM‘ P-L ‘ P-U ‘TGS [
TRIGGER
GU
K-U

OM‘ PL ‘ P-U ‘TGS

TRIGGER

BOARD
U BOARD
K-U
DC+

COM‘ P-L ‘ P-U ‘TGS

TRIGGER

U BOARD
K-U

AN I

GL
KL
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‘ TD+15 | SIG2
TD2
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44N

FWD TQ

ARMATURE CONVERTER PANEL

Transductor

150

150

MoV

[vi=<

1.0 MF
1.0 MF
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DC+ >—Et‘a

REV TQ

[£]
=]
]
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Forward Braking

Field Converter
Scope Trace

Transductor

T 200 Voit 5 ms Ch1 [ -]

#1 1200A/1000V
5518 551A Ui
/k ‘TDHS sIG1 TD-15‘
v+
) ] ] LA Am
TS TR
5518
THERMISTER
_| QTM4
Qx: A A vz
/ 1.0 MF = <
PR11
BRAKING GRID =
A@ 97 2
146 TOTAL
P4 P1 P5 P2 P6  P3 -
Yy Ty P 7%y )
COM‘ P-L ‘ P-U ‘TGS COM‘ P-L ‘ P-U ‘TGS COM‘ P-L ‘ P-U ‘TGS 5
|
TRIGGER TRIGGER TRIGGER g
BOARD BOARD BOARD B *
GU G-U [X1]
K-U K-U K-U H
A
DC+ JW\/_HT DC+ JW\/_HT DC+ A/\/\,—{(T
%] %] (%]
+
ABF
B-BF _
2
B
C-8F DIODE
(%] %] (%]
pC+ ﬂ/\N\—{(J DC+ ﬁ/\/\/;{(J DC+ ﬁ/\/\/‘—{(J
BRAKING
G-L G-L / G-L DIODE
y/ KL Z KL y/ KL
/\ 5 AN +
.

Armature Converter
Scope Trace
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FIELD CONVERTER PANEL

Transductor
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A

P1
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COM‘ P-L ‘ P-U ‘TGS [
TRIGGER
GU
K-U

OM‘ PL ‘ P-U ‘TGS

TRIGGER

BOARD
U BOARD
K-U
DC+

TD1
‘ans SIG1 TD715‘
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P6  P3

COM‘ P-L ‘ P-U ‘TGS

TRIGGER

U BOARD
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AN I

GL
KL

S

‘ TD+15 | SIG2
2

TD-15 ‘

44N

ARMATURE CONVERTER PANEL

Transductor

150

150

MoV

[vi=<

1.0 MF
1.0 MF
1.0 MF

DC+ >—Et‘a

FWD TQ

REV TQ

[£]
=]
]
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Reverse Propel

Field Converter
Scope Trace

Transductor

#1 1200A/1000V
5518 551A Ui
/k ‘TDHS SIG1 TD-15‘
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) ] Lh A
Ts TR
5518
THERMISTER
| QTm4
Qx: A A "2
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BRAKING GRID |
A@ 97 8
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P4 P1 P5 P2 P6  P3
com‘ P-L ‘ P-U ‘TGS COM‘ P-L ‘ P-U ‘TGS COM‘ P-L ‘ P-U ‘TGS
TRIGGER TRIGGER TRIGGER g
BOARD BOARD BOARD 3
G-U G-U G-U
K-U K-U K-U
DC+ JW\/_HT DC+ JW\/_HT DC+ A/\/\,—{(T
%] %] (%]
A-BF
B-BF _
>
]
C-8F DIODE
(%] %] (%]
] it it +
DC+ DC+ DC+
BRAKING
GL GL L GL DIODE
/A KL Z5 KL /A KL _
MV

T 200 Voit 5 ms Ch1 [ -]

A

B

Armature Converter
Scope Trace
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Transductor

N 2
P4 Pl
COM‘ PL ‘ P-U ‘TGS [«
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BOARD BOARD BOARD B
GU GU G-U
K-U K-U K-U
DC+ JW\/_HT DC+ JW\/_HT DC+ A/\/\,—{(T
%] %] (%]
ABF
B-BF _
2
B
C-8F DIODE
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pC+ ﬂ/\N\—{(J DC+ ﬁ/\/\/;{(J DC+ ﬁ/\/\/‘—{(J
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/\ 5 AN +
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Reverse Braking

Field Converter
Scope Trace

FNESH 200 vout 5 ms Ch1 [« |

A

R
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Armature Converter
Scope Trace

[ 2 volt 2 ms Ref A [ -]







DYNAMIC BRAKE FAIL

DIODE wire must be positive to be good.

1200811000V
FU17
551A

PRIT
BRAKING GRID
6EA@ 97

146 TOTAL

7T

:

i 3
o
8

Field Current Field Current

AC1 PANEL MV1+ 16 N
MV1- ,
DIVIDER CARD 18
VM1
AC2 PANEL Mv2+ 24 19 = 6 Braking Propel
DIVIDER CARD Mv2- 26 VM2
27 = 7
VM3
AC3 PANEL MV3+ 20 28 = 10 BRK MODE c22
DIVIDER CARD MV3- 21 VM4 13 18
14 = 11
c3
AC4 PANEL Mv4+ 35
DIVIDER CARD Mv4- 29
C13 AC1 PANEL 6 V581D - PROPULSION = OPEN GRID OR SHORTED BRAKING DIODE
DIVIDER CARD =2 BRAKING = OPEN BRAKING DIODE
V582D
AC2 PANEL 6 m = 4 - RI2-35
DIVIDER CARD (RTD FAIL)
AC3 PANEL ] V583D .
DIVIDER CARD -
AC4 PANEL ] V584D |,
DIVIDER CARD
VM| GREAT
13 = 18
c3
1M 12 13 14
BIAS 1
s1
BIAS 2
SW SUPPLY ,\%’TESI-? s2
16 - BIAS 3
SWITCHES g3
c3 BIAS 4
S4







Ground Fault Detection

ELECTRICAL DRIVE SYSTEM 24VDC SYSTEM
A
GENERATCR
GENERATOR LOADS —L
B p ~ ._I'E:q‘ﬁqgs 24V DC SYSTEM

— LOADS
-
/ c | ACCONVERTORS \

TRACTION MOTORS
AC LIGHTS

[m———— = CHASSIS GROUND
GROUND FAULT '

=

CURRENT LIMITING RESISTOR !
!

|

|

I |

|

! C20 | Greater than 50 volts (AC or DC)
-

LeTourneau Technologies, Inc.



CAB
OPERATOR
CONTROLS

HOIST, BUCKET AND

STEER CONTROLS
HYDRAULIC
PROPEL, RETARD AND
LOAD DIRECTION CONTROLS
0 - 1400 HP
ENGINE PARASITIC
2000 HP @ LOSSES
1900 RPM 200 HP CONTROLLER
['s ENGINE CAUSES REDUCTION
SPEED IN MAX ELECTRIC
LOAD IF
SENSOR ENGINE < 1890RPM
ELECTRIC
LOAD
0-1600 HP

TA-10563

POWER SHARING

LeTourneau Technologies, Inc.

Circuit Descriptions




[=;]

(4]

(DAA) THA
TVYNSIS LINIT AONINDINS
B

w
¢ 4311 avo10ON

l 4311 avoioN
'-\-

N
d33dS 3INION3 37LLO¥HL IH

d33dsS 3INION3 31LLOHHL IH

1 /
/

¢
¢

0

5.8 5.9 6.0 6.1 6.2 6.3 6.4 6.6 6.8 6.9 VH (VDC)

58 59 60 61 62 63 64 66 68 69 GEN FREQ (H2)
1740 1770 1800 1830 1860 1890 1920 1980 2040 2070 ENGINE SPEED (RPM)

1VH =10HZ = 300 RPM

TA-10163-8

VHL CURVE

LeTourneau Technologies, Inc.

Circuit Descriptions




_I_I/ TRANSDUCTOR

REMOVE &

| / INSULATE

I FUSE

—_— —_— —_—
A B ¢ BRAKING
GRIDS
- AN
FANVANRVAN P
B8D T
REMOVE & TESTER READINGS
INSULATE HP
VH 6.3 — 63 Hz Approx.)
VHL [rmuest e grealer than ceno)
VGEN (L-1350 - ~550-WAC) (L-1850/L-2350 - ~T00-VAC)
Grid HP =

Calzulation of HF using 1A and Va:

la1 VM = Watts
laz VM2 = Watts
A3 VM3 = Waits
a4 iVma = Waits
Watis Total
Grid HP = Watts) X (1.06 Form Factor) / 746 = Estimated |Grid) HP

L-1350/L-2350 Engine HP = Grid HP) X (1.05 efficiency) + (parasitics) =

Est mated parasitics:

HI Fan Speed {L-1350 -360 HP) [L-1850/L-2350-380 HP)

LOAD BANK MODE

Circuit Descriptions LeTourneau Technologies, Inc.




Voltage Adjustment - 300 to 500vac (L-1350)
300 to 600vac (L-1850/2350)

Frequency Adjustment - 47hz to 66hz Tier |
46.2hz to 61.6hz Tier I

STAND-BY POWER

Circuit Descriptions LeTourneau Technologies, Inc.



TROUBLESHOOTING

LeTourneau Technologies, Inc. L




SUPPORT SOFTWARE AND TOOLS

[50 Series Diagnostic Tool

LeTourneau Technologies, Inc.

Troubleshooting E
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23 STEP CHART
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Troubleshooting LeTourneau Technologies, Inc.




USE THE PORTABLE TESTER VAUX
POSITION'AND THE CONTROLLER
AUXILIARY TESTER\SWITCH
TO SELECT THESE SIGNALS}
) - PWR GEN CONVERTER
OPERATOR FUNCTIONS SUP SICS ENABLE SIGNALS
sTEP | KEY | DIES R}-tlj}%];: PARK E]é]é <7|THROT| DIR ACCELERATOR 15 5 | vace |veex| va | veve| vere VEAC | VEAC| VEAC | VEAC |
NO. | sW |ENG |gw | BRK gw SW | SLT PEDAL i ) 1 2 3 4
1 ON | OFF OFF ON OFF LO N RELEASED 15 -15 2.34 0 0 -13 -13 -13 -13 -13 -13
3 HI ' 6.6 3.52 6.0 +13 +13 -13 -13 -13 -13
4 F ' (
5 DEPRESSTO
- VA=+3

23 STEP CHART

Troubleshooting LeTourneau Technologies, Inc.




NOTES:




NOTES:




NOTES:




INSTALLATION /REMOVAL

LeTourneau Technologies, Inc. L




WAKEFIELD 139 SERIES CLAMP
|415-T688)

SFRING
ASSEMBLY |
HEAT ZINK

EPRING
AIEENBLY

", CENTERING FIN HILE
.|l ﬂ_ UEED OH THE SINK
THERMESTOR

T FACE FINIZH: BURSACE TO BE 30 TO 60 MICROMNCHEE.
FlATHRER R Fl AT T 001 TIR
EUTAELE JOINT COMFOUND APFLED

®
TAFERED
"WASHER

T @@

WAKEFIELD 130 SERIES CLAMP
(406-9587, 408-1477)

VA INDICATOR

SPRING
gy 3 FORCE

ROLLPIN

THERMISTOR
TERMINAL
BAR
ROLL PIN SPOT FACE FINISH: SURFACE TO BE 30 TO 60 MICROINCHES.

FLATNESS: FLAT TO.001 TIR.
SUITABLE JOINT COMPOUND APPLIED.

Installation / Removall

LeTourneau Technologies, Inc.
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