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BAFETY RULES

1. Standby generators and related equipment should be installed,
operated, serviced, tested and repaired only by qualified personnel.
2. Installation, operation, servicing and repair of this and related
equipment must be acconplished in strict compliance with applicable
standards, codes, laws and regulations. The manufacturer's
recormendations must also be fully complied with in equipment
installation, use and service.

3. The National Blectric Code (NEC), Occupational Safety and Health
AMnrinistration (OSBA) regulations, local industrial codes, and local
inspection requirements must be complied with in equipment use and
-service.

4. Do not use any standby generator set until its frame and external
electrically conductive parts have been prope:ly connected to an
approved electrical ground.

5. 8tandby generators are a source of dangeron.ly high voltages.
Comply with all safety rules to prevelnt extremely dangerous- possibly
LETHAL~ electrical shock.

6. Positively disconnect- or turn off- all sources of power voltage
before attempting to test, service or repair any standby generator set
or related egquipment. Pallure to comply with this RULE may result in
extremely dangerous- possibly LETHAL- electrical shock.

7. Keep the standby generator set clean and in good condition.
Promptly repair or replace all worn, damaged or defective components.
‘8. Wire gauge sizes of electrical wiring and cord sets must be large
enough to handle the maximum electrical current to which they will be
subjected.

9. Rever handle any kind of electrical equipnent while standing in
water, while barefoot, or while hands or feet are wet. Dangerous-
possibly LETHAL- electrical shock may result,

10. Never work on any standby generator set- or related equipment-
while mentally or physically fatigued,

1l. The engine that drives the generator set consuames oxygen and gives
off DEADLY carbon monoxide gas through its exhaust system. This deadly
gas, if breathed in sufficient concentrations, can cause
unconsciousness or even death. Exhaust gases must be piped safely away
from the generator set to a well ventilated area, where they will not
accumulate and endanger people.

12. Any automatic start generator set that is installed in conjunction
with an automatic controllier or transfer switch with integral
controller may crank and start suddenly without warning. Transfer of
electrical locads to generator set output may also then occur. To
prevent possible injury that might be caused by such sudden startup,
always disable the autonatic startup and tranafer systexm before
working on or around any generator set. This can be done by removing
the 30 ampere fuse from the generator's meter and control panel, If
the generator is inatalled in conjunction with a "GTB" type transfer
switch, setting the transfer switch S8afety Disconnect Switch to MANUAL
will alsc prevent automatic startup and transafer.

13. If a generator set must be serviced while standing on metal or
concrete, place insulative mats over a dry wood platform. Work on the
generator only while standing on such insulative mats.

l4. Practice SAFETY~ by thinking before acting- and by reading the
instructions in this Manual carefully.
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PART 1

GERERATOR SPECIFPICATIONS AND FEATURES

1.1- SPECIFICATIONS AND FEATURES~ MODEL 7500 SRRIRS GENERATORS

1.2- SPECIFICATIONS AND FRATURES~ MODEL 1100 BERIES mmns

1.3- MANUAL *"R" LEVEL CHART

l1.4- HOMIRAL RESISTANCES OF ROTOR AND STATOR IIIIDIRGB

1.5~ CAPSCREW TORQUE VALUBS

l.6- ELECTRICAL FORNULAE FOR AC GENERATORS

1l.7- WIRE NUMBER STANDARDS

1.8- ELECTRICAL SCHEMATICS AND WIRING DIAGRAMS

1.9- INTERCONNECTION DIAGRAM~ THE REARLY MODELS 6301/6919 CONTROLLER
1.10-INTERCONNECTION DIAGRAM- THE MODEL 8519 AUTOMATIC CONTROLLER

ROTE

BSection 1.1, SPRCIPICATIONS ARD FEATURES- MODEL 7500 BEBRIES
GERERATORS, includes the wiring diagram/schematic drawing number for
each specific model. These diagrams and/or schematica may be found in
Section 1.8, arranged in numerical order. Section 1.2, SPECIFICATIONS
ARD PEATURES~ MODEL 1100 SERIBE GENERATORS, includes a Manual *R"
Level number. Use that number in conjunction with Bection 1.3, MANUAL
*"R*" LEVEL CHART, to locate the Owner's Manual or the wiring
diagram/aschematic applicable to a particular generator model.



1.1- SPECIFICATIONS AND FRATURES- MODEL 7500 SERIES GENERATORS
* G= Gasoline NG= Natural Gas LPG= LP Gas |

WIRING DIAGRAM
MODEL | KW | VOLTAGE | PHASE|HERTZ | RPM [ENGINE [FUEL* | SCHEMATIC

7501-0 | 8.00 | 125/216 60 |[1800]993 cc 44244-44237
7501-1 | 8.00 | 125/216 60 | 1800]/993 cc 46751-46752
7501-2 | 8.00 {125/216 60 | 1800{1078cc 46751-46752
7501-3 | 8,00 | 125/216 60 {1800/1078cc 48986-48988
7502-1 | 8.00 | 120/240 60 |1800|993 cc 46602-46603
7502-2 | 8.00 | 120/240 60 | 1800{993 cc 46602-46603
7502-3 | 8.00 | 120/240 60 |1800[/1078cc| 44735-44725
7502-4 | 8.00 | 120/240 60 | 1800[1078ce 44725-44735
7502-5 | 8.00 | 120/240 60 | 1800[1078ce 44725-44735
7503-1 { 8.00 | 120/240 60 |1800]993 cc 46602-46603
7503-2 | 8.00 | 120/240 60 |1800(1078¢cc 46602~46603
7503-3 | 8.00 | 120/240 60 |1800|1078cc 44735~-44725
7503-4 | 8.00 | 120/240 60 | 1800]{1078cc 44725-44735
7503-5 | 8.00 | 120/240 60 | 1800(1078cc 44725-44735
7504-1 | 8.00 | 120/240 60 | 1800|993 cc| LPG 46602-46603
7504-2 | 8,00 | 120/240 60 | 1800{1078cc| LPG 46602-46603
7504-3 | 8.00 | 120/240 60 | 1800|1078cc| LPG 44725-44735
7504-4 | 8.00 | 120/240 60 | 1800/1078cc| LPG 44725-44735
7504-5 | 8.00 | 120/240 60 | 1800|1078cc| LPG 44725-44735
7505~-1 [16.00 | 120/240 60 | 3600{993 cc| NG 46602-46616
7505-2 [16.00 | 120/240 60 | 3600}1078cc| NG 46602-46616
7505-3 16.00 | 2120/240 60 | 3600{1078cc| NG 44725-44735
7505~4 [16.00 | 120/240 60 | 3600{1078cc| NG 44725-44735
7505-5 [16.00 | 120/240 60 | 3600/1078cc] NG 44725-44735
7506-1 [16.00 | 120/240 60 | 3600[993 cc|{ LPG 46602-46616
7506-2 |16.00 | 120/240 60 | 3600|1078ce] LPG 46602-46616
7506-3 [16.00 | 120/240 60 | 3600{1078cc| LPG 46602-46616
7506-4 [16.00 | 120/240 60 | 3600/1078cc| LPG 44725-44735
7506-5 {16.00 | 120/240 60 | 3600{1078cc| LPG 44725-44735
7507-1 | 8.00 | 120/240 60 | 1800(993 cc 46602-46603
7507-2 | 8.00 | 120/24¢ 60 | 1800|1078cc 46602-46603
7507-3 | 8.00 | 120/240 60 | 1800{1078cc 44735-44725
7507-4 | 8.00 | 120/240 60 | 1800|1078cc 44725-44735
7507-5 | 8.00 | 120/240 60 | 1800} 1078cc 44725-44735
7508-1 | B.00 | 120/240 60 | 1800} 993 cc 46602~46603
7508-2 | 8.00 | 120/24¢0 60 | 1800|1078cc 46602-46603
7508-3 | 8.00 | 120/240 60 | 1800 1078cc 44725-44735
7508-4 | 8.00 | 120/240 60 | 1800{1078cc 44725-44735
7508-5 | 8.00 | 120/240 60 | 1800|1078cc 44725-44735
7509-1 (16.00 { 120/240 . 60 | 3600{993 cc 46602-46603
7509-2 {16.00 | 120/240 60 | 3600|1078cc 46602-46603
7509-3 {16.00 | 120/240 60 | 3600|1078cc 44725-44735
7509~4 |16.00 | 120/240 60 | 3600/ 1078cc £44725-44735
7509~5 117.50 | 120/240 60 | 3600)1078cc 44725-44735
7510~1 116.00 | 120/240 60 | 36001993 cc 46602-46603
7510-2 }16.00 j 120/240 60 | 3600] 1078cc 46602-46603
7510-3 |16.00 { 120/240 60 | 3600{1078cc 44725-44735
7510-4 |16.00 | 120/240 60 | 3600| 1078cc 44725-44735
7510-5 {17.50 | 120/240 60 | 3600{ 1078cc 44725-44735
7511~1 | 8.00 | 120/240 60 | 1800|993 cc 46602-46603
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1.1- SPECIFICATIONS AND FRATURES- MODEL 7500 SERIES GENERATORS
* G= Gasoline NG= Natural Gas LPG= LP Gas |

WIRING DIAGRAM
MODEL | KW | VOLTAGE | PHASE|HERTZ | RPM [ENGINE [FUEL* | SCHEMATIC

7501-0 | 8.00 | 125/216 60 |[1800]993 cc 44244-44237
7501-1 | 8.00 | 125/216 60 | 1800]/993 cc 46751-46752
7501-2 | 8.00 {125/216 60 | 1800{1078cc 46751-46752
7501-3 | 8,00 | 125/216 60 {1800/1078cc 48986-48988
7502-1 | 8.00 | 120/240 60 |1800|993 cc 46602-46603
7502-2 | 8.00 | 120/240 60 | 1800{993 cc 46602-46603
7502-3 | 8.00 | 120/240 60 |1800[/1078cc| 44735-44725
7502-4 | 8.00 | 120/240 60 | 1800[1078ce 44725-44735
7502-5 | 8.00 | 120/240 60 | 1800[1078ce 44725-44735
7503-1 { 8.00 | 120/240 60 |1800]993 cc 46602-46603
7503-2 | 8.00 | 120/240 60 |1800(1078¢cc 46602~46603
7503-3 | 8.00 | 120/240 60 |1800|1078cc 44735~-44725
7503-4 | 8.00 | 120/240 60 | 1800]{1078cc 44725-44735
7503-5 | 8.00 | 120/240 60 | 1800(1078cc 44725-44735
7504-1 | 8.00 | 120/240 60 | 1800|993 cc| LPG 46602-46603
7504-2 | 8,00 | 120/240 60 | 1800{1078cc| LPG 46602-46603
7504-3 | 8.00 | 120/240 60 | 1800|1078cc| LPG 44725-44735
7504-4 | 8.00 | 120/240 60 | 1800/1078cc| LPG 44725-44735
7504-5 | 8.00 | 120/240 60 | 1800|1078cc| LPG 44725-44735
7505~-1 [16.00 | 120/240 60 | 3600{993 cc| NG 46602-46616
7505-2 [16.00 | 120/240 60 | 3600}1078cc| NG 46602-46616
7505-3 16.00 | 2120/240 60 | 3600{1078cc| NG 44725-44735
7505~4 [16.00 | 120/240 60 | 3600{1078cc| NG 44725-44735
7505-5 [16.00 | 120/240 60 | 3600/1078cc] NG 44725-44735
7506-1 [16.00 | 120/240 60 | 3600[993 cc|{ LPG 46602-46616
7506-2 |16.00 | 120/240 60 | 3600|1078ce] LPG 46602-46616
7506-3 [16.00 | 120/240 60 | 3600{1078cc| LPG 46602-46616
7506-4 [16.00 | 120/240 60 | 3600/1078cc| LPG 44725-44735
7506-5 {16.00 | 120/240 60 | 3600{1078cc| LPG 44725-44735
7507-1 | 8.00 | 120/240 60 | 1800(993 cc 46602-46603
7507-2 | 8.00 | 120/24¢ 60 | 1800|1078cc 46602-46603
7507-3 | 8.00 | 120/240 60 | 1800{1078cc 44735-44725
7507-4 | 8.00 | 120/240 60 | 1800|1078cc 44725-44735
7507-5 | 8.00 | 120/240 60 | 1800} 1078cc 44725-44735
7508-1 | B.00 | 120/240 60 | 1800} 993 cc 46602~46603
7508-2 | 8.00 | 120/24¢0 60 | 1800|1078cc 46602-46603
7508-3 | 8.00 | 120/240 60 | 1800 1078cc 44725-44735
7508-4 | 8.00 | 120/240 60 | 1800{1078cc 44725-44735
7508-5 | 8.00 | 120/240 60 | 1800|1078cc 44725-44735
7509-1 (16.00 { 120/240 . 60 | 3600{993 cc 46602-46603
7509-2 {16.00 | 120/240 60 | 3600|1078cc 46602-46603
7509-3 {16.00 | 120/240 60 | 3600|1078cc 44725-44735
7509~4 |16.00 | 120/240 60 | 3600/ 1078cc £44725-44735
7509~5 117.50 | 120/240 60 | 3600)1078cc 44725-44735
7510~1 116.00 | 120/240 60 | 36001993 cc 46602-46603
7510-2 }16.00 j 120/240 60 | 3600] 1078cc 46602-46603
7510-3 |16.00 { 120/240 60 | 3600{1078cc 44725-44735
7510-4 |16.00 | 120/240 60 | 3600| 1078cc 44725-44735
7510-5 {17.50 | 120/240 60 | 3600{ 1078cc 44725-44735
7511~1 | 8.00 | 120/240 60 | 1800|993 cc 46602-46603
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1.1- SPECIFICATIONS AND

——r—

FRATORRS- MODRL 7500 SERIES GENERATORS

(Cont'd)
WIRIRG DIAGRAM
MODEL WATTS | VOLTAGE | PEASERERTZ | RPM |ENGINR | FUEL ,
7511-2 8.00 | 120/240 1l 60 100 |l078cc G 46602=-466013
7511-3 8.00 1120/240 1 60 180011078cc G 44725-44735
71511-4 8.00 {120/240 1l 60 1800]1078¢ce G 44725-44735
7511-5 8.00 | 120/240 1l 60 1800!1078ce G 44725-44735
7512-1 8.00 | 120/240 l 60 18001993 cc G 46602-46603
7512-2 8.00 | 120/240 1l 60 180011078cc G 46602=-46603
7512-3 8.00 | 120/240 1 60 1800{1078cc G 44725=-44735
7512-4 8.00 | 120/240 1l 60 1800]|1078cc G | 44725-44735
7512-5 8.00 | 120/240 1 60 1800 (1078¢ce G 44725-44735
71513-1 8.00 | 120/240 1l 60 1800993 cc { LPG 46602-46603
7513=2 8.00 | 120/240 1 60 1800 ]1078cc | LPG 46602-46603
7513-3 8.00 |120/240 1l 60 1800 ]1078cc | LPG 44725-44735
7513-4 8.00 | 120/240 1 80 1800 |1078¢cc | LPG 44725-44735
7513~5 8.00 | 120/240 1l 60 1800 (1078cc | LPG 44725~-44735
7514-1 8.00 | 120/240 1 60 1800993 cc G 44060-45413
7514-2 8.00 |120/240 1l 60 18001993 cc G 46602-46603
7514-3 8.00 | 120/240 1l 60 1800 |1078cc G 46602-46603
7514-4 8.00 |120/240 1 60 18001{1078cc G 44725-44735
7514-5% 8.00 |120/240 l 60 1800 |1078cc G 44725-44735
7515-1 | 16.00 |120/240 1l 60 3600(993 cc G 465602-46603
7515-2 [ 16.00 | 120/240 1l 60 3600 |1078¢cc G 46602~46616
7515-3 (16.00 | 120/240 1 60 3600 |1078cc G 4472544735
7515-4 { 16.00 | 120/240 1l 60 3600 |1078cc G 44725~44735
7515-5 | 17.50 | 120/24¢0 1l 60 3600 |1078cc G 44725=-44735
7516-1 |{ 16.00 |120/240 1 60 3600993 cc NG 46602-46603
7516-2 | 16.00 | 120/240 1 60 3600 |1078cc NG 46602-46603
7516-3 | 16.00 {120/240 ; 1l 60 3500 {1078cce NG 44725=-447135
7516-4 { 16.00 | 120/240 1l 60 3600[1078cc NG 44725-44735
17516-5 ] 17.50 {120/240 1 60 3600(1078cc NG 44725=-44735
7517-1 ] 16.00 | 120/240 1 60 3600993 cc |LPG 46602-46603
7517-2 1 16.00 120/240 1l 60 3600]1078cc | LPG 46602-46616
7517-3 | 16.00 | 120/240 1l 60 3600]1078cce | LPG 44725-44735
7517-4 | 16.00 | 120/240 1 60 3600{1078cc {LPG 44725~-44735
7817-5 | 17.50 | 120/240 1l 60 3600 1078cc | LPG 44725-44735
7521-1 8.00 §120/240 1l 60 1800]993 cc G 46602-46603
752)1~2 8.00 |120/240 1 60 1800|1078¢cce G 46602~-46603
7521-3 8.00 {120/240 1l 60 1800|1078cc G 44725-44735
7521-4 8.00 §120/240 l 60 1800|1078cc G 44725~44735
1521-5 8.00 | 120/240 1 60 | 1800]1078¢cc & 44725=-44735
7522-0116.00 | 120/240 l 60 3600}993 cc NG 44060~-45410
7522-1 | 16.00 | 120/240 1 60 3600|993 cc NG 46602-465616
7522-2 | 16.00 | 120/240 1l 60 360011078ce NG 46602-46616
7522-3 ) 16.00 | 120/240 1l 60 3600}1078cec NG 44725-44735
7522-4 1 16.00 120/240 1l 60 3600]1078cc NG 44725-44735
7522-5 | 17.50 | 120/240 1l 60 3600j1078cc NG 44725~44735
7523-0 ) 16.00 | 120/240 l 6Q 36001993 cc | LPG 44060-45410
7523-1116.00 | 120/240 l 60 1 3600|993 cc |LPG 46602-46616
7523~2 1 16.00 | 120/2490 l 60 3600|1078ce [ LPG 46602-46616
7523-3 } 16.00 | 120/240 1 60 3600 |1078cc 1LPG 44725=-44735
7523-4116.00 | 120/240 1 60 3600 |1078ce | LPG 44725-44735




1.1~ SPECIPICATIONS AND FEATURES-MODEL 7500 SERIES GENERATORS (Cont’d)

. : WIRING DIAGRAM
NODEL KW | VOLTAGE { PHABE IRERTE | RPN |ENGINE | FUEL| SCHEMATIC ,
7523-5 {17.50 | 120/240 |- 1 60 | 3600{1078cc | LPG 44725-44735
7530-0 | 15.00 } 220/380 3 50 | 3000{993 cc G 47588-47572
7530-1 { 15,00 | 220/380 3 50 }3000({1078cc G 47588-47572
7530~-2 | 15.00 | 220/380 3 50 | 3000{1078cc G 49640-49641
7530-3 {15.00 | 220/380 3 50 {3000(1078¢cc G 4964049641
7532-0 | 8.00 ] 120/2490 1 60 | 1800{993 cc G 46602-46603
7532-1 | 8.00 120/240 1 60 | 180011078¢cc G 46602-46603
7532-2 | 8,00 ] 120/240 1 60 | 1800{1078cc G 44725-44735
7532-3 | 8,00 | 120/240 1 60 |1800)1078¢cc G 44725-44735
7532-4 8.00 { 120/240 1 60 ]1800(1078cc G 44725-44735
7533-0 8.00 | 120/240 1 60 | 18001993 cc G 46602-46603
7533-1 | 8.00 ) 120/240 1 60 | 1800]1078¢cc G 46602-46603
7533-2 8.00 | 120/240 1 60 | 1800i1078¢cc G | 44725-44735
7533-3 | 8,00 | 120/240 1 60 11800;1078cc G 44725-44735
7533-4 8.00 | 120/240 1l 60 |1800}1078¢cc G 44725-44735
7534-0 |15.00 | 115/23¢ 1 50 |3000{993 cc G 47855-47856

17534-1 [15.00 | 115/230 1 50 {3000]1078cc G 47855-47856
7534-2 115,00 { 115/230 1 50 {3000i1078cc G 44729-44730
7534-3 j15.00 | 115/230 1l 50 [3000;1078cc G 44729-44730
7534-4 (15.00 | 115/230 1l 50 3000]1078cc G 44729-44730
7536-0 135.00 | 120/240 1 60 |360012.5 L. G 44112-46318
7536-1 }35.00 | 120/240 1 60 | 3600|2.5 L. G 44112-46318
7536-2 135,00 | 120/240 1 60 3600(2.5 L. G 50665-50666
7537-0 {16.00 | 120/240 1 60 [3600]|1078cc G 46602-46616
7537-1 [16.00 | 120/240 1 60 |3600(1078cc G 44725-44735

.17537-2 [16.00 | 1206/240 1l 60 | 3600{1078cc G 44725-44735
7538-0 [15.00 j 220/380 3 50 ]3000(1078cc G 47588-47572
7538-~-1 [15.00 | 220/380 3 50 [3000[1078cc G 49640-49641
7538-2 (15.00 | 220/38¢0 3 50 |{3000}1078cec G 49640-49641
7539-0 [12.50 | 220/380 3 S0 |3000(1078cc | NG 47588-47572
7539-1 {15.00 ) 220/380 3 50 |3000]1078cc | NG 49640-49641
7539~2 [15.00 | 220/380 3 50 |300011078cc | NG 49640-49641
7540-0 [12.50 | 220/380 3 50 13000;1078cc | NG 47588-47572
7540-1 115.00 { 220/380 3 50 [ 3000{1078cc | NG 49640-49641
7540-2 115.00 | 220/380 3 50 |300011078cc | NG 49640-49641
7541-0 [12.50 | 220/380 3 50 {3000{1078cc |LPG 47588-47572
7541-1 [15.00 | 220/380 3 50 1{3000{1078cc | LPG 49640-49641
7541-2 |15.00 | 220/380 3 50 {3000j1078cc {LPG 49640-49641
7542-0 }12.50 | 220/380 3 50 |3000j1078¢cc |{LPG 47588-47572
7542-1 115.00 | 220/380 3 50 | 3000]|1078¢cc {LPG 49640-49641
7542~2 {15.00 | 220/380 3 50 | 3000!1078¢cc | LPG 49640-49641
7543-0 {15.00 | 115/230 1 50 |3000,1078cc G 47855-47856
7543-1 [15.00 | 115/230 1 50 | 3000]1078cc G 44729-44730
7543-2 115.00 § 115/23¢0 1 50 [ 3000{1078cc G 44729-44730
7544-0 j12.50 | 115/23¢0 1 50 13000{1078cc | NG 47855-47856
7544-1 {15.00 | 115/230 1 50 }3000{1078cc | NG 44729-44730
7544-2 115.00 | 115/230 1 50 |3000]1078cc | NG 44729-44730
7545-0 }112.50 } 115/23¢0 1 50 |3000{l078cc | NG 47855-47856
7545-1 |15.00 | 115/230 1 50 {3000;1078cc | NG 44729-44730
7545-2 115.00 | 115/230 1. 50 | 3000]1078cc | NG 44729-44730
7546~0 |12.50 | 115/230 1 50 | 3000]{1078cc | LPG 47855-47856




1.1- FEATURRS AND SPECIPICATIONS-MODEL 7500 SERIES GENERATORS (Cont'd)

MODEL

(7546-1

7546-2
7547-0
7547-1
7547-2
7548-0
7548-1
7548-2
7548-0
7549-1
7549-2
7550-0
7550-1
7550-2
7551-0
7551-1
7551-2
7552~0
7552-1
7552~2
7553-0
7553-1
75532
7554-0
7554-1
7554-2
7555-0
1555-1
7555-2
7556-0
7556-1
7556-2
7557-0
7557-1
7557-2
7558-0
7558~1
7558-2
7559~0
7558-1
7559~2
7560-0
7560-1
7560-2
7561-0
7561-1
7561=-2
75620
7562-1
7562-2
7563-0

W
Is.aa
15. 00
12.50
15.00
15.00
15.00
15.00
15.00
20.00
20.00
20.00
15.00
15.00
15.00
20.00
20.00
20.00
35.00
35.00
35.00
15.00
15.060
15.00
20.00
20.00
20.00
35.00
35.00
35.00
18.00
18.0C
18.00
18.00
18.00
18.00
18.00
18.00
18.00
18.00
18.00
18.00
18.00
18.00
18.00
18.00
18.00
18.00
18.00
18.00
i8.00
35.00

VOLTAGE | PHASE | HERTZ | RPM
1157230 1 50 13000
115/230 1 50 |3000
115/230 1 50 3000
115/230 1 50 3000
115/230 1 50 |3000
120/240 1 60 11800
120/240 1 60 |[1800
120/240 1 60 1800
120/240 1 60 (1800
120/240 1 60 (1800
120/240 1 60 11800
120/240 1 60 (1800
120/240 1 60 1800
120/249 1 60 (1800
120/240 1 60 1800
120/240 1 60 11800
120/240 1 60 {1800
120/240 1 60 {3600
120/240 1 60 {3600
120/240 1l 60 (3600
120/240 1 60 11800
120/240 1 60 (1800
120/240 1 60 |1800
120/240 1 60 11800
120/240 1 60 (1800
120/240 1 60 11800
120/2490 1l 60 |3600
120/240 1 60 3600
120/240 1 60 3600
120/208 3 60 1800
120/208 3 60 |[1800
120/208 3 60 11800
120/208 3 60 1800
120/208 3 60 11800
120/208 3 60 1800
120/208 3 60 [1800
120/208 3 60 [1800
120/208 3 60 [1800
277/4890 3 60 1800
277/480 3 60 11800
277/480 3 60 }1800
277/480 3 60 |{1800
2777480 3 60 |1800
277/480 3 60 11800
277/480 3 60 |1800
277/480 3 60 |1800
277/4890 3 60 1800
1207208 3 60 1800
120/208 3 60 1800
120/208 3 60 {1800
120/208 3 60 3600
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WIRING DIAGRAM
SCHEMATIC

44729-44730
44729-44730
47855-47856
44729-44730
44729-44730
44112-46318
44112-46318
50665-50666
44412-46318
44112-46318
50665-50666
44112-46318
44112-46318
5066550666
44112-46318
44112-46318
50665-50666
44112-46318
44112-46318
44112-46318
44112-46318
44112~46318
50665-50666
44112-46318
44112-46318
44112-46318
44112~-46318
44112-46318
50665-50666
49108-45109
43108-49109
51101-51102
49108-45109
49108-45109
51101-51102
49108-438109
49108-49109
51101-51102
49108-49109
49108-49109
51101-51102
49108-49109
45108-49109
51101-51102
49108-49109
49108-49109
51101-51102
49108-49109
49108-49109
51101-51102
45108-49109




1.1— FEATURES

ARD SPRCIPICATIONS-MODEL 7500 SERIES GENERATORS (Cont'd)

MODEL

VOLTAGE

 7563-1
7563~2
7564-0
7564-1
7564-2
7565~0
7565-1
75652
7566-0
7566-1
7566-2
7567-0
7567-1
7567=-2
7568-0
7568-1
7568-2
7569-0
7569-1
7569-2
7570-0
7570-1
7570-2
7571-0
7571-1
7571-2
75712=9
7572-1
1572=2
T582-0
7582-1
7582-2
7584-0
7584-1
7585-0
7586-0
7586-1
7586-2
7587-0
7587-1
7587-2
7588-0
7589-0
7590-0
7590~-1
7591-0
7591-1
7592-0
7592-1
7597-0
75980

35.00
35.00
18.00
18.00
18.00

8.00

8.00

8.00
35.00
35.00
35.00
16.00
16.00
16.00

8.00

8.00

8.00
35.00
35.00
35.00
35.00
35.00
35.00
35.00
35.00
35.00
35.00
35.00
35.00
35.00
35.00
35.00
18.00
18.00
18.00
15.00
15.00
15.00
35.00
35.00
35.00
35.00
35.00
35.00
35.00

8.00

8.0p

18.00

18.00
35.00
35.00

120/208
120/208
120/208
120/208
120/240
120/240
120/240
120/208
120/208
120/208
120/208
120/208
120/208
120/240
120/240
120/240
120/240
120/240
120/240
120/208
120/208
120/208
120/240
120/240
1207240
120/208
120/208
120/208
120/240
120/240
120/240
120/208
120/208
120/208
120/240
120/240
120/240
120/240
120/240
120/240
120/240
120/208
120/240
120/240
120/240
120/240
120/208
120/208
120/208
120/240

120/208
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60
60
60
60
60
60
60
60
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60
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60
60
60
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60
60
60
60
60
60
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60
60
60
60

60

60
60
60
60
60
60

-60

60
60
60
60
€0
60
60
60
60

RPN
3600
3600
1800
1800
1800
1800
1800
1800
3600
3600
3600
3600
3600
3600
1800
1800
1800
3600
3600
3600
3600
3600
3600
3600
3600
3800
3600
3600
3600
3600
3600
3600
1800
1800
1800
1800

11800

1800
3600
3600
3600
3600
3600
3600
3600
1800
1800
1800
1800
3600
3600
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2
2
2
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1078cc
1078ce
2.5 L.
2.5 L.
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1078cc
1078cc
1078cc
1078cc
1078¢cc
1078ce
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L.
L.
L.
L.
L.
L'
L.
L.
I‘.
L.
L.
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L.
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L.
L.
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L.
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L.
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Bec
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LPG
LPG
LPG

WIRING DIAGRAM

TI
49108-43109
51101-51102
49108-49109
49108-49109
51101-51102
44725-44735
44725-44735
44725-44735
45108-49109
49108-49109
51101-51102
49945-49946
49945-49946
49945-4994¢
44735-44725
44725-44735
44725-44735
44112-46318
44112~-46318
50665-50666
459108-45109
48108-49109
51101-51102
44112~-46318
44112-46318
50665-50666
49108-49109
49108-49109
51101-51102
44112-46318
44112~-46318
50665~50666
49108-49109
51101-51102
51101-51102
44112-46318
44112-46318
50665-50666
45108-48109
51101-51102
51664-51665
51664-51665
49108-49109
44112-46318
50665~50666
44725-44735
44725-44735
49109-49108
51101-51102
51101-51102
51101-51102




j.1-~ SPECIFICATIONS AND PEATURES- MODEL 7500 SERIES GENERATORS (Cont‘*d)

WIRIKG

DIAGRAM/
MODEL |4 VOLTAGE PHASE HERTZ RPM ENGINE FUEL SCHEMATIC
7596-0 20.00 12072490 1 60 1800 2.5 L. G 50665-50666
7602-0 8.00 1257216 3 60 1800 1078Bec G 46777-46778
76030 8.00 1257216 3 60 1800 1078¢ce @ 60691-60693
7604-0 8.00 120/240 1 60 1800 1078sc NG 60691-60693
7605-0 8,00 120/240 1 60 1800 107800 LPG 60691-60693

1.2- SPECIFICATIONS ARD FEATURES- MODEL 1100 SEBIBS GENERATORS

All GENERAC standby generators are assigned a MODEL NUMBER and a TIPE
KEUMBER. The MODEL NUMBER may be found on the DATA PLATE, which is
affixed to the generator a~-c connectior (lower) panel.

'The TYPE HUMBER identifies certain specifications and features of the
standby generator, as shown in the following illustration. Thus, when
the unit MODEL NUMBER is known, those specifications and features nmay
be identified by referring to this CHART.

' *54’ b/ ﬁ’/ r 4 " /f f Y
2/
w/ & C'
s ¢ 1 +
NOTE 1. VOLTAGE 60 Hz. 50 HZ.
A =T120240 {1 Phase G 1207208 Broad M It {1 Phass
8 aoms{ Phase} connmod H :mtm Broad 2.'28. N :%‘ ot Pr{n. “y Connected
I RR T S SR,
=1
F =120 3 Prase} 'Y Connectad L - 0240 Beoad Ranpe * ° i

The CHABT also liasts a MANUAL "B"™ LEVEL number. Use that number 4n
conjunction with 1.3, MANUAL "R"™ LEVEL CHART, to identify the specific
IRSTRUCTIONS AND PARTS MANUAL for that generator set and the various
WIRTHEG DIAGRAMS and BLECTRICAL SCEEMATICS that apply to the specific
generator. Those wiring diagrams and schematios may be found starting
on Page 45 of Part 1 and are arranged in nurerical order by drawing
pumber.



MODEL MANUAL MODEL MANUAL
NUMBER TYPE NUMBER "R* LEVEL f|NUMBER TYIPE NUMBER "R" LEVEL
7100-0 5G036-B362.5L36CDNN 14R56444 1120-3 SD0B0-B366.4DISCBNN 14R57965

100-1 SG036-B362.5L36CDNN 14856444 1120-4 SpDOB0-B366.4DIBCBEN 14R57965 -
1101-0 SG020-A162.5L1BCDRN 14RS644Y 1120-5 Sp080-B366.4D1BCBEN 1LKR57965
1101-1 SG020-A162,.5L18CDNN 14R56444 1121-0 SG036-E362.5L36CDKN 14R5644Y
1102-0 SG036~A162.5L36CDEN 14RS644Y 1121-1 8G036-E362.5L36CDNN 14R56444%
1102-1 SG036-A162.5L36CDNN 14R5644Y 1122.0 8G020-D362.5N18CDNN 14R5644Y4
1102-2 SG036-A162,5L36CDNR 14R56444 1122-1 SG020-D362.5N18CDNR 14R56444
1103-0 8G036-D362.5L36CDNN 14R5644% 1123-0 SG070-D36T7.4L18ABNN 1RR56435
1103-1 5G036-D362.5L36CDEN 14R5644% 1123~1 8G070-D367.4L1BABEN 14R58063
1103-2 8G036-D362,5L36CDNN 14R56444 1124-.0 SG020-A162.5N18CDNN 14R5644Y
1104.0 SG036-B362.5K36BDNN 14R56L4R 1124-~1 80020-2162.5N18CDNN 1HR5644Y
1104-1 SG036-B362.5N36BDNN 14R564KL 1124-2 8G020-4162.5N18CDNR 14RS644Y
1105-0 SGO0T0-D367.4L18CBNN 14R56435 1125-0 8G020-B362.5N18CDRN 14R5644Y .
1105~1 SG0T70-D367.4L18CBNN 14R58063 1125-1 8Q020-B362,.5N18CDNN 14R56441%
1106-0 SG020-B362.5L18CDNN 14RS64LY 1126-0 SD020~A162.2D18ADNN 1HRST746
1106-1 SG020-B362.5L18CDNN 14R5644Y 1127-0 Sp020-B362.2D18CDRN 14RSTTUE
1107-0 SGOT0-A167.UL18CBNN 14RS56435 1128-0 SG020-E362.5N18CDNR 14R56444
1107-1 SGO70-A167.4L18CBRN 14R58063 1129-0 8D015-D362.2D1BADNN 14R5TT46
1107-2 SGOT70-A167.4L1BCBNN 14R58063 1129-1 SD015-D362.2D1BADNR 14R5893%
1107-3 SGO70-A167.HL18CBNN 14R60636 1130-0 SD096-~D366.4DI1BCBNN 14R57995
1108-0 SGO70-B367.4N18CBNN 14R56435 1130-1 3D096-D366.4D1BCBRN 14R57995
1108-1 SGO70-B367,.4N18CBNN 14858063 1131-0 SDO45-B366.UDIBCBNN 14R57965
1108-2 SGOT0-B367.4N18CBKN 14R58063 1131-1 SDO45-B366.UDIBCBNN 14R57965
1109-0 SG036-A162.5L36BDRN 14R56444 1132-0 SGOT0-E367.4L18ABNN 14R58063
1109-~1 SG036-A162.5L36BDNN 14RS5644Y 1133-0 8p050-A156.4DISABRN 14R58725

. ¥110-0 SG020-B362.5L1BADNN 14R5644% 1133-1 SDOUO-A156,.4D15ABRR 14R58725
1110=-1 SG020-B362,5L1BADNN 14R5644% 1134-0 S5D050-B366.4D1BCBNN 14R57965
1111-0 SDOUS-A166,.4D1BCBNN 14R56749 1134~1 SD050-B366.4D1BCBREN 14R57965
1112-0 SD020-4162.2D18CDEN 14R5TT46 1134.2 SDOS50-B366.4DIBCBRN 14R57965
1112-1 SD020-A162,.2D18CDNN 14R57T46 1135-0 SG070-A167.4N18CBKN 14R58063
1113-0 SG020-B362.5L18CDNN 14R5644Y 1136-0 SGOT70-D36T.4N1BCBEN . 14R58063
1113-1 5G020-B362.5L18CDNN 14R564L4Y 1137-0 SDOUS-B366.4DISBENN 14R57965
1113-2 SG020-B362,5L18CDNN 14R5644Y 1138-0 SD060-B366.4D18CBNN 14R57965
1114-0 5G036-D362.5N36CDNN 14R5644Y 1139-0 SDP010-4161.3D18BDNN 14R58337
1114.1 SG036-D362.5N36CDNN TURS64LL 1139-1 SP010-4161.3D1BBDNN 14R58337
1118-.2 5G036-D362.5N36CDNN 14RS5644Y 1140-0 SG035-A165.7TN18CDRN 14R58564
1115-0 SG050-A165.7L18CBRN 14R56435 1140~1 8G036-4165.7N18CBNN 15R58063
1115-1 SG050-A165.TL18CBNN 14R58063 1141-0 SG035-B365.TN18BCBNN 14R58564
1115-2 8G050-A165.7L1BCBRN 14R58063 1141-1 SG035-B365.7TN18CBNN 14R58564
1115-3 8G050-4165.7L18CBNN 14R58063 1141-2 8G036-B365,.7TR18CBEN 14R58564
1115-4 SG050-4165.7L1BCBNN 14R58063 1141-3 8G036-B365,.THN18CBRN 14R58063
1116-0 SG070-C367.4L1BCBNN 14R56435 1142.0 SG035-4165.7L18BDNER 14R58564
1116-1 SG070~C367.4L18CBEN 14R58063 1143-.0 SG020-D362,5L18ADNN 14RS6UUY
1117-0 SGOB0-A165.7L1BCBNN 14R58786 1184-0 SDO6O-E366.4D1BABEN 14R57965
1117-1 SG080-A165.7L18CBEN 14R58786 1145-0 'SG050-A165. TN18BABNN 14R58063
1118-0 SG036-A162.5N36CDRKN 14R5644Y 1146-0 SDO60-2166,4D1IBCBNN 1HR57965
1118-1 SG036-1162,.5N36CDNN 14R56444 1147-0 8G035-A165.7L18BDNN 1U4R58564
1118-2 SG036-4162.5N36CDRN 15R56U54 1148-0 8G080-4165.7L18ABRN 14R58786
1119-0 SG036-D362.5N36BDNN 14R564UL 1149-0 SGO0B5-E365.TN18ABNN 14R58786
1119-~1 SG036-D362.5N36BDNN 14R56444 1150-0 SG100-D367.4N1BCBNN 14RS8786
1120-.0 SD080-B366,.4D1BCBEN 14R56749 1151-0 5G020-2162.5N18ADNN 14RS64UY
1120-1 SDO80-B366.UDIBCBNN 14R56T74S 1152-0 SGOB5-B365.7L1BCBNN 14R58786
1120-2 SDOBO-B36§6.4D1BCBNN 14R57965 1153-0 SGOB5-B365.7N1BCBNN 14R58786



1 i 1
1153-1 SGO85-B365,7N1BCBNN 14R58786 1190-0 SD035-4A163,.0D18CBXN 1U4R59353
1154-0 SG100-B367.4N18CBNN 14R58786 1191-0 SD100-D366.4D1BCBNN 14R57995
1154-1 SG100-B367.4N18CBNR 14R58786 1192-0 8SG036-A165,TL1BCDNN
1155.0 SG020-A162.5N18BDNN 14R5644% 1192-1 8G036-A165.TLI1BCDEN 14R6000
- $1155-1 8G020-4162.5N18BDNN 14R56444% 1192-2 SGO36-2165.TL18CDNN 14R61251 -
1156-0 SGOS0-B365.7N18CBNN 14R58063 1192-3 SG036-A165,.7L18CDEX 14R61093
1156-1 5G050-B365.TN1BCBNN t14R58063 1193-0 8D025-D363.0D18ADNN 14R59353
1157-0 SG100-B367.4L18CBNN 14R58786 1194.0 SGO10-2161.3L18CDRN 14R59404
1158-0 SD010-B351.3D18CDNN 14R58337 1195-0 SDO10-A161.3D18CDEN 14R58337
1159-0 SGO010-A161.3G18ADNN 14R5940Y 1196-0 SP015-B362.2D18CDYY 14858939
115%-1 SG010-A161.3GI8ADNN 14RE1645 1196-1 8SD0O15-B362.2D18CDYIY 14R58939
1160-0 SG010-A161.3L1BADNN 14R59404 1197-0 SD030~-D363.0D18CDEN 14R59353
1161-0 SGO10-A161.3L18BDNN 14859404 1198-0 SG010-4161.3Q18ADYY 14R59804
1161-1 SGO10-2161.3L18BDNN 1U4RE1645 1199-0 SG036-B362.5QG35CDEN 14R56448
1162-0 SG010-B361.3N18BDNN 14R59404 1199-1 SG036-B362.5G36CDNN 14R5644Y
1162-1 8GD10-B361.3N18BDNN 14RE1645 1200-0 SG036-D362.5N36CDYN 14RS644Y
1163-0 SG010-B361.3N18CDNN 14RG94OH 1201-0 SGO0T70-D36T7.4L18CBIY 14R58063
1164-0 SG010-E361.3N18BDNN 14R59404 1202-0 SDO10-A161.3D1BADNN 14R58337
1165-0 SG020-4161.3N356BDNN 1L4R59L404 | 1203-0 SDO30-A163.0D18CBNN 14R59353
1165-1 SG020-A161.3N36BDRN 14RS59404 1204-0 SG020-4162.5L18CDYN 14RS56LLY
1166-0 SG020-B361.3L3SBDNN 14RS9L4OY 1205-0 SG050-B365.TR18CBYY 14R58063
1166-1 SG020-B361.3L36BDNN 14R59404 || 1206-0 SGO70-E367.4N18CBNN 14R58063
1167=-0 SG036-4165.7L18CBNN 14R58564 1207~0 SD010-G361.3D1BBDNN 14R58337
1167-1 S5G036-4165.7L18CBNN 14R58063 1208-0 SD020-0363.0D18BDNN 14R58206
1168-0 SG036-B365.7L1BCBNN 14RE8564 1209-0 SDO30-G363.0D1BCDYN 14R59353
1169-0 SG036-B365.7N18BBNN 14R5B564 1210-0 SDOL5-B366,.4D1BCBYN 14R57965
1170-0 SGC50-B365.7L18CBNN 14858063 || 1211-0 SD060-B366.4D1BCBYN 14R57965
1170-1 SG050-B365.TL18CBNN 14R58063 1212-0 SGO10-2161,.3X18BDYY 14R5940%
1171-0 SGOT0-B367.4L18CBNN 14R58063 || 1213-0 SG100-D367.4L1BABNN 14858784 .
1171-1 8G070-B367.4L18CBNN 14R60636 1214-0 SD030-J363.0D1BCDYN 14R5935% -
1172-0 SD020-A163.0D18ADNN 14R58206 1215-0 SD100-B366.4D1BCBRN 14R57995
1172-1 SD020-A163.0D18ADNN 14R58206 1216-0 SG010-B361.3618BDEN 14R5540%
1173-0 SD020-B363.0D18CDNN 14R58206 1217-0 8G080-A165.7R18CBYY 14R58786
1174-0 SDO20-C363.0D18ADNN 14R58206 1218~0 SG085-E365.THN18CBNN 14R58786
1175-0 SD020.D363.0D18ADYY 14R58206 i 1219-0 SG100-B367.4N18CBYY 14R58786
1176-0 SD025-A163.0D18CDNN 14R59353 1219-1 SG100-B367.4N18CBYY 14R60637
1177-0 SD025-E363.0D18CDNN 14R59353 1220-0 SD035-B363.0D1BCBYY 14R59353
1178-0 SD030-B363.0D18CBNN 14R59353 1221-0 SDO4S-B366.4D18CBYY 14R57965
1178-1 Sp030-B363.0D1BCBNN 14R59353 1222-0 S8D050-B366.UDT1BCBYY 1U4R57965
1179-0 SD035-A163.0D18ADNN 14R59353 1222-1 SDO50-B366.4D18CBYY 1UR5T7965
1180-0 SD035-E363.0D18BDYY 14R59353 1223-0 SDPO60-G366.4D1BCBYY 14R57665
1181-0 SD020-E363,.0D18ADNN 14R58206 1223-1 SD060-3366.4D18CBYY 1U4RETS6E5
1182.0 SD035-B363.0D1BCDNN 14R59353 1224-0 SD0OBO-B366.4D1B8CBYY 14R57965 .
1183-0 SD035-E363.0D18ABNN 14R58353 1224-1 SPOBO-B366.4D18CBYY 14R57965
1184-0 5G3036-4165.7TL18CBYY 14R5B564 1225-0 8G036-G365,.7TN1B8CBRN 14R58B564
11B4.1 8G036-A165.TL1BCBYY 14R58063 1225-1 8G036-G365.TR18CBNN 14R58063
1185-0 SG036-D365.TG18CBNN 14R58564 1226-0 SD100-G36133D18CBNN 1UR59911
1185-1 8SG036-D365.7G18BCEBNN 14R58564 1227-~0 SD100-G836133D18CBYN 14R59911
1186-0 8GO050-E365.7L18CBRN 14858063 1228-0 SD130-G36133D18CBNN 14R59911
1186-1 SG050-E365.7L18CENN 14R58063 u $1228-1 8D130-G36133D18CBNN 14R61576
1187-.0 SGOT0-A167.UN18CBYY 14R58063 1225-0 SD130-G36133D18CBYY 14R59911
1187-1 SGO70-A167.4N18CBYY 14R58063 1229-1 SD130-G36133D18CBYY 14R59911
1188-0 SGO70-B367.4N1BCBYY 14R58063 1229-2 SD130-G36133D18CBYY 18R61576
1188-1 SGO70-B367.4N18CBYY 14R60636 1229-3 SD130-G36133D1BCBYY 14R63072
1189.-0 SG100-E367.4N18CBNN 14R58786 1230-0 SD130-J36133D1BCBNN 14B5991:



1230-1
1231=-0
1232-0
1232-1
1233-0
1233-1
1233-2
1234-0
1235-0
12360
1236-1
1237-0
1238-0
..1239-0
1240-0
124901
12810
1242-0
1242-1
1242-2
1243-0
12440
12450
12460
1247-0
1248-0
1249-0
S 12491
1250-0
12510
12511
1252-0
1253-0
1253-1
1253-2
1254-0
12550
1255-1
1256-0
1257-0
12571
1258-0
1259-0
12591
1260-0
1261-0
© 1262-0
1262-1
1263-0
1264.0
1265-0
1266-0
12661
1267-0
1267-1

5D130-J36133D18CBRN
SD130-K36133D18BBNN
SD130.K36133D18CBRN

TRR61576

14R59911
14859911

SD130-K36133D18CBNN 1U4R61576

5D130-K36133D18CBYY
SD130-K36133D18CBYY
SP130-K36133D18CBYY
SD180-K36133D18BBRN
SP035-D363.0D18CDYY
SD080-K366.4D18CBNN
SpO80-K366,4D18CBRN
SD010-D361.3D18ADYY
SD020-D363.0D18ADNN
SD030-D363.0D18ABKN
SD015-4162.2D18ADYY
SD015-3162.2D18ADYY
86020-D362.5N16CDYY
8D150-G36133D16CBNY
$D150-G36133D1BCBNN
SD150-G36133D18CBNN
5G050-4165.7N18CBNK
SD015-D362,2D18ADYY
5D025-B363.0D18CDNN
5G036-K365.7N18CBYN
SD010~-A161.3D18BDNY
$D030-G363.0D18CBNN
5D030-J363.0D18CBYY
$D030-J363.0D16CBYY
SD080-J366.4D18CBNN
SD080-J366.4D18CBYY
SD080-J366.4D18CBYY
SD100-G36133D18BBRN
SD100-G36133D16CBYY
SD100-G36133D18CBYY
5D100-G36133D18CBYY
$6010-B361.3N18BDNY
5G036-G365.7L18CBRN
5G036-G365.7L18CBNN
56050-J365.TN18CBNN
SG070-K367.4L18CBNN
8G0T70-K367.4L18CBNN
8G085-G365,TN18CBNN
SD080-K366.4D18ABYY
SD0B0-K366.4D18ABYY
SD015-M152.,2D15BDRN
$D030-K363.0D18BDYY
5D060-~-K366.4D1BCBNN
SD060-K366.4D18CBNN
SG085-D365. TLTBCBNN
SD008-M151,3D15BDKN
SD025-K363.0D18BDYY
SD050-G366.4D18CBNN
SD050-G366.4D18CBNN
$D060-K366,4D18CBYY
SD060-K366.4D18CBYY

14R59911
14R59911
14R61576
14859911
14R59353
14R57965
14857965
14R58337
14858206
14R59353
14R58939
14R58939
14R5644%
14R59511
14R59911
T4RE15T6
14R58063
14R58939
14R59353
14R58564
14R58337
14R56353
14R59353
14R59353
t14R57965
14R57965
14R5T7965
14R599 11
14R59911
14R61576
14R63072
14R59404
14R58564
14R58063
14R58063
14858063
14R60636
14R58786
14R57965
14857965
14858919
14R59353
14R57965
14R57965
14R58786
14R58573
14R59353
14R57965
14857965
14R57965
14R57965

1268-0
1269-0
1269-1
1270-0
1271-0
1271-1
1272-0
1272-1
1273-0
1274-0
127441
1275-0
1276-0
1277-0
1277-1
1278-0
1279-0
1280-0
12810
12811
1282-0
1283-0
1284-0
1285-0
1286-0
1286-1
1287-0
1287-1
1287-2
1288-0
1289-0
1289-1
1289-2
1290-0
1291-0
1292-0
1292-1
12930
1294-0

-1295-0

1295=1
1296-0
1297-0
1298-0
1299-0
1300-0
13010
1302-0
1303-0
1303-1
130L.0
1304-1
1305-0
1305-1
1306-0

SG020-B362.5L18CDYY
SG036-D365.TN1BCBRN
SG036-Dp365.TR18CBNN
SG050-J365.7G18ABYY
SD100-K36133D18CBNN
SD100-K36133D18CBNN
SP150-K36133D18CBNN
SD150~K36133D1BCBEN
85G050-G365.TN18CBEN
8D025-K363.0D18CBYY
3D025-K363.0D18CBYY
SD010-A161.3D18BDYY
8p015-C362.2D18CDYY
SD030-K363.0D18CRYY
S8D030-K363.0D18CBYY
80050-G365.7G18ABRN
SD015-M152.2D15ADNN
5G020-A162.5L18BCDYY
SG036-A165.7TR18CBYY
SG036-4165.TN18CBYY
SD015-E362,2D18CDNN

8D020-G363.0D18CDNN

SD030-L363.0D18ABYY
SDoB80-D366.4D18CBNN
SD0B80-R366.4D18CBYY
SDCBO-KE366.4D18CBYY
SD180-K36133D18CBNN
SD180-K36133D18CBNN
S8D180~K36133D18CBNN
SG020-4162.5N18CDYY
5G036-G365.7TN18CBYY
SG036-3365.TN18CBYY
5G036-G365,.7TN18CBYY
SG050-K365.TN18CBNN
56070-J367.4L18CBYY
SG100-K367.4L18CBYY
SG100-K367.4L18CBYY
Sp030-B363.0D18CBYY
SG010-A161,3N18CDNN
SG070-D367.4N18CBYY
5G070-D367.4N18CBYY
8G6010-D361.3G18CDNN
SG020-D362.5G18CDKN
8G036-0362.5N36CDNN
SG070-D367.4G18CBRN
5G010-A161.3L18BDYY
SD015-E362,.2D18CDYY
8G020-G362.5L18CDNN
Spo45-J366.4D18CBYY
SDP045-2366.4D18CBYY
SD050-K366.4D18CBYY
Sp050-K366.4D18CBYY
Sp060.J366.4D18CBYY
SD060-J366.4D18CBYY
Sp0B0-A166.4D1BCBNN

14RS644Y
14R58564
14RSB063
18R58063
14R59911
14859911
14R59911
14RE9911
14R58063
14R59353
14859353
14858337
14R58939
14R59353
14R59353
14858063 -
14R58919
14RS644Y
14R58564
14R58063
14R58939
14858206
14R59353
14R57965
14R57965
14R57965
14R59911
14R59911
14R61576
T4RS6UUY
14R58564
14R58063
14R62614
14858063
14858063
14R58786
14860637
14859353
14R59404
14R58063
15R60636 .
14R59404;

1UR56444
T4RSE44E
14R58063
14RS940Y
14R58939
14R5640LY
14R57965
14R57965
14R57965
14R57965
14R57965
14R57965
14R57965
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1307-0
1308-0
1309-0
1310-0
1311-0
13111
1312-0
1313-0
1314-0
1315-0
1316-0
1317-0
1318-0
13190
1320-0
1321-0
1322-0
1323.0
1324.0
13250
1326-0
1327-0
1328-0
1328-1
1329-0
1330-0
1330-1
1331-0

© 1332-0

1332-1
1333-0
1333-1
133420
13350
1336-0
1337-0
1337-1
1338-0
1339-0
1340-0
13410
1342.0
1343-0
13440
1345-0
13451
1345.2
1346-0
1347-0
1348-0
13490
1350-0
13510
‘1352-0
1353-0

5G020-A161,3L36ADYY
SG100-K367.4N18CBNN
SD030-4163,0D18CDYY
SD030-G363.0D18CBYY
SD180-K36133D18CBYY
SD180-K36133D18CBYY
SG050-E365.7N18CBNN
SD060-D366.4D18CENN
SD015-6362.2D18BDNY
SD020-G363.0D18CDYY
SD5.5-A160.8D18BDNY
8G010-D361.3L1BBDNN
5G036-K365, TH18CBNN
SP020-B363.0D18ADNN
SDO0B-A151,3D15ADYY
SD020-A153.0D154DYY
SD030-B353.0D15ABNN
SD030-E353.0D15ADNN
SDO45-G366.4D18ABYY
5G020-B362.5N18CDYY
5G036-G362.5L36CDNN
SGO70-4167.4L18CBYY
SG100-G367.4N18CBYY
5G100-G367.4N18CBYY
SD010-D361.3D18ADNN
SG020-B361.3N36BDNN
5G020-B361.3N36BDNN
SD015-4162.2D18CDYN
SDO45-G366.4D18CERN
SD045-G366.4D18CBNN
SD060-G366.4D18CENN
SD060-G366.4D18CBNN
SD150-K36133D18CBYY
SD010-B361.3D18BDYY
SD015-4162.2D18CDYY
SD100-K366.4D18CBYY
SD100-K366.4D18CBYY
SD020-E363.0D18CDNN
$6050-4165.7TN18CBYY
SG050-K365, 7TN18CBNN
SDO50-H366.4D18ABNN
56050-4165.7G18CBYY
SG036-B365, TH18CBYY
SG036-K365.TN1BCBYY
SG036-G365. 7TN18CBNY
56036-G365.7TN1BCBNY
SG036-G365. TN1BCENY
S6020-G362.5L18CDYY
SD030-H363.0D1BADYY
5G020-G361.3N36CDNN
SG010-B361.3G18ADNN
SD010-B361.3D18BDNN
5G020-J361.3G36ADYY
SD015-B362.2D18CDNN
SD080-G366.4D1BCBNN

THR59404
14R60637
14R59353
14R59353
14R59911
14R59911
14R58063

14R5T965

14R58939
14R58206
14R60612
14RS59404
14R58063
14R58206
14R58573

T14R57965
14R5644Y
T4R56444
14R60636
14R60637
14860637
14R58337
T4R59404
14R61645
14R58939
14R57965
14R57965
14R57965
14R57965
14859911
14R58337
14R58939
14R57995
14R57995
14R58206
14R58063
t4R58063
14R57965
14R58063
14R58063
14R58063
14R58063
14R58063
14R62614
1URS644Y
14859353
14R5940%
14R59404
14R58337
14R59404

14858939

14R57965

10

13540
13550
1356-0
1357-0
1358-0
1359-0
13600
1361-0
1362-0
1363-0
1364-0
1365-0

1366-0.

13670
1368-0
1369-0
13700
1371=0
13720
1373-0

1374-0

1375-0
1376-0
13770
1377=1
1377-2
1378-0

1379-0

1380-0
1381-0
1382-0
1383-0
1384.0
1385-0
1386-0
1387-0
1387-1
1368-0
1389-0
1390-0
1391-0
1392-0
1392-1
1392-2
1393-0
1393-1
1393-2
1394-0
1395-0
1395-1
1395-2
1396-0
1397-0
1398-0
1399-0

SD100-G366.4D1BCBNN
SG100-G367.4N1BCBNN
SD035-G363.0D18CBNN
SD5.5-A160.8D18BDNN
SG070-J367.4L18CBNN
$D030-J363.0D18CBNK
SD025-B363.0D1BBDNN
SG036-B365. TN18CBIN
SbOU5-G366.4D18CBYY
5p030-B363.0D18BDYY
SpO45.K366.4D1BCBYY
SG070-A167.4N18BBNN
8G085-J365.TL18CBRN
SD200~-J36140D18CBNY
SG008-A161.1G18ADYY
SD180~J36133D18CBNN
8D030-G363.0D18ADNN
8D030-G363.0D18CDNN
SpD010-A161.3D18ADYY
8D050-G366.4D18CBYY
SD050-~J366.4D18CBYY
8G070.J367.4G18CBYY
SD035-B363.0D18CBRN
SD180-G36133D18CBYY
SD180~G36133D18CBYY
SD180-G36133D18CBYY
8G010-K361.3L18BDYY
§D025-K363.0D18CDYY
8G036-G365. TL18CBYY
$p020-C363.0D18ADYY
5G010-K361.3L18ADYY
SD010.B361.3D1BCDNY
SD010-B361.3D18CDYY
SD010-G361.3D18CDYY
Sp020-B363.0D1BCDYY
SD035-B363.0D18CDYY
8D035-B363.0D18CDYY
SD035-6363.0D18BCBYY
SD080-G366.4D18CBYY
SD100-G366.4D18CBYY
SD5.5-B360.8D18CDYY
SG010-B361.3L18CDYY
5G6010-B361.3L18CDYY
SG010-B361.3L18CDYY
SG010-G361.,3N1BCDYY
SG010-G361.3N18CDYY
3G6010-G361.3N18CDYY

‘SG020-B361.,3L36CDYY

SG020-G361.3836CDYY
8G020-G361.3N36CDYY

-85G020-G361.3N36CDYY

8G020-G362.5818CDYY
8G036-B362.5L36CDYY
SG036-G365.7L18ABYY
5G050~-B365.7L18CBYY

14R57995
14R60637
14R5935"
14R6061.
14R60636
14R59353
14R59353
14R58063
1EiR57965
14R59353
14R57965
14R60636
14R58786

14R59911
14R59353
14859353
14R58337
14857965
14R57965
14860636
14R59353
14859911
14R61576
14863072
14859404
14R5935

1unsaos§
14R5820

14859408
14858337
14R58337
14R58337
14R58206
14R59353
14859353
14859353
14R57965
14857995
14R60612
14R61645
14R61645
14R62611
14R61645
14R61645
14R62611
18R59404
14R61645
14R61645
14R62611
14R564 44
14R564 44
14R5806~
14R5806



1399-1
1400-0
$400-1
1401-0
1401-1
1402-0
1402-1
1403-0
14080
1405-0
1406-0
1406-1
1407-0
1408-0
1409-0
1410-0
1511-0
1412-0
18130
1413-1
1413-2
14140
14150
1416-0
1417-0
1418-0
1419-0
.1520-0
142140
1422-0
1423-0
14240
14250
1426-0
1427-0
1428-0
14290
1430-0
1831.0
1432-0
1433.0
1434-0
1435-0
1436-0
1437-0
1438-0
1439-0
1440-0
1441-0
148220
1443-0
14350
14850
14451
1446-0

SG050-B365.TL18CBYY
SG050-G365.7TN18CBYY
SG050-G365.TN18CBYY
SG070-B367.4L1BCBYY
SG0T70-B367.4L18CBYY
5G070-.G367.4N18CBYY
SG070-G367.4N1BCBYY
SG0B85-B365.7L18CBYY
SG085-3365.TN18CBYY
SG100-B367.4L18CBYY
SD100-K36133D18CBYY
SD100-K36133D18CBYY
SDOBO-K366. U4D1BCBIN
SGO050-E365.7G18CBYY
SD0BO-D366.4UD1BABYY
SD100-J36133D18CBYY
SD100-K36133D18BBEN
SG010-B361.3L18BDYY
SG020-A161.3L36CDYY
SG020-£161.3L36CDYY
SG020-A161,.3L36CDYY
SG020-K362.5NK18CDNN
SG070-G367.4L1BCBNN
SD015.D362.2D18BDYY
SG085-G365.7L18CBYY
SD150-K36133D18CBYN
SG100-0367.4L18CBNN
SD020-J363.0D18BCDNN
SG020-G361.3N36BDYY
SG020-G362.5N18BDYY
SG020-K362.5N1BCDYY
8G050-G365.7G18CBYY
SG050-J365.TL18ABYY
SDO50-K366,.4D18CBNN
SD150-G36133D18CBYY
SG050-4165.7TG18ABNN
Sp025~A163.0D18BADYY
8G070-J367.4G18CBNN
Sp010-4161.3D18ADYY
SG036-E365.7TN18CBNN
SD030-A163.0D18CBYY
Sp025-G363.0D1BCDYY
SD030-E363.0D18CBYY
SG020-D361.3G36ADYY
SG036-4162.5N36BDYY
SDON5.G366.4D18BBBYY
SD050-G366.4D18BBYY
S5G050-K365.7L18CBNN
SD030-A163.0D18ABNN
SD060-3366,.4D18BBYY
SG010-A161.3N18CDYY
SD020-J363.0D18BADYY
SD020-N353.0D15ADYY
SD020-N353.0D15ADYY
SD050-K366.4D18BBYY

14R62614
14R58063
THRE2614

14r60636

14R62614
14R60636
14R62614
14R58786
14R58786
14R60637
14R59911
14861576
14R57965
14R58063
18R57965

14R59911
14859404
14RE61645
14R61645
14R62611
14R5644Y
14R60636
14R58939
14R58786
14R59911
14R60637
14R58206
14R59404
14R564k4
TRR56444
14R58063
14858063
14R57965
14859911
14R58063
T4R59353
14R60636
14858337
14R58063
14R59353
14R59353
14R59353
14859404
1456448
14R57965
14R57965
14R58063
14R59353
14R57965
14R59404
14R58206
14R61354

14R57965

it

14470
144820
14490
1450-0
145120
14520
14530
14540
1455.0
1456-0
1457-0
1458-0
1459.0
1860-0
14610
14620
14630
14640
146520
1466-0
14670
14671
14680
1469-0
1470-0
1471-0

1472-0

1473-0
14740
14741
14742
147520
1476-0
1477-0
147820
1479-0
14791
1480-0
14810
14820
1483-0
14840
1485-0
1486-0
1487-0
14880
1489-0
1490-0
146120
14920
14930
1494-0
1495.0
14960
1497-0

SD5.5-E360.8D18BDYY
SG010-4161.3G18BDNK
SG070-416T7.4G18ABYY
8G100-K367.4N18CBYY
Sp025-N353.0D154ABYY
Sp025-D363.0D18BABYY
Spois-p366.4D18ABYY
SG010-D361.3G18ADYY
8G036-J3365.7L18ABNN
8p025-J363,.0D18ABYY
8D030-K363.0D18CBNN
SG020-G361.3K36BDKRY
8G085-X365.7N18CBRR
Spoli5-J366 . BD18ABYY
8G020-G362.5N18CDNN
SQ050-K365.7TN18CBYY
5p030-G363.0D18CDYY
Sp010-p361.3D18BDYY
5p025-J363.0D18BBYY
SDoli5-3366,.4D18BBYY
Sp175-G36133D18CBNR
SD175-G36133D18CBRN
Sp025-E363.0D18CDYY
SD050-4166 ,8D18CBYY
SD5.5-4160,.8D18BDYY
8G036-4162,.5L36CDYY
SG020.K362,5L18CDYY
8G036-6365.7N18BBYY
SG010-A161.3N18BDNN
8G010.4161,.3N18BDER
8G010-A161,3N18BEDRN
SG010-E361,3L18BDYY
SG020-B362,5L18BDNN
8G050-G365.TL18CBYY
Sp025-K363.0D18BDNN
SG010-B361,.3L18BDNR
SG010-B361.3L18BDKX
SG020-2161,3L36BDNY
SG020-D361.3G36CDNN
S5G036-K365,TL18CBYY
S8G085-B365,TN18CBYIY
80020.B361,3N36CDRR
SD025-G363.0D18CDNN

3G050-6365.7L18CBNN

5G085-6365.7L18CBNN
8G010-G361.381BCDNN
8G070-K367.4L18CBYY

'8G070-K367.4N18CBYY

8G085-J365.7N18CBYY
8G050-D365.TL18CBYY
5G6100-J367.4L18BCBHEN
SD060-K366.4D18BABNN
8G020-D361.3N36CDYY
SG100-D367.4N18CBYY
SG100-J3367.4L18CBYY

14R60612
1UR59404
14860636
14RE60637

14Rr59353
14857965
14R59404
14858063
14859353
14R55353
14R59408
14858786
18Rr57965
14R5644Y
14858063
14Rr59353
14R58337
14R59353
14857965
14859911
14Rr61576
14R59353
184R57965
14R60612
14RS644Y
14R564844
14858063
14R59404
14R61645
t4R62611
14R59404
1RR5644Y
14Rr58063
14R59353
T4R59404
14R61645
T4R59404
14R59404
14R58063
1458786
14R59404
14859353
14R58063
13Rr58786
14R5940H
14R60636
14R60636
14R58786
14R58063
14R60637
14R57965
14R59404
14R60637
14860637
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1498-0 SGO010-G361.3N18BDNN 14R5940H ﬂ_1537-n S5G020-G361.,3N36CDYY 14R66343
1498-1 SG010-G361.3N18BDNN 14R61645 1537-5 8G020-G361.3N36CDYY 14R6673
1498-2 SGO10-G361.3R18BDNN 14R62611 1538-0 SGO050-4165.TL18CBYY 14R5806.
1499-0 5G036-B362.5G36CDNN 14R5644L 15390 SG020-4161.3N36BDNN 14R61645
1500-0 SD100-K36133D18CBYN t4R61576 1539-1 SG020-A161.3N36EDEN 14R62611
1501-0 SD015-~-B362.2D18BDYY 14R58%39 1539-2 SG020-4161.3N36BDNN
1502~-0 SD030-B363.0D1BBBRN 14R59353 1540-0 SG036-E365.7N1SCBYN 14R58063
1503-0 SD020-D363.0D18CDYY 14R58206 1541-0 SGO10-4161.3L18BDYY 14R61645
1504-0 S5D035-K363.0D18CDNN 148R59353 1561-1 SG010-4161.3L18BDYY 14R62611
1505-0 SD0O50.B366.4D18BABYY 14R57965 1541-2 SG010~-4161.3L18BDYY
1506-0 SD025-4163.0D18BDYY 14R59353 1542-0 SG020-B361.3K36CDYY 14R61645
1507-0 SD030-K363.0D18CDYY 14R59353 1542-1 8G020-B361.3K36CDYY 14R62611
1508-0 SGO36-E362.5836CDYY 14RS5644Y 1542-2 SG020-B361.3N36CDYY 14R64NET
1509-0 SG010-4161.3L18CDYY T4R59404 1542-3 SG020-B361.3N36CDYY 14R66731
1510-0 8G036-D362.5G36ADYY 1URS64LY 1543-0 SG036~K365.TL1BCBEKX 14R58063
1511-0 SG070-036T7.UN18CBRN 14R60636 15440 SD030-J363.0D18ABYY 14R59353
1512-0 SG036-4162.5N36BDNN 14RS644Y 1545-0 SD060-J366.4D1BABYY 14R57965
1513-0 SG036-E362.5G36ADYY 14R56444 1546-0 SD100-K366.4D18BABYY
1514-0 SDO15-~-B362.2D18ADYY 14R58939 1547-0 SD130-K36133D18ABYY 14R61576
1515-0 SD030-G363.0D1BABYY 14859353 1548-0 SG020-A162.5N18CDRY 14R5644Y
1516-0 Sp025-G363.0D18CBYY 14R59353 1549.0 SG050-D365.TL1BABYY 14R58063
1517-0 SG010-B361.3N18BDYY 14R61645 1550-0 SG050-K365.7G18CBYY 14R58063
1518-0 S5D5.5-B360.8D18BDYY 14R60612 1551~0 SD015-B362.2D18ADRN 14R58939
1519-0 S5G010-4161.3G18AD 14R61645 1552-0 SD020-K363.0D18BCDYY 14R58206
1515-1 SGO10-4161.3G18AD 14R62611 1553-0 SG020-A162.5L18BDYY 14R56444
1520-0 SG010-0361.3L18ED T4R616U5 1554-0 SD010~-A161.3D1BADNY 14R58337
1520~1 SG010-G361.3L18ED . 14R62611 1555-0 SD025-G363.0D18ABNN 14R5935
- 1521-0 5G020-G361,.3L36ED 14R61645 1556-0 8D030-~G363.0D18ABNN 1335935;
1521-1 5G020-G361.3L36ED 14R62611 15567-0 SDOLO-N356.4D15ABYY 14R5872
1522-0 SD010-K361.3D18BADYY 14R58337 1558.0 SDO45-G366.4DI1BABEN 14R57965
1523-0 SD035-K363.0D18CBYY 14R59353 1559-0 SDO50-G366.4D1BABNN 14R57965
15240 SD0BO-4166.4D18BCBYY TU4RST965 1560-0 SGO10-B361.3N18BDYY 14R61645
1525-0 SD100-E366.4D18CBNN 14R57995 1560-1 SG010-B361.3N18BDYY 14R62611
1526-0 SG036-B3682.5NK36BD 14R5644Y 1561-0 SD050-G366.4D1BCBYY 14R57965
1527-0 SG020-G362.5N18BDNN 14R56444 1561-1 8SD050~G366.4D18CBYY 14R6444T
1528-0 SGO70-K367.4N18CBNN 14R60636 1561-2 SDOS0-G366.4D1BCBYY 14R64ULT
1529-0 SDO10-4161.3D18CDYY 14R58337 1562-0 SD100-G36133D18CBRN 14R61576
1530-0 SD030-4163.0D18BABYY t4R59353 1562-1 SD100-G36133D18CBNN 14R63072
1531-0 S5G020-G361.3L36BDNN 14R61645 1562-2 SD100-G36133D18CBNN 14RE64UES
1532-0 SGOT70-A167.4L18CBYN 14R60636 1562-3 SD100~G36133D18CBNN 1UR65UGT
1533-0 SG020-G361.3N36BDNN 14RE61645 1562-4 SD100-G36133D18CBNN 14RE6148
15340 SGO10-A161.3N18BDNN tHRE164Y 1563-0 SD150-G36133D18CBYY 14R61576
1538-1 SGO010-4161.3N18BDNN 14R62611 1563-1 8SD150-G36133D18CBYY 14R63072
1534-2 SGO010-2161.3N18BDNN 14RO4UET 1563-2 SD150-G36133D18CBYY I14R64465
1534-3 SG010-4161,3N18BDNN 1563~3 SD150-G36133D18CBYY 14R65467
1535-0 SG010-B361,3N18BDNN 1U4RG164S5 1564-0 SGO10.4161.3G18ADYIY 1URGI6US
1535-1 SG010-B361.3N18BDNN 14R62611 1564-1 SG010-A161.3G18ADYY 14R62611
1536-0 SG020-0361.3N36CDNN 14R61645 1564-2 8G010-A161.3G18ADYY 14R66T3
1536-1 SG020-G361.3N36CDNN 14R66046 1565-0 SG020-B361.3N36BDNN 14RG61645
1536-2 5G020-G361,.3N36CDNN 14R66343 1565-1 SG020-B361.3N36BDRN 14R62611
1536-3 SG020-G361.3N36CDNN 1566-0 SGOT0-G36T.4N1BCBNN 14R60636
. 1537-0 5G020-G361.3N36CDYY TURBIELS 1566-1 SGO70-G367.UN18CBEN 14R64USS
1537-1 5G020-0361.3N36CDYY 14R62611 1567-0 SG010-A161.3N18BDYY 14R6164F
1537-2 SG020.G361.3N36CDNN THREEKEST 1567-1 SG010-A161.3N18BDYY 14R6261
1537-3 SGU020-G361.3N36CDNN 14RE6046 1567-2 SG010-A161,.3N18BDYY 14R62611
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1567-3 SG010-A161,.3N1BBDYY 14R660L6E 1592~2 SG050-4165.TN18CBYY 14R68032
1567-4 SG010-4161.3N18BDYY 14R66343 1593-0 SGOT0-B367.4N18BCBYY 14R60636
1567~5 SGO10-A161.3N18BDYY 14R66731 1594.0 SG020-B362.5R18CDNN 14RS644Y
1568-0 SGOT0-G367.4L18CBYY 14R60636 1595-0 SD015-D362.2D1BCDYY 14R5893%5
1569-0 SG010-D361.3G18ADNN 14RE164S 1596-0 SD030-G363.0D18CDYY 14R59353
15700 SD025-A163.0D1BABNN 14R59353 1596-1 SD030-G363.0D18CDYY 1HR6ULSY
¥571-0 SDO45-A166.4D1BABNN 14R57965 1596-2 SD030-G363.0D18CDYIY 14RE65871
1572-0 SDOS0-A166.8D1BABNK 14R57965 1596-3 SD030-G363.0D18CDYY 14R66349
1573-0 SPOBO-K366.UD1BCBNN 14R57965 1596-4 SD030-G363.0D18CDYY 14R66737
1574-0 SG010-A161,.3G18ADNN 14R61645 1597-0 SDP010-4161.3D1BADYY 1RR58337
1S74-1 SG010-4161,3G18ADNN 14R62611 1598-~0 SD035-K363.0D18CBYY 14R59353
1574-2 SG010-A161.3G18BADNN 14R62611 1598-1 8D035-K363.0D18CBYY 14R66737
1578-3 SG010-4161.3G18ADNN 14R66731 1599-0 SDOH5-A166.4D18ABYY 14R57965
1575-0 SDO10-K361.3D18CDYY 14RS58337 1600-0 8G020-4161.3N36ADYY 14R61645
1576-0 SD020-K363.0D18CDYY 14R58206 1600-1 SG020-A161.3N36ADYY 14R62611
1576-1 SD020-K363.0D18CDYY 14R66747 1600-2 SG020-4161,3N36ADYY 14R6673}
1577-0 SD020-K363.0D1BCDYY 14R58206 16010 SG020-G361.3N36BDNN 14R61645
1577-1 SDO20-K363.0D1BCDYY 14R64LE1 1601-1 SG020-G361.3N36BDNN 14R66731
1577-2 SD020-K363.0D18CDYY 14R66348 1602-0 SG036-4165.7TL18CBNN 14R58063
1577-3 SDO20-K363.0D18BCDYY 14RE667UT 16021 SGD36-A165,7L18CBNN 14R62614
1578-0 SD030-K363.0D1BCDYY 14R59353 1602-2 SG036-A165.7L18CBNN 14R64451
1579-0 SDO50-K366.4D18BCBYY 14R57965 1603-0 Sp010-D361.3D18ADYY 14R58337
1579-1 SD050-K366.4D18CBYY 14R64ULT 1604.0 SD025-B363.0D18ADNN 14R59353
1580-0 S5G020-4161.3N36CDYY 14R61645 1605-0 SP020-G363.0D18CDYY 14R58206
1580-1 SGO020-A161,.3N36CDYY 14R62611 1605-1 SD020-G363.0D1BCDYY 14REBAGH
1580-2 5G020-4161.3N36CDYY 14R64467 1605-2 SD020~G363.0D1BCDYY 14R6ULEY
1580-3 SG020-4161.3N36CDYY 14R66046 1605-3 8D020-0363.0D18CDYY 14R66348B
iFSBO-H SG020-4161.3N36CDYY 14R66731 1605-4 SD020-G363.0D18CDYY 14R66THT
- 1581-0 SGO036-4161.3N36CDYY 14R5644% 1606-0 SD020-G363.0D18CDNN 14R58206
15820 SG036-D365.7G18CBYY 14R58063 1606-1 SD020-G363.0D1BCDNN 14R6LLE
1583-0 SG050-B365.7L1BCBYY 14R58063 1606-2 SD020~G363.0D1BCDNN 14RE6348
1583-1 SGO050-B365.7L18CBYY 14R6445 1606-3 SD020-G363.0D18CDNR 14R66T7UT
1583-2 SG050-B365.7L18CBYY 14R641451 1607-0 SG020-A161,3L36CDHN 14R61645
1584-0 SD025-4163,0D18ADNN 14R59353 1607-1 8G020-4161.3L36CDNN 14R62611
1585-0 SD080-G366.4D18BCBYY 14R57965 1608-0 SG036-B365.7N18BBYY 14R58063
1585-1 SD0B0-G366.4D18CBYY 14R6ULYT 1609-0 SD030-G363.0D18CBYY 14R59353
1585-2 SD0B0-G366.4D18CBYY 14R644YT 1609-1 SD030-G363.0D18CBYY 14R66349
1585-3 SD0B0-G366.4D18CBYY 14R6HLYT 1609-2 SDP030-G363.0D18CBYY 14R66737
1585-4 SD0B0-G366.4D1BCBYY 14R66176 1610-0 SDOAS5-K366.4D18CBYY 14R57965
1585-5 SD0BO-G366.4D18CBYY 14R66176 1611-0 SG036-B365.7N18CBYY 14R58063
1586-0 S6050-G365.7N18CBYY 14R58063 1611-1 SG036-B365.7TR18CBYY . 14R64451
1586-1 SG050-G365,7N18CBYY 14R58063 1612-0 SD010-G361.3D18ADYY * 14R58337
1586-2 56050-G365.7N18CBYY 14R62614 1613-0 SD020-4163.0D1BADEN 14R58206
1586-3 SG050-G365.7N18CBYY 14R64451 1613-1 SD020-4163.0D1BADNN 14R66747
1587-0 SD100-XK36133D18CBYY 14R61576 1614-0 SD020-G363.0D1BADYY 14R58206
1587-1 SD100-E36133D1BCBYY 14R63072 1615-0 SD020-G363.0D18CDYY 14R58206
1588-0 SD020-J363.0D18ADNN 14R58206 1615-1 SD020-G363.0D18CDYY 14RE4461
1589-0 S5p030-G363.0D18CBYY 14R59353 1615-2 SD020-G363.0D18CDYY 1UR6LLE1
1589-1 SD030-G363.0D18CBYY 14R66349 1615-3 SD020-G363.0D1BCDYY 14R64LEY
1589-2 SD030-G363.0D18CBYY ITUR6673T 1615-4 SD020-G363.0D18CDYY 14R66348
1590-0 SD060-A166.4D18ABNN 14R57965 1615-5 SD020-G363.0D18CDYY 14R6674T
1591-0 SG050-A165,7L18CBYY 14R58063 1616-0 SD030-B363.0D18CDNN 14R59353
1591-1 SG050-A165.7TL18CBYY 14R62614 1617-0 SDO45-G366.4D18ABYY 14R57965
}1592-0 SG050-A165.7TN18CBYY 14R58063 1618-0 SDOU45-G366.4D1BABYY 14R57965
1592-1 SGO50-A165.7N18CBYY 14R62614 1618~1 SD060-G366.4D1BCBNK 1URE6UHLT
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1618-2 SDO60-G366.4D18CBNN SG036-4A165.TN18CBNN  t4R62614
1618-3 SD060-G366.4D18CBNN 14R66349 1645-2 8G036-4165.TN18CBNN 14R6445
1618.4 SD060-G366.4D18CBNN 14R66176 1645-3 SG036-4165.7R18CBNN 14R6591”
1619-0 SD060-J366.4D18BCBNN 14R57965 1645-4 SGO36-A165.7N18CBNN 14R6803.
1620-0 SD100-K36133D1BABYY 14R61576 1646-0 SD025.G6363.0D18CBNN 14R59353
1621-0 SG010-A161.3L18CDYY 14R616U5 16470 SD025-G363.0D18CBYY 14R59353
1621-1 SGO10-4161.3L1BCDYY 14R62611 1647-1 SD025-G363.0D18CBYY 14R64L59
1621-2 SG010-4161,3L18CDYY 14R6LUGT 1647-2 SD025-G363.0D18CBYY 14R66737
1621-3 SG010-A161,3L18CDYY 14R66731 1648-0 SP030-N353.0D15CBYN
1622-0 SG020-B362.5L18CDNY 14R56444 1649-0 SD035-D363.0D1BCBYY 14R59353
1623-0 SG036-B362.5L36CDYY 14RS644Y 1650-0 SGO10-4161,.3Lt18CDNN 14R61645
1624-0 SD020-A163.0D18CDYY 14R58206 1650-1 SG010-4161.3L18CDNN 14R6U4LET
t624-1 SD020-4A163.0D18CDYY 1LR6ULG1 1650-2 SG010-4161.3L18BCDNN 14R66731
1624-2 SD020-A163.0D18CDYY 14RE4UE 1651-0 SD025-A163.0D18BDYY 14R59353
1624-3 SDD20-A163.0D1BCDYY 14R6E6THT 1651-1 83D025-A163.0D18BDYY 14R66737
1625-0 SDOU5-G366.4D18BCBYY 14R57965 1652-0 SD030-G363.0D1BCBNN 14R56353
1625-1 SDOU5-G366.4D18CBYY 14R6444T 1652-1 SD030-G363.0D1BCBNN 14R65871
1626-0 SD0O10-A161.3D18CDYY 14R58337 1652-2 SD030-G363.0D1BCBNN 14R66349
1627-0 SG070-G367.4N18CBNN 14R60636 1653-0 SD060-G366.4D1BCBNN  14R57965
1627-1 SGOT0-G367.4N18CBNN 14R64455 1653-1 SDO60-G366.UDIBCBRN 1LKRO6ULYT
1627-2 SGOT0-G3I6T.LHN18CBNN 1LRELLSS 1653-2 SDO60-G366.4D1BCBRN 1LRE6NLLY
1628-0 SG020-A162.5L18CDYY 14R56444 || 1653-3 SD060-G366.4D1BCBRN 14R66176
1629-0 SGO36-E362.SN3IBCDNN 14RS64LY 1654.0 SpO60-K366.4D18CBYY 1UR57965
1630-0 SD020-A163.0D18CDNN 14R58206 16541 SDO60-K366.4D18CBYY 14R6ULLT
1631-0 SD030-N353.0D15CDYY 1654-2 SPDO60-E366.4D18CBYY 14R6ULLT
1632-0 SGO010-A161.3N18BDYY 14R61645 1654-3 SD060-K366.4D1BCBYY 14R66439
1633-0 SDO10-A161,.3D18ADNY 14R58337 |l 1654-4 SDO60-K366.4D1BCBYY 14R6E6439
1633-1 SD010-4161.3D18ADNY 14R61243 16545 SDP060-K366.4D18CBYY 14R66176
7 1634-0 SG020.G6362,.5G18ADYY 14RS644Y 1655-0 SD150-K36133D18CBYY 14R6157
1635-0 SD020-K363.0D18BDYN 1U4R58206 1655-1 SD150-K36133D18CBYY 14R6546
1636-0 SD030-X363.0D18BDYN 14R59353 1655-2 SD150-K36133D18CBYY 14R€E6148
1637-0 SGO70-B367.4L18CBYY 14R60636 1656.0 SG020.B362.5L18CDYY 14R5644Y
16371 SGO70-B367.4L18CBYY 14R62629 1657-0 SGO10-4161,3L18EDNN 14R61645
1637-2 SG070-B367.4L18CBYY 14R64455 1658-0 5G020-B361.3N36BDNN 14R61645
1638-0 SG036-D362.5G36ADNY 1UR56LYY 1658-1 8G020-8361.3N36BDNN 14R660NE
1639-0 SD020-J363.0D18ADYY t14R58206 1658-2 8G020-G6361.3N36BDNN 143R66343
1640-0 SG010-B361.3N18CDNN 14R6E1645 1659-0 SG036-J365.TL16BBNN 14R58063
1640-1 SGO10-B361.3N18CDNN 14R66343 1260-0 SG100-G367.4N18CBYY 14R60637
1640-2 SGO10.B361,3N18CDNN 14R66731 1660-1 SG100-8367.4N18CBYY 14R60637
1641.0 SG080-4165.TN18CBYN 14R58786 1660-2 8G100-G367.4N18CBYY 1HR65922
1642-0 SDO60-G366.4D18BCBYY 14R57965 1661-0 SD035-D363.0D1BCDNN 14R59353
1642-1 SD060-G366.4D18BCBYY 14R6UNYT 1662-0 SG010-A167.3G18ADNN 14R61645
1642.2 SDO60-G366.4D18CBYY 1UR6ULUT 1662~-1 SGO10-A161.3G18ADNN 1UR6U4ET .
1642-3 SDO60-G366.4D18BCBYY 14R66176 1663-0 SGO10-B361.3L18CDYY 14R6164S
1643.0 SDOBD-X366.4D18CBYY 14R57965 || 1663-1 SG010-B361.3L18CDYY 14R66731
1643.1 SDOB0-K366.4D18BCBYY 14R644YT 1664.0 SGO10-G361.3N18CDYY 1A4R61645
1643-2 SDOBO-K366.4D18CBYY 1UR644NLT 1664-1 SG0O10-G361,.3N18CDYY 1HR64UET
1643.3 SDOB0-X366.4D18CBYY 14R644YT 1664.2 SG010~G361.3N18CDYY 14R66046
1643-4 SDOB0-K366.4D1BCBYY 14R644YT 1664~-3 SG010-6361.3N18CDYY 14R66731
1643-5 SD0B0-K366.4D18CBYY 14R66176 || 1665~-0 SG020-A161.3L36CDYY 14R6164S
1643-6 SDOBO-K366.4D18CBYY 14R66176 1665=-1 SG020-A161,.3L36CDYY 14R66731
1644-0 SG020-B361.3N36BDYY 14R61645 1666-0 SG036-J365.7G18ABYY 14R58063
1644-1 SG020-B361.3N36BDYY 14R62611 1667-0 SG036-K365.7N18CBNN 14R5B063
1644-2 SG020-B361.3N36BDYY 14R66731 1667-1 SG036-K365.7N18CBNN 14R626118
1645-0 SG036-A165.7N18BCBNN 14R58063 1667~2 SG036-K365.7N18CBNN

14R644S
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1667-3
1667-4
}667-5
1668-0
16681
1669-0
1669-1
1670-0
1670-1
1671-0
1672-0
1672-1
1673-0
1674-0
1675-0
1676-0
1677-0
1677-1
1677-2
1677-3
1678-0
1679-0
1680-0
1681-0
1682-0
1683-0
1684-0
685-0
685=1
1686-0
1686-1
1686-2
1687-0
1688-0
1688-1
1689-0
16900
1691-0
16920
16921
1693-0
1694-0
16941
16942
1694-3
1695-0
1696-0
1696-1
1697-0
1698-0
1699-0
1699-1
17000
§700-1
17002

SG036-K365.7TN18CBNN
$G036-K365.TN1BCBNN
SG036-K365.7TN18CBNN
SG085-K365.7N18CBYY
3G6085~K365.TN18CBYY
SD010~J361.3D18ADYY
SD010~J361.3D18ADYY
8D025-K363.0D18CDYY
SD025-K363.0D1BCDYY
SD0S50-K366.4D18CBNN
SD010-G361.3D18CDYY
Sp010-G361.3D18CDYY
3D025-.J363.0D18CDYY
SDO45.G366.4D18CBNN
8p060-a366.4D18CBYN
8G020-£362,.5N18BDNN
SG050-G365. TN18CEBNN
SG050-G365.TN18CENN
8G050-G365.TN18CBNN
SG050-G365.TN18CENN
SG020-G362.5N18CDYY
SG020-K362.5N18CDNY
SG036-G365.TN18CBYY
SDO10-E361.3D18CDNY
SD030-K363.0D18ADYY
8G036-G365.7N18CBIN
SG050-4165.7GY8CEBNN
SD080-.G366.4D1BCRNN
SD0B0-G366,.4D18CBNN
S6020-G361.3N36BDYY
S6020-6361.3N36BDYY
SG020-G361.3N36BDYY
SG085-G365.7G18ABNY
SD025-K363.0D18BADYY
SD025-K363.0D18BADYY
SD5.5-A160,.8D18CDNN
SD020-4163.0D18FDYY
Sp0o20-J363.0D18CDYY
SD035-J363.0D1BCBYY
SD035-J363.0D18CBYY
35D130-J36133D1BCBYY
SD130-K36133D1BCBNN
SD130-K36133D18CBNN
SD130-K36133D1BCBNN
SD130-K36133D18CBNN
SG020-4161.3G36ADNN
SG020-4161,3G36ADYY
SG020-4161.3G36ADYY
SG020-G362.5N18CDYY
SG020-K362.5N18BDNY
SGO0T0-~-A167.4N18CBNN
SGOT0-A167.4N18CBNN
SGO70-K367.UN1BCEBNN
SGOT0-K367.4N18CBNN
SGO70-K367.4N18CBNN

14R64451
14R65916
14R68032
14858786
14R64453
14R58337
14861243
14859353
14866737
14R57965
14858337
14R61243
14859353
14857965
14857965
14R564 41
14R58063
14862614
14R644S
14R64451
14R56 4414
14856444
14858063
14858337
14859353
14858063
14R62614
14R57965
14R66176
14862611
14R66343
14866731
14R58786
14R59353
14R64459
14R60612
14R58206
14858206
14859353
14866737
14861576
14R61576
14R64465
14R65467
14R66148
14R62611
14862611
14R66343
14RS64UY
14R564 44
14R62614
14R64455
14R62614
14R62629
14RE4L5S
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1700-3
1701-0
1702-0
1703-0
1703-1
1703-2
1703-3
17034
1704-0
1705-0
1706-0
1707-0
1708-0
1709-0
1710-0
17110
1712-0
171241
1713-0
17140
171421
1714-2
17150
1716-0
1717-0
17171
1718-0
1719-0
1720-0
1721-0
17211
1722-0
1722-1

.1723-0

1723=1
1724-0
1724-1
1724-2
1724-3
1725-0
1726-0
1727-0
1727 =1
172820
17281
1728.2
1728-3
17290
1729-1

1730-0

1731-0
1731-1
1732-0
1733-0
1733-1

SG070-K367.4N18CBRN
SG100-K367.4L18CBNN
SG100-K367.4L1B6CBNN
SG100-K367.5N18CBYY
$G100-K367.4N18CBYY
SG100-K367.4N18CBYY
8G100-K367.4N18CBYY
SG100-K367.4N18CBYY
8D015-0363.0D18CDYN
SD015-K363.0D18CDYY
SD025-G363.0D18BBYY
$D020-G363.0D18CDYN
SD130-J36133D18CBYY
SD5.5-4160.8D184DKY
SG020-A161.3G36ADNN
SG070-B367.4L18CBYY
SD010-A161.3D18ADYY
SD010-A161.3D18ADYY
SD030-M153.0D15BDXRN
SG070-4167.4L18CBRN
SG070-A167.4L18CBRN
§G070-A167.4L18CBNN
SG070-B367.4N18CBNN
SG080-A165.7L1BCBNN
SD010-J361.3D18CDYY
$D010-J361.3D18CDYY
SD025-A163.0D1BABYY
SDO45-G366.4D18BBYY
$G050-J365.7L18ABRN
$G085-D365.7518CBNN
$G085-D365.7K18CENN
SD010-4161.3D18BDNY
SD010~A161.3D18BDNY
SD010-D361.3D1BCDYY
SD010-D361.3D18CDYY
SD030-K363.0D18CBYY
8D030-K363.0D18CBYY
SD030-K363.0D18CBYY
SD030-K363.0D18CBYY
SD030-P353.0D15BDNN
SD060-J366.4D18BBRN
SD100-J36133D18CBEN
SD100-J36133D18CBRN
8G010-4161.3L18BDKN
8G010-A161.3L18BDNRN
SG010-A161.3L18BDNN
86010-A161.3L18BDNN
SG020-A161.3K36BDYY
5G020-4161.3N36BDYY
$G020-D361.3G36BDYY
SG100-G367 .AN18BBYY
SG100-G367.4N18BBYY
5G056-N35T . 4N15CBNN
8G015-B362.6N18CDYY
SG015-B362.6N1BCDYY

14R64U55
14860637
14R6063T
14R60637
14R64U57
14R65922
14R65922
18R65922

18R59353
14R5B8206
14R61576
14R60612
14R62611
14R62614
14R58337
14R61243

14R62614
14R62629
T4RELL5S
14R62614
14R58786
13R58337
14R61243
14R59353
14R57965
14R62614
14Rr58786
14R6UNUST
14R58337
14r61243
14858337
14R61243
14859353
14R65871
14R663489
T4R66T3T

14R57965
14R61576
14R66148
14862611
14R64LET
14R66046
14R66343
14862611
14R66731
14R62611
14R60637
14Rr65922
14R62614
14R62555
14R62955



1733.2
1733-3
1733-4
- 1733-5
1734-0
17341
1734-2
1734-3
1734-4
17345
1734-6
1735-0
17351
1735-2
1735-3
1735-4
1735-5
1735-6
1736-0
1736-1
1736=2
1736-3
1736-4
1737-0
1737-1
1737-2
1737=3
1737-4
1737-5
1738-0
17381
1738-2
1738-3
17384
1739-0
17840-0
1740-1
17410
1742-0
1T42-1
1743-0
17488-0
174421
1745-0
17451
1745-2
1745-3
17454
1746-0
1747-0
1748-0
- 1T49-0
: 1749-1
1749-2
1750-0

5G015-B362.6N18CDYY
SG015-B362.6N18CDYY
S3015-B362.6N18CDYY
8G015-B362.6N18CDYY
S6020-G362.6L18CDYY
SG6020-G362.6L18CDYY
8G020-G362.6L18CDYY
5G020-~-G362.6L18CDYY
8G020-G362.6L18CDYY
86020-G362.6L18CDYY
SG020-G362.6L18CDYY
5G025-B362.6N18CDYY
SG025-B362,6N18CDYY
8G6025-8362.6N18CDYY
8G025-8362.6N18CDYY
SG025-B362.6N18CDYY
SG025-B362.6N18CDYY
SG025-.B362.6N18CDYY
5G025.6362.6L18CBYY
8G025-G362.6L18CRYY
8G025-G362.6L18CBYY
SG025-G362.6L18CBYY
SG025-G362.6L18CBYY
5G6030-G362.6L18CDYY
SG030-G362.6L18CDYY
5G030-G362.6L18CDYY
S5G030-G362.6L18CDYY
5G030-G362.6L18CDYY
SG030-G362.6L18CDYY
8G030-G362.6N18CBYY
8G030-G362.6N18CBYY
8G030-G362.6N18CBYY
SG030-G362.6N18CBYY
SG030-G362.6N18CBYY
SG036-B362.5L36BDYY
5G050-J365.7TN18BBYY
SG050-J365.7N18BBYY
SD020-4163.0D18ADNN
SD020-A163.0D18BADYY
Sb020-4163.0D18ADYY
8D020-B363.0D18CDNN
SD035-D363.0D18CDYY
SD035-D363.0D18CDYY
SG010-4161.3L18BDYY
SG010-A161.3L18BDYY
SG010-2161.3L18BDYY
S5G010-A161,.3L18BDYY
SGO10-A161.3L18BDYY
56020-K362.5N18CDYY
SD045-3366.4D18BCBYY
SD050-~J366.4D18CBYY
SD130-K36133D18CBYY
SD130-K36133D18CBYY
SD130-K36133D18CBYY
SG020-B361,3G36CDNY

14R64406
14R64469
14R66354
“T4R667 34

14R62955

14R62955
14R64L06
14RO64Y69
14RE64469
14R66354
14REST3Y
14R62955
14R62955
14R64581
14R64581
14R64469
14R66354
14R66734
14R62955
14R64581
14R6US81
14R64469
14R66354
14RE62955
14R62955
14R64581
T4R64U69
14R66354
14R66734
14R62955
14864581
14R6L4469
14R66354
14R66734
14R56444
14R62614
14R64451
14R58206
14858206

14758206 .

14R59353
14R64H59
14R62611
14R6446T
14R66046
14R66343
14R66731
14R564 44
14R57965
14R57965
14R61576
14R63072
14R66148
14R62611

16

1751-0
1752-0
1752=1
1752-2
1753-0
1753-1
1753-2
1754-0
1755-0
1756-0
1756-1

1758-0
1759-0
1760-0
1761-0
17611
1761-2
1762-0
1763-0
1764-0
1764-1
17642
1764-3
1764-4
17645
17650
1765=1
1766-0
17661
1767~0
1768-0

‘1757-0

| 1769-0

1770-0
1771-0
1772-0
1773-0
1774-0
1774-1

17742
1775-0
1775-1
1775=-2
1775=-3
1775-4
1775=-5

1777~0
1778-0
1779-0
1780-0
17810
1782-0
1783-0

“ 1776=0

|

I 1784-0

5G036~-E362.5L36BDNY
5G036-6365.7TN18CBYY
5G036-G365.TH18CBYY
5G036-G365.7TN18CBYY
SG050-6365.TR18CBYY
86050-6365.7N18CBYY
8G050~G365.7H18CBYY
SG070-A16T7.4L18CBNN
SG080-4165.TN18CBNN
8G100~G367.4L1BCBYY
SG100.G6367.4L18CBYY
SD080-J366.4D1BCBYY
8G036-B362.5L36BDYN
5G085-K365.7N18CBNN
80025-B363.0D18CDEN
SDb030-K363.0D18CDYY
8p030-K363.0D18CDYY
80p030-K363.0D18CDYY
SD100-G366.4D18CBNN
SG036-B362.5L36BDNY
8G036-G365.7N18CBNR
8G036-G365.TN18CBNN
SG036-G365.7TN18CBNN
S6036-G365.7TH18CBNRN
5G036-G365.7N18CBNN
S5G036-6365.7TN18CBRN
Sp060-G366.4D18BBYY
SD060-.G366.4D18BBYY
SD030-4163.0D18CBNN
SD030-4163.0D18CBNR
SG020-B361.3L36CDYY
8G070-G367.4L18CBRN
SG070-G367.4N18BBRN
Sp020-B363.0D18ADNN
SD5.5-B360.8D18BDYY
SG020-A162.5K18CDYY
SD025-B363.0D18ADNN
Sp035-G6363.0D18CBYY
SD035-G363.0D1BCBYY
8D035-G363.0D1BCBYY
SD130-K36133D18CBYY
SD130-K36133D18CBYY
8D130-K36133D18CBYY
8D130-K36133D18CBYY
SD130-K36133D18CBYY
SD130-K36133D18CBYY
8G020-G362.5N18CDNY
8G020.J362.5L18BDYY
$G036-4165.TN18CBIN
Sp025-8363.0D18BDYN
S6020-K362.5G18CDYY
SG036-B362.5N36CDNY
SG070-4A167 .AN18CBYY
Sp025-B363.0D18BDNN
SG020-G362.5N18BDYY

14RS64LE
15062615
14R68U5 -
14R64451"
14062618
14R64851
14R64451
14062629
14R58786
14R60637
t4R6445T
T14R57965
14R56444
14R58786
1XR59353
14R59353
14R64459
14R66737
14R57995
14R56048
14R62614
14R64451
14R64451
14R65916
14R65916
14R68032
14R57965
14R661

14R593

14R66737
14R62611
14R62629
14R62629
14858206
14860612
14R56444
14R59353
14859353
14R65871
14R66737
14861576
14863072
14R64K65
TUR64465
14RE5467
14R66148
14RS6U4LE.
T4R56448
14R62614
14859353
14RS6H4Y
14R56441
14R62629

"14R593¢

14R5644



A

17

1785-0 SD050-G366.4D18CBNN 14857965 1816-0 SD035-J363.0D1BCDYY 14RS59353
1786-0 SD0B0-B366.4D18CBNN 14R57965 || 1817-0 SD020-K363,.0D1BCDNN 14R58206
1787-0 SD130-G36133D18CEBNN 14R61576 1817-1 SDP020-K363.0D18CDRN
1787-1 8D130-G36133D18CBNN 14R63072 1818-0 SD025-G363.0D1BCBEN 14R59353
1787-2 SD130-G36133D18CBNN 14R65467 1818-1 SpP025-G363.0DIBCBNN 14R65871
1787-3 SD130-G36133D18CBNN 14R66148 1818-2 SD025-G363.0D18CBNN 14R66349
1788-0 SGO70-K367.4N18CBYY 14R62629 1819-0 SGO010-G361.3N18CDNN 14R62611
1788-1 SGOT0-K367.4N18CBYY 14R64455 1819-.1 8G010-G361.3N18CDXN 14R66731
1789-0 SD020-G363.0D18BDNN 14R58206 1820-0 SG020-A162.5N18BDYY 14R56L4L4Y
1789-1 SD020-G363.0D1BBDNN 14R6L46T 1821-0 SD010-K361.3D18CDYY 14R61243
1790-0 SDO80-~G366.4D18BBNN 14R57965 1822.0 SD020-B363.0D18CDYY 14R58206
1791-0 SD150-K36133D1BCBNN 14R61576 1822~-1 SD020-5363.0D18CDYY 14R66747
1791-1 8D150-K36133D18CBNN 14R63072 1823-0 SG020-D361.3L36CDYY 14R62611
1791-2 SD150-K36133D18CBRN 14R64UES 1824.0 SG036-B362.5N36CDYY 14R56444
1791-3 SD150-K36133D18CBNN 14R66148 1825-0 SG010-A161.3N18BDEN 14R62611
1792-0 SGO010-A161.3N18CDNN 14RE2611 1825-1 SGO010-A161.3N18BDNN 14R66343
1793-0 SG010-B361,.3N18CDYY 14R62611 1825-2 8G010~A161.3N1BBDNN 14R66731
1793-1 SG010-B361.3N18CDYY 14R66731 1826-0 SG100~-J36T7.4L1BABRN 14R60637
1794-0 SG020-D362.5L1ECDNN TURS644Y 1826~1 5G100-J367,4L18ABNN 14R65922
1795-0 SGO036-K365.7L18BBNN 14R62614 1827-0 SD100-K36133D18CBNN 14R61576
1796-0 SG100-G367.4N18CBYY 14R60637 1827-1 SD100-E36133D18CBNN 14R65467
1796-1 SG100-G367.4N18CBYY 14R6LUGT 1827-2 SD100-K36133D18CBNN 14R66148
1796-2 SG100-E367.4N1BCBYY 14R65922 1828-0 SG020-B361.3L36DDNY 14R62611
1797-0 SD025-J363.0D18CDNN 14R59353 1829-0 SG6020-.G6362.5G18CDYY 14R5644L
1798-0 SD030-J363.0D18CDYY 14R59353 1830-0 SG036-J365.TL18CBNN 14R62614
1799-0 SDO50-K366.4D18CBYY tU4R57965 ||1831-0 8D030-G363.0D18ADYY 1UR59353
1800-0 SD100-G36133D18CBYY 14R61576 1832-0 SD100~K36133D1BCBYY 14R61576
- .1800-1 SD100-G36133D18CBYY 14R63072 1832-1 SD100~K36133D1BCBYY 14R6307T2
'1800-2 SD100-G36133D18CBYY 14R64465 1832-2 SD100~K36133D18CBYY 14R6U4465
 1800-3 SD100-G36133D18CBYY 14R66148 | 1832-3 SD100-K36133D18CEYY T4RESUET -
1801-0 SD100-J36133D18BBYY 14R61576 || 18324 SD100-K36133DiBCBYY 14R66148
1802-0 SGO0B5-.G6365.7N18CBYY 14R58786 1833-0 SD150-K36133D18CBYY 14R61576
1802-1 SGOB5-G365.7N18CBYY 14R64453 ' 1833-1 SD150-K36133D168CBYY 14R64465
1803-0 SG100-J367.4N18CBNN 1UR60637 1833-2 SD150-K36133D18CBYY 14R65467
1804-0 Sp025-G363.0D18BBNN 14R59353 1833-3 SD150-K36133D18CBYY 14R65467
1805-0 SGO10-K361.3N18CDNN 14R62611 1833-4 SD150-K36133D18CBYY 1t14R66148
1806.0 SG020-B361.,.3N35CDNN 14R62611 1834-0 SG020-D361.3N36ADNN 14RE2611
1806-1 SG020-B361.3N36CDNN 14R66T731 1835-.0 SG020-D361.3N36BDYY 14R62611
1807-0 SG020-K361.3N36CDYY 14R62611 1836-0 SGO020-K362.5L18CDYY 14RS644Y
1807-1 SG020-K361.3N36CDYY 14R6446T 1837-0 SGO050-A165.TL18CBNN 14R62614
1807-2 SG020-K361.3N36CDYY 14R66046 1838-0 SG085-G365.TNT1BCBNN 14R58786
1807-3 SG020-K361.3N36CDYY 14R66731 1839-0 SG100-K367.UL18CBYY 14R60637
1B0B-0 SG036-D362,.5N36CDNY 14R5644Y 1839-1 SG100-E367.4L18CBYY 14R64L5T
- 1809-0 SG036-D365,TN18CBYY 14R62614 1839-2 SG100-K367.4L18CBYY 14R65922
1810-0 SG050-9365,7G18CBYY 14R62614 1840-0 SG010-A161.3N18CDYY 14R62611
1811-0 8G070-G367.4L18CBYY 14R62629 1840-1 SG010-A161,.3N18CDYY 14R66046E
1811-1 56070-G367.4L18CBYY 14R641455 1840-2 8G010-4161,.3N18CDYY 14R66343
1812-0 SD035-B363.0D18BBYY 14R59353 1840-3 SGO10-A161.3N18CDYY 14R66731
1813-0 SDP5.5-4160.8D18BEDNY 14R60612 1841-0 5G020-B361,.3L36BDNN 14R62611
1814-0 SG036-4162.5L36CDYY 14R5644Y 1841-1 SG020-B361.3L36BDNN 14R6446T
1815-0 SD0B0-G366.4D18CBNN 14R57965 1842-0 SG020-D361.3G36ADYY 14R62611
1815-1 SD0B0-G366.4D18CBNN 14R6UUYT 1843-0 SGO50-K365.7TN18CBYY 14R62614
1815-2 SDOBO-G366.4D1BCBNN 14R6L447T 1843-1 SGO050-K365.7N18CBYY 14R6U44SB
1815-3 SDOB0-G366.4D18CBNN 14RGUL4LT 1844-0 SGO70.G367.4L1BCBYY 14R62629
1815-4 SDOBO-G366.U4D1BCBNN 14R66176 1844.1 SGO070-G6367.4L18CBYY 14R644SS



1845-0
1846-0
1847-0
1847-1
1847-2
1848.0
1849-0
1850-0
1851-0
1852-0
1852-1
1852-2
1853-0
1853-1
1854.-0
18541
18542
1855-0
1856-0
1857-0
1858-0
1859-0
1860-0
1861-0

- 18620

1863-0
1863-1
1864.0
1865-0
- 186521
. 18652
1865-3
18660
1867-0
1867-1
1868-0
1869-0
1870-0
1871-0
1871-1
1872-0
1873-0
1874-0
1875-0
1876~0
1876-1
1876-2
1876-3
1876-4
1877-0
1877-1
1878-0
1879-0
1880.0
1881-0

SG036-B362.5N36CDNN
SG0S0-A165.TG1BABYY
SG100-K367.4N1BCBNN
SG100-K367.4N18CBNN
SG100-K367.4N18CBNN
S5p010-G3361.3D18BDYY
8D025-G363.0D18BBYY
SDO4O-P356., 4DISABNN
SG020-A162.5G18BADYY
SG036-4165.TN1BCBYY
5G036-A165.TN1BCBYY
8G036-4165,TN18CHYY
SD030-J363.0D18CHYY
Sp030-J363.0D18CBYY
8$G010-4161.3N18CDNN
SG010-2161.3N18CDNN
8G010-A161.3N18CDRN
8G020-.D361.3G36ADYY
SGO0B0-A165.TL18CBYY
Sp025-D363.0D18ADNN
5poUs~-3366.4D1BCBNN
SG0B5-K365.7TN18CBYY
Sp025-G363.0D18CDYY
SD050-J366.4D1BABYY
8G010-J361.3L18BDYY
SG020-B362.6L18CDEN
8G020.B362.6L18CDNN
SG0T70-K36T.4G1BABYY
Sp025-K363.0D18CBYY
SD025.K363.0D18BCBYY
Sp025-K363.0D18CBYY
Sp025-K363.0D18CBYY
8G020-K362.5G18CDKY
5G036-A165.7L18CBYY
SG036-A165,7L18CBYY
SG010-G361.3N18DNNY
SG020-8362.5N18BDNY
5G020-B362,.5N18BDYY
SD060-A166 .4D18CBYY
SD060-A166.4D18CBYY
56036-.B362,5G36ADNRY
8G100-D367.4L18CBYY
SG020-B361.3N36CDRYN
SD035-B363.0D18CBYY
Spoh0-K366,.4D1BCBYY
SD060-E366,.4D18CBYY
SD060-K366.4D18CBYY
Sp060-K366.4D18CBYY
SD060~-K366.4D1BCBYY
S5G020-B361.3N36CDYY
S5G020-B361.3N36CDYY
SG020-B362.6N18BDNN
SG020-B362.6N18BDYY
SD030-K363.0D1BBBYY
$D100-G36133D18BBNN

14R5644Y
14R62614
14R60637
14R64U57
14R65922
14R61243
14R59353
14R58725
14R5644Y
14R62614
14R6445
14Rr68032
14R59353
14R66737
14R62611
14R66343
14R66731
1462611
14R58786
t4R59353
18R57965
14RS8786
14R59353
14R57965
14R62611
14R62955
13R66734
14Ré2629
14859353
14R64469
14R6587T1
14R66737
14R56444
14R62614
14R64451
14R62611
14R56441Y
T4RS644Y
14R57965
14R644047
14R5684Y
14R60637
14862611
14R59353
t4R57965
14R644LT
14R6ULYT
14R66U39
14R66176
14R62611
14R66731
14R62955
14R62955
14R59353
14R63072

18

1882.0
1882-1
1883-0
1884.0
1884 -1
1885-0
1886-0
1887-0
1888-0
1889-0
1890-0
18910
18911
1892-0
1893-0
1893-1
1893-2
1894-0
1895-0
1896-0
1896-1
1896-2
1897-0
1897-1
1898-0
1898-1
1899-0
1900-0
1901-0
15020
1903-0
1904-0
19041
1905-0
1906-0
1906-1
1907-0
1907-1
1908-0
1909-0
1810-0
19101
1911-0
1911-1
1912-0
18130
1914-0
19141
19142
1915-0
1915-1
1916-0
1916-1
1917-0
1817-1

SD130-G36133D18CBNN
SD130-G36133D18CBRN
5G020-G362.6N18CDNN
8G020-G362.6N18CDYY
5G020-G362.6818CDYY
SD010-A161,.3D18CDYY
SD010-D361.3D18CDNN
ShoU5-G366.4D18BCBYN
SDOL5-K366,.4D1BCBNN
SD050-G366.4D18BBBYY
SD100-K36133D18BBYY
SG020-K362.6N18CDYY
8G020-K362.6N18CDYY
SG036-4A165.7L18CBYN
8G036-4165.7L18CBYY
8G036-A165.7TL18CBYY
SG036-A165.TL18CBYY
SD010-A161.3D18BDYY
Sb010-2161.3D18BDYY
SG036-A165.TN18CBYY
SG036-A165.7TN18CBYY
SG036-A165,TN18CBYY
SG050~-A165,TN18CBYY
SG050-A165.7TR18CBYY
SG050-6365.TN18BBYY
SG050-G365.7N18BBYY
SG070-B367.4818CBYY
SD020-A163.0D18BDYY
SD035-G363.0D18BDYY
8D5.5-B360.8D18ADNY
5G020-D361,3L36BDNN
SG030-3362.6N18BDYY
SG030-G362.6R1BBDYY
SD180-K36133D18CBYN
SD180-K36133D18BCBYY
SD180-K36133D18CBYY
SD035-A163.0D18CDYY
SD035-A163.0D18CDYY
SD100-J36133D18CBNN
S5G015-G362.6N18BDNN
SG025-A162,6L1BCDYY
SG025-4162.6L18CDYY
S5G010~G361.3L1BBDYY
8G010-G361.3L18BDYY
SG020-B362.6R18BDNN
8G020-B362.6N18BDYY
SG036-G365.TN18CBRN
8G036-G365.TN18CBNN
56036-0365. TN18CBNN
SD130-G36133D18CBYY
5p130-336133D18CBYY
SD150-K36133D18CBNN
SD150-K36133D18CBNN
SD180-~G36133D18CBYY
SD180~-G36133D18CBYY

14R63072
14866148
1886295’

14R6295.
14R66734
14R61243
14R61243
14R57965
14857965
14R57965
14R63072
14R62955
14866734
14R62614
14R62614
14R6445 1
14R64LS
14R61283
14R61243
14R62614
14R64451
14R64551
14R62614
14R64US
14R62614
1464451
14062629
1unsaaog
14R5935€
14R6061

14R62611

14R64H69
14R630T72
14R63072
14R64L465
14R59353
14R66737
14R63072
14R62955
14862955
T14R64581
14R62611
14R66343
14R62955
14R62955
14R62614
T14R6L451
14R64451
14R63072
1HROULES
14863072
T4RE66148
14R6307"
T4REL YL -



1
1917-2
1918-0

919-0
1920-0
1921-0
1821-1
1921-2
1822-0
1822-1
1923-0
1928-0
19250
1926-0
"1927-0
1927-1
1928-0
1929-0
1929-1
1830-0
1930-1
1330.2
1930-3
1931-0
1932-0
1933-0
1934-0
19341
1935=-0
1936-0
19370
1937=-1
1937-2
1938-0
1939-0
1939-1
1940-0
15410
19471
1942-0
15430
19431
1943-2
1943-3
1%44-0
1545-.0
1946-0
19470
1548-0
1949-0
19491
1950-0
1950=1
1550-2
'1850-3
1851-0

SD180-G36133D18CBYY
SDO45-A166.4D18BBYY
SD080-B366.4D18CBYY
SG085-D365. TR18CBYY
SG070-G367.4N18CBYY
SG070-G367.4N18CBYY
8G070-G367.4N1BCBYY
8G100-D367.4L18CBYY
5G100~D367.4L1BCBYY
SD035-B363.0D184BRN
8D060-D366.4D1BCBYY
SG015-1162.6N18CDYY
5G020-B361.3NX36ADNN
$D020-J363.0D18CDYY
SD020-J363.0D18CDYY
SD025-X363.0D18CDNK
8D180-G36133D18CBYY
SD180-G36133D18CBYY
SG020-G362.6N18CDRN
$G020-G362.6N18CDNN
SG020-G362.5N18CDRN
§6020-G362.6N18BCDNN
5G070-A167.4N18CBYY
SG080-A165.7N18BBNY
SDO10-4161.3D18CDYY
56020-G362.6L18CDNN
$G020-G362.6L1BCDRN
8D025-4163,0D18ADNN
SD030-4163,0D1BADNN
5D035-4163,0D1BCDNN
SD035-4163.0D18CDNN
SD035-4163,0D18CDNN
SD035-D363,0D18CDNN
SD050-G366.4D18CBYY
SD050-G366.4D18CBYY
SD020-M153.0D15ADYY
8G020-4162,6N18CDNN
5G020-A162.6N18CDNN
5G020-B361.3G36BDNN
$G030-G362.6N18CDYY
$6030-6362.6N18CDYY
86030-G362.6N18CDYY
5G6030-6362.6N18CDYY
5G050-K365.7G18CBYY
$G070-J367.4G18CBNN
$G020-E361.3N36CDNN
SD010-B361.3D18BDYY
SD030-G363.0D18BDYY
8G015-X362.6K18CDNN
5G015-K362.6N18CDNN
56030-G362.6N18CDYY
56030-G362.6N18CDYY
SG030-G362.6N18CDYY
$G030-G362.6N18CDYY
$G070-K367.4N18CBYN

14R66148
14R57965
14R57965
14R58786
13R62629
14RE4 455
14R64455
14R60637
14R64457
14R59353
14R57965
14R62955
14R62611
14Rr58206
14R64461
14R59353
14R63072
T4RE66148
14062955
14R6U4L06
T4R64UE9
14R66734
14r62629
14R58786
14R61243
14R62955
14RE66734
14R59353
14R59353
14R59353
14R64459
1466349
14859353
14R57965
TUREHUYT

14862955
T4RE66T34
14R62611
14R62955
14R64469
14R6635)
14R66734
14R62614
14862629
14R62611
18R61243
14R59353
14R62955
14R66734
14R62955
14RE6ULED
14R66354
14R66734
t4R62629

19

1952-0
1953-0
19540
1955-0
1955-1
1956-0
1957-0
1958-0
1959.0
16600
1960-1
19610
1962-0
1963-0
1963-1
1964-0
1965-0
19651
1966-0
1967-0
1968-0
19650
1969-1
19700
1970-1
1971-0
1972-0
1973-0
1974-0
1974=1
19742
1974-3
1975=-0
1975-1
1976-0
1977-0
1977-1
1977=2
1977-3

1977-4
“ 1978-0

1879=0
1980-0
1980-1
1981-0
1981-1
19812
1982-0
1982-1
1983-0
1984-0
19841
1985-0
19851
L 1985-2

SDp015-M153.0D154ADNN
SD015-N353.0D15ADRN
Sp020-K363.0D18BDYY
8DO45-4166,.4D18CBYY
SDpO45-4166.4D18CBYY
8p060-K366.4D1BCBRN
86020-B361.3L36CDYY
8G020-B361.3N36ADNN
8G050-K365.7L18CBEN
8G050-G365.TN18CBRN
86050-G365. TR 18CBRN
SD060-~-B366.4D18CBNN
8G015-K362.6N18BDYY
3G020-B361.3L36BDYY
8G020-B361.3L36BDYY
86050-8365.TN18BBNR
8¢100-X367.4N18BBYY
8G100-K367.4N18BBYY
Sp050-J3366.4D18CBKRN
SG020-0362.6L18CDNY
8G020-K362.6N18CBYY
8D020-A4163.0D18BDNXN
SD020-A163.0D18BDNR
SG025-K362.6N18CBYY
8G025-K362,.6818CBYY
8p025-E363.0D1BCDNR
Sp030-8363.0D18BDIN
SD030-M153.0D15SADRN
SG015~-4162,.6N18CDYY
8G015-4162,6818CDYY
8G015-A162,6N18CDYY
8G015-4162.6N18CDYY
36036-D365.TL18CBYY
8G036-p365.7L18CBYY
Sp020-J363.0D18BDNR
8D030-G363.0D18CBRN

‘8D030-G363.0D18CBNN

8D¢30-G363.0D18BCBNN
Sp030-G363.0D1BCBNN
SD030-G363.0D18CBNN
Sp010-4161,.3D18BDNN
SDO45-0366.4D18ABYN
SD100-G36133D18CBYY
SD100-G36133D18CBYY
SD180-K36133D18CBEN
SD180-K36133D18CBEN

-SD180-K36133D18CBRN

$G020-G361.3N36BDNN
8G020.G361.3K36BDNN
SD100-G366.4D18BBYY
SG020-4162.6N18ADNN
SG020-4162.6N18ADNN
SG036-X365,7TN18CBYY
8G036-K365.7TN18CBYY
SG036-K365.7TN18CBYY

14R58206
14R57965
14R64HAT
14R57965
14R6261
14R62611
14R62614
14R62614
TURE4L51
14157965
14R62955
14862611
T4R66343
14R62614
14R60637
14R6445T
14R57965
14R62955
14R62955
14858206

14R62955
14R66734
14Rr59353
14859353

14R62955
1464406
14R64469
I4RE6T3H
i4R62614
14R6445
14858206
14R59353
14R64459
14865871
14R66349
14R66737

148R612483

14R57965
14R63072
14R68465
14863072

T4RE6546T

14R66148
14R62611
14R6LUGT
13R57995
14R62955
14R68406

14862614
14RELLSBY
14R64451



1586-0
19861
1987-0
- 1988-0
1988-1
1988-2
1989-0
1989-1
1950-0
1890-1
1961-0
1992-0
1992-1
1993-0
1993-1
1994.0
19941
19950
1995-1
1§95-2
1996-0
1997-0
1998-0
1998-1
1959-0
1999-1
20000
20001
2000-2
2000-3
2001-0
2001=1
2002-0
2003-0
2003-1
20040
2004-1
2005.0
2006-0

20070

2007-1
20072
20073
2008-0
2008-1
2009-0
2010-0
2011-0
2012.0
2012-1
20130
2014-0
2015-0
2016.0
2017-0

SG100-G36T.4N18CBRN
SG100-G367.4N18CBNN
8G020-G362.6N18BDNN
SD035-K363.0D18CBYY
SD035-K363.0D18CBYY
Sp035-K363.0D18CBYY
SG010~G361.3L18ADNN
SG010-G361.3L18ADNN
5G020-G361,3L36ADKN
§G020-G361.3L36ADNN
8G020-K362.5G184ADYY
8G070-G367.4N18CBYY
8G070-G367.4N18CBYY
SG070-K367.4N18CBYY
SG070-K367.4N18CBYY
SG080-4165,.TN18BBYY
SG080-4165.TR18BBYY
SD150-G36133D1BCBNN
SD150-G36133D18CBNN
SD150-G36133D18CBRN
5G020-4161.3G36ADYY
SG020-A162.6N18CDYY
5G020-G361.3L36BDNN
8G020-G361.3L36BDRN
8G020-G362.6N18BDYY
5G020-G362.6N18BDYY
SG020-G362.6N18CDYY
5G020-G362.6N18CDYY
SG020-G362.6N18CDYY
8G020.G362.6N18CDYY

SG020-J3361,3G36ADYY

3G020-J361.3G36ADYY
SG020-K362.6N18BDNN
SG030-A162.6L18CBNN
SG030-4162.6L18CBRN
SG030-K362.6N18CDNN
SG030-K362.6N18CDNN
SDO10-K361,3D18ADYY
Sp025-4163.0D18ABNN
SpD020-4163.0D18CDNN
Sp020-A163.0D18CDNN
8D020-A4163.0D18CDRN
Sp020-A163.0D1BCDRN

'8G036-J365.7N18CBNN

$G036-3365.TK18CBRN
8G050-K365.7N18CBNN
8G036-K365.7N18BBNN
SD010-4161.3D18BDNY
SD020-4163.0D18BEDKN
SD020-2163.0D18BDNN
SD020-A163.0D18BDYN
Sp020-J363.0D18BDNN
SD025-J363.0D18BDNN
SD030-J363.0D18BDNN
5D035-J363.0D18BDNN

15R60637
14R65922
14R62955
14R59353
14R64U59
18R66T37
14R62611
14R6KUG6T
14R62611
TRR6LLET

14R62629
14R64455
18R62629
14R64L55
14R58786
14R64453
14R63072
14RESHET
14R66148
14R62611

14R62611
14R6U467

14R62955.

14R64469
14R62955
14R62955
14R62955
14R6673Y4
14R62611
14R66343
14R62955

14R6U469

14R66734
T4R61243
14R59353
14R58206
T4R6U461
14R66348
14R66348
14R62614
TERO644B1
14R62614
14R62614
14R61243
14R58206
14R66TH4T
14R58206
14R58206
14R59353
14R59353
14R59353

20

2018-0
2019-0
2020-0
2020-1
2020-2
20210
2021-1
2021-2
2022-0
20230
2023-1
2024 -0
2024 .1
2025-0
2026-0
2027=0
2028-0
20290
2030-0
2031-0
2031-1
20312
2032-0
2032-1
2033-0
2034-0
2034-1
2035-0
2035-1
2035-2
2035-3
2036-0
2037-0
2037-1
2037-2
2038-0

2038-1

2039-0
2080-0
20410
2042-0
2042.1
2082-2
20430
2043.1
20440
2045-0
2046-0
20461
2047-0
2048-0
2045-0
20459-1
2049-2
2050-0

SD025-4163.0D18CDYY
8D025-K363.0D18CDYY
SD035-K363.0D18CBYY
SD035-K363.0D18CBYY
8D035-K363.0D18CBYY
SD080-X366.4D18CBYY
SD080-K366.4D18CBYY
SD080-X366.45D18CBYY
8G020-4162.6L18BDRN
SG020-4162.6X18CDRN
SG020-4162.6X18CDRN
86020-G362.6818BDYY
$6020-6362.6H18BDYY
SG036-D362.5G364DYY
SG036-E362.5G36ADRN
86036-E362.5G364DNK
8G100-G367.4N18BBNN
$D020-B363.0D18BDNN
Sp080-G366.4D18BBYY
$G015-G362.6K18CDNN
SG015-6362.6N18CDNN
5G015-G362.6N18CDRN
SG030-4162.6N1BCDRN
SG030-A162.6N18CDEN
86030-J362.6L18BDEN
SG050-4165.7L18CBYY
8G050-A165.7L18CBYY
S6030-G362.6N18CBRN
3G030-G362.6N18CBRN
8G030-6362.6N18CBRN
8G030-G362.6X18CBRN
SDOLS-K366.4N18CBYY
SD130-636133D18CBYY
SD130-G36133D18CBYY
8D130-G36133D18CBYY
SG050-B365.7TN18CBNN
8G050-B365.7N18CBEN
SG070-G367.4N18BBEN
SG070-K367.4N16BBYY
SG085-G365.7N18BBYY
SD020-A163.0D18CDYY
8D020-A163.0D18CDYY
SP020-2163.0D18CDYY
SD025-4163.0D18BBYY
SD025-4163.0D18BBYY
8G010-4161.3N18CDYY
8G025-A162.6L18BDRN
56025.4162.6L18CBHN
8G025-4162.6L18CBNN
8G025-4162.6N18BBRN
SG070-K367.4N18BBYY
SG020-4161.3N36CDRN
SG020-A161.3N36CDRN
SG020-A161.3N36CDNN
SD180-K36133D18CBYY

14859353
14R54353
14R5935"

14R6587-

14RE66T3T
14857965
14R6LLYT
14R66176
14R62955
14862955
14866734
14R62955
14R64406
14R5644)
14R5644%
14R56444
14860637
14R58206
14857965
14R62955
14R64469
14RE66T734
14R62955
14866734
14862955
14862614
14RE68451
14862955,
wnsuusé-
14R6635
14R66734
14R57965
14R63072
14RE4LES
14R66148
14R62614
t14R6445
14R62629
14R62629
14R58786
14858206
14R64461
14R66747
14856353
14R66737
14R62611
14R64581
14862955
15R64469
14R64581
14Rr62629
14R62611
14R66343
14R6673"
14R6307



2050-1
2050-2

050-3
2051-0
2052-0
2053-0
2053-1
2053-2
2053-3
20540
2054-1
2055-0
2055-1
2056-0
2056-1
2056-2
2057-0
20571
2057-2
2058-0
2058-1
2059-0
2059-1
20600
2060-1
2061-0
2062-0
2063-0
2064.-0
2065-0
2066-0
2067-0
2067-1
2068-0
2069-0
2070-0
2070-1
2070-2
2071-0
2071-1
2071=-2
2072-0
20721
2073-0
2073-1
2073-2
2074-0
2074-1
20750
2076-0
2077-0
2078-0
2079-0
2080.0
2081-0

SD180-K36133D18CBYY
SD180-K36133D18CBYY

Sp180-K36133D18CBYY.

SG025-A162,6L18CDRN
SG025-A162,6N18CDNN
SG030-4162.6N18CBKN
SG030-4162.6KR18CBNN
SG030-A162.6N18CBRN
SG030-4162,.6N18CBNN
SG036-4165.7TN1BCBNN
SG036-2165.TN18CBRN
8G050-2165.TN18CBNN
SG050-2165. TR18CBNN
SG100-K367.4N18CBNN
SG100-K367.4N18CBNN
SG100-K367,4N18CBRN
Sp025-4163.0D18ADYY
SD025-4163.0D18ADYY
Sp025-4163.0D18ADYY
SG050~G365.7TL18CBNN
SG050-G365.7TL1BCBRN
SG050-K365. TN18CBNN
SG050-K365.TN18CENN
SG070-G367.4L18CBRN
8G070-G367.4L18CBNR
SGO70-H367.4K18CBNN
8G100-J367.4L18CBNRN
SD020-K363.0D18ADRN
5G050-4165.TR18CBRN

SD035-4163.0D18BDNN

SG025-4162,.6N18CDYY
SG050-3365.TN18CBYY
SG050-J365.TN18CBYY
SG050-K365.7G18CBYY
5G085-G365.TN18CBYY
SG100-G367.4N1BCBNN
5G100-G367.4N18CBNN
SG100-G367.4N18CBNN
SD180-536133D18CEBNN
SD180-G36133D18CBNN
Sp180-G36133D18CBNN
8G025-4162.6L18CDRN
S5G025-A162.6L18CDRN
SG050-K365.7TN18BBYY
SG050-K365.TN18BBYY
SG050-K365.TN18BBYY
SD030~A163.0D18CBYY
8SD030.2163.0D18CBYY
8G020-J362.6N18ADNN
SD025-J363.0D18BDYY
SD180-G36133D18CBNN
SG036-K365.7G18CBYY
5G070-G367.4G18CBYY
SG070~G367.4L18BBNN
SD050-B366.UD1BCBRN

14R614465
1UR65467
14R66148
14R64581
14R64581

14R64UED
14R66734
14R66734
15862614
14R64451
14R62614
14R64451
14R60637
14R64457
14R65922
14R59353
14866343
14R66737
14862614
14R64451
14R62614
14R6445
14R62629
14R64455
14R62629
14860637
t14Rr58206

14R62614 .

14R59353
14R64581
14R6261H
14RE64U51
14862614
14R58786
14R60637
14RE6445T
14R65922
14R63072
14R65U467
14R66148
14R64581
14R667T34
14R62614
14R64451
14R64451
14859353
14R663U%
14R64406
14R59353
14R63072
14R62614
14R62629
14R62629
14R57965

21

2082-0
2083-0
2083-1
2084-0
2085-0
2086-0
2086-1
2086-2
2087.0
2087-1
2087-2
2088.0
2089-0
2090-0
20910
20911
2091-2
2092-0
2052-1
2093-0
20931
2094-0
2095-0
2095-1
2095~2
20960
2096-1
2097-0
20971
2098-0
2099-0
2100-0
2101-0
2102-0

- 2103-0

2104-0
2105-0
2106-0
210790
2108-0
2108-1
2109-0
2109-1
2110-90
2111-0
21111
2112-0
211241
2113-0
2114-0
21141
2114-2
2114-3
2115-0
2115-1

SG070-G367.4N18BBNN
5D100-K366.4D18CBYY
SD100-X366.4D18CBYY
SD130-J36133D18CBNN
SG010-G361.3IN18BDYY
8G015-4162.6N18BDYY
SG015-A162.6N18BDYY
8G015-4162.6N18BDYY
$G030-0362.6N18CDNN
8G030-G362.6N18CDEN
56030-3362.6N18CDNN
$6050-0365.7G18ABYY
$6070-E367.4N18ABNN
SG080-A165.7K18BBYY
56610-6361.3N18CDYY
$G010-0361.3K18CDYY
8G010-G361.3N18CDYY
$G015-X362.6N18BDNN
8G015-K362.6N18BDNN
8G050-J365.7L18CBYY
8G050-J365.7L18BCBYY
SD035-4163.0D18BDYY
SD100-G36133D18CBNN
SD100-636133D18CBNN
8D100-G36133D18CBNX
80080-X366.4D18CBNN
SD080-K366.4D18CBRN
SG015-4162.6L18CDRN

5G015~4162.6L18CDRN -

SGO45-G365.TL1BCDNN
S$D100-J36133D18CBYY
SG020-0362.6L18CDYY
SG036-K365.TN18BABYY
SG070-3367.4N18CBRN
8D025.C363.0D18ADYY
SD025-H363.0D18ABYY
S6036-J365.,7G18BABYY
SG020-4161.3N36CDNN
8G020-6361.3G36ADYY
8G025-G362.6N18BDYY
SG025-3362.6N18BDYY
SG030-A162.6N18BDYY
SG030~A162.6R18BDYY
SDO10-A161.3D18CDRR
8b020-G363.0D18BDYY
SD020-G363.0D18BDYY
SDC60~K366,.4D18BBYY
SD060-K366,.4D18BBYY
SG030-K362,6L18CDYY
SD020-B363.0D18CDYY
SD020-B363.0D18CDYY
Sp620-B363.0D18BCDYY
Sp020.B363.0D18CDYY
SD035.B363.0D18CDYY
SpP035.8363.0D18CDYY

13R62629
14R64ULG
14R67503
14R64465
14RE6ULBT
14864469
14R66354
14R66738
t4RE4LES
14R66358
14R66T34
14R64451
14R64455
1564453
THR64YET
14R66046
14866343
15RE64ULED
14R66734
14R64851
18R64451
14864459
14RELLES
1BRESUET
14R66148
14RE6444T
14866176
14R64869
14R6635Y

14RE4465
14R64L6S
14R64451
14RE4H55
14R64459
14R64459
14R64851
14R6446T
14R64467
14R64469
14R66734
14RE4469
14R66734
14861243
14R64L61
14R64461
14RE4RYT
14866176
14RE4469
14RE4461
14R64461
14R66348
14R66747
14RE4459
14R64459



L

2115.2
2115.3
2115.4
21160
2116-1
2116-2
2116-3
2116-4
2117-0
2117-1
2117-2
2118-0
2118-1
2118.2
2118-3
2118-4
21190
211921
2115.2
2120.0
21201
2120-2
2121-0
2122-0
21221
2122.2
2123-0
21231
21240
21241
2125-0
212541
2126-0
2127-0
2128-0
2129-0
2126-1
2129.2
2130-0
2131-0
2132-0
2133-0
2133-1
2133.2
2134-0
2134-1
2134-2
2134-3
2135-0
2136-0
2136-1
2136-2
2137-0
2138-0
2139-0

SD035-B363.0D18CDYY
SD035-B363,0D18CDYY
SD035-B363.0D18CDYY
SD035-G363,0D18CBYY
5D035-G363,0D18CBYY
SD035-G363.0D18CBYY
SD035-G363.0D18CBYY
SD035-G363,0D18CBYY
SDOL0-G364,0D18CBYY
SDO40-G364.0D18CBYY
SDO40-56364,0D18CBYY
SD050-G364.0D18CBYY
SD050-G364.0D18CBYY
SD050-G364.0D18CBYY
SD050-G364,0D18CBYY
SD050-G364.0D18CBYY
SD060-G366.4D18CBYY
SD060-6366.4D18CBYY
SD060-G366.4D1BCBYY
SD0B0-G366.4D18CBYY
SD080-G366.4D18CBYY
SD080-G366.4D18CBYY
SD100-G366.4D18CBYY
5G6010-B361.3L1BCDYY
8G010-B361.3L18CDYY
SG010-B361.3L18CDYY
SG020-4161.3L36CDYY
SG020-4161.3L36CDYY
8G020-G361.3N36CDYY
$G020.G361.3N36DCYY
56036-6365,7L18CBYY
SG036-G365.7L18CBYY
5G085-B365,7L18CBYY
SG100-B367.4L18CBYY
SDOU5-A166.4D18CBNN
SDO50-4164.0D18CBYY
SD050-4164.0D18CBYY
SD050-A164,0D18CBYY
SP050-¥364,0D18CBYN
SG020-A162.6L18CBNN
5G020-G361.3N36BDYY
$G030-K362.6N18CBYY
S6030-K362.6N18CBYY
50030-K362.6N18CBYY
$G030-K362.6N18CBNN
86030-K362.6N18CBNN
5G030-K362.6N18CBNN
56030-K362.6N18CBRN
SG020-A161.3N36BDYY
56030-4162,6L18CDYY
5G030-4162,6L18CDYY
SG030-4162.6L18CDYY
$6030-1362.6N18CBYY
5D025-J363.0D18CBNN
SG085-3365.TL18CBNN

14R64459
14R658T1
14RE6349
14R64459
14R64459
14R64459
14RES58T
14R66349
14R65329
14R66146
14R66TUD
14R65329
14R65329
14R65329
18R66146
14RE66T740D
14R6444LT
T4R684LT
14R66176
T4R6LLYT
14R64447
14R66176
14R64449
14R6LY6T7
14R660U46
14R66343
14R64467
14R660U6
14R64U67
14RE6046
14R64451
TYRE6445Y
14REL4Y453
14R64457
14R64L4T
14Rr65329
14R65329
14R66T740
14R65329
14R64UBY
14R64467
14R64UED
14Rr66354
18R66734
14RE64469
14R6£6354
14RE6T3Y
14R66734
14R604867
14R65469
14R66734
14R66T3L
14R6U46S
14R64459
14R64453
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2140-0
21410
2141-1
2141-2
21481-3
2141-4
2142-0
2143-0
2144-0
2145-0
2145-1
2145..2
21460
2146-1
2146-2
2146-3
2147-0
214721
2147-2
2147-3
2147-4
2148-0
2149-0
21491
2150-0
2150-1
21510
2152-0
2152-1
2153-0
21540
21541
2154.2
2154-3
2155-0
2155-1
2155-2
2156-0
2157-0
2158-0
21590
2160-0
2160-1
21602
2161-0
2162-0
2163-0

2163-1.

2164-0
2165-0
21660
2167-0
2168-0
2168-1
2168.2

SD050-K366,4D18CBYN
SD201-K36133D1BCBYY
Sp20t-X36133D18CBYY
SD201-~-K36133D18CBYY
SD201-E36133D18CBYY
SD201-K36133D18CBYY
8G070-G367.4G18CBYIN
SDONO-A164,0D1BABRN
8G030-4162.6N18BBEN
SG030~-A162.6L18BDNN
SG030-4162.6L18BDNN
3G030-4162,6L18BDARN
SD101-636133D18CBEN
SD101-G36133D18CBRE
SD101-G36133D1BCBRN
SD101-~G36133D18CBRN
SD131-G36133D18CBNN
SD131=-G36133D18CBRN
SD131-G36133D1BCBRN
8D131-G36133D18CBRN
SD131-036133D18CBNN

. 8D151-G36133D18CRNN
8D151-G36133D18CBYY

8D151-~G36133D18CBYY
8p151-336133D18CBYY
SD151-636133D18CBYY
Sp181-636133D18CBNN
SD181-G636133D18CBYY
8p181-6836133D18CBYY
SD181-K36133D18CBYY
SD200-K36133D18CBYY
SD200-K36133D18CBYY
SD200~K36133D18CBYY

SD200-~-X36133D18CBYY °

SD201~G36133D18CBYY
SD201-G36133D18CBYY
SD201-G36133D18CBYY
8D030-G363.0D18CDYY
SD050-G366,4D18CBRN
8G015-G362.6L18ADNN
8G015-G362.6L18BDYY
8$G030-G362.6L18CBYY
8G030-G362.6L18CBYY
8G030-G362.6L18CBYY
SG030-K362.6L18CBRN
8G050-4165.TL18BBNN

SD035-6363.0D18CDYY

8D035-G363.0D18CDYY
SD035-J363.0D18ABYY
SD035-K363.0D18CDYY
SG015-4162.6L18BBNN
5G020-G361.3L36BDYY
5G025-4162.6L18CBYY
$G025-4162.6L18CBYY
SG025-4162.6L18CBYY

14RE4447
14R65637
1&36615<
14R6615)
14R66151
14R68630
14R64455
14R6532%
19R64469
14REL4469
14R6635%
14R66734
14R65637
14866151
14R66151
t4R66151
14R65637
14R66151
14R66151
14R€66151
14R66151
14R65637
14R65637
14R66151
14R65637
14R66151
14R65637
14R6563

14R6615

14R65637
14R65467
14R66148
14866148
14R66148
14R65637
14R66151
14R66151
14R68459
14R604LT
14RE64U69
14R648469
14RE64469
14866354
14R66734
14R64469
14R64451
14R64459
14R66737
14R64459
14R64459
14R648L69
T4RE4YEET
14RELYEY
14R6635

1“356?3»
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2169-0
2169-1
170-0
170-1
2170-2
2171-0
2172-0
2172-1
21730
2173-1
217420
21741
2174-2
2175-0
2176-0
2176-1
2176=2
2177-0
2178-0
2179-0
2179-1
2180.0
2180-1
2180-2
2180-3
2180-4
2181-0
2182-0
182-1
182-2
2183-0
2184-0
2185-0
2186-0
2187-0
2188-0
2188-1
21890
21900
21910
2192-0
2193-0
2193-1
21940
2195-0
2196-0
2196-1
2197-0
2197-1
2197-2
2198.0
2199-0
2200-0
201-0
P201-1

SG030-J362.6L18CBNN
5G6030-J362.6L18CBNN
SD100-G366.4D18CBYY
SD100-G366.4D18CBYY
SD100-G366.U4D18CBYY
Sp035-D363.0D18CBYY
SDO40-A164.0D1BCBYY
SpOLO-A164,0D18BCBYY
8G015.B362,6N18CDNN
SG015-B362.6N18CDNN
SD0S0-G364.0D1BCBNN
SDp050-G364.0D18CBNN
8D050-G364,.0D18CBNN
SD080-J366.4D18CBNN
SD131-E36133D18CBNN
SD131-K36133D18CBNN
SP131-K36133D18CBNN
SG010-E361.3N18BDYY
SD181-K36133D18CBNN
SD030~K363,0D18CDNN
SD030-K363.0D18CDNN
SpD050-K364.0D18CBYY
SD050-K364.0D18BCBYY
SDO50-K364.0D18CBYY
SD050-K364,0D18CBYY
SD050-K364.0D1BCBYY
SD101-K36133D18BBNN
SD131-K36133D18CBYY
SD131-K36133D18CBYY
SP131-K36133D18CBYY
8G015-A162.6N18BBNN
SG015-B362.6N18BDYY
5G020-4162.6N18CDYY
SG025-A162,.6L18BBNN
SD020-J363,0D18ADYY
SD050-K364.0D18EBBYY
SD050-K364,0D18BBYY
SG050-K365,.TL18CBYY
SG080-4165,TN18ABYY
SG085-K365.7TN18BBYY
SD131-K36133D18CBYY
SD151-K36133D18CBYY
SD151-K36133D18CBYY
8G030-G362.6N18CBYY
5G015-A162.6N18BBYY
SG015-6362,6N18CDYY
86015.6362.6N18CDYY
S56030-J362.6N18CBNN
S6030-J362,.6N18CBNN
SG030-J362.6N18CBNN
SD010-A161.3D1BADYN
SD0OBO-K366.4D1B8CBYN
SP100-K366.4D1BCBYY
SG025-G362,.6N18BDNN
8G025-G362.6N18BDNN

14R64469
14R64469
14R64449
14R6LL YD
14R67503
14R64459
14R65329
14R66740
14R64H69
14R66734
14R65329
14R66146
14R66740
14R644 Y7
14R65637
14766151
14866151
14R64UET
14R65637
14R68459
14R66737
14R65329
14R65329
14R65329
14R66146
14866740
14R65637
14R65637
14R66151
14R68630
14R64469
18864469
14R64469
14R65469
14R64461
14R65329
14865329
1464451
14R64453
14R64453
14R65637
14R65637
14R66151
14R64469
14R6U469
14R64469
14866734
14R64H69
14R66734
14R66734
14R61243
14R644L7T
14R644KL9
14R64469
14R66731
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2202-0
2202-1
2203-0
22040
2205-0
2206-0
2207-0
2208-0
2209-0
2210=0
2211-0
2212-0
2213-0
2213-1
22140
22141
2215=0
2215=-1
2215-2
2216-0
2216-1
2217=0
2218-0
2218-1
2219-0
2219-1
2220-0
2220-1
2221-0
2221=1
2221-2
2222-0
2222=-1
2222-2
2223-0
2223-1
2224-0
2225=-0
2225-1
22260
2226-1
2227=0
2227-1
2227=-2
2228-0
2229-0
2229%9=1
2230-0
2230-1
2231-0
2232=0
2232-1
2232-2
2233-0
2234-0

8G036-J365.TN18CBNN
8G035-J365.TN18CBNN
8G050-G365.7L18CBYY
36050-K365.TN18CBYY
80020-G363.0D18BDREN
56030-B362.6N18CBYY
SG030-K362.6N18BDYY
3G085-B365. TN18CBYY
8D015-G363.0D18CBNN
8D015-6363.0D18CBYY
Sp010-K361.3D18BDYN
80020-B363.0D18BDYY
SG025-B362.6N18CBYY
86025-B362.6N18CBYY
8G030-4162.6L18CBNN
8G030-4162.6L18CBNN
5D025-J363,0D18CBYY
8D025-J363.0D18CBYY
SD025-J363.0D18CBYY
8D030-B363.0D18CBYY
Sp030-B363.0D1BCRYY
3p030-J363.0D18ADYY
SpO45-J366.4D1BCBRN
SDO45-J366.4D18CBEN
Sp050-A164.0D18CBRN
8D050-4164,.0D18CBRN
8D050-D364,0D18CBYY
SD050-D364.0D18CBYY
SD050-K364.0D168CBYY
SD050-K364.0D18CBYY
Sp050-K364,0D1BCBYY
SD060-J366.4D18CBNN
SD060-J366.4D18CBNN
8D060-J366.4D18CBNN
SD130-K36133D184ABYY
SD130-K36133D18ABYY
SD151-E36133D18BBYN
S6015-4162.6N18BDRN
SG015-A162.6N18BDNN
SG015-0362.6N18CDYY
8G015-0362.6N18CDYY
SG6020-G361.3L36CDYY
5G020-G361.3L36CDYY
8G020-G361,3L36CDYY
8G025-4162,.6L18CDYY
SG036-J365.7G18CBYY
5G036-J365.7G18CBYY
SG030-B362,.6N18BDYY
50030-B362.6K18BDYY
5G036-D365.7G1BCBYY
86025-G362.6N18CBNN
S§6025-G362.6N18CBRN
8G025-6362.6N18CBNN
SD010-E361.3D18BDYY
SG025-A162.6L18BDYY

14R64451
T4RE4H5
13R6LUY51
tER64451
14R64861
14R6LYGS
14R64169
14R64453

14R612183
14R64461
1RR6LLEY
1466738
14R64469
13R66354
14R65871
14R66349
14R66737
14R65871
13R66349
14R65871
14R6LLLT
14RE6BULT
14R65329
1466740
18R65329
14R66740
14865329
14865329
14R66740
14R644AT
14REY4LYT
14R66439
14R65367
14R66148
14R65367
14R641469
14R66T34
14R64H69
14R66354
14R64467
14R66046
14R66731
14R64E69
14R64451
14R64L5 1
14R64469
14R66354
14R64ES1
14R64469
14R66354
14R66734
14R61283
14RE4K6G
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2234-1 $G025-A162.6L18BDYY 14R66354 || 2262-2 SG020-4161.3L36BDNN 14R66731
2235-0 SP030-D363.0D18ADYY 14R65871 || 2263-0 SG020-2161.3L36BDYY 14R66046
2235-1 SD030-D363.0D1BADYY JHR66349 || 2263-1 SG020-2161.3L36BDYY 14R663Y

2236-0 SDO30-K363.0D18CBNN 14R65871 || 2263-2 SG020-4161.3L36BDYY 14RE673.
2236-1 SD030-K363.0D18CBNN 14R66737 || 2264-0 SG030-G362.6L1BCBNN 14R64L69
2237-0 SD050-J364.0D1BCBYY 14R65329 || 2264-1 5G030-6362.6L18CBNN 14R66354
2237-1 SD050-J364.0D18CBYY 14R65329 || 2265-0 SG036-G365,7L1BBBYY 14R6ULST
2237-2 SD050-J364.0D18CBYY 14R66740 || 2266-0 SD0OS0-G364.0D18BBNN 14R65329
2238-0 SD025-K363.0D18BBYY 14R65871 | 2267-0 SD035-4163.0D18ABYY 14R65871
2238-1 SD025-X363.0D18BBYY 14R66349 (| 2267-1 SD035-1163.0D18ABYY 14R66349
2239-0 SD035-K363.0D18ABYY 14R65871 (| 22680 SD025-J363.0D18ABYY 14R66349
2239.1 SD035-K363.0D18ABYY 14R66349 || 2268-1 SD025-J363.0D18ABYY 14R66737
2250-0 SD050-E364.0D18CBNN 14R65329 | 2269-0 SD050-D364.0D18CBYY 14R65329
2240-1 SDO50-K364.0D18CBNN 14R66740 | 2270-0 SG030-2162.6N18BBNN 14R66354
2241-0 SD0BO-K366.4D1BABYY 14R6444T || 2271-0 SG030-4162.6N18BBYN 14R66354
2241.1 SDO80-K366.4D18ABYY 14R64UYT | 2272-0 SGO50-B365.7N18BBYY 14R6HASY
2241-2 SD0BO-K366.4D18ABYY 14R66176 | 2273-0 SD030-D363.0D18CDYY 14R663h9
2242-0 SGO50-A165.7N18BBYY 14R64451 | 2274-0 SD050-G364.0D18BBNN 18R66146
2242-1 SG050-4165.7N18BBYY 14R6445T [l 2275-0 SG015-4162.6K18BDYY 14R66354
2243-0 $G025-G362.6N1BCBYY 14R64469 || 2275-1 SG015-A162.6N18BDYY 14R66734
2243-1 SG025-6362.6N18CBYY 14R66354 | 2276-0 SG050-D365.7L18BBYR 14R64451
2243-2 $SG025-G362.6N18CBYY 14R66734 |i 2277-0 SG100-K367.4N18ABNN 14R64457
2244-0 SG036-D365.7N1BCBNN 14R64451 [i 2278-0 SG015-B362.6L18CBYY 14R66353
2245-0 SGO36-K365.7L1BABYY 14R64451 || 2278-1 SG015-B362.6L18CBYY 14R66734
2246-0 SG050-J365.7TN18CBNN 14R64451 || 2279-0 SG020-4161.3L1BCDYY 14R66343
2247-0 50070-K367.4L18CBYY 14R64455 |l 2280-0 SG020-B361.3N18CDYY 14R66343
2248-0 SG100-K367.4N18CBYY 14R64457 |l 2281-0 SG020-6362.6K18CBYY 14R66353
2248-1 SG100-K367.4N18CBYY 14R65922 || 2281-1 SG020-6362.6N18CBYY 14R66734
2249-0 5G020-J362.6N18BDNN 14R64469 || 2282-0 SG025-K362.6N18CBYY 1u3663§€;
2249-1 5G020-J362.6N18BDNN 14R66354 || 2283-0 SD025-6363.0D18CDYY 14R6634

2250-0 SG020-K361,3N36BDYY 14R66046 ]| 22840 SDO30-K363.0D18BDYY 14R66349
2250-1 SG020-K361.3N36BDYY 14R66343 | 2284-1 SD030-K363,0D18BDYY 14R66737
2250-2 SG020-K361.3N36BDYY 14R66731 || 2285-0 SD020-K363.0D18BBNN 14R66348
2251-0 SG100-K367.4N18BBYN 14R6UL57 ]| 2286-0 SD025-J363.0D1BCBNN 14R66349
2252-0 SD050-G366.4D1BBBNN 14R64UL4T (| 2287-0 SD020-G363.0D18CBRN 14R66348
2253.0 5D150-G36133D18CBYY 14R65467 || 2287-1 SD020-6363.0D18CBNN 14REETHT
2253-1 SD150-G36133D18CBYY 14R66148 | 2288-0 SD020-K363.0D18CBYY 14R66348
2254.0 5G015.4162,6N1BBBYY 14R644EY | 2289-0 SD030-K363.0D18CBYY 14RE6349
22547 SGO15-A4162.6N18BBYY 14R66354 || 2289-1 SD030-K363.0D1BCBYY 14R66737
2254-2 5G015-2162.6N18BBYY 14R66734 || 2290-0 SD050-B364.0D18CBYY 14R66116
2255-0 SG020-A161.3N36BDNN 14R66046 || 2290-1 SD050-B364.0D1BCBYY 14R66740
2255-1 SG020-A161.3N36BDNN 14R66343 || 2291-0 SDOB0O-K366.5D18BBYY 14RGUURT
2256.0 5G025-D362.6N18CBNN 14R64469 | 2292-0 SGO15-B362.6G18ADYY 14R66354
2256-1 SG025-D362.6N18CBNN 14R66354 || 2293-0 SG025-4162.6N18BDYY 14R66354
2257-0 5G6030-G362.6L18CDYY 14R6446Y || 2294-0 SG030-4162.6N18CBNR 14RE6354
2257-1 SG030-6362.6L18CDYY 14R66354 " 2294-1 $G030-4162.6N18CBNN 14R66734
2258-0 SG085-K365.7L18CBYY 14R64453 || 2295-0 56030-G362.6N18BDNN. 14R66354
2259-0 5G100-G367.4L18CBYY 14R64457 | 2296-0 SG036-0365.7N18BBYY THR6LLST
2259-1 SG100-G367.4L18CBYY 14R65922 [l 2297-0 SG036-G365.7N18BBYY 18R64451
2260-0 SG030-2162,6L18CDNN 14R64L69 || 2298-0 SG020-A161.3L36ADNN 1U4R66343
2260-1 SG030-4162,6L18CDNN 14R66354 || 2299-0 SD020-G363.0D18CBYY 14R66348
2261-0 SDO30-A163.0D1BCDNN 14R65871 || 2299-1 SD020-G363.0D1BCBYY 14R66747
2261-1 $D030-A163.0D18CDNN 14R66349 ]| 2300-0 SG025-6362.6L18CDYY 14R66354
2262-0 SG020-2161.3L36BDNN 14R66046 o



2301-0
2302-0

303-0

3040
2305-0
2306-0
2307-0
2308-0
2309-0
2310-0
2311-0
2312-0
2313-0
2313-1
2314-0
2315-0
2316-0
2317-0
2318-0
2319-0
2320-0
23210
2322-0
2323-0
2325-0
2324-1
2325-9
' 2326-0

F32?-0

2328-0
2329-0
2330-0
2331-0
2332-0
2332-1
2333-9
2334-0
2335-0
2336-0
2337-0
2337=-1
2337-2
2337-3
2338-0
2335-0
2340-0
2341-0
23411
2341-2
2342-0
23430
2344-0
2345-0
2345-1
2345-2

SD151-G36133D18CBNN
SD050-G364.0D18ABYN
SG020-4161.3G36CDNN
$G020-4162.6L18BBNN
8G020-2162,6N18CBNN
56030-J362.6N18CBYY
$D130-G36133D18BBNN
$G020-4162.6G1BADYY
5D020-K363.0D18ABYY
SDO40-K364,0D18ABYY
SD020-D363.0D1BCBNN
SD050-J364.0D18BBYY
SG015-G362.6N18CBNN
$6015-0362.6N18CBRN
SG025-B362,6N18CBYY
SD200-G36133D18BBYY
SG050-K365. TL1BCERN
SDOUO-K364.0D18BBNN
5G050-b365.TL18CBYY
SDOUO-K36K.0D18CBNN
$G030-G362.6N18BBYY
5D025-D363.0D18CBNN
SG016-4162.6N18BDNN
SD035-G363.0D18CBNN
8G030-D362.6N18CBNN
SG030-D362.6N18CBNN
5G0T0-B367.4G18ABYY
56020-G362,.6N18CBNN

'S6100-J367.4N18CBYY

SD020-4163.0D18ABYY
5D035-K363.0D1BABYY
SD050~-B364.0D18BBYY
SD100-K36133D18BBNN
SD200-G36133D18CBYY
SD200-G36133D18CBYY
SG020-B362.6N18CDYY
SG015-4162.6N18CBNN
SGO70-B367.4N18ABYY
5D101-K36133D18CBEN
SD101-E36133D18CBYY
SD101-K36133D18CBYY
SD101-K36133D18CBYY
SD101-K36133D18CBYY
SG031-4162.6L18CBNN
8G050-4165.7L18CBRN
SG050-B8365. TN18CBYY
SG075-J365.7N18CBNN
5G075-J365.7N18CBNN
5G075-J365.TN18CBRN
$6020-D362.6N18CDNN
S6030-4162.6N18CDYY
SG070-B367.4L18BBNN
SG075-K365.TN18CBRN
SG075-K365.TN18CBNN
SG075-X365.TN18CBNN

14R66151

14R66146
T14R66343
14R66354
14R66354
14R66354
T4R66148
14R66354
T4R66348
14r66146
14R66348
T4R66146
14866354
14R66734
14RE6354
T4R66148
T4R64U51
14R66146
T4R64US1
14R66146
14R66T34
14R66737
14R66603
14R66737
14R66734
14R66734
14R6LYUSS
14R6€6734
T4RE6UUST
14R66T747
14R66737
14R66740
14RE6148
14R66148
14R66148
14R66T34
14R66734
T4R6H4USS
14R66151
14R66151
14R66151
14866151
14R68630
14Rr66603
TURGLAST
T4R64451
14865918
14Rr65918
14868034

14R66734

14R66734
14R6U4455
14R65918
14R65918
14R68034
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2347-0

2348-0
2349-0
2350-0
2351.0
2352-0
2353-0
2353-1
2354.0
2355-0
2356-0
2357-0
23580
2359-0
2360-0
2361-0
2362-0
2363-0
23640
2365-0
2366-0
2366-1
2367-0
2368-0
2365-0
2370-0
2371-0
2372-0
2372-1
2372-2
2373-0
2373-1
23740
2375=-0
2376-0
2377-0
2378-0
2379-0
2380-0
2380-1
2381-0
2382-~0
2383-0
23840
2385.0
2386-0
23861
2387-0
2388-0
2388-1
2385.0
2390-0
2391-0
2392-0

SG020-4162.6N18BBNN

$G020-J362.6G18CDYY
SG020-K361.3N36CDNN
SG030-4162.6L18CBYY
SG036-K365.7N18CBYN
8D020-G363.0D18CDNR
3p0B0-K366.4D1BABYY
SD080-X366.4D18ABYY
SG015-K361.3G36ADNN
SG015-X362.6K18BBNN
SD151-K36133D18CBRN
S6021-4162.6N18BBNY
8G036-K365.7TL18CBYY
$G036-J365. TN18CBYY
SG070-B367.4N18BBNN
8D020-G363.0D18ABYY
§D200-E36133D18CBYY
86015-G362.6N18CBYY
SG030-B362.6L18BBYY
SD035-4163.0D18CBYY
SD201-K36133D18CBYY
SD201-K36133D18CBYY
$D030-B363.0D18CBNN
SD150-K36133D188BYY
5G020-4161.3N36CDYY
SG030-4162.6N18BDYY
SG030-K362.6N18CDNN
SG075-G365.TN18CBYY
8G075-0365.7N18CBYY
$G075-G365.TN18CBYY
8G075-K365.TN18CBYY
8G075-K365.TN18CBYY
SD025-K363.0D18CBYY
8G015-4162.6L18CDYY
$G030-D362.6L18CBYY
SDONO-A164.0D18ABYY
SB200-K36133D18CBNN
5G015-1162.6G18ADYY
SD201-K36133D18CBNN
SD201-K36133D18CBNN
SG015-2162.6N18CBYY
SG020-4162.6L18CBYY
SG036-B365.7G18ABYY

8poL0-J364,.0D18ABYY

SD150-K36133D18CBIN

-SD181-K36133D18CBYY

SD181-K36133D18CBYY
SG050-0365. TH18BBNRY
8G075-G365.TN18CBYY
8G075-G365.7TN18CBYY
SD020-K363.0D18CBRN
SpD025-K363.0D18ABYY
SD0S0-D364,0D18CBNN
SD150-G36133D18CBNN

14R66734

14R66734
14R66731
14R66T34
T4R64LS
14R66TH4T
14R64LET
14866176
18866731
14R66734
14866151
14866603
14R64451
14R64E51
14R64 1455
14R66THT
1466158
14R66734
14R66734
14R66737
14866151
14R68630
14866737
14R66128
14R66731
14R66734
1RR66733
14RES5918
14865918
14865918
14865918
14R68034
14R66737

"14R66734

14R66734
14R66740
14R66148
14R66734
14R66151
14R66151
14R66734
18R66734
14R64451
14R66THO
14866148
1466151
14R68630
14RE6U4S
14R65918
1468034
14RE6THT
14R66737
TURB66THO
14R66148



2393-0
23940
2395-0
2396-0
23870
2398-0
23939-0
2400-0
2401=-0
2402-0
2403-0
24040
2405-0
2406-0

2407-0

2408-0
2409-0
2410.0
2810=-1
2410-2
2411-0
24111
2412-0
2413-0
24145.0
2415-0
2416-0
2417-0
2%18-0
2419-0
2420-0
242140
2422-0
2423-0
2423-1
2424-0
24250
2426-0
2427-0
2428-0
2429-0
2429-.1
2430-0
2431-0
2432-0
2433.0
. 28331
2434-0
2435-0
2436-0
2437-0
2438-0
2439.0
2440-0
2441-0

SD181-K36133D18CBNN
SG015-K362.6N18CBYY
SG030-A162.6N18ABYY
SG030-4162.6N18CBYY
SG036-G365.TG18ABYY
SG100-J367.4N18BBYY
SG036-D365.TL18ABYY
SG070-K367.4N18BBRY
5p010-4161.3D18BDNY
54030-A162.6L18CBYY
SD030-B363.0D18BDNN
SD100~.J366.U4D1BCEBNN
SD150-J36133D18CBNN
5G010-G361.3G18¢CDYY
SG020-G362.6N18BBNN
SG036-3365.7R18CBNY
SG050-B365. TN18CBNN.
SD100-G366.4D1BCBNN
SD100-G366.4D18CBNN
SD100-G366.4D18CBNN
SG0T0-G367.4G18CBYN
SG0T70-G367.4G18CBYIN
SDP100-D366.4D18CBNN
5D020-4163.0D18CBYY
SD020-K363.0D18CBYY
SDOY40.K364.0D18ABYY
SDOS0-K364,.0D18ABYY
SD200-G36133D1ECBNN
SD020-A163.0D18CBRN
Spo40-G364.0D18BBYY
S5G025-K362.6N18CBNN
SG060-B36T7T.4N18BBNN
SG060-G367.4N18CBNN
SG100-G367.4N18BBYY
SG100-G367.4N18BBYY
8G025-0362.6L18CBYY
SG031-G362.6L18CBNN
S56100-G367.4L18CBNN
SD025-A163.0D18CBRN
SD020-K363,0D18ADYY
SD131-G36133D18CBYY
SD131-G36133D18CBYY
SG050-D365,TR18CBNN
8SG020-A162.6L18CDYY
SG025-A162.6418CBRN
SG036-2165.7TK18BBNN
SG036-4165,.TR18BENN
SG080-A165.7L18CBYY
8G020-A162.6L18CDYY
SG060-K367.4N18CBYY
SG065-G367.4L1BCBYY
SG060-K367.4N18CBYY
SG065-K367.4L18CBYY
SGOB0O-G365.7L18CBYY
S5G020-X361.3N36BDNN

T4R66151
14R66734
14R66734
14866734
14864451
14R65922
14R64551
14R64455
14861243
14R66734
149R66737
14R64449
14R66148
14R66731
18R66734
14R64451
14RE4451
14R6441Y
14867503
14R67503
14R64L5S
14865920
14R64449
14R66TUT
14R667T47
14R66740
14R66740
14R66148
14R66747
14R66740
14R66734
14R65920
14865920
14865922
14R65522
14R66734
14R66603
14865922
14R66737
14R66T4T
14866151
14868630
14R64451
14R66734
14RE6734
14R64451
14R68032
14R65918
14R66734
15R65920
14R65920
14865920
14R65920
14R65918
14R66T31

26

|

24842-0
24430
26450
28450
2846-0
2447-0
2448-0
2549.0
2450-0
2451.0
2452-0
2453-0
2455.0
2455.0
2456-0
2457-0
2458-0
24590
2460-0
24610
21462-0
2463-0
2464-0
2465.

2466-

2467-0
2468-0
24690
24700
247041
2471-0
2572-0
2473-0
2474-0
2475-0
2476-0
2477-0
2578-0
2479-0
24800
2481-0
2482-0
2183-0
248540
2485-0
2486-0
2487-0
2488-0
2489-0
2450-0
2491-0
24920
2493-0
2493-1
2494-0

56036-J365, TL18CBYY
5G020-K362,6L18CDYY
SG060-A167. 4N18BBRN
SD010-J361.3D18ADYN
SD020-D363.0D18ADYY
8G015-4162.6G184BYY
$D200-K36133D18CBNN
8G015-4161,3436CDYY
SD035-B363.0D18CDYY
8G036-D365, 7TN1BBBYY
8G036-K365.7618ABYY
86065-B367.4L18BBYY
SG065-K367.4L18CBYY
8G080-K365.TL18CBYY
8G020-6362.6G18ADNN
86025-G362.6L18BDYY
5G025-J362.6G18ABRN
SG080-8365, TL18CBYY
5G036-A165. TN18ABYY
8G036-K365,. TH18BBYY
8D025-4163.0D18CBYY
86025-G362.6L18BDYY
56020-B362.6L18CDYY
53030-K362.6N18CDYY
8G036-4165,7G184BNN
SD050-A164, 0D18CBYN
83020-D361.3K36CDYY
§6025-D362, 6K18CBYY
8G075-G365. TH18CBRN
SG0T5-G365, TN18CBNN
§6020-4161.3G36CDYY
8G060-K367.4N1BCBEN
SG100-J367.4N18ABRN
5G031-G362.6K18CBNN
SD101-G36133D18CBRN
SD010-G361.3D18CDYN
$6100-J367.4N18BBAN
SD040-G364,0D18CBNN
$6015-G362, 6L18BBYY
SG015-G362.6L18CDYY
§D020-4163.0D18CBYY
8G020-G362.6N18BDNN
8G080-1165. TL18CBNN
SD020-K363,0D1BBDEN
8D020-3363,0D18BBYY
$G030-4162,6N18ADNK
8G060-B367.4K1BCBNN
SG065-4167.4L18CBYY
SD130-K36133D18BBYY
$G030-J362.6X18BDYY
SD025-D363.0D18CDYY
56015-6362.6N18BDNN
8G036-A165. TN18BBYY
8G036-4165. TN18BBYY
5G036-G365. TH18BBNN

14RE64U5 Y
TUREE673L
14R6592

14R61245
14R66787
14866734
14R66148
14866731
14R66737
14R64L5Y
14R65551
t4r65920
14R65920
14R65518
14R66734
14R66734
14R66T34
14R65¢%18
15Rr64451
14RE64ES5Y
14n66737
14R66734
14R66734
14R66733
14R6445
14REE6THD
T4R667321
1486673

14R6591

T4R6EBD3Y
14R66731
18R65920
14R65922
14R66603
14R66151
14R61283
14R65922
14866740
14R66734
14R66738
TURE6THT
14R66734
14R65918
14R66 747
14R66787
13R66738
14R65920
14R65920
T4R66148
14R66734
14R66737
t4RE6734
14R65451
14R6803

1BRELULS



2495-0
24960
45970
5980
24990
3000-0
30010
3002-0
3603-0
30040
3005-0
3006-0
3006-1
3007-0
3008-0
3005-0
3010-0
3011-0
3012-0
3013-0
3014-0
301520
30151
3016-0
3617-0
3018-0
3019.0
3019-1
020-0
020-1
3021.0
3022-0
3023-0
30250
3025-0
3026-0
3027-0
3028.0
3029-0
30300
3031-0
3032-0
3033-0
30340
3035-0
3036-0
3037-0
3038-0
3038-1
3039-0
3040-0
30410
I042-0
3042-0
Bo44-0

SG060-G367.4KN18BBNN
SD080-A166.4D1BCBRN
SG070-K367.4G18CBYY
SG100-K367.4N18BBNN
SD050-J364 . 0D1BCBNN
$6025-J362.6K18BDNN
$D050-J364.0D18ABYY
SD050-K364.0D1BABNN
SD060-G366.4D18ABYY
$G030-2162.6N18BDNN
5G6020-J361.3L36CDYY
SG075-3365.7TN18CBYY
8G075-J365, TH18CBYY
8G100-3367.4L18CBYY
5D020-J363.0D18CBYY
8G025-D362.6L18CBYY
SD010-2161.3D18ADKN
SG025-4162.6N18CBYY
SD080-J366.4D18ABNN
SD150-K36133D18BBYY
SGO45-1165, TN18CBYY
SGOU5-K365. TN18CBYY
56045-K365. TN18CBYY
56060-K367.4N18BBYY
5G020~J362.6L18CBNN
SG030-A4162.6L18CDNN
SGO45-G365. TN18CBNN
SGO45-G365, TN1BCBNN
SG045-G365.7N18CBYY
5G045-G365, TN18CBYY
5G060-J367.4N18CBNN
SD200-J36133D18CBYY
5G020-J362,.6G18CBYY
SG060-B367.4N18CBYY
SD201-J36133D18CBYY
S5020-7363.0D18ABYY
SD020-K363,0D18BDNN
SD035-4163.0D18BBYY
3G010-6361,3N18BDYY
SD080-G366.4D18CBYN
5G020-4162.6N18BDNN
5G015-G362.6N18CBYY
56080-1165.7TN18CBNN
SG020-K362.6N18CBYY
5G030-K362.6L18CBYY
SD100-J366.4D18CBYY
SG020-A162.6N18BBYY
SD131-K36133D18BBYY
5D131-K36133D18BBYY
5G030-8362.6N18BBNN
5GO45-G365.7TN18CBRN
SDOY40-J364.0D18CBYY
SGO15-4162.6N18CDRN
5G015-K362.6N18CDYY
5G020-A162.6G18ABYY

14865920
14R66176
14R65920
14R65922
14R66740
14R66734
14R66THO
14R66T4O
14R66176

14R66734.

T4R66731
14R65918
14r68034
14R65922
14R6674T
14R66T734
14Rr61243
14R66734
14R66176
14R66148
14R65916
14R65916
14R68032
14R65920
14R66T34
14R66734
14R65916
14R68032
14R65916
14R68032
14R65920
14R66148
14R66734
14R65920
14R€6151
14R66T4T
14RE6TUT
14R66737
14866731
14R66176
14RE66734
14R66734
14Rr68034
14R66734
14R66734
14R67503
14R66734
14R66151
14R66151
14R66734
14Rr68032
14R66740
14R66734
14R66734
14RE6T34
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3045-0
3046-0

3047-0
3048-0
3049-0
3050-0
30510
3052-0
3053~0
3054-0
3055-0
3056-0
3057-0
3058-0
3055-0
3060-0
30610
3062-0
3063-0
3064-0
30650
3066-0
3067-0
3068-0
3060-0
3070-0
3071-0
3072-0
3073-0
30740
3075-0
3076-0
3077-0
30780
3079-0
3080-0
3081-0
3082-0
3083-0
3084-0
3085-0
3086-0
3087-0
3088-0
3089~0
3090-0
3091-0
3092-0
3093-0
3094.0
3095-0
3096-0
30970
3098-0
3099-0

8G030-J362.6N18ABNN
SGOT75-K365.TN18CBYY
$G080-K365.7L1BCBRN
SG030-B362.6N18CBNN
SG030-B362.6N18CDYY
8G065-G367.4N18CBYY
8G060-G367.4N18CBRN
3p030-4163.0D18CDYY
8G036-4165. TL18BBYY
8G045-4165.TN18CBYY
SD0B80-4166.4D18CBYY
SG045-4165. TH18CBEN
8G080-K365.7L18CBEN
8G025-K362.6N18CDEN
SD010-K361.3D18ADNN
5G020-L361,3N36ADEN
S0010-2161,3G18BDYY
8G045-K365.TN18CBREN
Sp010-4161,3D18BDYN
SD040-4164.0D18CBYY
SG060-K367.4K18BBYY
SG070-4167.4G18ABYY
SG060-4167.4N18BBYY
Sp035-4163.0D18CBNN
SG020-D361.3L36ADYY
SD060-D366,.4DIBCBRN
8G075-J365.7TN18CBYY
8G031-A4162.6N18CBNRN
8G020-1162,6G18DDNEN

-8D150-J36133D18CBYY

86020-4162,6N18BDYY
8G036-K365.7G18ABYY
SDONO-K364,0D18CBYY
SD151-J36133D18CBYY
8G075-£365.7TN18BBYY
SGO045-K365.7N18CBRN
SG010-A161,3N1BADRN
SG010-4161,3N18ADYY
SG010-B361.3N18ADYY
SG010-X361.3N18BDNX
8G020-G362.6N18CBNN
SG100-K367.4N18BBYY
SG060-~G367.4N18CBYY
8D020~J3363.0D18CBYY
SG6045-6365.7N18BBYY
SG3020-4161,3L36ADYY
5G015-G362,6L18CBYY
SG031-4162.6L18CBNN
8G020-J362,.6818CBYY
Sp010~-G361.3D18CDNN
8D020-G363.0D18BBYY
SDO4O-A164,.0D18BBYY
SG030-K362.6NR18BBYY
SD050-K364.0D18ABYY

8G030-K362.6N18CDYY "

14R66734
14868034
14868034
14R66734
14R66734
14R65920
14R65920
14R66737
14R68032
14868032
14R66176
14R68032
14868034
14R6673U
14R61243
14R66T3
14R66731
14R68032
14R61243
14R66740
14R65920
14R65920
14R65920
14R66737
14RE66731
14R66176
14r68034
14R66603
14R66734
14R66148
14RE66734
14r68032
14RE66TH0
14R66151
14R6803%
14868032
14R66731
14R66731
T4R66731
14R66T31
14RE66734
1465922
14R65920
14R66T47
14R68032
14R66731
14RE66T34
18R66603
14R66734
13R61243
14R66T4T
14R66740
14R66T3L
14RE6T4D
14R66734




3100-0
3101-0
3102-0
3103-0
3164-0
3105-0
3106-0
3107-0
3108-0
3109-0
3110-0
3111-0
3112-0
3113-0
3115-0
3115-0
3116-0
3117-0
3118-0
3119-0
3120-0
3121-0
3122-0
3123-0
3124-0
3125-0
3126-0
3127-0
3128-90
3129-0
3130-0
3131-0
3132-0
3133-0
3134-0
3135-0
3136-0
3137-0
3138.0
3139-0
3140-0
3141-0
3142-0
3143-0
31440
31450
3146-0
3147-0
3148-0
3149-0
31500
3151-0
- 3152-0
' 3153-0
3154-0

SG045-2165.7N18ABNN
SGO45-B365.7N18CBYY
SG020-K362.6N18CBNN
SD050-4164.0D18BBYY
SGO45-4165.7N18ABYY
SG060-G367.4N18BBYY
SG065~-4167.4L18CBNN
SG010-K361.3G18ADNN
$G020-G362.6G18ADYY
SG020-A162.6N18CBYY
SD025-D363.0D18CENN
SD025-D363.0D18ADYY
SD025-0363.0D18ADYY
SG065-4167.4L18BBNN
SD100-J366.4D18CBNN
SG015-4162,8L18BDYY
$G075-~J365.7N18CBNN
SG025-4162.6N18CBYY
SG036-D365.7G18ABYY
SD020-4163.0D18CXNN
$D020-G363.0D18CXNN
SD020-K363.0D18CYNN
SD025-4163.0D18CXNN
SD025-G363.0D18CXNN
SD025-K363.0D18CXNN
SD030-4163.0D18CXKN
SDP030-G363.0D18CXNN
SD030-KE363.0D1BCINN
SD035-4163.0D18CINN
SD03%-G363.0D18CINN
SD035-K363.0D18CXNN
SDOLO-A164,0D18CBNN
SDO40-G364.0D18CBNN
SDO40-K364,0D18CBNN
SDO50-4164,0D18CBNN
SDO50-G364.0D18CBNN
SDO50-X364,0D18CBNN
SD060-G366.4D18CBNN
SD0&0-K365.4D18CBNN
SD080-G366,4D18CBNN
SDO80-X366.4D18CBNN
SD100-X365.4D18CBYY
SD101-G36133D18CBNN
SD101-K36133D18CBNN
SD131-636133D18CBRN
SD131-K36133D18CBNN
SD151-G36133D18CBNN
SD151-X36133D18CBNN
SD181-G36133D18CBNN
SD181-K36133D18CBNN
SD201-G36133D18CBNN
SD201-X36133D18CBNN
SG010-4161.3G18CDNN
$G010-G361.3G18CDNN
SG010-K361.3G18CDNN

14R68032
14R68032
14R66738
14R66740
14R68032
14865920
14RE5920
T4RE66T31
14RE66T34
14R66734
14R66737
18R66737
14R66737
14R65920
14R67503
14R6673Y
14R68034
14R66734
14R68032
14R66TUT
145R66747
14R66TUT
14R66737
14066737
14R66737
14R66737
14R66737
14R66737
148656737
14R66737
14R66T737
14R66740
14R66740
14RE6THO
14R667LO
14R66740
14R66740
14R66176
14RE6176
14R66176
14R66176
14R67503
145RE68630
14R68630
14Rr68630
14868630
14R686130
14R68630
14RE68630
14R68630
1UR68B630
14R68630
14R66731
14RE66731
14R66731
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3155-0
3156-0
31570
3158-0
3159~0
3160-0
3161-0
3162-.0
3163-0
3164.0
3165-0
3166-0
31670
3168-0
3169-0
3170-0
31710
3172-0
3173-0
3174-0
3175-0
3176-0
3177-0
3178-0
3179-0
3180-0
31810
3182-0
3183-0
3184-0
3185-0
31860
3187-0
3188-0
3189.0
3190-.0
3191-0
3192-0
3193-0
3194-0
3195-0
3196-0
3197-0
3198-0
3199-0
3200-0
3201-0
32020
3203-0
32040
3205-0

'3206-0

3207-0
3208-0
3209-0

SQ015-4162,6G18CXNN
SG015-G362.6G18CXNN
8G015-K362,6G18CXRN
SG020-4161.3G36CDRN
8G020-4162.6X18CXRN
80020-6361.3X36CDNN
8G020-G362.6X18CINN
8G020-K361.3X36CDHN
8G020-K362,.6X18CINK
8G025-4162,6X18CXRN
SG025-G362.6X18CINN
8G025-K362.6X18CXRN
8G030-4162,6X18CXNR
88030.0362,6X18CXNN
SG030-K362.6X18CINN
8G036-A165.TX18CBNN
8G036-G365.7X18CBEN
8G036-K365.TX18CBRN
SGO45-4165.TX1BCBRN
SG045-G365. 7YX 18CBNN
SG045-K365,.7X18CBNN
S0065-416T7.4X18CBRX
8G065-G36T7.4X18CBNRN
SG065-K367.4X18CBRN
SG080-K365.TX18CBYY
8G100-K367.4X18CBYY
SG015-K362.6R18CBNX
8G030-4162.6N18CBYY
SD100-K366.4D18CBNN
SG0U45-K365.TL1BCBYY
8G010-G361.3K18CDNN
SG060-J367.4N18CBYY
SG060-J367.4R18CBYY
8G045-K365.7L18CBRY
5G016-0362.6M18CDRN
SG045-4165.TL18CBNN
Sp030-B363.0D18CDYY
5$D030-J363.0D18CBRN
SG015-2162,6K18CBYY
8G020-B362.6R18CDYY
8G025-B362.6L18CDYY
SG030-K362.6K18BBRN
SGO0N5-G365.7TN18BBNN
S8G050-4165.7G18CBYY
8D200-K36133D18CBIN
SD201-K36133D18CBYIN
8G021-K362.6N18CBEN
8G036-K365.7N18BBNN
SG045-p365.7L18BBYY
8G060-A167.4N18CBYY
Sp020-D363.0D18CDYY
S8G015-A162.6N18CDNN
8G020-~K362.6N18BBNN
SG030-K362.6N18BBNN
SD025-K363.0D18CBNN

14R66734
14866734
1486673
14R6673.
14R66734
14866731
14R66734
14R66T31
T4RE6T3N
14R667348
14RE6T34
14866734
14UR66T3H
13R667308
14R66T34
14R68032
14R68032
14868032
14R68032
14R68032
14868032
14R65920
14R65920
14865920
14868034
14865922
14R66734
184R66734
wamso{*
14R6803
14R66T31
14865920
14865920
14R68032
14R66603
14R68032
14R66737
14R66737
14R66734
14R66T34
14R66734
14R66734
15R68032
15R68032
14866148
14868630
14866603
14R68032
14868032
14R65920
1HR66THT
14R66734
14R66734
14R66730
18RE6T71



3210.0
32110

212-0

213-0
3214-0
3215-0
32160
3217-0
3218-0
3219-0
3220-0
32210
3222-0
3223-0
32240
3225-0
32260
3227-0
3228-0
3229-0
3230-0
3231=0
3232-0
3233-0

5D020-A163.0D18CBNN
SD050-D364.0D18ABYY
SD050~G364.0D18CBRN
SD101-G36133D18CBYY
SG015-G362.6N18BBNN
$6020-G362.,6N18BBKN
SDO40-A164.0D18BBYY
SD010-A162,2D18CBYY
$D010~4162.2D18CBNN
SD010.G362.2D18CBNN
SD010-K362.2D18CBNN
SD012-4162.2D18CBNN
SD012-6362.2D18CBNN
8D012-K362.2D18CBNN
SD015-4162.2D18CBNN
SD015-G362.2D18CBNN
SD015-K362.2D18CBNN
SD017-4162.2D18CBNN
5D017-6362.2D18CBNN
SD017-K362.2D18CBNN
SD060-A166.4D18BBYY
56020-G362,6G18CDYY
SG025-4162.6N18BDNN
SD010-4162.2D18CDYY

14R66T47T
14R667T40
14R66740
14R68630
T4R66T34
14R6673%
14RE6740
14R66649
14R66649
14R66649
14R66649
14R66649
18R666489

14R66629

14R66649
14R66649
14R66649
14R66649

14R66649

14R66649
14866176

“1HR66734

14R66734
14R66649
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1.3- MANUAL *R"™ LEVEL CBART

Use this CHART in conjunction with 1.2, SPECIFICATIONS AND FEATURES-
MODEL 1100 SERIES GENERATORS, to locate Imatructions and Parts Manuals

part numbders and electrical schematics/wiring diagrams for specific
standby generator modela. The CEART may be usad as follows:-

a. In 1.2, find the specific MODEL EUMBER of the applicable standdby
generator set. Locate the MANUAL "R" LEVEL for that NODEL NUMBER in
the CHART.

b. Find the desired MANUAL "R" LEVEL in this CHART, as well ans the
correct INSTRUCTIONS ARD PARTS MARUAL PART NUMBER and the drawing
number for applicable electrlical schematicsa/wiring diagrams.

1= CONTROL PAKEL WIRING DIAGRAM 4z SCHEMATIC- GENERATOR RECONEECTIOR

2= GENERATOR WIBRING DIAGRAM 5= A-C POWER SCHEMATIC
3= ENGINE WIRING DIAGRAM 6= D-C CONTROL SCHEMATIC
MANUAL JESTRUCTION| WIRING DIAGRAMS SCHEMATICS
*"R® LEVEL MANUAL 1 2 3 [ 5 [
TIR56835 56436 559 55989 55990 56469
T4R5644Y 56445 55988 56468 55990 56469
14R567T49 57151 56704 56468 56759 58920
T4R5TT46 56863 56704 56468 58921 58920
14R57965 57966 - 156704 55989 617117 58920
14R57995 58735 56704 55989 56759 58920
14R58063 58064 55988 55989 55990 56469
14R58206 58207 56704 56468 58921 58920
14R58337 58084 52218 58219 57217 58394 | 58394 58393
58391
14R58564 58769 55988 55989 55990 56469
14R58573 58576 58218 58219 58217 58392 58393
58391 5839l
14858725 58719 56704 56468 56759 58920
14R58786 59323 55988 55989 55990 56469
14Rr58919 58925 56704 56468 58921 58920
14R58939 58940 56704 56468 58921 58920
14R59353 59382 56704 56468 gggg; 58920
14R59404 59405 55988 56468 59417 56469
14R59911 60146 56704 60370 56759 58920
14R60006 59L97 59499 56468 55990 59490
14R60612 60622 52213 58219 58394 | 58392 58393
58391 .
14R60636 60638 55988 55989 5599¢ 56469
14R60637 60639 55988 | 55989 55990 56463
14R61093 61094 - | 61384 61307 61381 61390
14R61243 63446 63438 | 56468 58217 62322
14R61251 61252 59499 56468 55990 ' 59490
14R61354 .
14R6E1576 61575 56704 61594 61717 58920
14861645 61985 62323 62302 62301 61984
62321 62320 62322
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MANUAL
"R®" LEVEL
Re2011

13R62614
14062629
14862955

18R63072
14R64406
1BRE5A4T
14R64449
14R64451
14R64453
18R65455
18R64457
-’wnsuuss
'1nnsun51
14R6UUGS
T4REHUET

14R64869

TAR64581
14R64590
14R65329

14BE5467

INSTRUCTIOR

WIRING DIAGRAMS

MARUAL 1 2
2610 62323 | 62302
62321
62612 55988 | 55989
62613 55988 | 55989
62981 62323 | 62302
62321
63073 56704 | 61594
64407 62323 | 62302
62321
64448 64813 | 64448
64390
- {64391
64450 64813 | 64ahy
64390 |
64391
64452 64392 | 6uuuy
64390
64391
64454 64392 | 64444
164390
64391
6UK56 64392 | 6444y
64330
64391
64458 64392 | 6444y
64391
64390
65460 64390 | 64444
64391
64813
6uu62 64390 | 64uun
64391
64813 '
64466 64330 | 614822
64391
64813
6U4ES 64392 | 6444y
64391
64390
64470 64392 | 6444y
64390
64391
64592 62323 | 62302
62321
64591 62323 | 62302
62321
65330 64813 | 65365
64390
64391
65468 64813 | 64822
64390
64391

SCHEMATICS
| "5

62301 61984
62320 62322
55990 56469
55990 56469
63485 62322
63486 63203
61717 58920
63485 63203
63486 62322
64812 64488
64812 64488
63487 64486
65487 64486
64487 64486
64487 64486
60804 64488
65085

60804 64488
65085

64812 64488
54485 63486
63483 64486
63485 62322
63486 63203
63485 62322
63486 63203
65369 61488
64812 64488
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MANUAL
"R"LEVEL

INSTRUCTION |
MANUAL

WIRIEG DIAGRAMS
2

SCHEMATICS

14R65637

14R65871

14865916
18865918
14R65920
14R65922
14R66046
14RE6146
14R66148
14866151

14R66176
T4R66343

14866348
19866349
14866350
14866351
14R66439

tURE6603

65638

65872

65917
65918
65921
65923
66047
661&%
66149

66152

66344
66351
66350
66351

66355

66440

66604

64813
64390
64391

64813
64390
64391
64390
64391
64392
64390
64391
64392
64390
64391
64392
64390
64391
64392
64392
64390
64391
64390
64391
64813
64813
64390
64391
64390
64391
64813

64392
64391
64390
64390
64391
64813
64390
64391
64813
64390
64391
64813
64390
64391
64392
64390
64391
64813
64390
64391
64392

64822

65365

65365
64487
64822
65365

éuuyy

65365

64822

64822

6uHuY

65444y

TTTTY

64444

eunhy

6undy

65812

65085
60804

64487

64487

64487

64485

66145

66144

66144

64485
60804
65085

60804
65085

60804
65085
64483
64483

64483

65486
6L4UBS

64486

64486

64486

66144

66145

66145

6Lu4B6

64488

64488

64488

6L4B6

64486

64486

66563
66563

66563

66563
66563
66563
66563

66563
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MANUAL

L

13R66731
1RRE6T3A

14R66737
13R66740

14R66THT

14R68032
14R68034

‘1H86863o

oy S

"R" LEVEL

INSTRUCTION

)1H3666H9

14R67503

WIRING DIAGRAMS

SCHEMATICS

3

67504

68033

68035

68631

-
64390
64391
64813
64390
64391
64390
64391
64392
64390
64391
64813
64390
64391
64813
64390
64391
64813
64390
64813
64391
643990
65391
64392
64390
64391
64392
64390
64391
64813

2
6444y

6uuah
6R4LY

60804
65365
644y
64444
65365
6"822

64822

68440

64485
64483

65085

66145

€5085

67021

64487

64487

67021

)
64488

64486
6u486

64488
66148
65488
66144
64486
65486

66144
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1.4- NOMIRAL RESISTANCE VALUES FOR ROTOR AND STATOR WINDINGS

FIELD #+* [ ROTOR STATOR whkh

|KW |POLES | PHASE | TYPE|PART NO. |OHMS | PART NO., | TYPE | 1 2 3
~5.5| 4 1 B |B57473 1.7 313 A 0.27 |L.90

5.5 4 3 B |B57473 4.6 | 60096 B 0.38 0.76/3.40
10.01 4 1 B {A57473 5.6 |57836 A 0.11 [1.43

10.0] 4 3 B |A57473 5.6 {58071 B 0.15 [0.30(1.40
10.0| 4 3 B |A57473 5.6 |59820* C 0.30 N.25

15.0 4 1 B 57738 5.1 57739 A 0.07 0.83

15.0] 4 3 B 57738 5.1 }57740 B 0.83 0,17]0.97
15.07 4 3 B 57738 5.1 |57743*+ C 0.16 .10

15.0] 4 1 S [|A63215 [N3.7 |é63265 A 0.07 0.40

20.0| 2 1 B 58970 8.5 |61%822a A

61921A*

20.0) 2 3 B 58970 8.5 |58975A - B 0.07[0.14}0.45 !
20.0{ 4 1 B 57726 6.5 {49923 A 0.06 }0.85 i
20.0f 4 3 B 57726 6.5 | 57727 B 0.08 [0.11{0.85
25.0] 4 1 B 59507 6.5 | 59509 A 0.06 {0.42 |
25.0| 4 3 B 59851 6.5 | 59508+ B 0.07 [0.15 1.00|
30.0 4 1 B 59368 7.8 59375 A 0.04 [0.54 H
30,0 4 3 B 59368 7.8 | 59376 B 0.04 [0.10 o.77l
30.0| 4 3 B 59368 7.8 | 59858¢% c .|0.09[0.72]0.87
30.0| 4 1 s €9516 | 7.8 |59375 A 0.04 [0.37] |
30.0| 4 3 5 59516 7.8 | 59376 B 0.04 i1,00(0.37 |
30.0] 4 3 s 59516 7.8 | 59858* c 0.09 [0.42

35.0] 4 1 B 59368 7.8 | 59375 A 0.04 [0.54

35.0| 4 3 B 59368 7.8 | 59376 B 0.04 10.10|0.77
35.0 £ 3 B 59368 7.8 59858+ Cc 0.0910.72[0.87
35.0] 4 1 S 59516 7.8 | 59375 A 0.04 [0.37

35.0| 4 3 8 59516 7.8 | 59376 B 0.04 {1.00(0.37
35.0] 4 3 S 59516 7.8 | 59858+* C 0.09 |0.42

36.0 2 1 B | A49908 8.0 | 49918 A 0.0210.50

36.0] 2 1 B {A49908 8.0 [ 49921 B 0.03[0.05[(0.40
36.0 4 l s 58583 7.8 58580 A 0.04 [0.18

36.0{ 4 3 S 58583 7.8 | 58774 B 0.04 (0.08|1.80
36.0| 4 3 5 58583 7.8 | 60513* C 0.09 [0.42

40.0| 4 1 S 53606 9.0 | 55454 A 0.01 {0.20

40.0] 4 3 5 53606 9.0 | 55493 B 0.0210.04]|0.13
40.0] 4 3 5 53606 9.0 | 57958* c 0.05{0.20

50,00 4 1 S 53606 9.0 | 55494 A 0.010.20

50.0] 4 3 [ 53606 9.0 | 55493 B 0.02|0.04}0.13
50.0) 4 3 s 53606 9.0 | 57958* c 0.05(0.20

60.0{ 4 1 s 53605 [13.1 | 55481 A 0.01[0.14

60.0| 4 3 s 57657 |14.3 | 57957* c 0.0210.20

70,0 4 1 s 53605 [13.1 | 55481 A 0.01/0.14

70.0| 4 3 5 57657 (14.3 | 57957* c 0.02|0.20

B0.0| 4 3 s 57657 [14.3 | 57656 B 0.0110.02{0.22
80.0| 4 3 5 57657 |14.3 | 57957 ¢ 10.02{0.20

85.0| 4 3 5 57657 [14.3 | 57636 B 0.01|0.02}0,22
85.0] 4 3 S 57657 114.3 | 57957* C 0.0210.20

100 4 3 [ 57992 [10.4 { 57993 C 0.02]{0.29

100 4 3 s 59828 [11.4 | 59827* c 0.01]0.25%

100 4 3 S * % 9.3 *ie NOTE 1

112 4 3 s 57992 |10.4 | 57993 o) 0.02|o.29
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FIELD ROTOR STATOR

{xw | POLES | PHASE|TYPE |[PART NO. |OHM |PART NO. | TYPE
112 4 3 5 | 59828 11.4] 59827+ Cc
1130 4 3 ] 1.05 *& D
150 4 3 § | #» 1.15 bl D
180 4 3 s " 1.33 bkl D
* 12-Wire Reconnectable "Broad-Range"™ Unit

*%* Contact Generac Corporation

:::. B= Brush Type Unit, 8= Brushless Type

Stator “A", Column 1 (AC Power) across Wires 11-22, 33-44
stator "A", Column 2 (DPE) across Wires 2-6

Stator "B", Column 1 (AC Power) across Wires 81-54, S87-810
Stator "B", Column 2 (AC Power) across Wires 82-85, 83-86,
§8-S11, S9-512

Stator “"B", Column 3 (DPE) across Wires 2-6

Stator "C", Column 1 is all "S8" windings- Column 2 (DPE) across
Wires 2-6 '

Stator *"D" units have no DPE Windings (See NOTE 1)

NOTE 1l:- Stator °"S" winding resistances as follows:-

100 KW Units~- 0.07 Ohms 130 KW Units- 0.06 Ohms
150 KW Units- 0.04 Ohms 180 KW Units- 0.04 Ohms
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1.5- CAPSCREW TORQUE VALUES

Capscrew Dia- l
meter and Ultimate To 1/2 - 69,000 PSI
Fenslle Strength To 3/4 - 64,000 PSI To 3/4 - 120,000 PSI
(PSh* To 1 - 55,000 P8I To 1 - 115,000 PS! 150,000 PSI|
SAE Grade
Number 10r2 5 8
Capscrew Head O ®
Markings
Capscrew Body
Size _ Torque Torque Torque -
|(inches) - (Thread) Ft-Lb {N-m} Ft-Lb (N-m) Ft-Lb {N-m)
Ory? "‘Qiled? Plated® | Dry® Qileg? Plated? Dry!'  Olied®”  Plated?
1/4 - 20 § (7) 45 (6) 4 {(8)] 8(1) T (8) 6 (B) 12 (18) 11 (15 10 {14)
-28 € (8) 54 (N 48 (8 10 (14 9 (12) 8 (11| 14 (1B 13 (18) 11 (15
5/1€ - 18 11 (38) 10 (14} 9 (12)] 17 {23) 15 (20) 14 (18)) 24 (33) 22 {(30) 19 (26)
- 24 13 (18) 12 {16} 10 {14)] 19 (26} 17 (23) 15 (20)| 27 (37) 24 (33) 22 (30)
3/8-16 18 {(24) 16 (22) 14 {18)] 31 (42} 28 (3B) 25 (34); 44 (60) 40 (54) 35 (47)
- 24 20 (27) 18 (24) 16 (22)] 35 {47y 32 (43} 28 (38)| 42 (66) 44 (60) 39 (83)
7/18- 14 20 {38) 25 (34) 22 (30)| 49 (66) 44 {60) 39 (53)f 70 (95) 63 (85) 56 (76)i.
- 20 30 (41) 27 {37) 24 (33}| 55 (75) S50 (68) 44 (60)| 78 (108) 70 (95) 62 (84]]
1/2-13 32 {53} 35 (47) 31 (42)| 75(102) 88 (A2} 60 (81){105 (142) 85 (129) 84 (1ﬂ
-20 41 (56) 37 (50y 33 (45)] B5(115) 77(104) ‘86 (92)[ 120 (183) 108 (146) 96 (130)
9/16 - 12 51 (69) 46 (62} 41 {56)| 110(140) ©9(134) BA(119)|155 (210) 140 (180) 124 (168)
- 18 55 (75) S0 (68) 44 (6Q){120(163) 108(146) 86(130)1170 (230) 153 (207) 136 (184)
5/8 - 11 B3{113) 75 (102) 66 {89)]150(203) 135(183) 120(163)}210 (285) 189 (256) 168 (228)
-18 85(128) B8 (117) 76 (103)]170(230) 153 (207) 136(184)|240 (325) 216 (293) 192 (260)
3/4-10 105(142) 95 (130} 84 (114)}|270(366) 243(329) 216(283){375 (508) 338 (458) 300 (407)
- 16 115{156) 104 (141) 92 (125)|295(400} 266(361) 236 (320)|420 (569) 378 (513) 336 (456)
7/8-9 160(217) 144 (195} 128 (174){395(535) 356 (483) 316(428)|605 (B20) 545 (738) 484 (656)
- 14 175(237) 158 (214) 140 (190)]|435 (590} 392(531) 348 (472)|675 (915) 608 (824) 540 (732)
1-8 235(318) 212 {287) 188 (255)| 550 (800) 531(720) 472(640)|910(1234) 819(1110) 728 (987)’
- 14 250(339) 225 (305) 200 (271)]| 660 (B95) 504 (805) 528 (716)| 980{1342) 891(1208) 792 {1074)
NOTES:

1. Based on use of clean, dry threads.
2. Torque reduced by 10% when engine ol is used as a lubricant,

3. Torque reduced by 20% i new plated capscrews are used.

4. Capscrews threaded into aluminum may require reductions in torque

of 30% or more.
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1.6- ELECTRICAL FORMULAE FOR AC GENERATORS

DESIRED DATA SINGLE E THREE PHASE
Kilo-Volt-Amperes [Volts X Amperes 1.73 x Volts x Amperes
(RVA) 1000 1503
Kilowatts (KW) Volts x Amperes x P.F.{ 1.73 x Volts x Amperes
1000 x P.P
IOOO

Power Factor (P.F.) R¥ KW

KVA KVA
Amperes {When KW is x 1000 Rw x 1000
known) Volts x P.F. 1.73 x
Amperes (When KVA A x 1000 RVA x 1000
is known) Volts 1.73 x Volts

Required Horsepower
of Prime Mover

KW

Generator Efficiency x 0.746

AC Frequency {(Hertz)

Number of Poles x RPM

120
Revolutions per Hertz x 120
Minute (RPM) Number of Poles

Voltage Regulation
{In Percent)

No~Load Voltage -~ Full Load Voltage x 100

Full Load Voltage

Speed Regulation
{In Percent)

No-Load RPM - Full Load RPM x 100
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1.7~ RE NUMBER STANDARDS

WIRE

NUMBER FUNCTION

00

WONAU & WRHO

b ot
N+ O

[ et = =
N Lad L L)
R 3

ISENESESESR LN LY el nd sl ng
AN B N O WM h

NN
00 ~3

b b e L G G D L W W W N
WOV BWN M OW

Neutral line for generator 3-phase AC power output

Frame Ground

Negative (-) side of DC circuit to Revolving Pield
Stator Excitation Winding output to Voltage Regulator
Positive (+) side of DC circuit to Revolving FPield when varia-
ble gain Voltage Regulator is used

Positive (+) side of DC circuit to Revolving Field when V/F or
DPE Regulator is used

Stator Excitation (DPE) Winding output

Stator Exclitation (DPE) Winding output

Stator Excitation (DPE) lead (Tap)

Stator Excitation (DPE) lead (Second Tap)

+12 VDC to Ignition Coil

AC Power NEUTRAL lead (Tractor Driven generators)
Generator Stator AC power output lead

Choke solenoid wire (water-cooled)- Ignition Coll wire {(Air-
Cooled)

Positive (+) battery cable

Battery Charge Ammeter lead

Battery lead to Engine DC Alternator Voltage Regulator
+12 Volts DC with generator unit running only

412 Volts DC Battery voltage (Fused)

+12 Volts DC while cranking only

Lead is grounded for manual engine cranking -

Lead is grounded for manually stopping the engine

Low oil pressure shutdown lead to diesel engine fuel solenocid
Fused AC power output

Generator AC power ocutput lead- after the circuit breaker
Generator AC power output

Transfer Switch control lead {on 9-wire interconnections)
Center contact for High/Low Bias Switch and DPE (Welders)
Ignition Stator Trigger coil output (SXL Engine)

Return line for AC portion of Blas Rectifier (Welders)
Bias {(Common)

Bias {Low)

Bias (High)

Fused AC Power

Generator AC power output {(after the circuit breaker)
Generator AL Power output

Generator AC power output '

Sensing lead for Welder Voltage Regulator

Sensing lead for Welder Voltage Regulator

Sensing lead for Welder Voltage Regulator

Welder unit auxiliary AC power {while welding}

Welder unit auxiliary AC power {while welding)

Choke heater lead (units with Generac automatic choke)
FPused AC power

AC Power

AC Power

AC Power

AC Power
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l.7- WIRE NUMBER STANDARDS (Cont'd)

WIRE

NUMBER FUNCTION

45
46
47
48
49
50
51
52
53
54
55
56

57
58
59
60
6l
62
63
64
65
€6
67
68
69
70
71
77
78
79
8l
82
83
84
85
86
89
950
81
92
93
94
95
96
97
98
99
100

Welder unit +DC Choke output

Welder unit -DC Diode output

Welder unit choke lead

Engine DC Alternator field lead

Engine DC Alternator field lead

Welder unit WELD Winding output

Welder unit diode lead (AC)

Welder unit diode lead (AC)

Welder unit dlode le.d (AC)

Trickle Charger Ammeter lead

Generator Stator battery charge winding output

Generator battery charge winding output (through Circuit
Breaker

Current Transformer lead (l-Phase units)

Current Transformer lead (2-Phase units)

Current Transformer lead (3-Phase units)

Welder unit Stator WELD winding output

Welder unit Remote Control jack

Welder unit current adjusting resistor (Wiper and Common)
Welder unit current adjusting resistor (Pree end)

Line Voltmeter lead

Line Voltmeter lead

Generator Stator Battery Charge Winding lead

Phase Selector Switch to panel Ammeter.

Coclant Temperature Sensor to panel Gauge

Engine 0il Pressure Sensor to panel gauge

Welder unit Stator WELD Winding output

Engine Running signal to automatic start controller
Generator Stator Battery Charge winding output

Stator Battery Charge Winding output through c1rcu1t Breaker
RPM Sensor lead

Automatic Idle Control lead

Automatic Idle Control lead

Automatic Idle Control lead

Automatic Idle Control lead

High Coolant Temperature Sensor Switch Lead

Low 0il Pressure Switch lead

Voltage Adjust lead to Voltage Regulator

Choke Solenoid lead (On units with Generac automatic Choke)
Choke Solenoid lead (On units with Generac automatic Choke)
Battery Trickle Charger/Engine Coolant Heater lead

Same as 92

Lead to Low 0Oil Pressure Indicator lamp

High Coolant Temperature Indicator lamp

Overcrank Indicator Lamp

Overspeed Indicator Lamp

RPM Sensor Loss Indicator Lanp

Generator Stator Lead (Center Tap)

Latch/Crank circuit board Annunciator Horn (+12 VDC when an
automatic shutdown due to an annunciated fault occurs)
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1.7- WIRE NUMBER

STANDARDS (Cont'd)

WIRE

NUMBER FUNCTION

107
lo8
110
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133

134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162

Transfer
Transfer

"Transfer

Transfer
Transfer
Transfer

_Transfer

Transfer
Transfer
Transfer
Transfer
Transfer
Transfer
Transfer
Transfer
Transfer

Switch
Switch
Switch
Switch Motor
Switch Motor
Switch Motor
Switch Motor
Switch Motor
Switch Motor
Switch Motor
Switch Motorx
Switch Motor
Switch Motor
Switch Motor
Switch
Switch

lead-
lead~
lead-

‘lead-

lead-

lead- T
lead- Pr
lead-

lead-
lead-
lead-

Position Contacts lead
position contacts
Position contacts

FPirast Tap Primary Transformer
Second Tap Primary Transformer
Third Tap Primary Transformer
Fourth Tap Primary Transformer
Pifth tap Primary Transformer

Fused Secondary
PFused Secondary
Onfused Secondary
Unfused secondary

Normally-Closed (NC) Contacts
Normally-Closed (NC) Contacts

Panel Frequency Meter Positive (+) lead
+DC Battery lead (Before BCM Shunt)

Overspeed Shutdown lead
RPM Sensor Loss shutdown lead
Engine Crank Signal (From Latch/Crank to DC Control circuit

board

Crank Limit signal (output signal to Transfer Switch)
Engine OFF Signal from Latch/Crarik circuit board (+12VDC)
Automatic start signal (grounds to crank engine)
Option "C" Engine Monitor Panel TEST switch lead
Option "C"™ Engine Monitopr panel RESET switch
Panel Frequency Meter negative (-) lead

Sensing
Sensing
Sensing
Sensing
Sensing
Sensing
Sensing

Transformer
Transformer
Transformer
Transformer
Transformer
Transformer

SBecondary lead- Common
Secondary Voltage
Secondary Voltage
Secondary Voltage
Secondary Voltage
Secondary Voltage
Transformer- Voltage Divider Resistor

Divider
Divider
Divider
Divider
Divider

lead

Registor
Resistor
Resistor
Resistor
Resistor
Selector

Transfer Switch Position Indicator Lamp- Emergency
Transfer Switch Position Indicator Lamp- Normal
Fuel Filter Contact Line
Diesel engine PRE-HEAT line
Tractor Driven Generator Boost winding
Same ag 151
Boost Circuit
Boost Circuit
Sensing Transformer line
Sensing Transformer line
Idle Control Solenoid interlock line
BYPASS Switch line
Engine Governor power lead
Actuator Power for electronic isochronous governor
Actuator Power for electronic isochronous governor
Throttle Positioner lead

40

Selector Primary Transformer
mary Transformer Common

(200V)
(230V)
(400V)
(460V)
(575V)



1.7~ WIRE NUMBER STARDARDS (Cont'd)
WIRE
NUMBER FUNCTION

163 Throttle Positioner lead

164 Throttle Positioner lead

165 Throttle Positioner lead

166 Diode protected 12 Volts DC

167 Switched 12 volts DC

168 Electronic Governor 12 Volts DC

169 Electronic Governor 12 Volts DC

170 7-Day Exercise circuit board disable lead

171 Latch/Crank circuit board annunciator dialer lead (+12VDC wvhen

system failure occurs)

172 Run lead

173 Secondary l-Phage Bensing Transformer

174 Option 2 Position SBwitch AUTO lead

175 Option 2 Position Switch MAN lead

176 Engine Indication light lead

177 2-Wire Btart Bystenm

178 2~Wire start system

179 AC Generator Field

180 AC Generator Field

18l AC Generator Field

182 Switched Sensing input to Transfer switch Logic circuit board

183 Switched 2-Wire start systenm

184 Fused AC load power '

185 Low Voltage AC (Transfer Switch 7-Day Exerciser circult board
' timing inpput veltage)

186 Line Fail Indicator lamp on Transfer Bwitch

187 Time Delay Neutral Position lead on "¥"~Type GTS Transfer

Switch

188 TiTe Delay Neutral Position lead on "Y¥"-~-Type GTS Transfer
Switch

189 " Time Delay Neutral Position lead on "Y"-Type GTS Transfer
Switch

190 Alarm Control Relay

191 Generator sensing (Low Voltage)

192 Generator Sensing (Low Voltage)

193 Time Delay Neutral Relay Control lead

194 +12 VYDC Relay Control (GTS Transfer Switch)

195 Cirxcuit Board interconnection lead (GTS Transfer Switch)
196 Circuit Board interconnection lead (GTS Transfer Switch)
197 Circuit Board interconnection lead (GTS Transfer Switch)
198 Circuit Board interconnection lead (GTS Transfer Switch)
199 Circuit Board interconnection lead (GTS Transfer Switch)
200 Circuit Board interconnection lead {(GTS Transfer Switch)
201 Circuit Board interconnection lead (GTS Transfer Switch)
202 Circuit Board interconnection lead (GTS Transfer Switch)
203 Circuit Board interconnection lead (GTS Transfer Switch)

204 Current Transformer Common lead (GTS Transfer Switch)
205 Transfer switch operation- Unfused Secondary
206 Transfer Switch operation- Unfused Secondary
207 Transfer switch operation- Unfused Secondary

208 Transfer switch operation- Unfused Secondary
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1.7- WIRE NUMBER STANDARDS (Cont'd)

WIRE

NUMBER FUNCTION

209

210
211 .

212
213
214
215
216
217
218

219
223
500

501
502

503
504
505
506

507
508
509
510
511

Normally-Closed (NC) Alarm Contact (2-Wire Latch/Crank
circuit board)
Comon Alarm Contact (2-Wire Latch/Crank circuit board)

Normally-COpen (NO) Alarm Contact (2-Wire Start Latch/Crank
clzrecuit board)

Filter Indicator

3-Wire Start COMMON lead (GTS Transfer Switch)

Transfer Switch operation ("M"-Type GTS Transfer Switch)
Transfer Switch operation ("M"-Type GTS Transfer Bwitch)
Transfer Switch operation ("M"-Type GTS Transfer Switch)
Bwitched 3-Wire COMMON (GTS Transfer Switch)

+24VDC Battery voltage to Circuit Breaker (Upper Control
Panel)

+24VDC Battery voltage from circuit breaker to relay (Upper
Control panel)

Latch/Crank to DC Control circuit board (Automatic stop-
+12VDC to stop)

Low Coolant Temperature Pre-Alarm Lamp (Optional Annunciator
panel)

Low 0il Pressure Pre-Alarm lamp {Optional Annunciator Panel)
Low Fuel Alarm lamp- +12VDC at 20% fuel load (Optional Annun-
ciator Panel)

Auto/Off /Manual Switch OFF lamp (Optional Annunciator panel)
High Battery Voltage Alarm lamp (Optional Annunciator Panel)
Low Battery Voltage alarm lamp (Optional Annunciator Panel)
High Coolant Temperature Pre-Alarm Lamp (Optional Anunciator
Panel)

High O{I Temperature Shutdown

High 0il Temperature Pre-Alarm

Low Fuel Alarm

Line OK Signal (+12vDC)

Remote Annunciator Auxiliary Contacts (N.O.)
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SECTION 1.8
WIRING DIAGRAMS/ELECTRICAL SCHEMATICS

All Wiring Diagrams and Rlectrical Bchematics are arranged i{n
numerical order. To locate the Wiring Diagram and/or Schematic for a
particular Generator Model, refer to Section 1.1 (SPECIFICATIONS AND
FEATURES- MODEL 7500 SERIES) or Section 1.2 (SPECIFICATIONS AND
FEATURES- MODEL 1100 SERIES). The Model 7500 Beries chart includes the
applicable Wiring Diagram/Schematic for each model. The Model 1100
series chart includes a Manual "R" Level number which can be used to

locate Wiring Diagram/Schematic numbers in Section 1.3 (MANUAL "R"
LEVEL CHART).



LEGEND

CB - CIRCUIT BREAKER
T - VOLTAGE SENSING TRANSFORMER
TP1 - STATOR THERMAL PROTECTOR
TP? « CHOKE THERMOSTAT
CR - CONTROL RELAY '
HTS - HIGH WATER TEMPERATURE SWITCH
108 = LOW OIL SWITCH
HM ~ HOUR METER
CH - CHOKE SOLENOID
SC - STARTER CONTACTOR
S « STARTER MOTOR
SW - START-STOP SWITCH
D - DIODE
= SCREW TERMINAL
S8 - SHUTTER SOLENOID
LT - LOW OIL PRESSURE AND HIGH

E’éﬁ% TEMPERATURE INDICATOR

FS « FUEL SOLENOID (Used with
gasoline system only)

RS = REGULATOR SOLENOID (Used with
L.P.G. or Natural Gas Only)

A - ANMETER

STATON
L-

CIRCUIT BREAKER (CB)
50=A,

90=4.

STArOR

|

|

T

!

3%
L ———
1

=hE

N '
oot L
of

T NiT.

SCHEMATIC
44060



120v./2240V
KW CB1  CB2
15 5-A 70-A
20 6A 100A
% g-A 126A
3% 6A 176A
B A 176A
50 -A 226-A
6 A 275-A

nul.'“ —l
ot e
'

FUEL LOCK-OFF SOLENOID' CHOKE
THERMOSTAT, CHOKE SOLENDID, OR
CHOKE HEATER ARE NOT USED.

A

_nluumw
__.pl..m

SCHEMATIE OF LP AND

NATURAL GAS DMLY

RPM
1800
1800
1800

1800
1800

. 1800

..-.ﬂvu

283328

g"8235

g

»

N30 LEeg

1

3

CIRCUIT BREAKER

VOLTAGE SENSING TRANSFORMER
STATOR THERMAL PROTECTOR
CHOKE THERMOSTAT

CONTROL RELAY

HIGH WATER TEMPERATURE SWITCH
LOW OIL SWITCH

HOUR METER

CHOKE SOLENOID

STARTER CONTACTOR

STARTER MOTOR

START/STOP SWITCH

DIODE

SCREW TERMINAL

vACUUM SOLENOID

LOW OIL PRESSURE & HIGH WATER
TEMPEAATURE INDICATOR LIGHT
TRANSFORMER

CD ALTERNATOR

SCREW TERMINAL

FUEL LOCK-OFF SOLENOID

LP & NATURAL GAS REGULATOR
TRICKLE CHARGER TRANSFORMER
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LD Tl

SCHEMATIC
FOR UNITS WITH
GASOLINE CARBURETOR

*

L LR {114

14l
Laga it

-

e SCHEMATIC
31—t Yl i FOR UNITS WITH
: ix NATURAL GAS

J;ao CARBURETOR

SCHEMATIC
FOR UNITS WITH
LP GAS CARBURETOR

W oMArE v
Py anbAdEe N

WLH L
TN
3
-
£

LEGEND

CB- CIRCUIT BREAKER

CH- CHOKE SOLENQID

CR- CONTROL RELAY

D!.DP.-DIODE

D? - ZENER DIODE TERMINAL VOLTS
FS - FUEL LOCK-OFF SOLENOQID t°toLl- 125
HTS - HIGH TEMP, SWITCH 1°tol2- 125
LT - HEATER POWER LIGHT 1°t0L3- 125
LT? - LIGHT-HIGH TEMP., LOW OIL LltaL?- 216
REC- FIELD RECTIFIER Lo Ll- 218
S. STARTER MOTOR

SC- STARTER CONTACTOR

SCR - SILICON CONTROLLED RECTIFIER

§* - START-STOPSWITCH

TH- THERMOSTAT

T* - CURRENT SENSING TRANSFORMER

TZ. VOLTAGE SENSING TRANSFORMER

TP! . STATOR THERMAL PROTECTOR

TPZ . CHOKE THERMOSTAT '

V- VARISTOR SCHEMATIC
- SCREW TERMINAL 44237
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SCHEMATIC — Drawing No. 48986

LEGEND
C.B. — CIRCUIT BREAKER
CH — CHOKE
C.R, — CONTROL RELAY
O — DIODE
F.S. — FUEL SOLENOID
H.M. — HOUR METER
H.T.S. — HIGH TEMPERATURE SWITCH
LOS — LOW OIL SWITCH
LT+ — HEATER POWER SWITCH
LT2 — LIGHT, HIGH TEMP.JLOW OIL
LTy — PANEL LIGHT
POT — HEATER CONTROL POTEN-
TIOMETER
$ ~ GTARTER
SC — STARTER CONTACTOR
SCR — SILICONE CONTROLLED RECTIFIER

SW — SWITCH
T — TRIAC
TH — THERMOSTAT
TP mqﬁozq:._mz:owﬁ. uuﬁmﬂo_a
¥ —YROW— | TH2 — CHOKE THERMOSTA
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l...lllm; 3 . L
58 2. !
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ROTARY SWITCH
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A - AMMETER o
D - DIODE |
HM - HOUR METER

LT - PANEL LIGHT

T - VOLTAGE SENSING Tmms:‘*ormm.|
LOS - LOW OIL SWITCH

S - STARTER MOTOR |
CB - CIRCULT BREAKER

FS - FUEL LOCK-OFF SOLENOID |
HTS - HIGH TEMP. SWITCH |
SW = START~STOP SWITCH |
PM - POWER MODULE
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SECTION 1.10- INTERCONNECTION DIAGRAM- THE MODEL 8519 AUTOMATIC
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SECTION 2.1 ~ GENERAL INFORMATION

2.1.1- INTRODUCTION

This DIAGNOSTIC REPAIR MANUAL has been prepared especially for the!
purpose of familiarizing service and repair personnel with Generac
standby generator set operating fundamentals, basic electrical
circuitry, troubleshooting, testing and adjustments. Reep the Manual
in a safe place and refer to it as often as necessary.

Standby generator sets manufactured prior to August 1984, and equipp-
ed with solid state circuitry permitting automatic engine startup and
stopping (when properly interconnected with an automatic CONTROLLER or
a Transfer Switch with integral automatic Controller) required a "9-
Wire* interconnection system between the generator set and the
controller or auvtomatic transfer switch. Standby generator sets manu—
factured after August 1984 having automatic start/stop capability
{when properly interconnected with a "GTS" style automatic Transfer
Switch) require only TWO interconnecting wires between the Generator
and Transfer Switch. See Sections 1.9 through 1.13 in this Manual.

Every effort has been expended to ensure that the information
contained herein is both accurate and current. However, Generac
Corporation reserves the right to change, alter, or otherwise improve
its products at any time without advance notice.

2.1.2- SAFETY

Before working on or around any standby generator set (or related
equipment), bée sure to study the SAFETY RULES at the front of this
Manual carefully. All SAFETY RULES must be fully complied with, to
help avoid personal injury or damage to equipment and/or property. The
standby generator set (as well as some related installed equipment) is
a source of dangerously high voltages which requires the use of
extreme caution when working on around equipment.

The following definitions apply to DANGER, CAUTION and NOTE blocks
found throughout this Manual:-

DANGER]
Under this heading will be found servicing, testing, operating, repair
and adjustment procedures that, if not fully complied with, may result
in personal injury or death. '

CAUTION!
Under this heading will be found servicing, testing, operating, repair
and adjustment procedures that, if not fully complied with, may result
in damage to equipment.

NOTE

Under this heading will be found explanatory statements that require
special emphasis.




2.1.3- TYPICAL MANUALLY OPERATED STANDBY ELECTRIC POWER SYSTEM
(Figure 2.l1-A)

The standby generator set, along with its related equipment, may be
installed outdoors, outdoors on the roof of a structure, inside the
room of a structure, or inside a detached structure. Figure 2.1-A
illustrates a TYPICAL outdoor installation of an Option "A" generator
set. In the event of a failure of the NORMAL (Utility) electric power
source, Option "A" units must be cranked and started manually (elec-
trically) and loads must be transferred to the EMERGENCY (Generator)
power source manually. When the NORMAL power is restored above an
acceptable level, the Transfer Switch must again be actuated manually
and the generator must be shut down manually.

Figure 2.1-A. A TYPICAL Manually Operated Standbj Power System

2.1.4- TYPICAL AUTOMATICALLY CONTROLLED STANDBY POWER SYSTEM
(Figure 2.1-B)

Option "B" and "C® generator sets, wheh installed in conjunction with

‘an automatic controller or a transfer switch with integral controller,

will crank and start automatically, as well as shut down.
automatically. Figure 2.1-B shows a TYPICAL installation in
conjunction with a "GTS"™ style automatic transfer switch.

Solid state circuits in the "GTS" transfer switch constantly monitor
the NORMAL (Utility) power source voltage. Should that source voltage
drop below an acceptable level and remain at such an unacceptabie
level for a pre-set tgime period, the transfer switch will signal thje
generator engine to crank and start. Then, after a pre~set generator

2




warmup, the transfer switch will automatically transfer connected
electrical loads to the EMERGENCY (generator} power source., The
transfer switch continues to monitor NORMAL power source voltage and,
when that voltage is restored above an acceptable level, will transfer -
loads back to that source. After a pre-set engine "cool-down" period,(
the transfer switch will signal the generator to shut down. -

ROTE
An INSTALLATION MANUAL FOR STANDBY ELECTRIC POWER SYSTEMS is available
from Generac Corporation. To order, specifl Manual Part Number 46622.
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Pigure 2.1-B. TYPICAL Installation of an Automatic Standby Electric
System Inside a Detached Structure




SECTION 2.2 — AC GENERATOR OPERATIONAL ANALYSIS

2.2.1- GENERAL

This section provides a discussion of the basic operating fundamentals
for Generac revolving field AC generatdrs. An operational analysis for

both direct excited brush type and brushless .AC generators is
included, i

For additional information pertaining to basic electrical theory, the
following booklets are avilable from Generac Corporation:-

1. Manual Part Number 46941, BASIC ELECTRICITY
2. Manual Part Number 46961, CONTROLLING ELECTRICITY

2.2,2- RLECTROMAGNETIC INDUCTION (Figure 2,2-3) v

Movement of a magnetic field so that its lines of magnetic flux cut
through a series of stationary windings causes a VOLTAGE or ELECTRO-
MOTIVE FORCE (EMF) to be induced into the stationary windings. The
rotating magnetic field is called a ROTOR, while the stationary wire
windings are called the STATOR. The amount of voltage induced into the
stationary STATOR windings is directly proportional to (a) the number
of turns of wire in the Stator, and (b) the intensity (strength) of
the rotating magnetic field. When an electrical load is connected
across the stationary Stator windings:'so as to complete the circuit,
current will flow through the circuit.:

QOAD
STATOR

( N \ SLIP RINGS

Pigure 2.2-A. A Simple Revolving Field AC Generator

See Figure 2.2-A. As the ROTOR rotates, its lines of magnetic flux cut
through the stationary STATOR windings, to induce a voltage into those
windings that is proportional to the strength of the magnetic field.
Conversely, current flow through a wire or coil of wires will create a
magnetic field around that wire or coil. The strength or concentration
of the created magnetic field is proportional to the amount of current

flgwing through the wire or coil. The following statement may then be.
made: - '




1. By regulating current flow through the ROTOR windings, the strength
or concentration of its magnetic field can be regulated, and

2. By requlating the strength or concentration of the Rotor's magnetic
field, the voltage induced into the STATOR windings can be regulated.

2.2.3~ OPERATIONAL ANALYSIS— DIRECT EXCITED UNITS (Figure 2.2-B)

During engine startup, as soon as the generator engine starts, a +DC
voltage is delivered to the ROTOR via a FIELD BOOST Circuit (Wire $14,
a Field Boost DIODE, and a Field Boost RESISTOR). Current flows across
the positive (+) BRUSH and SLIP RING, through the ROTOR windings, and
to ground through the negative (~) BRUSH and SLIP RING. The "field
boost™ current flow through the Rotor windings creates a magnetic
field around the Rotor that is added to the normal RESIDUAL Rotor mag-
netism. This helps to ensure instant "pickup" of Stator AC power
output even before the Rotor has come up to speed and (in effect)

"flashes the field" on every start.
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Pigure 2.2-B. Operating Diagram- Direct Excited Brush Type
AC -Generators

The ROTOR is essentially an ELECTROMAGNET. Its revolving lines of
magnetic flux cut through the stationary STATOR windings, to induce a
voltage into those windings that is proportional to the strength of
the revolving magnetic field. The voltage induced into the Stator AC
POWER Windings is available at customer connection terminals E1, E3
and 00 and to any loads connected to those terminals. -

Induced voltage from the Stator EXCITATION (DPE) windings is
delivered to the VOLTAGE REGULATOR, via a THERMAL PROTECTOR (TP) and
a FIELD CIRCUIT BREAKER (CBl). The Regulator converts the alternating
current output of the DPE Windings to a direct current (DC) and, based
on sensing signals from Wires S15 and S16, regulates the DPE Winding
output to the Rotor. Thus, the VOLTAGE REGULATOR regul.tes or controls

the Rotor's magnetic field strength and (in turn) the voltage induced

into the Stator Windings.




Lot L

A VOLTAGE ADJUST POTENTIOMETER, on the Meter and Control Panel, per-
mits the operator to "fine adjust” the regulated Stator AC output
voltage by biasing the sensing signal to the Regulator.

The Stator AC POWER OUTPUT leads pass through CURRENT TRANSFORMERS.
Current flow through those leads induces a voltage and current flow
into the Transformers, for operation of a panel-mounted AC AMMETER.

Two Current Transformers are required for single phase systems, three
for 3-phase systems.

2.2.4- OPERATIONAL ANALYSIS- BRUSHLESS GENERATOR UNITS

As a general rule, brushless generato'r units incorporate a Stator
Excitation (DPE) winding. Some units, however, that are powered by the
13.3 liter diesel engine do NOT have an Excitation (DPE} winding.

A, Brushless Generators with Stator DPE Winding (Figure 2.2~C):- Rotor
rotation induces a voltage into the STATOR AC POWER and DPE windings.
Stator AC Power winding output is delivered to customer load
connection terminals El, E2 and 00. The AC output from the DPE winding
is delivered tc the VOLTAGE REGULATOR, via a THERMAL PROTECTOR (TP)
and a FIELD CIRCUIT BREAKER. The Voltage Regulator rectifies the DPE
Winding AC output and, based on sensing signals from leads 815 and
S16, regulates the DPE output current to a stationary EXCITER FIELD.
Regulated and rectified DPE winding current f£low through the Exciter
Field creates a magnetic field that is proportional to the regulated
.current flow. Rotation of an EXCITER ARMATURE through that magnetic
field causes a voltage to be induced into the Exciter Armature that is
proportional to the strength of the Exciter Field's magnetic lines of
flux. Prom the Armature, current flows through DIODES and then to the
Generator ROTOR, to create a magnetic field around the Rotor. Rotor

rotation then induces a voltage intc the Stator AC POWER and DPE
Windings. '
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Pigure 2.2-C. Block Diagram of Brushless Generator with Stator
DPE Winding




B. Brushless Units without Stator DPR Windings (Figure 2.2-D):- These
units function similarly to units having a DPE winding. However, in
this case, the Voltage Regulator rectifies and regulates a portion of

the Stator AC POWER winding output for delivery to the EXCITER FIELD. .
The primary winding of a TRANSFORMER is connected in series with the(_

AC Power winding output to the Regulator. The Transformer's SECONDARY
‘winding output is delivered to the Voltage Regulator. Connection of
the Transformer in series or parallel ensures that the correct sensing
voltage is delivered to the Regulator.
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rigure 2,2-D. Block Diagram of Brushless AC Generator
without a DPE Winding

2.2.5~ GENERATOR OPERATING SPEEDS

The required operating speed of a generator's ROTOR (Revolving Field)
is determined by {a) the required AC frequency in HERTZ, and (b) the
number of north and south poles in the ROTOR.

A. Units Baving a 2-Pole Rotor:- Rotors having a single north and a
single south pole are callied 2-pole Rotors. These units must be driven
at 3600 rpm to produce an AC frequency of 60 Hertz, at 3000 rpm to
produce a 50 hertz AC frequency.

B. Units with 4-Pole Rotor:- Units with a 4-pole rotor {2 NORTH and 2
SOUTH magnetic poles) must be driven at 1800 rpm for a 60 Hertz AC
output, at 1500 rpm for a 50 hertz AC output.

C. Units with Gearbox and Gas Fuel System:- Some generators are
equ{ppea with a GEARBOX. The Gearbox provides increased engine power
output by using the higher horsepower available at the higher engine
cperating speeds., Gearbox units with gaseous fuel systems use a
Gearbox having a gear ratio of 1.66 to l. That is, the engine must
cperate at 3000 rpm to drive the Rotor at 1800 rpm; at 2490 rpm to
drive the Rotor at 1500 rpm.

D. Units with Diesel Engine and Gearbox:- Gearboxes used with a diesel
engine have a gear ratio of 1.41 to 1. That is, the engine must
operate at 2550 rpm to operate the Rotor at 1800 rpm {60 hertz units);
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at 2115 rpm to operate the Rotor at 1500 rpm {50 hertz units).
2.2.6- THYRISTOR OR SILICONR CONTROLLED _:nncnrmn LOADING

So0lid state control devices which utilize THYRISTORS or SILICONE CON-
TROLLED RECTIFIERS (SCR's) can introduce high freguency harmonics
which adversely affect or distort the normal generator waveform. This
creates additional heat in the generator Rotor and Stator, and can
lead to overheating. Some devives which might use thyristors or SCR's
include variable frequency induction motor controls, precision motor
speed controls, no-break powered battery chargers, etc.

Control devices with thyristors or SCR's may present problems to
standby generators or to any limited power buss system. Such problems
are not limited to the generator itself, but may affect s0lid state
control devices, the equipment it controls, other associated loads,
monitoring devices, or any number of combinations overt the entire
system.

Where THYRISTOR or SCR loads are to be connected, it is important that
the control manufacturer, the generator manufacturer, and the systems
engineer work together to ensure proper selection of compoinents. It
is recommended that Generac be contacted for application assistance
when necessary. .

2.2.7- PARALLELING BASICS

The following information is only the basic criteria that must be met
before two generator units can be paralleled. The information is NOT
meant to be specific instructions for paralleling operations.

A. Voltage Requlators must have paralleling provisions:- The Voltage
Regulator controls generator AC output voltage and the reactive power
supplied by the generator. When two or more generators are to be
operated in parallel, the regulator must have paralleling provisions
(either internally, or external to the Regulator). These paralleling
provisions must permit the Regulator to control the reactive or VAR
load while operating in parallel. A separate paralleling current
transformer is required to sense the reactive current and signal the
Voltage Regulator.

B. The Engine Governor Controls must. have special paralleling and
droop provisions to permit parallel operations with other machines.

C. Switchgear:- Additional relays and breaker controls are needed, to
ensure safe, trouble £free parallel operations. Reverse power relays
may be used to monitor the direction of power £low, to ensure that the

~generator is delivering power and not receiving it, These power relays

control breakers which act to connect and disconnect the generator
from the load. The total system can include over-voltage, over-
current, and under frequency protection. Various assorted switchgear,
from manual switch gear to micro-processors, may be used. The amount
of control gear and the level of sophistication will be determined by
the requirements of the particular application.

In addition to the preceding, the followiné apply to paralleling oper-
ations:- .




1. Voltage and frequency must be the same for all generators, with
voltages in phase.
2. The voltage regulation characteristics of the individual generators

should be similar.
3. The generators must have the same phase rotation.

4. The driving engines should have the same speed regulation -

characteristics~ governcrs must all be adjusted to provide the same

speed regulation,
5. Prior to attempting a parallelzng operation, each generator should

~ be started, operated and adjusted as individual units.
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SECTION 2.3 - AC CONNECTION SYSTEMS
2.3.1- GENERAL (Table 2.3-A) |

An AC CONNECTION PANEL is provided on each generator set, for
connection of customer load leads. Some :connection panels may mount a
terminal block for customer wiring connections, others may provide a
main circuit breaker for that purpose. Customer connections inside the
connection panel should be completed iIn accordance with the
appropriate generator wiring diagram. Use the portion of the wiring
diagram that applies to the specific generator voltage range and the
number of leads required. Generally, the final voltage setting is
established by adjusting the Voltage Regulator.

Generators are available in a wide variety of AC connection systems
and rated voltages. Specific connection systems and voltages are
specified at the time of purchase of the generator, by specifying a

voltage CODE as listed in Table 2.3-A. '

VOLTAGE| RATED FREQUENCY] '

CODE VOLTAGE |PHASE; (HERTZ) [TYPE OF CONNECTION SYSTEM
A 120/240 b 60 3~Wire
B 120/208 3 60 Wye-Connected
C 240/416 3 - 60 Wye-Connected
D 120/240 3 60 Center Tapped Delta
F 139/240 3 60 wWye-Connected
G 120/208 3 60 12-Lead, Reconnectable, Broad Range
H 240/416 3 60 12-Lead, Reconnectable, Broad Range
J 120/240 3 60 12-Lead, Reconnectable, Broad Range
K 277/480 3 60 12-Lead, Reconnectable, Broad Range
L 139/240 3 60 12-Lead, reconnectable, Broad Range
N 220 1l 50 3-Wire
0 220/380 3 50 Wye-Connected
P 120/240 3 50 Center Tapped Delta

Taﬁle 2.3-A. Types of AC Connection Systems
2.3.2- SINGLR PHASE, 3-WIRE AC CONNECTION SYSTEM (Figure 2.3-A)

Generac single phase generators employ a "3-Wire® AC connection
system, consisting of two "hot" leads and a "neutral® lead. Two sets
of stator windings are provided in these single phase units. Bach
stator winding provides a 120 VAC (60 Hertz units) or a 110 VAC (50
Hertz) output. When connected in series, the two stator windings
supply a 240 VAC (60 Hertz) or 220 VAC {50 hertz) output. Wires #11
and $44 are the two hot leads, while the junction of Wires #22 and #33
form the neutral lead. Customer lcad leads are connected inside the AC
connection panel at terminals El (hot), E3 (hot) and 00 (neutrall.
Connect 120 VAC {60 Hertz} or 110 VAC (50 Hertz) load leads across
terminals El1 and neutral or E3 and neutral. Connect 240 VAC (60 Hertz)
or 220 VAC (50 Hertz) load leads across terminals E1 and E3.

10
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FPigure 2.3-A. A Single Phase AC Connection System

2.3.3- 3-PHASE CONNECTION SYSTEMS

There are several advantages to a 3-phase system. Just a few of these
advantages are listed below.

1. When the load is balanced in all 3 legs of a 3-phase circuit, in-
stantaneous power is constant. This feature provides improved motor
starting and running capabilities.

2. Current flow generated by a 3I-phase generator produces a constant
flux density, making the 3-phase system best for operating AC notors.

3. When a 3-phase stator is used in a generator, several different
voltage values can be obtained from one system by reconnecting the
system. ,

NOTE
Generators may have multiple, identically numbered stator AC output
cables for each connection lead or terminal. When making connections
to the load, all identically numbered cables must be connected togeth-
er.

2.3.4- 3-PHASR, 12-LEAD, BIGH WYE SYSTEM (Figure 2.3-B) _

These l2-lead, dual voltage units have 6 stator windings which do ROT
have the connection of the 3 inner colls., Either 12 or 24 cables will

conme out of the generator. To obtain specific rated voltages, connect
the cables as follows:-

NOTE
The following CHARTS lists wire/terminal numbers as T1, T2, etc.
Wire/terminal numbers on the actual generators may hev either a "T" or
an "S" prefix. Connections alone may not provide the specific voltage
stated- final voltage settings are generally made by adjustment of the
Voltage Regulator.

=
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VOLTAGE
Praa L~N CORNECT L1 | L2 L3 | NEUTRAL
380 219 !
60 416 240 T10, T11, T12 i
HZ 440 254 _ ;
460 266 T4, T7 =
480 277 TL | T2 T3 } T10,T11,T12

50 380 219 T5,T8
BZ 400 231 T6,T9
416 240

n 1 ;f: Ts

L T2 . (R R
3 L N—] Lz - ]

Pigure 2.3-B. 3-Phase, 12-Lead, Figuré 2.3-C, 3-Phase, 12-Lead,
Bigh Wye Connection System ~ Low Wye Connection System

P

2.3.5~ 3-PEASE, 12-LRAD, LOW WYE CONNECTION SYSTEM (Figure 2.3-C)

This system is similar to the HIGH WYE system, having six windings

that do NOT have the connection of the 3 inner windings. Either 12 or
24 cables will come out of the Stator.

YOLS .
I-L_| IL-N | CONNECT Ll | L2 | 53| NEUTRAL
190 | 110 T?10,T11,T12 . ,
60 208 120 T4,T5,T6 . T10,T11,T12
H2 220 127 '
230 133 '
240 139 T1,T7 Tl T2 T3
50 190 110 T2,T8 ' T4,T5,T6
"Bz | 200 115 - J
208 120 T3,T9
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2.3.6- 3-PHASE, 12-LEAD, HIGH DELTA SYSTEM (Figure 2.3-D)

VOLTAGE
L-L L-N CONNECT Ll L2 L3 .
60 | 240 120 T4,T7 £ -3
HZ | 277 | 139 |
T5,T8 Tl T2 T3
50 { 200 100 T6,T9
HZ | 220 110 T1,Ti2
240 220 T2,T10
T3,T11
» A
L-L L-L
La r,,'-’VV\N" ="V —-—Y Y
I, I AL
Fxgure 2.3-D. 3-Phase, l2-Lead, !'1gure 2 3-3. 3-Phase, l2-Lead, !
HBigh Delta System Low Delta System %
2.3.7- 3-PHASE, 12-LEAD, LOW DELTA SYSTEM (Figure 2,3-E)
VOLTAGE
L-1L CONNECT Ll | 12 | 13
60 120 T1,T77,T76,T12 ‘
Hz | 139 . 1 | T2 | T3
T2,T8,T4,T10
50 100
HZ 120 T3,79,T75,T1l1

2.3.0- 3-PHASE, l12-LEAD, 2IG ZAG SYSTEM (Figure 2.3-F)

VOLTAGE
L-L CORNECT L1l L2 | NEUTRAL
60]120/240 | T3, T9
HZ T2,T8 T2 T3 T4
T1,T6,T7,T12
T4,710,T5,T11

13




ZIGAZAé connaction with 12 lead machinesonly,
j L

VOLTAGE
——r CONNECT | Ly | L2 INEUTRAL
: 60 TaTy
Mep2 b HZ | 1201240 T5T;
N 1 238 2173 Ts
" YWYWL K Ty Tg Tz T12
V" ' T4 ¥10T5 Ty

Figure 2.3-F. The 12-Lead 2ig 2Zaq System
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SECTION 2.4 - OPERATIONAL ANALYSIS— DC CONTROL SYSTEMS

2.4.1- INTRODUCTION

Several different generator meter and control panel options are
available, generally classified as Options "A", "B", "C", etc, Part 3
of this Manual {METER AND CONTROL PANEL COMPONENTS) provides a more
detailed discussion of panel differences,

This Section provides a general discussion of the various DC Control
System operating c¢ircuits and how they work. There may be differences
between earlier production units and those manufactured after August
1984. These differences are outlined more thoroughly in PART 3. When
tracing DC Control system circuits on an actual generator set, refer
to the wiring diagram and/or electrical schematic for the specific
generator model. ' :

2.4.2- DC POWER SUPPLY CIRCUIT (Figure 2.4-A thru 2.4-D)

A. Option "A" Units with 12 Volts Engine Blectrical System (Figure
2.4~7):- The +12 VDC required for Control System operation is
delivered from the engine battery and through a 30 ampere FUSE to a DC
CONTROL circuit board. The 30 ampere FUSE protects the engine starting
circuit against current overlocad. A second FUSE, rated at 14 bBC
amperes, is mounted on the DC CONTROL c¢ircuit board. The latter
pProtects the "engine running” circuits against overload. That is, a
failed 30 ampere FUSE will result in a "no-crank® condition; a failed
14 ampere FUSE will result in a "no-run®™ condition.

]
==
|3
DC CONTROL [ & | }
CIRCUIT |3 |
BOARD |6 ° <"
7 B
3 |
v
1& 30AMP LTRCUIT
| 1 BREAKER
JL"ﬂhﬂji}—ﬂ——Qﬁ{:}W
1 ’5 {3
: "
PRE-MEAT
ﬂmnqo . o
77 FIG. 264

Figure 2.4-A. Typical DC Power Supply Circuit
{Option "A" Units)

B. Option "B" and "C" Units with 12 Volts Engine EBlectrical System
(Figure 2.4-B):-~ Battery Voltage 1s delivered through a 30 ampere FUSE
to a DC CONTROL circuit board, and from that circuit board to a CRANK
{Option "B") or a LATCH/CRANK (Option "C") circuit board. The DC
CONTROL circuit board mounts a 14 ampere FUSE, for "run circuit®

protection.
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NOTE :
Option "A" units can be started and stopped manually ({electrically)
only and are NOT equipped with a CRANK or a LATCB/CRAKK circuit
| board.The CRANK circuit board used on Option "B" units is NOT inter-
changeable with the LATCH/CRANK circuit boarxrd used on Option *"C*

units.

CRANK DC CONTROL
CIRCUIT CIRCUTT
BOARD BCARD

O+ -
POS. REG.
° 12 VOLTS
' BATTERY

W fpe |~

[s}el=llof o] [-]

-

R

el

s =1

. BDAMP

FUSE ’ ﬁ7

Pigure 2.4-B. Typical DC Power Supply Circuit
(Option "B® and "C" Units)

5]

C. Units Manufactured After August 1984 (Figure 2.4-C):- These units
feature improved circuit boards. The 14 ampere FUSE is not mounted on
the DC CONTROL board, but is mounted in-line as is the 30 ampere FUSE.
The 30 ampere FUSE protects the engine cranking circuit, while the 14
ampere Fuse protects the "running”™ circuit.

T [ )
1 (2]
3 3} :

—H 4 [x £ :

wm (R, '
: CIRCUIT o %
L ¥ .
2 a0 ] 0 o =
%5 3:,: ' RvOUS | I
1] [ 1] Bm
5 ] 3 T
et O
) 77

Figure 2.4-C. Typical DC Power Supply Circuit
(Onits Manufactured After August 1984 with 12 Volts
Bngine Electrical System)

D. Units Manufactured After August 1984 with 24 Volts Engine Electric-
al System (Figure 2.4-D):- A 10 ampere Battery Charger is standard on
units having a 24 volts engine electrical system. A DC CONVERTER in
the Battery Charger changes the 24 volts battery output to 12 volts.
The CONVERTER 12 volts output is delivered to the DC CONTROL circuit
board for operation of the DC Control System.
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BC CONTROL
CIRCUIT
BOARD

Elzslefe o[+ [o[]]

30 04peRs "____}’Eﬁ-"r‘?m"‘
8- n MR o
T

/
o N P e B ey
Foul!
/7 7R

Figure 2.4-D. Typical DC Power Supply Circuit
{Later Production Units with 24 VDC Engine Rlectrical System)

2.4.3- ENGINE CRANKING CIRCUITS (Figure 2.4-E, 2.4-F)

A. Typical Option ®A" Units (Figure 2.4-E):- Setting the panel
Start/Stop Switch to START position completes the Wire #17 circuit
{£rom the DC Control circuit board) to ground, Circuit board action
then causes a CRANK RELAY (on the circuit board) to energize. On
CRANK RELAY contact closure, a +DC voltage is delivered through Wire
#56 and through a CONTROL CONTACTOR coil, to energize the CONTACTOR.
On CONTROL CONTACTOR contact c¢losure, 4DC voltage is delivered to a
STARTER CONTACTOR coil., On STARTER CONTACTOR contact closure, +DC
voltage is delivered to the engine STARTER MOTOR- the engine cranks.

1]
‘ 2 fr—n
GC CONTROL {3 ] I
CIRCUT |4
BOARD > © e
&
- __I
T
[ ===
— 11 HCONTROL . _
-2 3¢ 1 o | CONTACTOR 2 "y
[z STAR ! 3 } 12 VAC
CONTACTOR / | = | BATTERY
P SO A
,— i N D
1 -2 B
T ! o i
1
! I
FROW i 1
+ RVAC 1 1
POWER SUPPLY L ]:I
SR
1 I
| I |
STARTER
MOTOR
FiG. 24E ' CROUND 7 7

Figure 2.4-E. Typical Engine Cranking Circuit
{Option "A" Units)
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B. Option "B" and "C" Units (Figure 2.4~F):- Manual startup is
accomplished in identical fashion to Optlon "A" units, In addition,
these units can be cranked and started automatically when used in
; conjunction with an automatic controller or transfer switch with
p t\ integral controller, The automatic controller monitors the NORMAL
3 ' {UTILITY) supply source voltage and, on dropout of that voltage below
i an acceptable level, will signal the CRANK {Option "B") or LATCH/CRANK
(Option "C") c¢ircuit board to initiate the same sequence of events as

dur1ng a manual startup.

3| MU
CRANK S ConmoL ]
CIRCUIT X CRCUT
BOARD BOARD 1
. o T
= 1 g;
o o |
: —— 1 ey
nARABARDOEAENES 5] ;
b ow ' |
T O+ =0
ré;__g___-.i FOS.  NCG,
A BATTERY
AC CONNECTION PANEL
. Figure 2.4-P. Typical Cranking Circuit 77
@ (Options *"B" and "c' Dnits) L__

2.4.4- ENGINE PRE-EEAT (DIESEL ENGINE UNITS ONLY)
{Figure 2.4-G, 2.4-H)

A. Onitg with 12 VDC Engine Electrical System (Figure 2.4-G):- When
panel-mounted PRE-HEAT SWITCH is manually depressed, +12 VDC is
delivered across the coils of a PRE-HEAT CONTACTOR. On CONTACTOR’
contact closure, +12 VDC is delivered to a set of GLOW PLUGS which
heat the engine combustion chambers for a faster, easier startup.
During an automatically controlled engine start, the PRE-HEAT function
is controlled by the CRANK (Option "B") or the LATCE/CRANK (Option
®"C") circuit board, via Wire #150.

. NOTE -
EBarly production units featured a PRE-HEAT cycle during automatic
startup that was part of the normal crank-no crank cycle. On units
manufactured after August 1984, PRE-HEAT on automatic startup is cont-
inuous as long as the engine is crankxng.




——— F& I erenear
IPRE-HEAT | }_ | SvaTCH
CRANK i ’ICONTACTOR R
CIRCUT Do
BOARD oot n o+ -0
Lo POS. NES.
Fl2] 341316 78|90 |RIB]||S BATTERY
o ¢ o,
L |

Figure 2.4-G. Typical Engine Pre-Heat Circuit
{(Onits with 12 volts DC Engine Electrical System)

B. Units with 24 Volts DC Engine Electrical System (Figure 2,.4-H):~

These units may be equipped with either an AIR INTAKE HEATER or a set
of GLOW PLUGS. Operation is similar to that of units with a 12 volts
DC engine electrical system. Bowever, the PRE-HEAT CONTACTOR is
energized by +12 Volts DC from a DC CONVERTER in the unit Battery
Charger and the AIR INTAKE HEATER {or GLOW PLUGS) are turned on by +24
Volts DC from the unit's series-connected batteries, on CONTACTOR con~
tact closure.

p— rERTE
130 wmno‘—ﬂ‘—;ls
mma:n .—\
O+ -0 O+ =04 | memems
POS, NEG, POS., NEG. {' T -
12VAC 2 VAC ! i T
BATTERY BATTERY g E ICONTACTOR
1!
} i
toT
RR
to_l o A
ﬁMLTE “Eﬂm

Fiqure 2.4-H. Typical Pre-Beat Circuit
{Units with 24 Volts Engine Electrical System)

During engine cranking, a RUN RELAY on the DC CONTROL circuit board is
energized at the same time as the CRANK RELAY. On RUN RELAY contact
closure, a + 12 Volts DC is applied to Wire #14 to energize a SOLENQCID
RELAY. On SOLENOID RELAY contact closure, a +DC voltage is applied to
a FUEL SOLENOID. On opening of the energized FUEL SOLENOID, fuel is
supplied to the engine. '
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On gasoline and gaseoﬁs fuel engines, Wire $14 supplies a 4DC voltage
to the engine ignition circuit. With both fuel and ignition available,

a startup occurs. On diesel engines, actuating of the fuel solenoid is
all that is required for an engine start.,

NOTE

il |

DC

CONTROL

CIRCUIT

BOARD

Rlzlg|ew|elw]|oln]|siwin]-

i DC ALTERNATOR
—?_D__ ,_}__ VOLTAGE REGULATOR
DIODE
14 ENGINE
IGNITION
SYSTEM
o TFUEL
i %SHUTOFF
i 2 ISOLENOID
t "l
i
e
Lo
ST

Figure 2.4-I. Typical Engine Run Circuit
(Units with 12 Volts DC Engine Electrical System)

13 CONVERTER
. .. 2470 RVAC
. " f—4 ICONTROL "
2 | g IRELAY o
3 !
1 DC K : !
s '
CONTROL = 1y [ WAL £ YU o+ -0
CIRCUIT [z : ! POS. nee.| | pos. NEG.
] | I S
BOARD .
0 CRCUIT
T [~ aaenn oo
R Lyd 3 , FUEL
P &) SOLENOID
——— t ]
1 &
o , }
o ! { o
} b
©
I - /77
FPigure 2.4-J. Typical Engine Run Circuit!

{(Units with 24 Volts DC Engine Electrical System)




PART 3
METER AND CONTROL PANEL COMPONENTS

-~ METER AND CONTRDIL PANEL OPTIONS (
- Intreduction "
- Option "A"™ Units

- Option "B” Units

- Option "C" Units

METER AND CONTROL PANEL EXTERNAL COMPONENTS
{Units Manufactured Prior to August 1984)
General

AC Voltmeter, AC Ammeter and Phase Selector Switch
AC Frequency Meter

Engine Instruments

Hourmeter

Engine-Start/sStop Switch

30 Ampere Fuse

Voltage Adjust Potentiometer

Trickle Charge DC Ammeter

Engine Monitor Panel .
METER AND CONTROL PANEL INTERNAL COMPONENTS
{(Units Manufactured Prior to August 1984)

- Voltage Regulator

- Fuel Solenoid Circuit Breaker

16 Pin receptacle

Field Boost Diode

Terminal Strip TB4

Terminal Strip TBS

Breaker Relay

Field Circuit Breaker

DC Control Circuit Breaker

Latch/Crank Circuit Board

Crank Circuit Board {Option "B" Units)
METER AND NTROL PANRL EXTERNAL COMPONENTS
{Units Manufactured After August 1984)
General

AC Voltmeter, AC Ammeter and Phase Selector Switch
AC Fregquency Meter

Engine Instruments

Preheat Switch

Engine~Start/Stop Switch

30 Ampere Fuse

Voltage Adjust Potentiometer

Optional Manual/Off/Auto Switch

METER AND CONTROL PANEL IRTERNAIL COMPONENTS
{(Units Manufactured After August 1984)
Voltage Regulator

Control Relay CR2 and Circuit Breaker CB7
Terminal Block TBl

Field Circuit Breaker

Breaker Relay

Engine DC Alternator Field Resistor

Field Boost Resistor

Field Boost Diode
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DC Control Circuit Board:

Latch/Crank Circuit, Board .

OPTION "A" AND "B" EHGINE MONITOR PANELS
General

Low QOil Pressure Advisory Light

High Coolant Temperature Advisory Light
OPTION "C" ENGINB MONITOR PANEL
General

Low Oil Pressure Advisory Light

High Coolant Temperature Advisory Light
Overcrank Advisory Light:

Overspeed Advisory Light

RPM Sensor Loss Advisory Light

- THE OPTIONAL ANNUNCIATOR :PANEL

(Onits Manufactured After August 1984 Only)
General _

Prealarm Low Oil Pressure

Prealarm High Coolant Temperature

Low Coolant Temperature Advisory Light
Low Fuel Advisory Light

Switch Off Advisory Light

High Battery Voltage Advisory Light

Low Battery Voltage Advisory Light

Terminal Board TB2 IOptiOn "e® gnits Only)
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SECTION 3.1 -~ METER AND CONTROL PANEL OPTIONS

3.1.1- INTRODOCTION

Several different Meter and Control Panel options are available. This (
Manual will discuss Options "A", "B" and "C". Other options are

available, however, those optlons may be considered as sinply a
variation of the "A", "B", "C" options,

3.1.2- OPTION "A®" UNITS

Units equipped with Option "A" can be started and stopped manually
(electrically) only, are intended for use with a manually operated
Transfer Switch. These units will shut down automatically in the event
of (a) low oil pressure, (b) high coolant temperature, (c) low coolant
level, (d) overspeed, and (e) loss of RPM Sensor output, However, the
Engine Monitor Panel mounts only two engine fault shutdown advisory
lights- a LOW OIL PRESSURE and a HIGH CQOLANT TEMPERATURE light.
Option "A"™ units incorporate a DC Control circuit board.

3.1.3- OPTIOR "B" UNITS

These units may be cranked and started manually (electrically). In
addition, when installed in conjunction with an automatic Controller
or Transfer Switch with integral Controller, the engine can be started
automatically in the event of a NORMAL electrical power source fai-
lure, Option "B"™ units feature the same engine fault shutdown provi-
sions as Option "A" units, as well as the same Engine Monitor Panel
advisory lights. A DC Control circuit board and a Crank circuit board
are mounted inside the Meter and Control Panel,

.3.1.4~ OPTION "C® UNITS

Can be started manually or automatically, like the Option "B® units
and have the same engine fault shutdown features as those units.
However, Option "C" units have a "5-light™ Engine Monjitor Panel, a DC
Control circuit board, and a Latech/Crank circuit board. The latter
will hold@ any engine fault shutdown condition in a "latched" status-
that is the applicable shutdown advisory light will remain on after

shutdown and further attempts at startup will be inhibited as long as
the condition is latched.
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SECTION 3.2 - METER AND CONTROL PANEL EXTERNAL COMPONENTS
(Onits Manufactured Prior to August 198%)

3.2.1- GENERAL (Figure 3,2-3)

Option "B" and "C" generators manufactured prior to August 1984 were
intended for use in conjunction with Generac Models 6301, 6919 and
8519 automatic controllers. See Sections 1.9 and 1.10 in this Manual.
A "9-wire”™ interconnection system was regquired between the generator
set, automatic Controller and Transfer switch.

3.2.2- AC VOLTMETER, AC AMMETER AND PHASE SELECTOR SWITCH
(Figure 3,2-A, 3.2-B)

The AC Voltmeter provides an indication of the generator's AC output
voltage to connected loads during operation. The AC Ammeter indicates
current flow to connected AC loads, in Amperes. These meters will read
line~to-line or line-to-neutral voltage and current (single phase
units), depending on the position of the Phase Selector Switch. For 3-
phase generators, the meters will indicate leg-to-leg volts/amperes as
selected with the Phase Selector Switch. The 4-position Phase Selector
Switch provides selection of Voltmeter/Ammeter readings as follows:-

SWITCH | SINGLE PHASE 3-PHASE
POSITION GENERATORS : GENERATORS
1 Line 1 to Neutral Leg 1 to Leg 2
2 Line 2 to Neutral Leg 2 to Leg 3
3 Line 1 to Line 2 Leg 3 to Leg 1
OFF No Reading No Reading
“M'TI‘ comam FROUINE T MITRR

n;—-m

// ! &

Figure 51, Power Plam Control Console

s ANGER] BOEETOS FANEL = BFNDRE 4" g T

Pigure 3.2-A. Generator Meter and Control Panel
(Units Manufactured Prior to August 1984)
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Figure 3.2-B represents the Voltmeter and Ammeter circuit for a
"typical single phase generator set. Voltage readings are taken from
Stator AC power output leads El, E2 and E3 and delivered to the Phase
Selector Switch terminals. Stator AC power leads 11 and 44 each pass -
through a CURRENT TRANSFORMER. Current flow through the AC leads cre-|
ates a magnetic field which induces a resultant current flow into the
Transformer windings. The induced current flow is delivered to the
Phase Selector Switch via Wires £#0, 57 and 58 (single phase units),
and then to the AC Ammeter. For 3-phase units, Wires #0, 57, 58 and 59
are used and three Current Transformers are required.

. o a L]3
by . ]
emad . - ‘.
Ry s e i/ DC oonTROL .
© : Y= {29
Lﬂ Laas il _/%:@ 2| PC BOARD ,
‘ ! gy s
e T 57— &0y RED CONNECTOR
n BT L ;f;,b}: ‘ . B —
r (I | e
v —fr) did 790 -
- = ‘
o e .y |
;...?..m....;..._-.i}; m
e = SENSOR
Figure 3.2-B. AC Ammeter and Figure 3.2-0; AC Prequency Meter
Voltmeter Circuit Circuit’

3.2.3- AC FREQUENCY METER (Figure 3.2-A, 3.2-C)

o
An RPM SENSOR mounts to the generator engine's flywheel housing,
directly over the engine flywheel teeth. A magnet is imbedded in the
tip of the RPM Sensor so that, during engine operation as each
flywheel tooth passes the magnetic pickup, an electrical sine wave is
generated. That is, the Sensor measures the operating speed of the
engine flywheel. The Sensor frequency signals are delivered to Pin 5
of the DC Control circuit board via Wire #79. The DC Control board is
equipped with a special "frequency-to-voltage" conversion circuit,
‘which converts the frequency signals to an equivalent voltage. That
equivalent voltage is then delivered to the Panel Frequency Meter via
Wires $#129 and 139, to operate the Meter. Thus, that Meter is actually

not a FREQUENCY Meter at all, but a VOLTMETER that is calibrated in
frequemcy (Hertz).

NOTE
Bach time a panel Frequency Meter or DC Control board is replaced, the
panel PFrequency Meter must be recalibrated. Two adjustable “"fine® and
“coarse® potentiometers are located on the DC Control board for this
Lgprpose. See Part 4, OPERATIONAL TESTS AND ADJUSTMENTS.

ROTE
In addition to operating the Frequency Meter, RPM Sensor output is
used to (a) establish an engine crank speed cutout of 1000 rpm, and

(b) provide an automatic engine shutdown in the event of overspeed or|
RPM Sensor loss. 4
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3.2.4- ENGINE INSTRUMENTS (Figure 3,2-3)

The Meter and Control Panel mounts a COOLANT TEMPERATURE gauge, an
ENGINE QIL PRESSURE Gauge, and a DC AMMETER. The DC Ammeter indicates
the rate of charge to the generator battery during operation, from the
engine DC Alternator.

3.2.5~ HOURMETER (Figqure 3.2-A)

The Hourmeter provides a continuous indication of generator operating
time, in hours and tenths, Use the Meter in conjunction with the unit
PERIODIC MAINTENANCE SCHEDULE, to perform the reguired periodic
maintenance on the unit, The Hourmeter is powered by generator Wire
#14 circuit, which is electrically "hot" only when the unit is
running.

3.2.6- ENGINE-START/STOP SWITCH (Figure 3,2-A)

To crank and start the generator engine manually, hold the Switch at
START position- release the Switch when the engine starts. To stop the
engine, set the Switch to its STOP position.

3.2.7- 30 AMPERE FUSE (Figure 3.2-A)

Also see Section 2.4 in this Manual. This Fuse protects the crank
portion of the DC Control circuit against current overload. Should the
Fuse element melt open due to an overload, it will be impossible to
crank and start the engine either manually or automatically.

3.2.8- VOLYAGE ADJUST POTENTIOMETER (Figure 3.2-A, 3,2-D)

This adjustable potentiometer permits the operator to "fine adjust”®
generator AC output voltage, within a range of plus or minus 5
percent. The potentiometer is electrically connected in series with
one of the Voltage Regulator sensing lines from the stator AC power
windings. Potentiometer adjustment biases the sensing signal to the
Voltage Regulator, to permit voltage output to be changed.

Figure 3.2-D. The Voltage Adjust Potentiometer Circuit
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3.2.9- TRICKLE CHARGE DC AMMETER (Figure 3.2-A)

This optional DC Ammeter is generally supplied when the generator unit

is equipped with a battery trickle charger. The trickle charger is .-
connected to a 120 VAC NORMAL (Utility) power source line, to maintain!{

the unit battery in a charged state during non-operating periods. The
Ammeter indicates the Trickle Charger rate of charge, in DC Amperes.

3.2.10- ENGINE MONITOR PANEL (Figure 3.2-A)

 Figure 3,2-A shows the Engine Monitor Panel for Options "A", "B" and
"C". Refer to sections 3.6 and 3.7.
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SECTION 3.3 — METER AND CONTROL PANEL INTERNAL COMPONENTS

(Onits Manufactured Prior to August 1984)

3.3.1- VOLTAGE REGULATOR (Figure 3,3-A, 3,.3-B}

The Voltage Regulator is a solid state, "Voltage-over-Frequency” type
regulator, That is, it regulates generator AC output voltage in direct
proportion to AC frequency, at a 2 to 1 ratio. For example, if a 60
Hertz generator has a rated voltage of 120/240 VAC, the regulator will
maintain that rated voltage at an AC frequency of 60 Bertz, Should AC
frequency drop to 30 Hertz, the Regulator will maintain approximately
60/120 VAC, and so on. This type of Voltage Regulation system provides
greatly improved motor starting characteristics over conventional
regulation systems. :

The Voltage Regulator is equipped with 3 adjustable potentiometers,
for Regulator adjustment (see Part 4, OPERATIONAL TESTS AND
ADJUSTMENTS). Section 2.2 (AC GENERATOR OPERATIONAL ANALYSIS) discuss-
€8 Voltage Regulator circuit operation., A 6-pin connector plug
interconnects the Regulator with its related circuits. Connector plug
pin numbers, associated wire numbers, and their functions are listed
in the following Chart:-

PIN WIRE
NUMBER | NUMBER | FUNCTION . _
1 1 Negative side of DC circuit to Rotor*#
2 162 Stator Excitation (DPE) winding unregulated AC input
: to Voltage Regulator®
3 89 || voltage Adjust Potentiometer to Regulator- from Stator
_| AC Power Sensing lead S1é6*
4 4 Positive side of DC circuit to Rotor- delivers rectif-
ied and regulated Stator Excitation (DPER) winding out-
_ _ ut to Rotor*# '
5 515 From Stator AC Power Sensing lead S15%* - —
6 6 Unregulated Stator Excitation (DPE) winding AC output
to Voltage ulator* :
[ 2

Generators rated at 130~200 KW and having a 13.3 Liter diesel
engine do not have a Stator DPE winding. On these units, Stator
AC Power winding output is delivered to the primary winding of a
Transformer. Induced current flow from the Transformer secondary
winding is then delivered to Pins 2 and 6 as excitation current.
** On BRUSHLESS generators, Pins 1 and 4 and Wires $#1 and 4 connect

to the Exciter Field

3.3.2- FUEL SOLENOID CIRCUIT BREAKER (Figure 3,3-A)

This circuit breaker is used only on generator units having a diesel
engine as the prime mover. Diesel engines use solenoid operated link-
age to actuate the Fuel Injection Pump to a "flow" condition during
startup and operation. During a shutdown, the solenoid de-energizes to
place the Injection Pump into a "no-flow" condition. The circuit
breaker protects the Fuel Solenoid circuit against overload. During
startup, a SOLENOID RELAY (SR) is energized by the Wire #14 circuit

and its contacts close. On contact ¢closure, +DC voltage is delivered
to the FUEL SOLENOID and engine fuel flow commences.
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Figure 3.3-A. Meter and Control Panel Internal Components
(Onits Manufactured Prior to August 1984)

VOLTAGE SET

GAIN
FEEDBACK
BRUSHLESS
Figure 3.3-B. Voltage Regulator (
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3.3.3~ 16~-PIN RECEPTACLE (Figure 3.3-A, 3,3-C)

This receptacle interconnects Meter and Control Panel circuits with
the engine circuits. Receptacle pin functions and assoc1ated wires are
listed in the following chart:-

PIN | WIRE | FONCTION
1 -— | Not_Used
2 13 | +12 VDC battery voltage to panel circuits
3 47 | +DC Voltage to engine DC Alternator field when running
4 14 | 4DC Voltage with enqine running only
5 49 | +DC Voltage to engine DC Alternator field when runnin
| & 19 | #DC voltage to diesel engine Fuel Solenoid when running
7 | 130 | To panel Battery Charge Ammeter (-~) side
8 56 | +DC Voltaqe to Control Contactor while cranking
9 65 | To High Coolant Temperature Switch/Low Cooiant Sensor
10 86 | To Low Oil Pressure Switch
11 69 | To Panel Oil Pressure Gauge from QOil Pressure Sending Onit
12 68 | To Panel Coolant Temperature Gauge from engine
3 ~ 0| Common_Ground
14 |13A | + side of Battery Charge Ammeter
15 |1130 | +DC to DC Alternator Requlator
16 150 Preheat during automatic startup (Diesel engines)

Qp—— %
1 35 7 911 13 15
O O 00 O O Oy

O

= |

0 000 00 OO0
2 4 6 8 10 12 14 16

VIEWED FROM PANEL )
EXTERIOR

Figure 3.3-C. Pin Identification- 16 Pin Receptacle

3:3.4- FIELD BOOST DIODE (Figure 3.3-A) .

Refer to Section 2.2, AC GENERATOR OPERATIONAL ANALYSIS.

3.3.5~ TERMIRAL STRIP TB4 (Figure 3.3-A, 3.3-D)

Terminals, associated wire numbers and functions are listed in the
following Chart:-
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TERMINAL | WIRE | FONCTION
0 0 Common GROUND
79 79 | Panel RPM Sensor connection
13 13 +DC Battery Voltage— always hot -
14 14 | +DC battery voltage when engine is running only {
S15. 815 | AC Power sensing to Voltaqe Regulator connector )
S16 816 | AC Power gsensing to Voltage Requlator connector
17 17 | Engine crank lead- if terminal is connected to ground,
_ B engine should crank _ _
18 18 | Engine stop- if connected to ground, engine should
shut down

izl
sjslele]s

Lo 0 0.0 7P 13 1) 1414 14 NSNS e N 17 NN

Pigure 3.3-D. Terminal Strip TB4 @
3.3.6- TERMINAL STRIP TB5 (Figure 3.3-A, 3.3-E)

This Terminal Strip is installed only on Option "C" units, which .
incorporate the Latch/Crank circuit board. Terminals, connecting wires
and functions are listed in the following Chart:~

94 95 96 97 98 100 134 135 136 137 I138

Figure 3.3-E. Terminal Strip TBS
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TERMINAL | WIRE | FUNCTION

94 94 +12 VDC is applied here from Latch/Crank board when a
: low 0il pressure shutdown OCCUrsS _

85 95 | High Coolant Temperature- +12 VDC on terminal when a
high water temperature/low coolant level shutdown
occurs

96 96 | Overcrank- +12 VDC on terminal if automatic startup

does not start engine in 8 crank cycles (OVERCRANK
light comes on}

97 97 | Overspeed- +12 VDC on terminal if overspeed shutdown
“ __l occurs (OVERSPEED light comes on)
98 98 | RPM Sensor Loss- +DC on terminal If RPM Sensor output
to DC Control board is lost (RPM SENSOR LOSS light on)|
100 100 | +12 VDC is applied to this terminal whenever any ann-

unciated fault shutdown occurs. Connect a +12 VDC
alarm device {such as an annunciator horn, telephone
dialer, etc.) to termainal- alarm device will come ON
if an annunciated fault shutdown occurs.

134 134 Connect to automatic Controller- dellvers crank lImit
signal to Controller

135 | 135 | Connect to automatic Controller- delivers an "engine
not running® signal to Controller

136 136 | Engine automatic crank signal from Controller

137 137 To Engine Monlitor Panel TEST Switch

138 138 | To Engine Monitor Panel RESET Switch

3.3.7- BREAKER RELAY (Figure 3.3-A)

This Relay is .energized during startup, when the Wire #14 circuit is
energized by DC Control board action. When energized and upon contact
closure the Relay provides the following:-

l. Closes the Excitation (DPE) winding c¢ircuit to the Voltage
Regulator

2. Cleoses the +DC circuit to the engine DC Alternator field
3. Closes the +DC Field Boost circuit to the Rotor

3.3.8- PIELD CIRCUIT BRERAKER (Figure 3.3-A)

This circuit breaker is electrically.connected in series with the
Stator Excitation {DPE) winding output to the Voltage Regulator. In
the event of an overcurrent condition in the DPE circuit, the breaker

will open. Stator AC power voltage will then be reduced to that which
is induced by the Field Boost circuit.

3.3.9- DC CONTROL CIRCUIT BOARD (Figure 3.3-a, 3.3-F)

The DC Control circuit board acts as a "control center® for engine
cranking, startup, running and shutdown operations. The Board alsoc
incorporates a "freguency-to-voltage®" conversion circuit, which
converts RPM Sensor frequency signals to an equivalent voltage for
operation of the panel Frequency Meter. Two different DC Control
boards were used- one with a CHOKE function {gasoline engines), one
without CHOKE function. -
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The DC Control board mounts a 14 ampere FUSE, which protects the
engine run circuit against current overload. An open Fuse element will
prevent engine startup. The Fuse comes with a convenient puller, for

ease of removal. Two adjustable potentiometers- a COARSE and a FINE

RPM ADJUST pot- permit adjustment of the panel Frequency Meter {see
Part 4, OPERATIONAL TESTS AND ADJUSTMENTS)}. An OVERSPEED adjustment
potentiometer provides for adjustment of the engine overspeed shutdown
setting. The board mounts two CONTROL RELAYS- a CRANK RELAY and an
ENGINE RUN RELAY.,

Two receptacles are provided on the DC Control board. A 10-pin
receptacle provides for interconnection of the DC Control board with
the CRANK (Option "B") or the LATCH/CRANK (Option "C") circuit boards.
{Option "A" units do not require a Crank circuit board.) A 12-pin re-
ceptacle interconnects the DC Control board with other DC Control
system components.

14 AMP FUSE GENERAL S7547

o

@
"“13"*¢ R

CUt JUMPER FOR 3 POLE

FPigure 3.3-PF. DC Control Circuit Board

The DC Control board's 12-PIN receptacle pins, associated wiring and
pin functions are listed in the following Chart:-
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PIN | WIRE |FUNCTION )
1 129 [{+) voltaqge signal from frequency-to-voltage converter cir-
L cuit to panel Frequency Meter
2 18 Engine STOP circuit- engine w w111 shut down if this circuit
is grounded
3 139 | (-) voltage signal from frequency-to-voltage converter cir-
cuit to panel Frequency Meter
4 14 (+DC with engine running only- On energizing and contact
. closure of DC Control board's ENGINE RUN RELAY, +DC is app—-
| ___1lied to this circuit for running operations
5 79 |RPM Sensor frequency signals to DC Control board
[ 6 0_|Common GROUND
7 85 |[High: Coolant Temperature shutdown- High coolant temperature
switch or low coolant level sensor ground this circuit to
L effect an automatic engine shutdown
8 17 |Engine Manual Crank- Pin 8 and Wire $#17 are always hot at
. __11/2 battery voltage
9 86 |Low Oil Pressure Shutdown- Low oil pressure switch will
___|ground this circuit to effect an automatic shutdown
10 56 |Engine CRANK circulit— +DC voltage is delivered to this
circuit on closure of CRANK RELAY contacts, to energize a
| __|CONTROL CONTACTOR and initiate cranking
11 12 |Not used with gaseous fuel systems~ supplies engine car-
| __|buretor CHOKE signals on_engines with gasoline fuel system
12 15 {+DC Battery voltage into DC Control circuit board

Pin numbers, associated wire numbers and functions of the DC Control
circuit board's 10-pin receptacle are listed below:-

Option "C" units with Latch/Crank board use all receptacle pins as
listed. Option "B" units (with Crank board) use only Pins 1, 2, 3, §

and 9.
PIK | WIRE |PUNCTIOR ‘ _
1 15 [+12 VDC from DC Control to Crank {(Option "B") or
| Latch/Crank (Option "C") circuit board t
2 87 MINIMOM SPEED SIGRAL (Starter Cutout at 1000 rpm)- to the
Latch/Crank board@ to terminate engine cranking and prevent
transmission of "Engine Not Running® signal
133 |Automatic cranking signal from Latch/Crank to DC Control
_ circuit board _
4 | 131 |OVERSPEED shutdown signal £ frou DC Control to Latch/Crank
| _ circuit board
5 71 *Engine Running™ signal- from DC Control to Latch/Crank
circuit board
6 132 |RPM SENSOR LOSS signal to Latch/Crank circuit board
7 | ———  |Not Used _
8 | 65 |HIGH COOLANT TEMP/LOW COOLANT LEVEL signal to Latch/Crank
circuit board
9 0  |Common GROUND
10 86 |LOW OIL PRESSURE shutdown signal to Latch/Crank board

42




3.3.10- LATCH/CRANK CIRCUIT BOARD (Figure 3.3-G, 3.3-H)

The LATCH/CRANK circuit board is used only with Option "C" generator

units. Two different Latch/Crank boards may be encountered- one with .

PREHEAT (Diesel engines), one without PREHEAT (Gas engines). This
circuit board controls automatic startup/stopping, and annunciated
engine fault shutdown conditions. .

Latch/Crank Board with Preheat:- Mounts two adjustable potentiometers,
one for adjustment of PREHEAT time and one for adjustment of engine
CRANK TIME. The following facts apply:-

l. PREHEAT- During an automatically controlled engine cranking
operation, the Latch/Crank board provides up to 8 equal-duration
crank/no-crank cycles {along with a preheat cycle) until the engine
gtarts. For units with diesel engine, the cranking cycles occur as
ollows:~

CRANK - 6 to 12 seconds
REST - & to 12 seconds
CRANK - 6 to 12 seconds
PREHEAT - 15 to 30 seconds

The PREHEAT time is adjustable to any time length between 15 and 30
seconds. If operating under extremely cold conditions, adjustable time
length of PREHEAT can be extended to 15-60 seconds by cutting a PRE-
HEAT JUMPER wire,.

2. CRANK TIME- May be adjusted to any time length between 6~12 seconds
by means of a slotted potentiometer.

" Latch/Crank Board without Preheat:- Includes only a CRANK TIME
adjustment potentiometer, for adjustment of engine cranking cycle time
from 6-12 seconds.

PRE-HEATL
JUMPER

L T 2 |O’. Lo I Fowchry TR
= g ¢¢D$(?l ¢D'.¢$gc¢¢of-$0 A TTY ﬁb\:a lgg 1
. s S e | |
oo MR ) éop bs I8
I:I - lllﬂ.,,r]g'!
:?CD !L

Figure 3.3-G. Latch/Crank Circuit Board ﬁiﬁh Preheat
(Option "C™ Units Only) :
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~ Pigure 3,3-H. Latch/CEank Board without Preheat
{Option "C"™ Units Only)

The Latch/Crank circuit board mounts a single 1l2-pin Receptacle.
Receptacle pin nunmbers, associated wire numbers and functions for
Latch/Crank circuit boards are listed in the following chart:-

PIN WIRB FUNCTIOR

§7 | ¥12 VDC to Engine Monitor Panel OVERSPEED 1ight when an
automatic overspeed shutdown occurs

95 | +12 VDC to Monitor Panel .HIGH COOLANT TEMP 1ight when an
automatic shutdown due to high temp/low coolant level oc

98 | +12 VDC to Panel RPM SENSOR LOSS light when shutdown caused
Sensor signal loss occurs

96 | +12 VDC to Panel OVERCRANK light if engine does not start

in 8 crank cycles during an automatic start
+12 VDC to Panel LOW OIL PRESSURE light if shutdown caused
by a low oll pressure condition occurs

gine Monitor - panel TEST Switch

8 | Engine Monitor Panel RESET Switch

ENGINE RURNING Signal to automatic Controller
"ENGINE CRANK signal to Controller Logic circuit board

4wmqm w | w N’H
-
W

150 | PREBEAT (Diesel engine units only)}- +12 VDC applied to this
pin/wire during PREHEAT cycle on automatic starts

11 134 ;| CRANK LIMIT signal to Controller gggic circuit board
12 100 | ALARM OUTPUT to automatic Controller- a +12VDC will be

applied to this terminal and wire whenever an annunciated
engine fault shutdown occurs

3.3.11- CRANK CIRCUIT BOARDS (Option "B"™ Units)- (Figure 3.3-I, 3.3-3)

These c¢ircuit boards do not provide the "latch" feature, which is
commen to the Option "C"™ LATCH/CRANK circuit boards. Two types of
CRANK circuit boards were used- one with PREHEAT (Diesel engine
units), one without Preheat (Gas engine units). The CRANK circuit
board mounts the same 12-pin receptacle used on Latch/Crank boards.
However, receptacle Pins 1 through 7 are NOT used (see CHART in
Paragraph 3.3.10).
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SECTION 3.4 - METER AND CONTROL PANEL EXTERNAL COMPONENTS
{(Onits Manufactured After Augqust 1984)

Meter and Control Panel options are discussed in Section 3.1 of this
'Manual. Units manufactured AFTER August 1984 were intended for use in
conjunction with the "GTS" style automatic Transfer Switches (see Sec-
tions 1,11, 1.12, and 1.13). A "2-Wire" interconnection system is
required between the generator set and the Transfer Switch. The newer
generators incorporate improved DC Control, Crank and Latch/Crank cir-
cuit boards. The later production units also feature a remote alarm
connection system which provides a COMMON, NORMALLY-OPEN and NORMALLY-
CLOSED connection point for remote mounted generator fault alarm dev-—
ices. In addition, these later units are equipped with an Engine
Monitor Panel with LED's (Light-Emitting-Diodes) rather than the old
lamp system. Provisions are made on the newer production Meter and
Control Panels for mounting an optional 7-light ANNUNCIATOR PANEL.

v———nc VOLTMETER
TER

- AL AMME
!

\ PANEL LIGHT
"-\. vnau;u:um«:v METER

NN /—5 \ — bl

,ﬁ e ¥
[l&thykqp-i‘xmr =e OPTIONAL

- QPTIONAL

ENGINE MONMODR = IATOR PANEL
muu\ 1, T O]} _~ANKUNCIATO
. b | =0
e '
OPTIONAL
~ =6 NUAL-OF

S L SWITCH

o @]\ [@

—
o/ /8
QURMETER
renSSBLRT PHASE SELECTOR SWITCH
’mﬁw' e OLTAGE ADJUSY POT.
AMMETER
ENGINE

START/STOP UsSE
SWITCH Ol PRESSURE GAUGE - -

Figure 3.4-A. Meter and Control Panel
(Onits Manufactured After August 1984)

3.4.2- AC VOLTMETER, AC AMMETER AND PEASE SELECTOR SWITCH
{Figure 3.2-3A, 3.2-B)

The AC Voltmeter and Ammeter provide an indication of the generator's
AC.output voltage and current, respectively, to connected loads. The
maters will indicate line-~to-line or line~to-neutral voltage and
current {l-phase units), or leg-to-leg voltage and current (3-phase

units), depending on the selected position of a Phase Selector Switch,
as follows:-
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SWITCH SINGLE PHASE 3-PHASE
POSITION GENERATORS GENERA
1 Line 1 to Neutral | Leg 1 to Leg 2
2 Line 2 to neutral | Leg 2 to Leqg 3
3 Line 1 to Line 2 Leg 3 to Leqg 1

Figure 3.2-B represents the Voltmeter/Ammeter circuit for a typical
single phase generator set. Voltage signals are delivered to the Phase
Selector Switch from Stator AC Power output leads El, E2 and E3 (Line
1, neutral and Line 2 respectively). AC power leads El and E3 (Wires
#11 and $#44) each pass through a CURRENT TRANSPORMER, to induce a
current flow into the Transformer windings during operation. The
induced current from the Transformer is delivered to the Phase Selec—

- tor Switch via Wires #0, #57 and #58 (l1-phase units), and then to the
AC Ammeter, (The 3-phase units require 3 current transformers and use
Wires #0, #57, #58 and #59.)

:‘ : m :’ “J_ [ 19
Lﬂ -;]-I_%-—E}t: S g!
— " : -
1 e - L -
i 2 I
e 1)
...... I ™ =
TP Sl 5
.} (} -
i SENSOR
(v}
Figure 3.4-B. AC Ammeter and Figure 3.4-C. AC Frequency Meter
Voltmeter Circuit Circuit

An RPM SENSOR is mounted to the generator engine's flywheel housing,
directly over the flywheel teeth. The Sensor is a magnetic “pickup”~
each flywheel tooth that passes the Sensor generates a sine wave, thus
Providing a means of measuring engine flywheel speed. The Sensor's
sine wave pulses are delivered to DC Control circuit board Pin 8, via
Wire #79. That circuit board incorporates a "Frequency-~to-Voltage®
conversion circuit, which converts the frequency signals to an
equivalent voltage. The equivalent voltage is delivered to the panel
Frequency Meter via Wires $129 and $#139. The Meter is actually a
Voltmeter that is calibrated in FREQUENCY.

NOTE
Each time a panel Prequency Meter or a DC Control circuit board is
replaced, the Frequency Meter must be recalibrated. Two adjustable po—
tentiometers are located on the DC Control board for this purpose. See
Part 4, OPERATIONAL TESTS AND ADJUSTMENTS.
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NOTE '

In addition to operating the panel Frequency Meter, RPM Sensor output
is used to {a) establish an engine cranking cutout speed of about 1000
rpm, and (b} provide an automatic engine shutdown in the event of
OVERSPEED or RPM SERSOR LOSS.

' 3.4.4- ENGINE INSTRUMENTS (Figure 3.4-3)

The panel mounts a COOLANT TEMPERATURE and an OIL PRESSURE GAUGE.
Engines are equipped with electrical "sending” units which operate
these gauges. A DC AMMETER indicates the rate of charge {in Amperes)
to the generator battery, from the engine driven DC Alternator during
operation.

3.4.5- PREHRAT SWITCH {Figure 3.4-A, 3.4|—D)

This Switch is provided for diesel engine-driven generator units only.
Diesel engines are equipped with either a set of GLOW PLUGS {(one for
each cylinder) or an AIR INTAKE HEATER, Preheat switch closure
delivers +12 VDC to a PREHEAT CONTACTOR PHC coil and to ground. The
PHC energizes and its contacts close to deliver +24 VDC to the engine
GLOW PLUGS or AIR INTAKE HEATER (if diesel engine has a 24 Volts
system}.

ROTE
During automatic startup of Option "B® and "C" units, +12 VDC power is
delivered to the PREHEAT CONTACTOR PHC from Pin 12 of the Crank
{Option "B®") or Latch/Crank (Option *C") circuit board, through Wire
$150. The PREBEAT function then occurs from start of cranking until

the engine starts (Wire #14 circuit energizes).

o—i5—t ) 2vEL
LATCH/CRANK
CIRCUIT BOARD 3 T3 CONVERTER
JPIN 12 OF IS l—‘ PREHEAT - - 4vDC
"I PREHEAT CONTACTOR,
OSWITCH |

150

Figure; 3.4-D. Preheat Circuit
{Diesel Engine Units Only)

3.4.6- ENGINE-START/STOP SWITCH (Figure 3.4-A, 3.4-E)

Bold Switch at START to crank engine manually, release the Switch when

the engine starts. To stop the engine, set the switch to its STOP pos-
ition. .
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- Holding the Switch at START grounds the Wire #17 and Pin 11 circuit
from the DC Control board. Circuit board transistor "switching™ action
then causes the board's CRANK RELAY K2 to energize. On K2 contact
closure, +12 VDC is delivered to a CONTROL CONTACTOR CC via DC Control ...
board Pin 7 and Wire #56. On closure of the CC contacts, +12 VDC!
(units with 12 Volts engine system) or +24 VDC (units with 24 Volts -
engine system) is delivered to a STARTER CONTACTOR SC. On SC contact
closure, +12 VDC (12 volts system) or +24 VDC (24 Volts system) is de-
livered to the STARTER MOTOR SM. The engine cranks. RUN RELAY K1 {on
the DC Control board) energizes simultaneously with CRANK RELAY K2
and, on Kl contact closure, +12 VDC is applied to the Wire $14 circuit
from DC Control board Pin 1. Wire #14 supplies the required power to
engine fuel system and ignition system {gas engines) components to
effect a startup.

~
X

9 o—

—o- =~ =@

DC CONTROL
CIRCUIT BOARD

Figure 3.4-E. Engine-Start/Stop Switch Circuit

Setting the Start/Stop Switch to STOP closes the DC Control board Pin
6 and Wire #18 circuit to ground. $61id state "switching® circuits on
the DC Control board then de-energize RUN RELAY Kl- +DC power is
removed from the Wire #14 circuit and engine shutdown occurs.

3.4.7- 30 AMPERE FUSE (Figure 3.4-E, 3,4-F)

This Fuse protects the engine cranking circuit against current
overload. The protected circuit consists of Wire $15 to Pin 10 of the
DC Control board and to Pin 11 of the Crank {Option ®"B") or
Latch/Crank (Option "C") board. A "blown" FusSse element will make
‘engine cranking impossible, i.e., will prevent DC Control board CRANK
RELAY K2 from energizing.

NOTE
A second FUSE, rated at 14 DC Amperes, protects the RUON circuit
against overload. This Fuse is electrically connected in series with
Wire $15 and Pin 4 of the DC Control board,
b 4

D¢ CONTROL
& D .

-
! IE CRANK

pere Fuse Circuits (’“

FPigure 3.4-F. The 30 and
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3.4.8- VOLTAGE ADJUST POTENTIOMETER (Fiqure 3.4-A, 3.4-G)

This potentiometer permits the operator to "fine adjust” the
generator's AC output voltage to connected loads, within a range of
Plus or minus 5 percent. The Potentiometer is electrically connected
in series with one of the Voltage Regulator "sensing” leads from the
Stator AC Power windings, to permit bias of the sensing signal to the

requlator.
) [y G b-'ce'
5_@___5_; E’____Hﬂ_:' i <
516 nl K3 s gl
e g9 — 1>
[s1s}-si5 < r/s

-)R—m
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Figure 3.4-G. Voltage Adjust Potentiometer Circuit

3.4.9- OPTIONAL MANUAL/OFF/AUTO SWITCH (Figure 3.4-A, 3.4-H)

DANGERI

Option "B" and "C" generator units, when ‘installed in conjunction with
an automatic controller or transfer switch with integral controller,
can crank and start suddenly without warning. To prevent possible
injury from such sudden startup (a) remove the panel 30 ampere Fuse,
OR (b) disconnect the generator battery cables, OR (c) if equipped
with a Manual/Off/Auto Switch, set that Switch to OFF BEFORE working
on or around the unit. .

This' optional safety switch may be used as follows:-—

1, Set Switch to MANUAL position:- Before attempting to crank and
start the generator manually. The unit cannot be cranked and started
automatically with MANUAL position selected.

2, Set Switch to OFF position:- Before working on or around the
generator {unit cannot crank either manually or automatically when
Switch is set to OFF) .
3. Set Switch to AUTO:- For all normal automatically controlled
operationg- with Switch set to MANUAL or OFF, loss or dropout of

ng:HAL (Otility) power source voltage will NOT effect an antomatic

NOTE
The optional 3-position Switch is equipped with a set of normally-open
(R.0.) contacts, for use when the optional ANNUNCIATOR PANRL is
installed. When properly interconnected with these contacts, the
ANNUNCIATOR PANEL's "SWITCH OFF" advisory light will illuminate when-
ever the Swicth is set to either OFF or MANUAL.
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SKCTIONBS-HBTERANDCONTROLPANELINTERHALCW
{(Units Manufactured After August 1984)

3.5.1- VOLTAGE REGULATOR (Figure 3.5-A)

Refer to Paragraph 3.3.1 in this Manual,

3.5.2- CONTROL RELAY CR2 AND CIRCUIT BREAKER CB7
(Figure 3.5-A, 3.5-B)

NOTRE
The CR2 RELAY is used on DIESEL ENGINE UNITS equipped with a FUOEL
SOLENOID ONLY. All diesel engines may not require this Relay.

During a start, when DC Control Board RUN RELAY K1l energizes, a +12
VDC is delivered to Wire $#14 on Kl contact closure. Control Relay CR2
energizes, its contacts close, and +24 VDC is delivered to the engine
Fuel Injection Pump FUEL SOLENOID PS via Wire $#218, the closed
contacts of CR2, Wire $£219, CIRCUIT BREAKER CB7, and Wire #19. PS
energizes to place the Injection Pump into a "flow® condition for

engine startup.

CB7

[

PlNIo_

DC CONTROL
CIRCUIT BOARD

il
=

Figure 3.5-B. Fuel Solenoid FS8 Circuit
(Used on some Diesel Engine Units)

3.5.3- TERMINAL BLOCK TBl (Figure 3.5-A, 3.5-C)

This terminal block provides a convenient means of interconnecting
Meter and Control Panel components with engine and other circuits.
Terminals, associated wire numbers and circuit functions are listed in

the CHART that follows.

Pigure 3.5-C. Terninaltnlock TBl
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TERMINAL | WIRE | FONCTION
0 0 | Common GROUND

79 79 | RPM sensor signals to Pin 8 of the DC Control board |
13 13 | +12 VDC to 30 Ampere Fuse (Always "hot*) =
14 14 | +12 VDC to engine components with engine running onlyl
17 17 Manual start- Grounding this terminal should result [

in engine cranking

18 18 Manual engine shutdown~ When connected to ground, en-
gine should shut down -
49 49 | 4DC to engine DC Alternator field
6 56 | +12 VDC to Control Contactor CC during cranking only |
68 68 From engine coolant temperature sender to panel Cool-
_ ___| ant Temperature Gauge
69 69 From engine 0il pressure sending unit to panel Cool-
. ant Temperature Gauge _
85 85 | To Pin 12 of DC Control board from HIGH COOLANT TEMP-—
__ ERATURE SWITCH/LOW COOLANT LEVEL SENSOR
86 86 | To Pin 9 of DC Control board from LOW OIL PRESSURE
SWITCH _
100 == | Not Used
150 150 | Diesel Engine Units only- From Pin 12 of Crank (Op-

tion "B") or Latch/Crank board (Option "C") to PRE-
BEEAT CONTACTOR PHC

158 ——= | Not Used

47 47 | To engine DC Alternator field

3.5.4- PIELD CIRCUIT BREAKER (Figure 3,5-A, 3.5-D)

This Circuit Breaker is electrically connected in series with Wires #2
and #162, between the Stator Excitation (DPE) winding and the Voltage
Regulator.

5 .
_ge. .cB
Tk -L__:,-‘
 DPE
- 6 .
162
PING AFPIN 2
TO VOLTAGE
-REGULATOR

Figure 3.5—D. Field Circuit Breaker in DPE Circuit

- NOTE
Some electrical schematics/wiring diagrams may represent the Breaker
Relay (BR) as CONTROL RELAY (CR1).
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The BREAKER RELAY is energized by Wire $#14 circuit +DC voltage. When
energized and upon contact closure, (a) +DC is delivered to the FIELD

BOOST circuit, and (b) +DC is delivered to the engine DC Alternator
field.

3.5.6~ ENGINE DC ALTERNATOR FIELD RESISTOR (Figure 3.5-A)

This Resistor, when used, is electrically connected in the +DC circuit
to the engine's DC Alternator field.

3.5.7- PIELD BOOST RESISTOR (Figure 3.5-A, 3.5-E)

This voltage limiting resistor is connected in the Rotor FIELD BOOST
circuit.

3.5.8- FIELD BOOST DIODE (Figure 3.5-A, 3.5-E)

This DIODE tDS) is connected in series with the +DC FIELD BOOST
circuit to the generator Rotor.

CRI

l
. t
DC CONTROL '
CIRCUIT
50*‘“' ‘ RESISTOR B '
— 29-?0_1__4 160 =4
'Juu‘Psn_o/ ‘YO BRUSHES OR EXCITER FIELD

10/20 KW UNITS

.._..__.J

Figure 3.5-E. Generator riela Boost Circuit

3.5.9- TERMINAL BOARD TBZ {option 'C' Units Only)
T{Figure 3.5-A, 3.5-F)

This Terminal Board, used only with Option "C" generator units,
provides a convenient connection point for customer remote alarm ot
remote annunciator devices, Terminal numbers, associated wires, and
circuit functions are listed in the CHART that follows:-

A TNl

EEEPTPEEEE

Pigure 3.5-F. Terminal Board TB2
(Option "C" Units Only)
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TERMINAL | WIRE | CIRCUIT FUNCTION
94 94 | +12 VDC is applied to this terminal when a LOW OIL
PRESSURE shutdown occurs _
95 95 | 412 VDC applied to this terminal when BIGH COOLART
TEMPERATURE/LOW COOLANT LEVEL shutdown occurs
96 96 | OVERCRANK- +12 VDC is applied to this terminal when
engine does not start in its allotted 8 crank/no-
___l crank cycles -
97 97 | OVERSPEED- +12 VDC is applied to this terminal in the
event of an automatic OVERSPEED shutdown (above 68-70
Hertz)
98 98 | RPM SENSOR LOSS- +12 VDC is applied to this terminal
in the event of a loss of RPM SENSOR output to the DC
Control circuit board
137 137 | TEST SWITCH connection for Monitor Panel
138 138 | RESET SWITCH connection for Monitor Panel
209 209 | NORMALLY CLOSED Contacts- For connection of customer
' remote alarm device(s)
210 210 | COMMON Contacts- Por connection of customer remote
_ alarm device (s)
211 211 | RORMALLY OPEN Contacts—- For connection of customer re- -
mote alarm device(s)

3.5.10- DC CONTROL CIRCUIT BOARD (Figure 3,5-A, 3.5-G)

The DC Control circuit board acs as the "control center” for engine
startup and running operations. The circuit board also

cranking,

provides an

temperaturen
oOverspeed, and (e) RPM Sensor Loss. Finally, the board incorporates a

"frequency-to-voltage® conversion circuit for operation of the panel
frequency meter.

automatic engine shutdown in the event of {(a) high coolant

(b) low coolant level, {(c) low oil pressure, (4}

The DC Control board mounts two RELAYS. CRANK RELAY K2 is energized by
solid state circuit board "switching" action, to initiate engine
cranking operations. RUN RELAY K1, also energized by circuit board
"switching" action, controls engine running operations by delivering
+12 VDC to the Wire #14 circuit. The Relays are energized
simultaneously during an engine start.

A WHITE, 12-Pin CONNECTOR PLUG interconnects the DC Control circuit
board with other generator unit compenents. A RED, 12-Pin CONNECTOR
PLUG interconnects the DC Control board with a Latch/Crank board (Op-
tion “C® units} or a Crank board (Option "B"™ units).

)

All generator units include a DC Control circuit board. A Latch/Crank
cirucit board is included only with Option "C™ units. A Crank circuit
board is included with Option "B"™ units. Option "A™ units are NOT
eggipped with a Crank or a Latch/Crank circuit board.

The WHITE Connector Plug Pins, associated wire numbers and functions
of that circuit are listed in thg following CHART:-
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PIN | WIRE | FONCTION :
l 14 +12 VDC applied to pin/circuit only with RON RELAY Kl ener—
gized (engine running)
2 (129 | 4DC voltage signal to panel Frequency Meter from DC Control
board "frequency-to—-voltage®” circuit
3 {139 -PC voltage signal to panel Prequency Meter from DC Control
circuit board ®"frequency-to-voltage® circuit
47 15 +12 VDC battery power input to DC Control board, fused at
14 DC amperes
5 0 Common GROUND
6 18 Engine Manual STOP circuit- engine will shut down when this
_ circuit is grounded
7 56 | +12 VDC is applied to this circuit when DC Control board
I CRANK RELAY K2 energizes, to initiate engine cranking
8 | 79 | RPM SENSOR frequency input to DC Control board ,
9 | 86 | LOW OiL PRESSURE SWITCH- engine should shut down when this
circuit is grounded
10 15 +12 VDC battery circuit- fused at 30 DC amperes, always hot
___| but current flow only while cranking
11 17 Manual Bngine START- when connected to ground, engine
_ ____| should crank
12 85 HIGH COOLANT TEMP/LOW COOLANT LEVEL—~ when connected to
ground, engine should shut down

RED connector plug {DC Control to Latch/Crank or Crank board) pins,
associated wire numbers and circuit functions are as follows for Op-

tion

llcrt a

nits:-

PIN -

WIRE

FUNCTION

1

15

+12 VDC to Latch/Crank (Option "C") or to Crank (Option
*B®)} circuit board for circuit board operations

87

Circuit voltage drops low whben an RPM SENSOR LOSS shutdown
occurs

133

AUTOMATIC SHUTDOWN- Latch/Crank or Crank board grounds this
circuit when 2-wire start/stop system calls for shutdown

— 0|

G W N

1317

| Common GROUND

STARTER CUTOUT?EIHIMDK RUN SPE?D SIGNAL- circuit voitage
goes HIGH (10-12 VDC} when engine speed during startup
reaches 1000 rpm

132

BIGE COOLART TEMP/LOW COOLANT LEVEL- line voltage goes
high when an automatic high temp/low coolant level shutdown
occurs -

71

ENGINE RUNKING SIGNAL- circuit voltage goes high (10-12
vDC) when engine is running OR when a monitored shutdown

85

occurs, to prevent engine starter engagement

OVERSPEED shutdown- voltage goes high (10-12 VDC) when eng-
ine speed exceeds 68-70 Hertz and automatic shutdowm occurs

86

TOW OI1l, PRESSURE- voltage goes high (10~12 VDC) when autom-
atic shutdown caused by low o0il pressure condition occurs

AUTOMATIC START- line will pulse on and off for up to elight

equal-duration crank/no-crank cycles of 6-12 seconds each
during an automatically controlled startup

NOT USED

NOT USED
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Figure 3.5-G. DC Control Circuit Board
(Units Manufactured After August 1984)
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Figure 3.5-H. The Option "C" Latch/Crank Circuit Board

{Units Manufactured After August 1984)
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3.5.11- LATCH/CRANK CIRCUIT BOARD (Figure 3.5-H)

NOTE
Option "A" (manual start only) generator units are NOT equipped with a
Latch/Crank circuit board. Option “"B" units are equipped with a CRANK
circuit board, which is NOT interchangeable with the LATCH/CRANK board
used on Option "C® units. The CRANK circuit board used on Option "B"
units does NOT have an ENGINE RUN SIGNAL (see Pin 7, Wire 71 in RED
connector plug CEART on Page 1l).

The Latch/Crank circuit board is equipped with a RED, 12-pin connector
plug which connects to the DC Control board's RED, l12-pin connector.
See RED CONNECTOR PLUG CHART, Page 1ll.

The Latch/Crank board is also equipped with a WHITE, l5-pin CONNECTOR
PLUG. That Connector Plug's PIN, ASSOCIATED WIRES and FUNCTIONS are
shown in the following CHART:-

PIN |WIRE | FUNCTION

137 | TBST SWITCH for Option "C® Engine Monitor panel

178 | GROUNDED side of automatic, 2-wire Start/Stop system-
connects to Terminal $178 in AC Connection Panel

96 | OVERCRANK- +12 VDC 18 applied to 1line if engine does not
start in 8 crank/no—crank les during automatic startup

98 | RPM SENSOR LOSS- +12 VDC applied to line if RPM SENSOR fre-
quency signals to DC Control board are lost

138 | RESET .SWITCH for Option "C" Englne Monitor Panel

183 | #DC side of 2-wire automatic Btart/Stop system connects to
Terminal #183 in AC Connection Panel

| ey W N

97 | OVERSPEED- +12 VDC applied to line i1f automatic shutdosm
due to overspeed above 68-70 hertz occurs

94 | LOW OIL PRESSURE- +12 VDC applied 1f englne shuts down due

-] -] |

to low oil pressure condition
95 | HIGH coom_pﬁ——ﬂ_m LOW COOLANT LEVEL- +12 VDC is applied ifE |

a high coolant temp or low coclant level shutdown occurs

10 210 | COMMON side of customer alarm installation- to energize a
remote alarm (horn, telephone dialer, etc.), connect a +DC
power source (Terminal #15) at Terminal Strip (see Parag—
raph 3.5.9, TERMINAL BOARD TB2)

11 15 | 412 VDC batter wer for cranking- fused at 30 a%gg;es
12 150 PREHEAT_(DIese¥ engine units only)~- +1I2 VDC appli rom
start of cranmking to end of cranking during automatic
starts

13 | 211 | NORMALLY OPEN side Of customer alarm Installation {6ee Pin
10 and 14)- (Also see Paragraph 3.5.9)

14 | 209 | NORMALLY CLOSED side of customer alarm installation (see
10 and 13)- (Also see Paragraph 3.5.9)

15 —== | NOT USED
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SECTION 3.6 - OPTION "A" AND "B" ENGINE MONITOR PANELS

3.6.1- GENERAL (Figure 3.6-3)

The Engine Monitor Panel on generators produced after August 1984 is ¢
mounted vertically on the Meter and Control Panel., Earlier units -
featured a horizontally located Monitor Panel. The Option "A" and "B"
unit Engine Monitor Panels have only two advisory lights- LOW OIL
PRESSURE and@ HIGH COOLANT TEMPERATURE- which do NOT have the “latch®
feature of Option "C" units. Also see Paragraph 2.5.9 in this Manual.

The Option "A" and "B" Monitor Panel advisory lights are powered by
+12 vDC from the Wire $14 circuit, which is electrically hot only
while the engine is running (DC board RUN RELAY K1 is energized).
Thus, on any annunciated engine shutdown, the applicable advisory
light will remain ON until the DC Control board's RUN RELAY K1 de-
energizes and then will go ocut.

3.6.2- LOW OIL PRESSURE ADVISORY LIGHT (Figure 3.6.2)

The engine mounts a low oil pressure switch., The switch is normally
closed, is held open by engine oil pressure during cranking and opera-
tion. Should oil pressure drop below approximately 15 psi during
operation,. the switch will close to connect Wire £86 and DC Control
board Pin 9 to ground- an automatic engine shutdown will then occur.
Pressure switch closure will also connect the Wire #14 circuit through
the advisory light to ground- the light will then come ON. As soon as
the Wire #14 circuit goes dead (RUN RELAY K2 on the DC Control board
de-energizes), the light will go OUT. To determine the cause of the
automatic shutdown, crank the engine manually- the applicable advisory
light will illuminate during cranking.

':aoog':'.‘sc_xnt ??ﬂssggﬁ—ﬁ
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Figure 3.6-A. Engine Monitor Panel- Options "A" and "B" o
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] 3.6.3- HIGE COOLANT TEMPERATURE ADVISORY LIGET {Figure 3.6-A}

Generator engines are eguipped with a high coolant temperature switch

. and a low coolant level sensor. In the event of either a high coolant

(~ temperature or a low coolant level {or :both), DC Control becard Pin 12

- and Wire $85 circuit will be connected to ground, to effect an engine
shutdown. Connection of the circuit to ground will also connect the
Wire #14 circuit to ground through the applicable switch or sensor, to
turn the advisory light on. When the Wire $#14 circult goes dead on
shutdown, the light will go out (DC Control board RELAY K2 de-
energizes). :




SECTION 3.7 - OPTION "C" ENGINE MONITOR PANEL

The Option "C" Engine Monitor Panel mounts a bank of 5 engine fault(
advisory lights, a TEST switch and a RESET switch. The 5 advisory .
lights provide a visual indication of up to five engine fault
operating parameters, as follows:-

l. Low 0il Pressure

2, High Coolant Temperature
3. Overcrank

4, Overspeed

5. RPM Sensor Loss

Option "C" units feature a Latch/Crank circuit board which provides a
Platch®™ capability. That is, in the event of any one {or more) of the
listed engine shutdown faults, the applicable light{(s) will illuminate
and remain on even after engine shutdown. With the fault thus
"latched” (light ON), further cranking and attempts at startup are
inhibited, To "unlatch™ the condition(s) (turn the light out), press
the panel RESET switch- the advisory light{s} will go ocut and further
cranking will be possible.

To test the advisory lights and the latch feature, press the TEST
switch. All lights should come on and a fault condition should latch.
Press the RESET switch to extinguish all lights and unlatch the fault
condition. '

ITEM REQ’D DESCRIPTION

: PANEL - Silkscreened
LIGHT, Indicator
SWITCH= Push Button
BLOCK, Terminal

Lol ol U T RT

g

R R
A .
=]

PLUG- 15 Pin
) BOARD ASSEMBLY, Printed Circult
ow {Rot Shown)
ko
P = PUSE
WIGH 11 = LIGHT- RPM SEMSOR LOSS
LOOL. . L2 = LIGHET- OVERSPEED
TEMP . . L3} = LIGAT- OVERCRARRK
L4 = LIGET- HIGH COOLANT TEMPERATURE
ovie L% = LIGAT- LOW OIL PRESSURE
CRAMK SWl <= SWITCH- TEST
SW2 = SWITCH- RESET
T8 = TERMINAL BLOCK
© =| == '
el ot
=98
® = I ' s,
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' =205+ |
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® - 2 ! 73557883
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209 .8 . OPTION-C
Pigure 3.7-A. The Option "C®" Engine Monitor Panel (:
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3.7.2- LOW OIL PRESSURE ADVISORY LIGHT (Figure 3.7-A)

Should a low oil pressure condition occur, an automatic shutdown will
follow and the applicable advisory light will latch on as follows:~

1. The LOW OIL PRESSURE fault will be "latched"” (light ON) only if the
engine has been operating above starter cutout speed (about 1000 rpm)
for 3 seconds or longer when the fault occured. ' _
2. A LOW OIL PRESSURE fault that occurs during cranking and below
starter cutout speed will result in an automatic shutdown after a 1
second delay. However, the condition will not latch (light remains
OUT), and the engine will continue to crank for any crank cycles
remaining in its allotted 8 crank/no-crank cycles (automatic starts).
3. Should the LOW OIL PRESSURE light latch on, further cranking will
be inhibited. To unlatch the fault, push the RESET switch in- engine
will then crank for any cycles remaining in its 8-crank limit.

4. A LOW OIL PRESSURE condition can (in some instances) cause the
OVERCRANK light to come on. This can happen if the low 0il pressure
fault occured at below starter cutout speed (1000 rpm). The condition
will not latch, engine will crank for any cycles remaining in its 8-
crank limit, and the OVERCRANK light will come on when all 8 cranks
are used up. '

3.7.3~ BIGE COOLANT TEMPERATURE ADVISORY LIGHT (Figure 3.7-A)

If a BIGH COOLANT TEMPERATURE, a LOW COOLANT LEVEL, or BOTH, should

occur an automatic shutdown and latching of the fault (light ON) will
occur after a 1 second delay.

3.7.4- OVERCRANK ADVISORY LIGHT (Figure 3.7-2)

The Latch/Crank circuit board imposes an 8-crank limit on the system
for automatically controlled engine starts. A potentiometer, located
on the Latch/Crank board permits the time duration of each crank/no-
crank cycle to be adjusted to 6-12 seconds. During an automatic start,
if the engine has not started in 8 crank/nio-crank cycles, cranking

will automatically terminate and the OVERCRANK advisory light will
come on, '

3.7.5~ OVERSPEED ADVISORY LIGHT (Figure 3.7-A)

In the event of an engine overspeed above approximately 68-70 Hertz,
an automatic shutdown and latching of the fault (light on) will occur
after a 1 second delay.

ROTE
Units manufactured prior to August 1984 used a Latch/Crank circuit
board having an OVERSPEED adjustment potentiometer. Units manufactured
after that date, with vertically positioned Engine Monitor Panel, have
a Latch/Crank circuit board with a fixed OVERSPEED setting.

3.7.6- RPM SENSOR LOSS ADVISORY LIGHT (Figure 3.7-A)

Loss of RPM Sensor frequency signals to the DC Control circuit becard
will result in an automatic shutdown and a latched (light ON) condit-

62




ion after a 2 second delay {providing the engine is running above 100Q
rpm (starter cutout speed).
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SECTION 3.8 - THE OPTIONAL ANNUNCIATOR PANEL
(Onits Manufactured After August 1984 Only)

3.8.1- GENERAL (Figure 3.8-3)

The optional Annunciator Panel is capable of anunciating up to 7
engine~driven generator operating parameters. The system is designed
to monitor various sensing devices with normally open contacts and
provide a +bC signal to an advisory light upon contact closure.

ROTE
The panel illustrated in Pigure 3.8-A has one advisory light which
does not follow the normally open contact rule. The LOW BATTERY
VOLTAGE advisory light connects to a set of normally closed (NC) cont-

acts on the 10 ampere "Float-Equalize™ Battery Charger.

The Panel illustrated shows 7 advisory lights. This is a typical panel
only, since other advisory lights are available. When the optional
Annunciator Panel is used, an additional terminal block (61520) is
mounted in the generator meter and control panel.

FPigure 3.8-A. A Typical Optional hnunciator Panel
3.8.2- PREALARM LOW OIL PRRSSURE (Figure 3.8-A, 3.8-B)

This light circuit is held open by a normally closed oil pressure
switch which is held open by engine o0il pressure, Switch contacts must
close at a higher oil pressure value than the normal oil pressure
switch, which is generally rated at approximately 15 pei. The +12 VDC
for light operation is taken from Terminal 14 (electrically hot only
while running). '
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3.8.3- PREALARM HIGHE COOLANT TEMPERATURE (Figure 3.8-A, 3.8-B) ‘

Light illuminates in advance of a high coolant temperature shutdown,
connects to a set of normally open contacts that will close at a lower
temperature than the normal high coolant temperature shutdown switch.
The +12 VDC required for light operation is taken from the Wire $14
circuit.
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Pigure 3.8-B. Optional Annunciator Panel Wiring Diagram
3.8.4- LOW COOLANT TEMPERATURE ADVISORY LIGHT (Figure 3.8-A, 3.8-B)

Light is generally useful when the generator unit mounts an ENGINE
COOLANT HEATER, will come ON to warn of a failure of that heater. The
light is connected to a set of normally open contacts that come ON
when engine coolant temperature drops to an excessively low value
(while NOT running). The +12 VDC for light operation is taken from
Terminal $15 (battery voltage).

3.8.5- LOW FUEL ADVISORY LIGHT (Figure 3.8-A, 3.8-B)

The LOW FUEL light is connected to a fuel tank float which operates a
Set of contacts. If fuel level drops below a pre-established point,
the contacts will close. Power for light operation is taken from
Terminal 15 (battery voltage). o

3.8.6- SWITCH OFF ADVISORY LIGHT (Figure 3.8-2, 3.8-B)

The SWITCH OFF light connects to a set of normally open contacts on
the optional Manual /Off/Auto Switch. The light will come ON whenever
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that switch is set to either its OFF.or MANUAL position. Battery
voltage for light operation is taken from Terminal 15.

3.8.7- HIGH BATTERY VOLTAGE ADVISORY LIGHT {(Figure 3.8-A, 3,8-B)

Light will illuminate when the normally open contacts of a high
battery voltage sensor close, The battery voltage sensor is located in
the 10 ampere, float/equalize type battery charger. Connection of the
light to the battery charger is accomplished by means of a terminal
block in the charger. Power for light operation is taken from
generator terminal 15, which must be interconnected with the battery
charger's COMMON (C) terminal. -

3

3.8.8- LOW BATTERY VOLTAGE ADVISORY LIGHT (Figure 3.8-a, 3.8-B)

This light is connected to a set of NORMALLY CLOSED (NC)} contacts in
the 10 ampere, float/equalize battery charger. Power for light
operation is taken from generator terminal 15, which must be
interconnected with the battery charger's NORMALLY CLOSED (NC) termin-
al. ‘
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PART 4

OPERATIONAL TESTS AND ADJUSTMENTS

GENERATCR OPERATIONAL TESTING

General

Generator Preparation Before Operational Testing
Transfer Switch Manual Operation Test

Generator Tests and Adjustments— All Units

Automatic Operations- Options "B" and "C" Units Only
ERGINE SPEED GOVERNOR ADJUSTMENRTS

Adjusting the Universal Governor

Adjustment of Early Production Mechanical Governor
Electronic Isochronous Governor Adjustment

GENERATOR CIRCUIT BOARD ADJUSTMENTS

General

Crank Time Adjustment

Preheat Time Adjustment

AC Frequency Adjustment

Overspeed Shutdown Adjustment

Choke On/Off Time Adjustment _
VOLTAGE REGULATOR ADJUSTMENT ﬁ?
General -
Voltage Regulator Adjustment Procedure

THROTTLE DROOP OVERRIDE POSITIONERS

General

Positioner Operation

Throttle Positioner Mounting

- Printed Circuit Board Installation

~ Throttle Droop Override Positioner Initial Setup

- Final Adjustment

-CHECKOUT AND TESTING OF ENGINE SAFETY CONTROLS

- General

- Operational Test of Low 0il Pressure Shutdown System

- Operational Test of High Coolant Temperature Shutdown
System

Operational Test of Low Cooclant Level Shutdown System
RPM Sensor Loss Operational Test

Installation, Adjustment and Testing of the RPM Sensor




- —

SECTION 4.1 — AC GENERATOR OPERATIONAL TESTING

4.1.1- GENERAL

This section discusses the operational testing of an installed
generator set. Test procedures are stated in somewhat general terms,
since differences may exist between specific generator sets and
installations. Information pertaining to the testing, adjustment and
evaluation of transfer switches, automatic controllers and other
related accessories must be obtained from the instruction manual for
the specific transfer switch, controler or accessory being tested. For
best results, complete the operational test in the exact order given,

4.1.2- GENBERATOR PREPARATION BEFORE OPERATIONAL TESTING

- DANGER!
The generator and some related installed eguipment are sources of
dangerously high voltages. Always be sure to disconnect or turn of £
all power voltages at their source before working om or around this

egquipment.

CAUTION!
Prior to testing the generator, inspect the entire installation
carefully. Installation requirements must be fully complied with.
Local inspection requirements, the National Electric Code (NEC), and
regulations established by the Occupational Safety and Health
Administration (OSHA) must be fully complied with, as well as the man-
ufacturer's recommendations.

: : NOTE
An INSTALLATION MANUAL POR STAKDBY ELECTRIC POWER SYSTEMS is available

from Generac Corporation. Specify Manual Part Number 46622,

Before commencing any operational test of the generator set, make sure
all installed components are ready for operation, as follows:-

Bngine Lubrication:- Check engine crankcase oil level. Oil level must
be at the engine dlipstick FULL mark- DO NOT OVERFILL. Use the type and
grade of oil recommended for the specific engine involved, as stated
in the INSTRUCTIONS AND PARTS MANUAL for the specific generator set.

CAUTION1
The increased operating pressures and temperatures of DIESEL engines
make it mandatory that higher grade oils bé used with those engines.
Gaseous fuel or gasoline engines require the use of engine lubricating
oils specified "For Service SC, SD or SE". DIESEL ENGINES REQUIRE TEAT
OILS SPRCIFIED “FOR SERVICE CC OR CD" BE USED.

Generator Set Lubrication:- As a rule, maﬁy generator sets have pre-

lubricated, sealed Rotor bearings which require no additional
lubrication for the life of the bearing. However, some units rated at
100 through 200 KW and driven by a 13.3 liter diesel engine are
equipped with Rotor bearings which require periodic greasing. Refer to
the INSTRUCTIONS AND PARTS Manual for the specific generator unit in-




volved to locate greasing procedures for units that require greasing.
Units that require greasing are lubricated before leaving the factory
and are ready for operation. Bearings on these units should be
lubricated annually or at the intervals indicated in the INSTRUCTIONS
AND PARTS Manual. {

Engine Coolant:- Prior to operation, the engine cooling system must be
properly filled with a 50-50 mixture of ethylene glycol base anti-
freeze and soft water. Also add a high quality RUST INEIBITOR to the
recommended coolant mixture. If unit is equipped with a closed
recovery type cooling system, £fill the COOLANT RECOVERY BOTTLE about
half full with the same 50-50 mixture,

DANGRER!
Ethylene glyceol base anti-freeze is POISOROUS. Do NOT use mouth to

siphon coolant mixture from radiator, coolant recovery bottle or any
container,

NOTE

Some more commonly used rust inhibitors are CHROMATES, BORATES,
NITRATES, NITRITES and SOLUBLE OIL. Do ROT use any CHBROMATE BASE rust
inhibitor with ethylene glycol base anti-freeze or the formation of
chromium hydroxide {*green slime®) will result. Pormation of "green
slime® will cause a low heat transfer rate and resultant overheating.
Engines that have been operated with chromate base rust inhibitor must
be chemically cleaned before adding ethylene glycol base anti-freeze.
In addition, use of soluble o0il as a rust inhibitor is NOT recommend-
ed, since heat transfer rate will be adversely affected if
concentration of the soluble oil exceeds 1% by volume.

Fuel:- Check that an adequate suppiy of the recommended fuel is
available to the generator engine, and that the fuel supply system
installation is in strict compliance with all applicable codes.

Batteries:- Check that generator unit batteries are in good condition,
fully charged, properly serviced with electrolyte fluid, and that
battery cables are clean and tight.

Diesel Engine Puel System:- Bleed the engine fuel system, if diesel

engine unit is being used. See appropriate INSTRUCTIONS AND PARTS
Manual for bleeding procedures.

Turbo-Charged Bngines Only:- Bleed the turbo-charger oil lines. Lines
must be free of air and full of oil before startup. '

4.1.3 TRANSFER SWITCH MANUAL OPERATION TEST

Prior to initial startup of the installed generator set, test the
transfer switch for proper manual operation as follows. This test
applies to both manually and automatically controlled transfer
switches. Refer to the INSTRUCTIONS AND PARTS Manual for the specific

transfer switch, automatic controller or generator set involved for
specific instructions.




Options "B" and "C* units when properly interconnected with an
automatic CONTROLLER or TRANSFER SWITCH WITH INTEGRAL CONTROLLER will
crank and start suddenly without warning as soon as the NORMAL
{(Utility) power source is turned off, fails, or is disconnected. To
prevent possible injury that might be caused by such sudden startup,
take one or more of the following actions:

1. Disconnect the generator battery cables.

2. Remove the Meter and Control Panel's 30 Ampere Fuse.

3. If the generator Meter and Control Panel is equipped with a
Manual/Off/Auto Switch, set the Switch to MANUAL or OFF.

4. If an automatic Transfer Switch is used and is equipped with a
SAPETY DISCONNECT SWITCH, set that Switch to MANUAL position.

DANGER] '

1, Disconnect or turn OFF both the NORMAL (Utility) and the EMERGENCY
{Generator}) power at their source. NO ELECTRICAL POWER MUST BE

DELIVERED TO THE TRANSFER SWITCH TERMINALS FROM ANY HIGH VOLTAGE POWER
SOURCE AT THIS TIME.

DARGERI
Pailure to disconnect or turn QOFF both the NORHAL and EMERGENCY power

voltages at their source may result in extremely dangerous electrical
shock.

2. Manually position the manual or automatic Transfer switch to both
its NORMAL (Utility) and EMERGENCY (Generator) positions. Make sure
that positive Transfer Switch main contact movement occurs in both
positions, and that the Transfer Switch actuates properly.

3. When completely satisfied that Transfer ‘Switch operation is
correct, set the Transfer Switch to its NORMAL (Utility) position.

4. Check the Transfer Switch data plate for Switch rated voltage and
current, Both the NORMAL and EMERGENCY power source voltage/current
ratings must be compatible with the Transfer Switch being used.

5. Connect (turn ON} the NORMAL (Utility) power source voltage to the
Transfer Switch.

DANGER!
The transfer switch is now electrically hot. Use extreme care contact

with high voltage terminals will result in extremely dangerous-
possibly LETHAL electrical shock.

6. Use an accurate AC voltmeter to check linetoline and linetoneutral
voltages {(1Phase) or legtoleg and legtoneutral (3Phase) voltages at
the transfer switch NORMAL {(Utility) terminals.

7. Manually crank and start the generator engine, using the engine
start/stop switch on the Meter and Control Panel., (If unit is equipped
with an optional Manual/Cff/Auto Switch, that Switch must be set to
its MANUAL position prior to cranking. Also, if battery cables were
disconnected or 30 ampere Fuse removed previously, they must be re-
installed at this time.)

8. Use an acurate AC Voltmeter to check linetoline and linetoneutral
(lPhase) or legtoleg and legtoneutral (3Phase) voltages at the
Transfer Switch EMERGENCY (Generator) terminals,




3. Use an accurate AC Fregquency Meter to check for correct.generator
frequency at the Transfer Switch EMERGENCY (Generator) terminals.

NOTB o
If necessary, adjust the generator set engine governor and voltage -
regulator to the correct rated voltage and frequency, as specified on |-
the generator data plate. Automatic transfer switches will respond on-
ly to their correct rated voltage and frequency, as specified on the
transfer switch data plate. Generator and transfer switch rated
voltage, current and frequency must be compatible.

4.1.4 GENERATOR TESTS AND ADJUSTMENTS ALL UNITS

1. When satisfied that NORMAL (Utility) and EMERGENCY (Generator)
voltages at the transfer switch terminals are correct, inspect the
generator set engine carefully for evidence of leakage {oil, fuel,
coolant). GENERATOR AC OUTPUT VOLTAGE AND FREQUENCY MUST BE CORRECT
BEFORE PROCEEDING.

2. Compare the AC frequency reading on the Meter and Control Panel's
Frequency Meter to the external meter's reading. If readings are not
the same, adjust the COARSE and FINE RPM ADJUST potentiometers on the
DC Control circuit board to obtain identical readings on both meters.
See Paragraph 4.3.4 in this Manual.

3. Apply a light electrical load to the generator, equal to about 25%
of its rated wattage/amperage capacity. After 5 minutes, increase the
electrical load to about 50% of unit capacity. Increase the electrical
load to about 75% and then 100% of capacity after similar 5 minute
intervals. '

4., With electrical loads applied, check Vecltage Regulator
characteristics. If lights flicker or regulation is erratic, recheck
Regulator adjustments.

5. Check the generator set for full load, hot run charactersitics.
Units should run at least 15 minutes at full (100%) load. Monitor
panel instruments during this period.

6. Place the generator into a "no-load®” condition. Let the unit run
for a few minutes at no-load, then shut the engine down manually.

4.1.5- AUTOMATIC OPERATIONS- OPTIONS "B® AND "C" UNITS ONLY

1. Check position of automatic Transfer switch- if necessary, place
the Switch into its NORMAL {(Utility) position,

2. Units with Optional Manual/Off/Auto Switch Only:~ Place the 3-
position switch into its AUTO position,

3. Transfer Switch with Safety Disconnect Switch Only:- Place that
switch to its AUTO position.

4. On the automatic Controller or Transfer switch with integral auto-
matic controller, set the Test Switch to TEST position. Refer to the
Manual for the specific controller or transfer switch involved for
specific instructions. Monitor all automatic operations, timing
sequences, etc., during the test.

5. If necessary, or desired, adjust automatic Controller or transfer
switch operating parameters and timing sequences. Retest automatic
operation as often as necessary, until all adjustments are completed.
6. On the automatic controller or transfer switch with integral
controller, set the Test/Normal switch back to NORMAL.




SECTION 4.2 - ENGINE SPEED GOVERNOR ADJUSTMENTS

4.2.1- ADJUSTING TEE UNIVERSAL GOVERNOR (Figure 4.2-A)

CAUTIOR!
Use care during the governor adjustment procedure to avoid overspeed-
ing the engine. If a new governor has been installed, initial
generator startup and adjustments should be made with the carburetor
throttle 1link disconnected from the Governor Lever. Complete initial
startup and adjustments using hand throttle.

NOTE
Use the Governor BUMPER SCREW only to remove a no-load surge
condition. If a no-load surge is encountered, turn the BUMPER SCREW in
alittle at a time until surge is removed, NEVER TURN THE BUMPER SCREW
IN PAR ENOUGH TO INCREASE THE NO-LOAD SPEED. .

The universal type governor illustrated in Figure 4.2-A was the latest
production governor at the time of this writing. Adjust the governor
as follows:-

1. Connect an accurate AC Voltmeter and Frequency Meter to the
generator AC output leads or terminals.

2, Check that the GOVERNOR SPRING is under a slight tension- if
necessary, adjust EYE SCREW until a slight tension is applied.

3. Start the generator engine and let it warm up, with no electrical
loads applied. .

4, Turn the BUMPER SCREW counterclockwise (out) until only 3 or 4
threads are engaged, then lock the BUMPER SCREW down.

5. Locate the SPEED CRANGE LEVER in a vertical position by turning the
LOW SPEED STOP SCREW in, .

6. Increase tension on GOVERNOR SPRING by turning EYE SCREW up until
the connected AC frequency meter indicates a no-load freguency of 62
Hertz,

7. Check speed regulation by applying and removing an electrical load.
If variation between no-load and full load is too great, back off the
LOW SPED STOP SCREW about 4 turns. Then, turn the EYE SCREW back up to
a no-load speed of 62 Hertz, ‘

8. Repeat Steps (6) and {7) as necessary to obtain the desired
performance and no-load speed of 62 Hertz.

9, With unit running at its no-load speed of 62 Hertz, check the
connected AC Voltmeter. If the indicated voltage is not as listed in
the following CHART, a Voltage Regulator adjustment is required.

GENERATOR o | DESIRED AC VOLTAGE

RATED VOLTAGE | PHASE | FREQUENCY [LINE-TO-NEUTRAL|LIKE-
120/240 1 62 124 248
120/208 3 62 124 216
2407416 3 62 248 430
120/240 3 62 124 — 248
1397240 3 62 144 248
277/480 3 62 286 496




LOW SPEED STOP SCRE
HIGH SPEED STOP SCR

\

BUMPER SCREW

FPigure 4.2-A. The Universal Type Mechanical Governor

4.2.2- ADJUSTMENT OF EARLY PRODUCTION MECHEANICAL GOVERNOR
(Figure_4.2-3)

1., Connect an accurate AC Voltmeter and Frequency Meter to the
generator AC cutput leads or terminals,

2. Check that no electrical loads are connected to the generator.

3. Start the generator engine, let it stabilize and warm up.

4. Check the AC frequency reading- it should be approximately 62 Hertz
at no-load. If AC freguency is correct, go to Step {8). If NOT corr-
ect, go to Step (5).

5. Turn the FREQUENCY SET adjustment to obtain a no-load frequency of
62 Hertz.

6. Apply an electrical load equal to about 75-100% of the unit's rated
wattage/amperage capacity. If AC frequency droops lower than 58 Hertz,
move the DROOP ADJUSTMENT downward.

7. Remove electrical loads from the generator set. If no~load surging
occurs, move the BUMPER SCREW inward., If BUMPER SCREW adjustment
affects frequency, back the SCREW out until no-load frequency returns
to 62 Hertz.

8. Observe the connected Voltmeter reading. If voltage is not as
listed in the CHART (Paragraph 4.2.1), a Voltage Regulator adjustment
is required.
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Figure 4.2-B. Early Production Mechanical Governor
4.2.3- ELECTRONIC ISOCHRONOUS GOVERNOR ADJUSTMENT (Figure 4.2-C)

The electronic isochronous governor consists of (a) a magnetic pickup,
{b) speed controller, (c) an actuator. The magnetic pickup {(similar to

e the RPM Sensor) is mounted on the engine flywheel housing. The SPEED
CONTROLLER receives engine speed (frequency} signals from the pickup
and, based on those signals, controls ACTUATOR movement. A +12 VDC in-
put is available to the governor only with the engine running (Wire
$14 circuit).

BOTE
The Controller SPEED adjustment is factory set to the correct speed.
If new governor components have been installed, it may be necessary to
turn the SPEED adjustment clockwise before the engine will start. The
; SPEED adjustment is a multi-turn potentiometer providing 20 turns
g {plus or minus 20%). =

Adjust the Governor as follows:-

1. Set GAIN fully counterclockwise.

2. Connect an accurate AC Voltmeter and Frequency Meter to the
generator AC output leads or terminals.

3. Start the generator engine, let it stabilize and warm up. Check
that no electrical loads are connected to the generator.

4, On the Controller, adjust the SPEED potentiometer {at no-load) to
obtain a frequency reading of 60-61 Hertz,

5. Adjus the GAIN slowly clockwise until the governor begins to hunt
' or becomes unstable. Then, turn the GAIN counterclockwise slowly until
i(:' stability is obtained. '

e




6. Upset the governor by tapping the ACTUATOR lever. Engine should
return gquickly to its commanded speed without hunting.

7. When correct no-load speed and operation is obtained, check the
connected Voltmeter reading. If voltage is not correct as noted in

the following CHART, a Voltage Regulator adjustment is required. i '

GENERATOR DESIRED AC VOLTAGE
RATED VOLTAGE | PRASE LINE~-TO-NEUTRAL | LINE-
120/240 1 60-61 120-122 240-244
120/208 3 60-61 120-122 208-211
240/416 3 60-61 240-244 416-423
120/240 3 60-61 120-122 240-244
139/240 3 60-61 139~142 240-244
277/480 3 60~-61 277-485 480-488
NOTE

An INTEGRAL GAIN JUMPER is retained across the sped controller
terminals $7 and $#8. For most engines, best operation will be obtained
with the jumper installed. For some applications, where engine
response is slow or engine lag times too long, improved performance
may be obtained by removing the jumper.
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FPigure 4.2-C. Electronic Isochronous Governor




SECTION 4.3 - GENERATOR CIRCUIT BOARD ADJUSTMENTS

4.3.1- GENERAL (Figures 4.3-A through 4.3-E)

( : Latch/Crank circuit boards installed on generator units produced prior

e to August 1984 are shown in Figures 4.3-A through 4.3-D. These circuit
boards were used with diesel engine units requiring the PREHEAT
function or with gas engine units that did not require PREHEAT. An
adjustable potentiometer was provided on those early production circ-
uit boards for adjustment of PREHEAT time.

Later production Latch/Crank boards are more universal in nature,
being useable both on units requiring PREHEAT and with those that do
not require PREHEAT. These newer boards provide the PREHEAT function
from the start of engine cranking until the engine starts during auto-
matically controlled starts (PREHEAT is not adjustable). The
Latch/Crank board used on generators manufactured AFTER August 1984 is
shown in Pigure 4.3-E. When installed on a DIESEL engine unit, circuit
board connector plug Pin 12 and Wire #150 deliver a +12 VDC to the
Pre-heat Contactor (PHC) during automatic starts, Pin 12 and Wire $#150
are not used on gas engine units.

' ROTE :
Later (post August 1984) Option "B®" Crank circuit boards are NOT int-

erchangeable with early (pre-August 1984) Crank circuit boards or with
Option "C" Latch/Crank boards.

4.3.2- CRANK TIME ADJUSTMENT (Figures 4.3-A through 4.3-E)

% During an automatically controlled engine start, the Latch/Crank

circuit board permits up to 8 egual-duration crank/no-crank cycles un-—
til the engine starts (Option "B" and "C" units). Crank (and no-crank)
times may be adjusted to any time duration between 6-12 seconds. For a
6 second crank {and no-crank) time duration, turn the CRANK TIME pot-
entiometer fully counterclockwise afainst its stop- DO NOT USE
EXCESSIVE FORCE AGAINST THE STOP. For a time of 12 seconds, turn the
slotted potentiometer full clockwise against its stop~ DO ROT FORCE.
Crank and no~crank times between the 6 second minimum and 12 second
maximum are linear.,

4.3.3- PREHREAT TIME ADJUSTMENT (Figures 4.3-A through 4.3-D)

NOTE
Adjustment of PREHEAT time applies only to DIESEL engine generator
units manufactured prior to August 1984, The circuit board used on
diesel engine units manufactured APTER that date does not provide a
PREHEAT adjustment, Preheat on those later production units occurs

from the start of cranking until the engine starts, during automatic
starts.

Normal PREHEAT Adjustment:- For a PREHEAT time of 15 seconds, turn the

slotted potentiometer fully counterclockwise against its stop- DO NOT

FORCE, To PREHEAT for 30 seconds, turn the potentiometer fully clock-

wise against its maximum stop~ DO NOT FORCE. Times between the minimum
| (:, and maximum stops are linear. :

R
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Figure 4.3-A. Option "B" Crank Circuit Board with Preheat
{(Units Manufactured Prior to August 1984)
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(OUnits Manufactured Prior to August 1984)
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Pigure 4.3-C. Option "C* Latch/Crank Circuit Board with Prebeat
{Onits Manufactured Prior to August 1984)
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Pigure 4.3-D. Option *C® Latch/Crank Board without Préheat
(Onits Manufactured After August 1984)
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Pigure 4.3-3.'Option ;C‘ Latch/Crank Board
{Units Manufactured After August 1984)

NOTRE
During an automatically controlled start of early production units
(prior to August 1984), engine cranking and preheat will occur
cyclically as follows:-

CRANK - 6 to 12 seconds
RO-CRANK - 6 to 12 seconds
CRANK - 6 to 12 seconds
NO~CRANK - 6 to 12 seconds

PREHEAT -15 to 30 seconds

<

When Longer PREEEAT Time is desired:- Under extreme cold weather
conditions, when a longer preheat time is desired, a PREHEAT time of
15 seconds (minimum stop) to 60 seconds (maximum stop) may be obtained
by cuting the PREHEAT JUMPER wire on the circuit board. See Figures
4.3~A through 4.3-D).

NOTE
Also see Paragraphs 3.2.3 and 3.4.3 in this Manual.

Whenever a DC CONTROL CIRCUIT BOARD or a panel AC FREQUENCY METER is

replaced, the panel AC FREQJENCY METER must be recalibrated as
follows:=

1. Connect an accurate AC Frequency Meter and Voltmeter to the
generator AC power output leads c¢r terminals,

2. Start the generator engine anc let it warm up and stabilize at NO-
LOAD.

12
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"~ 3. Check the reading on the externally connected frequency meter. If
the indicated no-locad frequency is incorrect, adjust the engine
governor until a correct frequency is obtained.

4. Compare the connected frequency meter reading with that of the
Meter and Control Panel frequency meter. Both readings should be
identical,

5. If readings are NOT identical, adjust the COARSE RPM ADJUST potent-
iometer on the DC Control board until both readings are nearly the
same, Then, adjust the FINE RPM ADJUST potentiometer until readings
are the same.

6. When both readings are the same, apply a small amount of "pot
locking”™ compound to the COARSE and FINE ADJUST potentiometers.

7. Check the VOLTAGE reading on the externally connected voltmeter. 1f
AC output voltage is incorrect, adjust the Voltage Regulator.

~ 4.3.5~ OVERSPEED SHUTDOWN ADJUSTMENT (FPigure 4.3-F, 4.3-G)

The OVERSPEED SHUTDOWN adjustment is provided only on DC Control
boards used prior to August 1984. On units manufactured AFTER that
date, the OVERSPED SHUTDOWN setting may be considered correct when the
AC FREQUENCY adjustment is properly completed (Paragraph 4.3.4).

To adjust the overspeed setting on early production units, proceed as
follows:-

l. Connect an accurate AC frequency meter to the generator AC output
leads or terminals.

2. On the DC Control circuit board, turn the OVERSPEED potentiometer
fully clockwise against its stop- DO NOT FORCE, -

3. Start the generator engline, let it stabilize and warm up.

4. Check that no electrical loads are applied to the generator.

5. SLOWLY increase the engine speed governor setting until the
connected AC frequency meter indicates 68-70 Hertz.

6. With the meter indicating 68-70 Hertz, SLOWLY turn the OVERSPEED
potentiometer counterclockwise- about 1/8 turn at a time. Wait 2
seconds after each 1/8 turn increment. When an overspeed shutdown
occurs, overspeed setting is correct. ;

CAUTION1
The 2 second wait between each 1/8 turn increment is necessary because
of the 1 second delay between occurence of an overspeed and the actual
engine shutdown.

4.3.6- CHOEE ON/OFF TIME ADJUSTMENT (Figure 4.3-F)

This adjustment is provided only on DC Control boards used with
gasoline engine units manufactured prior to August 1984.

Engine carburetor Choke ON (closed) time will normally vary from 1/2
to 7 seconds, depending on ambient temperature, when the ON
potentiometer is turned fully counterclockwise. Rotating the ON poten-

tiometer full clockwise will add about 2 seconds to the ON {closed)
time,

i3
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Choke OFF (open) time is fixed at about 1/2 second, when the OFF pot—
entiometer is rotated fully counterclockwise. Turning the OFF pot full

clockwise will add about 2 seconds to the OFF (open) time.
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Pigure 4.3-F. DC Control Circuit Board with Choke Function
{Onits Manufactured Prior to August 1984)
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Pigure 4.3-G. DC Control Circuit Board without Choke Function
(Production Units Prior to August 1984)
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SECTION 4.4 - VOLTAGE REGULATOR ADJUSTMENT

4.4.1- GENEBRAL (Figure 4.4-3)

NOTE (
Also see Paragraphs 2.2.3, 2.2.4 and 3.3.1 in this Manual.

The solid state "Voltage-over-Frequency®™ type Regulator maintains an
AC voltage that is directly proportional to frequency, at a 2 to 1
ratio., Three adjustable potentiometers are provided on the Regulator-
GAIN, FEEDBACK and VOLTAGE SET.

@) o)

VOLTAGE SET
GAIN
FEEDBACK

BRUSHLESS

Figure 4.4-A. Voltage Regulator Adjustments
4.4.2- VOLTAGE REGULATOR ADJUSTMENT PROCEDURE (Figure 4.4-A)

l. Connect an accurate AC frequency meter to the generator's AC power
output leads or terminals.

2. Connect an accurate AC voltmeter to the generator AC power leads or
terminals.

3. Start the generator engine, let it stabilize and warm up.

4. Check the AC frequency meter reading (see Section 4.2, ENGINE SPEED
GOVERNOR ADJUSTMENTS). If engine speed is not correct, adjust the
engine governor until correct AC freguency is obtained.

CAUTION!
The engine governor MUST be properly adjusted before proceeding, or
correct results will not be obtained. o

16
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«+ wet the Voltage Regulator potentiometers as follows:-
a. GAIN- Fully clockwise to maximum
b. FEEDBACK- Fully counterclockwise to minimum
. ¢. VOLTAGE SET- At its mid-position
(4 6. Check that the generator is running at its correct no-load
- frequency. Then, set the VOLTAGE SET potentiometer until the correct
rated voltage is obtained ({see Section 4.2).
7. If instability is indicated (lights flicker), slowly turn the FEED-
BACK potentiometer until unit is stable.
8. recheck for correct rated voltage and (if necessary) readjust the
VOLTAGE SET potentiometer to obtain the correct rated voltage (Section
4.2).
9, Apply an electrical load to the generator, equal to about 75-100%
of its rated wattage/amperage capacity. Then, adjust the GAIN
potentiometer (if necessary) to obtain the:desired voltage droop under
load.




SECTION 4.5 — THROTTLE DROOP OVERRIDE POSITIONERS
4.5.1- GENERAL (Figure 4.5-A)

-

The Model 8636 THROTTLE DROOP OVERRIDE POSITIONER is designed for use {L
on the 2.2 liter diesel engine; the Model 8637 POSITIONER for use on
the 3.0 liter diesel engine.

The POSITIONER helps to partially eliminate the normal engine speed
droop that occurs when an electrical load is applied to a diesel
engine~-driven generator with mechanical governor. Where an rpm droop
equal to about a 5 Hertz frequency can be expected with an unassisted
mechanical governor under load, maximum engine speed droop with a
POSITIONER installed will not exceed approximately 1 Hertz.

The THROTTLE DROP OVERRIDE POSITIONER consists of the following major
componenta: -

1. RPM SENSOR- Also see Paragraphs 3.2.3 and 3.4.3., This magnetic
Pickup device is mounted on the engine flywheel housing, directly over
the flywheel teeth. During engine operation, the SENSOR produces an
electrical sine wave at each passage of a £lywheel tooth. Thus, the
sine wave frequency is directly proportional to engine operating
speed,

2. PRINTED CIRCUIT BOARD- Receives engine speed {frequency) signals
from the RPM Sensor and, based on those signals, transmits engine
8peed correction signals to a bi-directional MOTOR.

3. BI-DIRECTIONAL MOTOR- Receives engine speed correction signals from
the Printed Circuit Board. An adjustable control link then transmits
motor radial movement to the engine Fuel Injection Pump's Speed %
Control Lever. Minimum and maximum motor movement are limited by twa
micro-switches.

4. WIRING HARNESS- Interconnects the Motor and Printed Circuit Board.
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Figure 4.5-A. Throttle Droop Override Positioner Components
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4.5.2- POSITIONER OPERATION (Figure 4.5-A)

1. Wire #14 from the engine DC Control circuit connects to the Printed
Circuit Board terminal indicated by a (+). A +DC voltage is applied to
Wire #14 and the (+) terminal only when the engine has started and is
running.

2. Generator COMMON GROUND (Terminal and Wire #0} connect to the
Printed Circuit Board terminal indicated by a (-).

3. Engine speed (frequency) signals from the engine RPM Sensor are
delivered to the Circuit Board Terminal indicated by an (8), via
Terminal and Wire $#79.

4. Operating signals to the Override Positioner Bi-directional Motor
are delivered from the Circuit Board receptacle indicated by the word
MOTOR and via the Wiring Harness.

If RPM Sensor frequency signals to the Circuit Board indicate that the
generator's AC output frequency is less than 0.5 Hertz OVER or 0.5
Hertz UNDER the unit's normal governed frequency, the Circuit Board
takes no action. However, if the signals indicate that AC output
frequency is greater than 0.5 Hertz UNDER or OVER the unit's normal
governed AC frequency, the Circuit Board signals the bi-directional
Motor to rotate. Motor rotation will then continue until the
generator AC frequency output is within -0.5 to +0.5 Hertz of the
normal governed frequency.

Two GREEN lights, labelled "-0.5" and "+0.5", are located on the
Circuit Board. A YELLOW light is indicated by the word "UNDER" and a
RED light by the word "OVER". These lights indicate UNDER and OVER
frequency conditions as follows:-

l. *-0.5" Light is ON:- Generator AC frequency output is 0.5 Hertz or
less below normal governed frequency (no corrective action taken)

2. °+0.5" Light is ON:- Generator AC frequency is 0.5 or less ABOVE
the normal governed frequency (no corrective action)

3. Yellow UNDER Light is ON:- Generator AC frequency is 0.5 Hertz or
more BELOW normal governed AC frequency (corrective action is taken)
4. Red OVER Light is ON:- Generator AC frequency is 0.5 Hertz or more
ABOVE normal governed frequency (corrective action is taken)

4.5.3- TEROTTLR POSITIONER MOUNTING {(Figure 4.5-B, 4.5-C)

Install the Throttle Positioner as illustrated in Pigure 4.5-B for 3.0
liter diesel engines, as shown in Figure 4.5-C for 2.2 liter diesel
engines. DO NOT CONNECT THE CONTROL LINK TO THE ENGINE SPEED CONTRO
LEVER AT THIS TIME. : , :

4.5.4- PRINTED CIRCUIT BOARD INSTALLATION (Figure 4.5-D)

If installation of the Throttle Positioner is new, install the Printed
Circuit Board (Part Number 60074) as follows:-

l1. Remove the Meter and Control Panel cover.

2. Mark and drill four 0.187 inch diameter holes in the Meter and
Control Panel as shown in Figure 4.5-C.

3. Install a Printed Circuit Board STANDOFF (Item 2) into each of the

19




(-

ITEM PART NUMBER REG'D DESCRIPTION o
b3 60027 1 Throttle Positlionezr Asgesbly
2 45771 4 M8 - 1.2% Bax Hut i h
3 22145 2 NG Platvasher
4 23128 3 HE Lockwashar
- L2857 1 M6 = 1.0 Hex Hut
13 1 H6 = 1.0 x 23 Eex Read Capscrew

|

Figure 4.5-B. BExploded View of Throttle Poéitioner 3.0 Liter Units
{Drawing Number 60806)

ITEM PANT NUNBER REQ' BEBCRIPT IO
N
] 5]
“ada?
sosay

- sl

AN

T 5187
53251
3757 .

-

LD BN LR ] )

9

™roetils Mwitionsr Asseably
At = 1,28 Bax Not Flangs
Arm = Bework .

5
3
i g
g
§
i

©

Pigure 4.5-C. Exploded View of Throttle Positioner 2,2 Liter Units
{(Drawing Number 60805)

!
I NQ |PART N?RECD DESCRIPTION
1 O 1 |eb074 1 X3 T _ASY.- THROT TLE PQSITION:
ﬁ} 7 {40215 BC. iSO 1
| 00 WARE %Essspc B, TO JUMPER WAL
599 PAZE MARMESS {JUMPER HABMESS)
| * -3 T _ [WRE HARNESS [PC. 6, TO TERMINAL BLK)

W NOT SHOWN

i

CONTROL PANEL ASY,

B Figure 4.5-D. Printed Circuit Board Installation
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drilled holes as shown,

4. Install the PRINTED CIRCUIT BOARD (Item 1) onto the four STANDOFFS
as shown.

5. Connect one WIRE HARNESS to the 3-pin connector on the Circuit
Board and to the panel terminal block. Wires #0, 79 and 14 attach to
terminals #0, 79 and 14 respectively.

6. Connect second WIRE HARNESS to the Circuit Board 4-pin connector.
Route this Harness to the panel exterior and connect it to the 6-pin
connector of the Jumper Harness.

7. Connect the remaining 6-pin connector of the Jumper Harness to the
6-pin Connector of the Throttle Positioner assembly.

4.5,5* TEROTTLE DROOP OVERRIDE POSITIONRR INITIAYL, SETUP
' (Pigure 4.5-E, 4.5-F)

1. Check that the Override Positioner link rod is NOT connected to the
engine Speed Control Lever, '

2. Connect an accurate AC freguency meter to the generator's AC output
terminals.

3. Start the generator engine,

4. See Figure 4.5-E. Turn the LOW SPEED and HIGH SPEED STOP SCREWS
away from the SPEED CONTROL LEVER, to prevent interference.

5. Manually position the SPEED CONTROL LEVER to obtain an AC frequency
of about 60-61 Hertz.

6. With engine speed at 60-61 Hertz, the SPEED CONTROL LEVER should be
parallel with the edge of the Fuel Injection Pump. If Lever ig NOT
parallel, loosen the SPEED CONTROL LEVER PIVOT NUT and rotate the
LEVER until it is parallel, Finally, tighten the PIVOT NUT.

(© (6 19 B=f

Spesd Control Laven > @ Low Speed Stop
Screw

peod Control
. Leover Fivolt Rut
Haxirum UNDER i High Spesd
Nlcm-su:ch\ ‘ Stop Scraw

of Byl

Spaed Control Laver
' must be parallel

S =
“ "( \ [Cover Standoft
Retiz - =
@@) L,Zj \ \e/_—ﬂ.!.gn et Scrav with
- ~ . Cover Standoff
Haximm cm'!:!t—-A \

Hicro-Switeh

Figure 4.5-E. Initial Setup of Throttle Positioner Assembly
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7. See Figure 4.5-F, Turn the RPM COARSE adjustment on the Printed

Circuit Board until the SET SCREW (Flgure 4.5-E) is aligned with the
COVER STANDOFF as shown.

8. With the SPEED CONTROL LEVER parallel and positioned to provide an ~
AC frequency of 60-61 Hertz, and with the SET SCREW positioned as - .

outlined in Step (7), adjust the length of the THROTTLE POSITIONER
LINK so that the LINR-TO-SPEED CONTROL LEVER CAPSCREW can be installed
easily through both the LINK and the SPEED CONTROL LEVER.

9. With frequency meter indicating 60-61 Hertz, SPEED CONTROL LEVER

parallel, SET SCREW properly positioned, and SPEED CONTROL LEVER

CAPSCREW installed, retain the CAPSCREW with an Mé FLANGED NUT.

| O

Pigure 4.5-F. Throttle Positioner Printed Circuit Board %

4.5.6- PINAL ADJUSTMENT (Figqure 4.5-F)

1. On the PRINTED CIRCUIT BOARD, disconnect the wiring harness from
the receptacle indicated by the word "MOTOR".

2, Set a DIGITAL Volt-Ohm~Milliammeter (VOM) to a scale greater than
10 VDC. If the VOM has a polarity switch, set the switch to "+DC".

3. Connect the POSITIVE (+) VOM test lead to the Circuit Board test

point identified by a "9.23V TP". Connect the COMMON (-~} test lead to

the NEGATIVE (-) side of the Capacitor wire (just above the 9.23V
ADJUST potentiometer).

4. With the engine running, adjust the "9.23V ADJUST" potentiometer to
obtain a VOM reading of 9.23 Volts DC.

5. Set the engine Fuel Injection Pump governor to obtain an AC output
frequency of 60-61 Hertz WITH NO ELECTRICAL LOADS CONNECTED TO
GENERATOR.

6. With no electrical loads applied to generator, observe the Circuit
Board lights. If engine speed droop error is greater than the range of
-0.5 to +0.5 the aplicable UNDER or OVER light should be on. Turn the
COARSE RPM ADJUST potentiometer until the UNDER/OVER lights go out and
the -0.5 or +0.5 light comes on.

7. When the -0.5 or +0.5 light comes on, slowly turn the PINE RPM
ADJUST potentiometer until the mid-point between =-0.5 and +0.5 light
on condition is reached. This is the point where, with one of the

lights on, a slight turn of the FINE RPM ADJUST potentiometer will .-

cause the other light to come on.
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8. Reconnect the wiring harness to the Circuit Board's MOTOR
receptacle, ’

9. Recheck the adjustment by applying a load to the generator. Start
with a light load and gradually increase the load. Under a light load,
GREEN light should come on but the motor should take no action. As the
load is increased to the point where speed droop error exceeds -0.5 to
+0.5 hertz, the RED or YELLOW light should come on and motor movement
to correct the error should start.
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SECTION 4.6 — CHECROUT AND TESTING OF ENGINE SAFETY CONTROLS
4-6.1— GBNM

Engine safety controls include those devices and circuits which, when(-,
activated by an engine fault condition, will result in an automatic
engine shutdown. Safety controls installed on GENERAC generator sets
include the following:-

1. Low Engine 0il Pressure Shutdown Circuit

2. High Engine Coolant Temperature Shutdown Circuit
3. Low Engine Coolant Level Shutdown Circuit

4. RPM Sensor Loss Shutdown Circuit

NOTE
It is recommended that all engine safety controls be tested following
generator set installation and AT LEAST every 6 months thereafter. No
electrical loads should be applied to the generator during tests of
safety controls.

4.6.2- OPERATIONAL TEST OF LOW OIL PRESSURE SHUTDOWN SYSTEM
(Figure 4.6-2)

l. Set a Volt-Ohm~Milliammeter (VOM) to .its "Rx1" scale and zero the
meter,
2, Locate the Low 0il Pressure Shutdown Switch on engine. Disconnect
Wire 86 from the Switch terminal- do NOT permit the Wire §86 terminal
end to contact any metal part.
3. With generator shut down, connect one VOM test lead to the 0il
Pressure Switch Wire §86 terminal, the other test lead to a clean
frame ground. Meter needle should swing all the way upscale
{continuity).
4. Start the generator engine- no electrical loads must be connected.
5. Connect VOM test leads as outlined in Step (3)- no upscale movement
of the VOM needle should be noted.
6. Hold the Wire #86 terminal end firmly into contact with a clean
frame ground. Engine should shut down and Engine Monitor Panel
advisory lights should operate as follows:-
a. Option "A" and "B" Unitg"- LOW OIL PRESS Light may flash moment-
arily but will go out as soon as the Wire #14 circuit is de-
activated on shutdown. Light should remain ON while cranking with
Wire #86 terminal end at frame ground.
b. Option ®"C" Units:- LOW OIL PRESS Light should illuminate and
remain ON after shutdown. Engine cranking should be inhibited while
light is ON. To "unlatch" the fault (light out), push Monitor Panel
RESET switch in,
7. When test is complete, reconnect Wire #86 to the Low 0il Pressure
Switch.
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Figure 4.6-A. Low Oil Pressure Shutdown Switch (Typical)

4.6.3~- OPERATIONAL TEST OF HIGH COOLANT TEHfERATURE SHUTDOWR SYSTEM
(Figure 4.6—B‘ 4.6—C' 4-6-0)

A. Testing with High Coolant Temperature Switch Removed:- Note the "R"
terminal on Switch to which Wire #85 connects, Disconnect Wire #85
from the terminal, then remove the Switch and test as follows:-

1. See Figure 4.6~B. Immerse the Switch in a 50-50 mixture of ethylene
glycol base anti-freeze and scft water as shown.

2. Set a Volt-Ohm-Milliammeter {VOM) to its "Rx1l" scale and zero the
meter. Connect one VOM test lead to the Switch "R" terminal, from
which Wire #85 was removed, the remaining test lead to the Switch
housing. No upscale movement of the VOM needle should be noted.

3. Place an accurate thermometer into the fluid mixture.

4. Heat the fluid mixture- at approximately 246-266 degrees F., the
VOM needle should move upscale {(continuity).

5. Remove the fluid mixture from its source of heat and allow to cool.
As temperature of fluid decreases below about 246-266 degrees F., the
VOM needle should drop all the way downscale (infinity).

Replace the Switch if test results are not as outlined above.

Figure 4.6-B. High Coolant Figure 4.6-C. Typical High Coolant
Temperature Switch Testing Tenperature Switch
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Operational Testing with High Coolant Temperature Switch Installed:-—

l. On the generator engine, locate the High Coolant Temperature .
Shutdown Switch., Disconnect the Wire #85 terminal end from the Switch{
terminal. e
2, Set a Volt-Ohm~-Milliammeter to jits "Rxl"™ scale and zero the meter.
Connect one VOM test lead to the Wire #85 Switch terminal, the remain-
ing test lead to a clean frame ground. No upscale movement of the
meter needle should be observed (infinity).
3. Check that no electrical loads are connected to the generator set,
then start the generator engine.
4. With engine running, hold terminal end of Wire £85 firmly against a
clean frame ground. After about a 1 second delay, engine should shut
down.
5. Option *A" and "B" Units“- HIGH COOL. TEMP Light may flash
momentarily but will go out as soon as the Wire #14 circuit is de~-
activated on shutdown. Light should remain ON while cranking with Wire
485 terminal end in contact with frame ground.

Option "C" Units:- HIGH COOL. TEMP Light should latch ON. Engine
cranking should be inhibited while light is ON. To "unlatch” the
condition, push RESET switch in.

4.6.4~- OPERATIONAL TEST OF LOW COCLANT LEVEL SEUTDOWN SYSTEM

On early production generator units, the Low Coolant Level Sensor was
installed in a Thermostat Adapter Housing on the engine. On later
production units, the sensor may be installed in the radiator.

Testing of the Low Coolant Level Shutdown system may be completed as @
follows:-

A. Low Coclant Level Sensor Testing:- Remove wire from Sensor

Terminal, then remove the Sensor., Connect a test harness to the

Sensor terminals and to a fully charged 12 volts battery. Then,
connect a DC Voltmeter to the Sensor terminals, See Figure 4.6-D.
Initially, the Voltmeter should indicate approximately 7-11 Volts DC.
After approximately 15 seconds, as the Sensor becomes hot, Voltmeter
reading should drop off to less than 5 Volts bC. Replace the sensor,
if test results are not exactly as outlined./

LOW COOLANT
LEVEL SENSOR TESTING
BATTERY —
VoLt
; ' il resisToR WETER
250N 1O
s LOW COOLANT =/
SENSOR LEVEL SENSOR l]i
Figure 4.6-D. Testing the Low Pigure 4.6-E. A Typical Low Coolant
Coolant Level Sensor Level Sensor (m.
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B. Operational Test of Low Coolant Level Shutdown System:- Disconnect
Wire #85 from the Sensor terminal. Make sure that terminal end of the

wire is not touching any metal part. Then, perform an operational test
of the system as follows:-

l. Start the generator engine.

2. Make sure that no electrical loads are connected to the generator.

3. With engine running, hold the terminal end of Wire $85 (previously

removed from the Sensor terminal) firmly into contact with a clean

frame ground. Engine should shut down after about a 1 second delay.
Option *A" and "B" Units:- HIGH COOL. TEMP Light on Monitor Panel
may flash momentarily but will go out as soon as the Generator Wire
$14 circult de-energizes on shutdown. Light should remain ON while
cranking engine with Wire #85 terminal grounded. _
Option "C" Units:- HIGH COOL. TEMP. Light should latch ON. Engine
crankIng should be inhibited while light is on. To unlatch the
fault and reset the system, push the RESET switch in.

4. When test is completed, reconnect Wire #85 to the proper Sensor
terminal.,

4.6.5- RPM SENSOR LOSS OPERATIONAL TEST

To perform an operational test of this system, proceed as follows:—

1. Gain access to the Meter and Control Panel interior by removing
the Panel top cover or one of its sides.
2. Start the generator engine, let it stabilize on-speed.
3.Units Manufactured Prior to August 1984:- In the Meter and
Control Panel, locate the lé-terminal Terminal Block (TB4). Locate
Terminal #79 on that Terminal Block.

Units Manufactured After August 1984:- Locate the 20-terminal
Terminal Block (TBl), and Terminal $#79 on that Terminal Block.
4. Carefully disconnect Wire #79 from Terminal #79- do not contact
any other terminal with screwdriver or Wire £#79 terminal end. With
Wire 879 disconnected an automatic engine shutdown should occur
after a 2 second delay.

4.6.6- INSTALLATION, ADJUSTMENT AND TESTING OF THE RPM SENSOR
(Figure 4.6-F) '

A. Installation and Adjustment:- A threaded hole is provided on the
engine FLYWHEEL HOUSING for SENSOR installation. Thread the Sensor
into the PLYWHEEL HOUSING until SENSOR tip just contacts a tooth of
the FLYWHEEL gear- DO NOT USE EXCESSIVE FORCE, Then, turn the SENSOR
counterclockwise 1/2 to 3/4 turn and tighten the LOCK KUT. DO NROT
ROTATE THE ENGINE WHILE MAKING THIS ADJUSTMENT.

B. Testing the RPM Sensor:- Gain access to the Meter and Control Panel
interior. Connect an accurate digital AC Voltmeter across Terminals
$79 and 0. At engine CRANKING speed, the Voltmeter should indicate
approximately 0.4 Volt AC. Use an acurate Ohmmeter to test RPM Sensor
resistance- meter should indicate about 130 Ohms . (plus or minus 10%).
If resistance is within limits but voltage output is slightly low,
voltage may be increased by adjusting the Sensor c¢loser to the
flywheel~ DO NOT LOCATE THE SENSOR CLOSER THAN 1/2' TURN FROM FLYWHEEL.
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PART 5

TROUBLESHOOTING AND DIAGNOSTIC TESTS
AC POWER SECTION
DIRECT EXCITED BRUSH TYPE UNITS

TROUBLESHOOTING FLOW CHARTS
No AC Voltage Output

Low AC Voltage Output

High AC Voltage Output :
Fluctuating AC Voltage Output
No Field Boost

DIAGROSTIC TESTING

Check AC Voltage

Check Main Generator Leads

Check Main Circuit Breaker

Check AC Power Windings

Check Field Circuit

Check Rotor Windings

Check Brushes and Slip Rings

Check Wire #1 and #4 Circuit

Check Generator Load

Check AC Frequency

Check Voltage Regulator Sensing Voltage
Check Voltage Adjust Potentiometer
Check Voltage Regulator Sensing Leads
Check DPE Output

Check FPield Circuit Breaker

Check DPE Windings

Check Thermal Protector

Bypass the Thermal Protector

Check Field Boost Voltage

Check Field Boost Wire #4 for Open/shorted Condition
Check Field Boost Diode

Check Field Boost Resistor

Check Control Relay CR1




SECTION 5.1 - TROUBLESHOOTING FLOW CHARTS

5.1.1- NO AC VOLTAGE OUTPRUT

5.2.1- CHECK

5.2.2- CHECK MAIN

5.2.3-CHECK MAIN

AC VOLTAGE | —{ZERO— GENERATOR LEADS |—{GOOD}—CIRCUIT BREAKER
(G0 ag] ]
CHECK REPAIR, TIGHTEN RESET, REPAIR OR

CUSTOMER OR RECONNECT REPLACR

WIRING ,
I {Goob)
5.2.4-CHECK AC 5.2.5-CHECK

POWER WINDINGS|—[GOOD— PIELD CIRCUITH{BAD}—

5.2.6-CHECK ROTOR

| WINDINGS

(BAD] (Goon Enlﬂ
REPAIR OR GO TO 5.1.5, "NO REPAIR OR REPLACE
FIELD BOOST"
[ —

5.2.7-CHECK BRUSHES

AND SLIP RINGS

5.2.8-CHECK WIRE #1
AND WIRE §4 CIRCOIT

g

CLEAN, REPAIR OF.
REPLACE

[pan]

REPAIR OR REPLACE

5.1.2~ LOW AC VOLTAGE OUTPUT

5.2.1—cmacx| 5.2.9-CBECK 5.2.10-CHECK AC
AC VOLTAGE } GENERATOR LOAD —{OK}——{ FREQUENCY
(Goon] [EXCESSIVE | (zow]
CHECK REDUCE ADJUST
CUSTOMER CONNECTED ENGINE
WIRING LOADS GOVERNOR
GO TO
. 5.2.2 {Go0D}-
NEXT PAGE




e

__..— LUW BC VOLTAGE OUTPUT {Cont'd)

5.2.2-CHECK MAIN 5.2.11-CHECK REGULATOR 5.2.14-CHECK
("~ |GENERATOR LEADS —{ GOOD}— SENSING VOLTAGE |—{GOOD}{DPE OUTPUT
(Bap) [BAD] [@
REPAIR, TIGHTEN 5.2.12-CHECK VOLTAGE ADJUST
OR RECONNECT ADJUST POTENTIOMETER VOLTAGE
REGULATOR
5.2.13-CHBCK REGULATOR [ Goop)
SENSING LEADS NO
' CHANGE
. I
[Bap] [REPAIR OR REPLACE] 5.2.4-CHECK
AC POWER
WINDINGS
[BaD) (<065
REPAIR REPLACE
OR REPLACE VOLTAGE
; REGULATOR
I [BAD}
5.2.15-CHECK | 5 5.2.16-CHECK 5.2.17-CHECK THERMAL
FIELD CIRCUIT—{GOOD}-—|DPE WINDINGS |—{GOOD}—{PROTECTOR
BREAKER
[BAD] ’ BAD] - BAD
[REPLACE] {REPLACE STATOR | 5.2.18-BYPASS THE

THERMAL PROTECTOR

5.1.3- HEIGH AC VOLTAGE

5.2.1-CHECK 5.2.10-CHECK AC 5.2.2-CHECE MAIN
AC VOLTAGE - [HIGE}—{PREQUENCY | [OK}— GENERATOR LEADS
{coop] (E1cH] | I%Agl
CHECK ADJUST TIGETEN, REPAIR
CUSTOMER ENGINE OR RECONNECT
WIRING GOVERNOR

{ GO TO NBXT PAGE| 1]GOOD[|




5.1.3- HIGH AC VOLTAGE (Cont'd)

| GO TO 5.2.20 OR NEXT PAGE]

ADJUST VOLTAGE DISCONYI
REGULATOR ——{GoOD——{ _ TESTS
REPLACE CHECK &
(BAD}——— REGULATOR ADJUST
5.1.4- FLUCTUATING AC VOLTAGE
5.2.1~CRECK 5.2.10-CHECK [ apJusT
AC VOLTAGE |——{FLUCTUATING}—AC FREQUENCY| —[FLUCTUATING|.._| ENGINE
GOVERNOR
{coon] [FLOCTUATING)
CHECK ADJUST
CUSTOMER ENGINE
WIRING GOVERNOR
| {NO CHANGRE|
5.2.2-CHECK MAIN NO GO TO 5.1.1, "NO
GENERATOR 'LEADS CHANGE AC VOLTAGR ODTPUT"
(BAD]
TIGHTEN, REPAIR
OR_RECONNECT
'5.1.5- RO FIELD BOOST
5.2.19-CHECK 5.2.6-CHBECK 5.2.7- CHECK BRUSEES
PIELD BOOST ROTOR WINDINGS—{GOOD—{AND SLIP RINGS
VOLTAGE
GOOD [BAD] [(BAD]
{ DISCORTINUE | [REPLACE| CLEAN, REPAIR OR
REPLACE
GOOD;




____.-.--..—“""'_H_'_'_.__i !

ovx:5= NO FIELD BOOST (Cont'd)

5.2.20-CHECK FIELD 5.2.21-CBECK 5.2.22-CHECK]
BOOST WIRE #4 FOR |—{GOOD}— FIELD BOOST — GOOD|———{FIELD BOOST i—
OPEN/SHORTED CIND- DIODE | |RES ISTOR
ITION
BAD BAD BAD
REPAIR OR REPLACE REPLACE
REPLACE
x_:;f;ml

|

5.2.23-CHECK _ | -
L1 GOOD}——{CHECK WIRE §14 SOURCE VOLTAGE

CONTROL RELAY




SECTION 5.2 -~ DIAGNOSTIC TESTING

DANGER!

Extremely high and dangerous voltages are present at generator leads) -

and terminals while the unit is running. Use extreme care to help;
avoid dangerous~ possibly LETHAL- electrical shock. Dangerous voltages
are present even with the Voltage Regulator disconnected. GENERATOR
TESTING MUST BE ACCOMPLISHED ONLY BY QUALIPIED PERSONNEL,

5.2.1- CHECK AC VOLTAGE

Gain access to the generator AC Connection (Lower) Panel interior.
Connect an accurate AC Voltmeter to the generator main customer
connection terminals (El, EZ2, E3, 00).- Start the generator engine, let
it stabilize and warm up. For single phase units, read the line-to-
line and line-to-neutral voltages; for 3-phase units, read the leg-to-
leg and leg-to-neutral voltages.

RESULTS:~ 1. Voltage checks GOOD........... Check Customer Connections
2. No or extremely low Voltage.......... vessesssss See 5.1.1
3. Low Voltage Indicated.....i.cec... tresecscnna .. See
4. High Voltage Indicated....ccveeeenscessrsssesas Se8
5. AC Voltage FluCtuateS.iceeeesversnssansansoscssrsss S€E

(LR RV

.1.
.1.
)

W N

NOTE

A condition in which the generator is producing APPROXIMATELY one-
half its rated AC output voltage generally indicates {(a) loss of
stator excitation (DPE} winding output to the Regqulator, (b) loss of
sensing voltage to the Regqulator, or (c) Voltage Regulator failure.
All 3 of those problems will result in loss of excitation current flow
to the Rotor (FPield), except that FIELD BOOST current flow will cont-
inue to produce the aggroxinatelg one-half rated output.

5.2.2- CHECK MAIN GENERATOR LEADS

Check Main generator leads (El, E2, E3 and 00) £for broken, loose or
disconnected connections. Also check that leads are properly
connected. If the unit is a l2-wire reconnectable 3-phase type, check

that Wires S1 through S12 are properly connected., See Section 2.3, AC
CONNECTION SYSTEMS.

5.2.3- CHECK MAIN CIRCUIT BREAKER

If the generator unit is eguipped with a main circuit breaker, check
that the breaker contacts are closed. Also check for continuity across

the breaker with its contacts closed. Reset breaker to ON, repair or
replace as necessary.

5.2.4- CBECK AC POWER WINDINGS

Use an accurate Ohmmeter to ¢check the stator AC Power windings for an
OPEN or SHORTED condition. Refer to the SCHEMATIC/WIRING DIAGRAM for
the generator being tested for test points toc be used for each AC
Power coil. See Paragraph 1.4 at front of Manual for nominal




. ——wwsTANCE value.

Check for continuity with the Ohmmeter set to its "Rx1"™ scale. When
all windings have been tested for cont;nulty, set the meter to its
"Rx10,000" or "Rx1K"” scale and zero the meter. Then, test for a short-
ed condition by connecting the meter test probes across each stator:
coil or winding lead and frame ground.

1f desired, the minimum insulation resistance of the stator may be
tested with a Megohmmeter. Calculate the minimum insulation resistance
(in MEGOHMS) as follows:-

Minimum Insulation GENERAEOB RATED VOLTAGE
Resistance in MEGOHMS = ; 5 + 1
' 100

Connect ALL stator leads together. Make sure leads are not touching
the generator frame, Connect one Megohmmeter test lead to the stator
leads, the remaining test lead to frame ground (on the stator can).
Any reading less than the calculated minimum indicates an unacceptably
low generator insulation resistance. Clean,‘dry, repair or replace the
stator as necessary.

5.2.5- CHECK FIELD CIRCUIT (Figure 5.2-A)

Gain access to the generator Meter and Control Panel interior.
Disconnect the Voltage Regulator connector plug. Then, locate FEMALE
Pins #1 and 44 to which Wires #1 and #$4 attach. With an Ohmmeter set
to its "Rx1" scale and properly zeroed, connect the positive (+) meter
test probe to Voltage Regulator FEMALE connector plug Pin $4 (Wire
#4), the remaining test probe to FEMALE Pin #1 (Wire #1). See Section
1.4 for nominal Rotor winding resistance. .

Now, set the Ohmmeter to its "Rx10,000" or ‘Rle* scale and again zero
the meter. Connect the meter positive {+) test probe to the Voltage
Regulater connector plug's FEMALE Pin #4, the other test probe to a
clean frame ground on the stator can. No upscale movement of the meter
needle should be indicated. ‘

' RESULTS:- 1. Field Circuit Tests GOOD........... GO to Paragraph 5.2.9
2. OPEN or SHORTED condition Indicated................ Go to
Paragraph 5.2.6

Figure 5.2-A. The Field Circuit




5.2.6- CHECK ROTOR WINDINGS (Figure 5.2-3)

Gain access to the Rotor Slip Rings. Set an Ohmmeter to its “Rx1"
scale and zero the meter. If meter has a Polarity Switch, set it to 7"
"4+DC", Connect the positive (+) meter test lead to the positive (+)1}
$1ip Ring (nearest the Rotor bearing). Connect the common (-} test '
lead to the other Slip Ring. Meter should indicate Rotor winding
resistance (see Section 1.4 at front of Manual). ‘

Remove the Brush Holder mounting screw that retains the grounding wire
$0. Then, set the Ohmmeter to its "Rx10,000" or "Rx1lK" scale and zero
the meter. Connect the positive (+) meter test lead to the positive
(+) Slip Ring (nearest the Rotor bearing)}, the common (-) test lead to
a clean frame ground. No upscale movement of the meter needle should
be noted. Any upscale movement of the needle indicates a shorted
condition.

If desired, the minimum insulation resistance of the Rotor may be
checked using a Megohmmeter.

RESULTS:- 1. Rotor Windings check good....eevcececccceasss GO to 5.2.7
2. OPEN or SHORTED condition......... Replace Rotor Assembly

Reinstall ground wire and Brush Holder screw before proceeding.

5.2.7- CHRCK BRUSHES AND SLIP RINGS (Figure 5.2-A)

Inspect Brushes and Slip Rings carefully. Replace any Brush that is
cracked, chipped, broken or otherwise defective. Check that Brushes
are riding properly on Slip Rings and are properly retained in their@
Brush Holder. Xf Slip Rings are dirty or tarnished (oxidized), they
may be cleaned with fine sandpaper- DO NOT USE ANY METALLIC GRIT TO

ggEAN SLIP RINGS. After cleaning, be sure to remove all sandpaper res-—
idue.

5.2.8- CHECK WIRE #1 AND $4 CIRCUIT (Figure 5.2-A)

Use an Ohmmeter to check the Wires #1 and #4 circuits for an OPEN or
SHORTED condition. Repair or replace any defective wiring.

5.2.9- CHECK GENERATOR LOAD

Use a "clamp-on" ammeter to check current flow (in AMPERES) through
each one of the generator load leads with electrical loads connected
and turned ON. If load current is greater than the generator's data
plate rating, load must be reduced. Excessive load current will result
in a voltage drop, as well as high internal generator temperatures.

5.2.10- CEECK AC FREQUENCY

When AC output voltage is high or low, AC frequency should also be
checked since the Voltage Regulator will maintain a voltage that is in
direct proportion to frequency. That is, if both voltage and
frequency are proportionally high, low or fluctuating, check engine

speed governor settings. '(_
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.- 2w~ CHECK VOLTAGE REGULATOR SENSING VOLTAGE (Figure 5,2-B)

If sensing voltage from the Stator AC power leads to the Voltage Reg-
ulator is lost, the Regulator will "shut down". That is, the Regulator
will no longer provide a regulated DC excitation current fiow to the
Rotor (Field) windings and Stator AC output voltage to connected loads
will be the result of FIELD BOOST input to the Rotor only. Field Boost
alone will produce an AC output voltage of APPROXIMATELY one-half the
generator unit's rated voltage.

In the Meter and Control Panel, disconnect the Voltage Regulator
connector plug. Connect an accurate AC Voltmeter to FEMALE connector
plug Pin #5 (Wire £S15) and to FEMALE connector plug Pin $3 (Wire
$#89). Start the generator and check the sensing voltage reading on the
Voltmeter.

RESULTS:~ 1. No Sensing Voltage Indicated...... Go to Paragraph 5.2.12
2. Sensing Voltage WAS Indicated..... Go to Paragraph 5.2.14

"FEMALE

PIN FUNCTIOR

Field (-DC)
Excitation (DPE)
Sensing (S16)
Field (+DC)
Sensing (S515,89)

—-—-—-——-—-..——._..—
;_" L—VOLT#G( SET
GAIN
- FEEDBACK
Bxcitation (DPE)

Pigure 5.2-B. Voltage Regqulator
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5.2.12- CHECK VOLTAGE ADJUST POTENTIOMETER

An AC output voltage that is within plus or minus 5 percent of the
nominal rated voltage may be adjusted to the nominal rated voltage by
means of the Meter and Control Panel's Voltage Adjust Potentiometer.
An OPEN condition in that potentiometer will produce the same results
as an OPEN condition in the Regulator Sensing circuit.

Connect the test probes of an accurate Chmmeter across the Voltage
Adjust Potentiometer terminals, to which Wires #S16 and #89 attach.
Slowly rotate the Potentiometer knob clockwise and counterclockwise
while observing the Ohmmeter reading. Meter needle should increase
smoothly from a relatively low resistance to a higher resistance as
the knob is turned (potentiometer is rated at 2.25 Watts, 10K-Ohms).
Erratic movement of the meter needle or dropoff to zero at any point
in the knob rotation is cause for replacement.




5.2.13- CHECK VOLTAGE REGULATOR SENSING LEADS

Use an Ohmmeter to check the Voltage Regulator sensing leads (S15, Si6

and #89) for an OPEN or SHORTED condition. Repair or replace any(""
defective sensing circuit wiring.

5.2.14~ CHECK DPE OUTPUT (Figure 5.2-C)

Inside the Meter and Control Panel, disconnect the Voltage Regulator
connector plug. Connect an accurate AC Voltmeter to FEMALE connector
Plug Pins #2 (Wire #2) and #6 (Wire #6). Start the generator engine.
The Voltmeter should indicate an AC Voltage, the Stator DPE
(Excitation) Winding output voltage.

RESULTS:- 1. AC Voltage NOT indicated.......... GO0 to Paragraph 5.2.15 °

2. AC Voltage WAS indicated......... . Go to Paragraph 5.2.19
=
, ‘.‘IP , CBI
18
DPE

- 6 .

I62

PIN& lPINZ
TO VOLTAGE
-REGULATOR

'Pigl.ire 5.2-C. The DPE (Bxcitatidn) Circuit
5.2.15- CHECK FIELD CIRCUIT BREAKER {Figure 5.2-C)

With generator NOT running, connect an accurate Ohmmeter across the
Field Circuit Breaker wire terminals. Meter should indicate

continuity. If continuity is NOT indicated, replace the Field circuit
breaker.

5.2.16—- CHECK DPE WINDING (Figure 5.2-C)

Wires running through an opening in the floor of the Meter and
Control Panel attach to a connector plug in the AC Connection (Lower)
Panel. Stator DPE (Excitation) Winding output Wires #2 and $6 from the
Voltage Regulator connect to the Lower Panel connector plug. Early
units (manufactured prior to August 1984) have a 10-pin connector

plug, while later units (made AFTER August 1984) have a 15-pin connec-
tor plug,

Dnits with 10-pin Connector Plug in Lower Panel:- Connect an accurate
Ohmmeter to MALE connector plug Pins #6 (Wire #2) and $8 (Wire $6), in
the AC Connection Panel.




——

_,“¢cu-yith 15~-pin Connector Plug:—- Connect Chmmeter to MALE connector
plug Pins #3 {(Wire #2) and #6 (Wire #6).

The Chmmeter should indicate the Stator DPE (Excitation) Wwinding
resistance. See Section 1.4 at front of this Manual. If meter needle
does NOT swing upscale an OPEN condition is indicated.

After testing for an OPEN condition, check for a SHORTED conditien
with Ohmmeter set to its "Rx10,000" or "“Rx1lK" scale.

RESULTS:~ 1. Circuit tests GOOD..csvccnsssesss. GO to Paragraph 5.2.19
2. OPEN or SHORTED condition......... GO0 to Paragraph 5.2.17

I1f desired, minimum insulation resistance of the Stator DPE
{Excitation) Windings may bé checked, using a Megohmmeter.

5.2.17- CEECK THERMAL PROTECTOR (Figure 5.2-C)

In the AC Connection {Lower) Panel, locate unattached Wire #5 which
comes out of the Stator Assembly and hangs lcose in the Lower Panel.
Thigs is the Thermal Protector BYPASS lead. Connect one Ohmmeter test
probe to the stripped end of Wire #5, the remaining test probe to MALE
connector plug Pin §6 (Wire #6) of 15-pin plug or to Pin #8 (Wire #6)
of the 10-pin connector plug in AC Connection Panel. Meter should
indicate DPE Winding resistance (see Paragraph 1.4}.

RESULTS:- 1. OPEN or SHORTED condition indicated in Paragraph 5.2.16,
but NOT in Paragraph 5.2.17.......... GO to Paragraph 5.2.18
2. OPEN/SHORTED condition in BOTH 5.2.16 and 5.2.17.... Test
Stator DPE Winding and Wires #2 and #6 further. Repair or
replace any shorted wires or Stator Assembly as necessary.

5.2.18- BYPASS THE THERMAL PROTECTOR (Figure 5,2-C)

If Thermal Protector tests indicate that it is OPEN or SHORTED, it may
be electrically bypassed as follows:-~ : '

1. In the AC Connection (Lower) Panel, cut Wire #2 and strip end of
wire.

2. Connect stripped ends of Wires #2 and #5 and retain securely with a
wire nut.

3. Wire nut and tape the unused end of Wire #2 that comes out of the
Stator can into the AC Connection Panel. '

' 5.2.19- CHECK FIELD BOOST VOLTAGE (Figure 5.2-D)

A loss of FPield Boost current flow to the Rotor (Field) windings may
or may not result in loss of AC voltage output from the Stator AC
Power Windings. In effect, the Field Boost circuit "flashes the Field®
when the generator engine is started (as soon as Wire $14 circuit
becomes electrically hot). If adequate residual magnetism is available
in the Rotor, Stator voltage will be generated even if Field Boost
output is lost. If adequate residual magnetism is NOT available, loss
of Pield Boost output will result in a loss of AC voltage output.

10
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Figure 5.2-D. The Field Boost Circuit

Normally, with Field Boost current available to the Rotor and with no
Excitation (DPE) circuit output to the Rotor, the generator will
produce APPROXIMATELY one-half the unit's rated AC voltage. Test the
Field Boost circuit as follows:-

1. Disconnect the DPE (Excitation) circuit output to the Rotor by
disconnecting the Voltage Regulator connector plug.

2, Connect an accurate AC Voltmeter to the Main generator leads {(E1,
E2, E3 and 00). Measure line-to-line voltage for single phase units,
leg-to-leg voltage for 3-phase units,

3. Start the generator engine. -

4. Check AC Voltage output. If voltage is approximately one-half the
rated voltage of the unit, the Pield Boost system is functioning.

RESULTS:- 1. About one-half rated voltage indicated.. Any problem is
NOT in the Field Boost circuit. Retest other circuits.
2. No Voltage indicated.......s...... GO to Paragraph 5.2.20

5.2.20~ CHECK FIELD BOOST WIRE #4 POR OPEN/SHORTED CONDITION
(Figure 5.2-D)

Use an acurate Ohmmeter to test Field Boost Wire #4 for an OPEN and a
SHORTED condition. Repair or replace Wire as necessary.

3.2.21- CHECK FIELD BOOST DIODE {Figqure 5.2-D)

Connect the positive (+) test probe of an Ohmmeter to the stud (Wire
#160) end of the Field Boost Diode (in the Meter and Control Panel).
Connect the common {-) test probe to the terminal (Wire #4) end of the
Diode. Observe the meter reading. Then, reverse the test leads, i.e.,
connect positive {+) test lead to Terminal (Wire #4) end of Diode and
common (-} test lead to Stud (Wire #160) end of Diode. Meter needle
should swing upscale and indicate forward resistance of Diode at one
polarity only, should drop al the way downscale {infinity) at the

opposite polarity. Replace Diode if test results are not exactly as
indicated.

11




- $5.2.22- CHECK FIELD BOOST RESISTOR (Figure 5.2-D)

NOTE
Some smaller generators, such as 15 and 20 KW units, may incorporate a
"jumper wire" across the Field Boost Resistor. Refer to the
Schematic/Wiring Diagram for the specific unit involved.

With generator running, connect the positive (+) test probe of a DC
Voltmeter to the Wire #14 terminal of the Field Boost Resistor and the
common (-) terminal to a clean frame ground. Battery voltage should be
indicated.

Now, connect the positive (+) DC Voltmeter test probe to the Wire $29
terminal of the Resistor and the other terminal to frame ground.
Approximately one-half battery voltage should be indicated (see NOTE
above).

Replace the Field Boost Resistor if defective.

5.2.23- CHECK CONTROL RELAY CR1 (Figure 5.2-D)

Locate the Control Relay in the Meter and Control (Upper) Panel, The
Relay is energized during generator startup by Wire #14 voltage. When
energized, its normally open contacts #4 and #7 close to deliver +12
VDC to the Field Boost circuit. Test the Relay as follows:- -

1. Unplug the Relay from its receptacle.

2. Connect an Ohmmeter across Relay Pins #4 and $7- the meter should
indicate INFINITY. _

3. Connect Relay Terminal B to the negative (~) terminal of a 12 volts
battery and Relay Terminal A to the positive (+) terminal of the
battery. The Ohmmeter connected across Pins #4 and #7 should swing
upscale (continuity).

If the Relay tests GOOD, check Wire $14 from Terminal A for

OPEN/SHORTED condition. Also check Wire #0 ({(ground) from Relay
Terminal B. .

12




PART 6

TROUBLESHOOTING AND DIAGNOSTIC TESTS
AC POWER SECTION
BRUSHLESS GENERATOR UNITS
{Except Generator Types 5D-100 Through SD-200
and SD-101 through SD-201)

= TROUBLESHOOTING FLOW CHARTS
~ No AC Voltage

- Low AC Voltage

High AC Voltage

Fluctuating AC Voltage

Sectio DIAGNOSTIC TESTING

Check AC Voltage

Check Main Circuit Breaker
Check Main Generator Leads
Check AC Power Windings

Check Exciter Field

Check Diodes

Check Exciter Armature

Check Rotor (Field)

Check Generator Load

0- Check AC Frequency

1~ Check Regulator Sensing Voltage
2- Check DPE Cutput

3~ Check Voltage Adjust Potentiometer
4- Check Sensing Leads

5= Check Field Circuit Breaker

6- Check DPE Windings

7- Check Thermal Protector

8- Bypass the Thermal Protector

3
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FOR FIELD BOOST TESTING PROCEDURES, SEE PART 5 OF THIS MANUAL.
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.= -+ SECTION 6.1 - TROUBLESHOOTING FLOW CHARTS

b

6.1.1~ NO AC VOLTAGE

|
l
‘(‘, 6.2.1-CHECK 6.2.2-CHECK MAIN| 6.2.3-CHECK MAIN
| AC VOLTAGE | ZERO—CIRCUIT BREARER |—- GOOD}-—| GENERATOR LEADS }—
[coon} [BaD) : BAD
CHECK RESET, REPAIR " [REPAIR OR REPLACE]
- CUSTOMER OR REPLACE
' WIRING
l

6.2.4-CHECK A COMPLETE "NO FIELD BOOST"

POWER WINDINGS | —|GOOD— | CHECKS IN PARAGRAPE 5.1.5
| [BaD] | [STILL NO VOLTAGE]
| --
| - ' :
| | REPATR OR REPLACE| 6.2.5-CHECK EXCITER 6.2.6-CHECK
’ FIELD —{GOOD}—{ DIODES

E20) | )
[REPAIR OR _REPLACE| - [REPLACE]
{coon}
GGZCT-MK 5.2.8—'cmx i

EXCITER ARMATURE | ]GOOD]—|ROTOR (FIELD)

(BAD] . (B2}

[ REPAIR OR REPLACE] |REPAIR OR REPLACE |




6.1.2- LOW AC VOLTAGE

6.2.1-CHECK 6.2.9-CHECK 6.2.10- CHECK AC
AC VOLTAGE |—{LOW— GENERATOR [ox}- FREQUENCY
LOAD L
[Goon] EXCESSIVE [Lowl
CHECK REDDCE ADJUST
CUSTOMER LOAD ENGINE
WIRING COVERNOR
I G000
GENERATOR LEADS |—{GOOD}—|REGULATOR SENSING —{GOODI—|CHECK DPE
VOLTAGE OUTPUT
BAD}]- {BAD (coon]
6.2.13- CHECK 6.2.14- CBECK SENSING ADJUST VOLTAGR
VOLTAGE ADJUST|—{GOOD}——|LBADS S15, S16 REGULATOR
POTENTIOMETER
BAD | (Ban] !m_ﬁm_sxl
[REPAIR OR REPLACE | 6.2.4- CHECK AC
- : POWER WINDINGS
REPLACE/ADJUST REPAIR OR REPLACE
VOLTAGE REGULATOR | STATOR —[Bap] ‘—{coon]
el
r [BAD]
6.2.15—CHECK FIELD| 6.2.16-CHECK DPE 6.2.17-CHECK|
CIRCUIT BREAKER | —{GOOD|— WINDINGS —{ GOOD}— THERMAL
PROTECTOR
[Ban] (ap] (BaD]
REPLACE REPLACE STATOR | 6.2.18-BYPASS
THERMAL
PROTECTOR
GOOD GO TO 6.2.5
ON




~ §.1.2- LOW AC VOLTAGE (Cont'd)

! 6.2.5-CEECK - 6.2.6- CHECK] 6.2.7-CHECK EXCITER
( EXCITER PIELD}— GOOD}—{DIODES L [GOOD}——{ ARMATURE
(Bap) [Bap] - (2an]
| REPATIR/REPLACE | REPLACE |REPAIR/REPLACE |
oo
| I Go0D
6.2.8- CHECK |
ROTOR (PIELD) BAD—— REPATR/REPLACE|
6.2.1- CHECK 6.2.10— CHECK AC 6.2.3-CHECK MAIN
AC VOLTAGE HIGH}— FREQUENCY [OK |—| GENERATOR LEADS |
[Goon] (B1cE] - (ean]
CHECK ADJUST RECONNECT FOR
CUSTOMER ENGINE PROPER VOLTAGE
WIRING | GOVERNOR
¢ J—
[GOOD}—{ADJUST VOLTAGE REGULATOR |
{coop | " [sO_cannGE ]
DISCONTINUE REPLACE/ADJUST
TESTS REGULATOR
6.1.4- FLUCTUATING AC VOLTAGE
6.2.1- CHECK 6.2.10-CHECK ADJUST
AC VOLTAGE | |FLUCTUATING|—.{AC FREQUENCY|——{FLUCTUATING|—— ENGINE
| GOVERNOR
{Goop] {coop)
CHECK 6.2.13-CHECK '. | RO CHANGR|
CUSTOMER VOLTAGE ADJUST I
POTENTIOMETER 6.2.2~ CHECK
. MAIN GENERA-
TO 6.2.14 [Goob] (BaD| TOR LEADS

NEXT PAGE I
[REPLACE | . [ TTGHTEN/RECONNECT |




6.1.4- FLUCTUATING AC VOLTAGR (Cont'd)

6.2.14—~ CHECK SENSING

6.2.12-CHECK

6.2.15- CHECK

LEADS S15, S16 -~ GOOD}——DPE OUTPUT (—|BAD—|PIELD CIRCUIT
BREAKER
{BAD] f{coop [BAD]
|[REPATR/REPLACE | REPLACE
6.2.4- CHECK AC ADJUST VOLTAGE KO REPLACE
POWER WINDINGS }——GOOD}—REGULATOR CHANGE—— REGULATOR
| {GOOD -
6:2-16- CHECK 6.2.17- CEECK 6.2.5- CHRK

__ [Goop—

DPE WINDINGS

THERMAL PROTECTOR

[Bap]

[Bap]

| REPLACE STATOR |

6.
THERMAL PROTECTOR

2.18- BYPASS

' EXCITER FIELD

e

[Bao]

| REPAIR/REPLACE]

{GooD}

i I
6.2.6- CHECK} . 6.2.7- CHECK 6.2.8- CHECK
DIODES }——[GOOD]— EXCITER ARMATURE}—{GOOD}—  |ROTOR (PIELD
[BAD] jBaD] (eaD]
[REPLACE] IREPAIR/REPLACE | REPLACE

6.1.5- NO FIELD BOOST

Refer to Part 5 of Manual for Field Boost troubleshooting and testing

procedures,

©



SECTION 6.2 - DIAGNOSTIC TESTING

6.2.1- CHECK AC VOLTAGE

Connect an accurate AC Voltmeter to generator AC Connection Panel
Terminals El, E2, E3, 00 as required to read line-~to-line or line-to-
neutral voltage (l-phase units) or leg-to-leg and leg-to-neutral volt-
ages (3-phase units). Start the generator engine, let it stabilize and
warm up. Then, read voltages as required.

The following facts may be used in' troubleshooting when AC output
voltage is known:- .

1. If the actual AC output voltage is within plus or minus 5 percent
of the nominal rated voltage, use the panel Voltage Adjust
Potentiometer to adjust the output voltage.

2. The Voltage Regulator maintains an AC output voltage that is
directly proportional to AC frequency. AC frequency is directly
proportional to engine speed. Thus, if voltage and AC frequency are
correspondingly high or low, the engine governor may require
adjustment. -

3. Should sensing signals from the Stator AC Power leads to the
Voltage Regulator be lost (Wires 515 and S16), the Regulator will
"shut down" and the regulated excitation current flow to the Rotor
(Field) will then drop to zero. Only the Field Boost current flow to
the Rotor will then be available, _ :

4. Loss of Stator excitation (DPE) winding output to the Voltage Regqu-
lator will mean a loss of excitation current flow to the Rotor. Only
Field Boost current will then be delivered to the Rotor.

5. Field Boost current alone {(without excitation current) will provide
an AC output equal to APPROXIMATELY one-half the generator's rated
voltage. :

6.2.2- CHECK MAIN CIRCUIT BREAEKER

Check that the main line circuit breaker is.set to ON or CLOSED.’Also
check for continuity across the closed breaker contacts.

6.2.3~ CHECK MAIN GENERATOR LEADS

Inspect main generator leads (E1l, E2, E3, 00) for proper connections,
tightness, condition, ete. If the unit is a 3~-phase, 1l2-wire
reconnectable type, also check that "S" leads are properly connected
for correct voltage (see Section 2.3).

6.2.4- CHRCK AC POWER WINDINGS

Use an Ohmmeter to check the Stator AC Power windings for both an OPEN |
and SHORTED condition. Refer to the applicable Wiring
Diagram/Schematic for the specific unit involved for Power winding
test points. :

If desired, the Stator minimum insulation resistance may be checkedi
using a MEGOHMMETER. Connect the ends of all Stator AC Power Winding




‘

leads together. Connect one Megohmmeter test lead to the AC Power
- Winding leads, the other test lead to a clean frame ground on the
Stator can. Minimum insulation resistance may be computed using the
following formula:-

Minimum Insulation Resistance = Generator Rated Voltage
(In MEGOHMS) + 1
1000

6.2.5- CHECK EXCITER FIELD (Figure 6.2-A)

In the Meter and Control Panel, disconnect the Voltage Regulator
connector plug. Set an Ohmmeter to its "Rx1"™ scale and zero the meter.
Connect the positive (+) meter test probe to FEMALE connector plug Pin
$4 (Wire £4), the common (-) test probe to FEMALE connector plug Pin
#1 (Wire #l1). Meter should indicate the Rotor winding resistance (see
Paragraph 1.4 at front of Manual).

RESULTS:- If meter indicates an OPEN condition, check Wires #1 and #4
between Exciter Field and Voltage Regulator for an OPEN. Repair or
replace wire(s), if necessary. If Exciter Field is OPEN, repair or
replace as necessary.

==
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FPigure 6.2-A. Exciter Pield Circuit

Inside the AC Connection (Lower) Panel, gain access to the Exciter and
Diode Plate Assembly. There are six diodes (rectifiers) mounted on the
Diocde Plate. Note that 3 of the diodes have a polarity that is
opposite the polarity of the other 3 diodes and are NOT
interchangeable. Test all six of the Diodes as follows:-

l. Set an Ohmmeter to its "Rx1l" scale and zero the meter. If the meter
has a polarity switch, set it to “+DC".
2. Connect the positive (+) meter test probe to the stud end of one of

the diodes, the common (-) test probe to the diode terminal end.
Observe the meter reading.

3. Now, reverse the meter test leads- that is, connect the common (-) (w'

6




.- -~ the diode stud end, the positive (+) test lead to its
-cerminal end. Again, observe the meter reading.
4. Repeat Steps (2) and (3) for the remaining five diodes.

RESULTS:- Ohmmeter needle should swing upscale and indicate the
forward resistance of each diode at one polarity only, should drop all
the way downscale (infinity) at the opposite poilarity. Replace any
diode that does NOT check good.

r ) DIODE PLATE

Figure 6.2-B. Diode Plate Assembly
and Bxciter Circuit

6.2.7- CHECK EXCITER ARMATURE (Figure 6,2-B)

Set an accurate Ohmmeter to its "Rx1l" scale and zero the meter.
Connect the meter test leads across two of the diodes on the diode
pPlate, at the diode terminal ends and observe the meter. Repeat test
with meter test leads connected across the terminal ends of the
remaining two pairs of diodes. In each case, the meter should indicate
the resistance of the Exciter Armature windings. Now, set the meter to
its "Rx10,000" or "Rx1K" scale and zero the meter. Test for a SHORTED
condition by connecting one meter test probe to a diode terminal end .
and the remaining test probe to a clean frame ground. No upscale
movement of the meter needle should be chserved.

Set an Ohmmeter to its "Rx1" scale and zero the meter. Connect the
meter test probes across the diode plates. Meter should indicate the
resistance of the Rotor (Field) windings.

6.2.9- CHECK GENERATOR LOAD

Use a "clamp-on™ ammeter to test the current flow (amperes) to
generator loads., Load current should not be greater than the generat-
ors rated (data plate) current. Excessive load current will result {n
a voltage drop and excessive internal generator temperatures, If
necessary, reduce connected loads to bring load current within data
Plate linmits. -.




6.2.10- CHECK AC FREQUENCY

Connect an accurate AC frequency meter across the main generator .-
leads, Operate the engine and observe the indicated frequency. Also(;-f

see Paragraph 6.2.1. ,
6.2.11- CHECK REGULATOR SENSING VOLTAGE (Figqure 6.2-C)

See Paragraph 5.2.11 in this Manual,

RESULTS:- 1. Sensing Voltage checked GOOD...cccveeceavee. GO to 6.2.12
2. NO Sensing voltage.....t.li....tncll..antot.. Go to 6.2.13

LT Send B I
Sis o én‘ é‘z
<6 R 89— .
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Figure 6.2-C. Voltage Regulator, Sensing and DPE Circuits

6.2.12- CHRCK DPE OUTPUT (Figure 6.2~C)

Connect an AC Voltmeter to Voltage Regulator FEMALE connector plug
pins 82 (Wire #2) and #6 (Wire #6). Start the generator engine and
observe the voltage reading.

RESULTS:- 1. A DPE output voltage was indicated in 6.2.12, sensing
voltage was good in 6.2.11, but AC output voltage is about one-half
the unit's rated voltage......cte0v0040...... Replace Voltage Regulator

2. No DPE output voltage...ceevecsscanseasscass GO tOo 6.2.15

6.2.13- CHECK VOLTAGE ADJUST POTENTIOMETER (Figure 6.2-C)

See Paragraph 5.2.12.
6.2.14- CHRCK SENSING LEADS (Figure 6.2-C)

See Paragraph 5.2.13.
6.2.15- CHECK FIELD CIRCUIT BRERAKRR (Figure 6.2-C)

See Paragraph 5.2.15.




6.2.16- CHECK DPE WINDINGS (Figure 6.2-C):

¢~ See Paragraph 5.2.16.
6.2.17- CHECK THERMAL PROTECTOR (Figure 6.2-C)

See Paragraph 5.2.17

6.2.18- BYPASS THE THERMAL PROTECTOR (Figure 6.2-C)
;

See Paragraph 5.2.18. l
“FOR FIELD BOOST TEST PROCEDURES, SEB PART 5 OF THIS MANUAL"
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PART 7

TROUBLESBOOTING AND DIAGNOSTIC TESTING

AC POWER SECTIONS

BRUSELESS GENERATORS WITHOUT A STATOR EXCITATION WINDING

Sectio
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GENERATOR TYPE NUMBERS

SD- SD-101

Sp-130 SD-131

SD~150 S§b-151

SD-180 Sp-181

SD~-200 SD-201
TROUBLESHOOTING FLOW CHARTS
No AC Vecltage Qutput

Low AC Voltage Output

High
Fluct

DIAGROSTIC TESTING

Check
Check
Check
Check

AC Voltage Cutput
uating AC Voltage

AC Voltage

Main Generator Leads
Requlator Sensing Voltage
Sensing Leads S15, S§16 and 89

Check Voltage Adjust Potentiometer

Check Regulator Excitation Voltage

Check Excitation Circuit Wiring

Check Sensing Transformer

Flash the Field e

Inspect Exciter and Diode Plate Assembly
Test Diodes

Test Surge Protector

Test
Test
Test
Test

Exciter Pield
Exciter Armature
Rotor

Stator Windings

Check AC Fregquency

Check

Generator Load

Adjust Voltage Adjust Potentiometer
Adjust Voltage Regulator
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"EXPLODED VIEW OF A TYPICAL BRUSHLESS GENERATOR
Types SD-100 through SD-200 and SD-101 through SD-201)

NOTE: Complete Main Rotor Assembly consists of
items 7, 8, 9, 10 and 11.

Place Boit and Hardened Washer
Drive Discs

Spacer Plates (When Used) @
Screen, Drive End

Drip Cover {Optional)

SAE Adaptor

Drive Hub

Fan

Main Rotor Core with Winding
Bearing Cap (When Used)
Cartridge Ball Bearing

18. Exciter {Rotorj Armature and Rectifier
Assembly with Winding
19. Louvered Conduit Box Cover
20. Regulator Enclosure
Main Stator and Frame Assembly with Winding 21. Voltage Regulator

Front End Bracket 22. Terminat Block

Conduit Box 23. Exciter Field Circuit Breaker
Buss Bar Assembly {(When Used) 24. Regulator Panel -

Exciter Stator Assembly with Winding 25. Fuses and Fuse Holders

. Lead Shield 26. Voltage Adjust Rheostat
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EXPLODED VIEW OF A TYPICAL BRUSHLESS GENERATOR

Types SD-100 through SD-200 Only

TYPICAL AC BRUSHLESS GENERATOR . l
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_ - mw AC VOLTAGE OUTPUT

7.2.1- CHECK ZERO OR 7.2.2- CHECK MAIN| 7.2.3~ CHECK
AC VOLTAGE REAR ZERO GENERATOR LEADS |~ GOOD—|REGULATOR T
_ SENSING
VOLTAGE
7.2.5- CHECK VOLTAGE ' |
ADJUST POTENTIOMETER (BAD]. [BaD] -
' TIGHTEN, REPAIR OR 7.2.4-CHECK
RECONNECT SENSING
_ LBRADS S15,
REPLACE [ REPAIR OR REPLACE|-{ BAD-—S16 AND 89
: {Go6D}————
T [Goop}-
7.2-6"’ cmx REGUIIATOR 7.2-7— m 7-2-8- mx
EXCITATIOR VOLTAGE [BaD] EXCITATION - SENSING
CIRCUIT WIRING TRANSFORMER
—(Go0m] B
L REPAIR OR REPLACE
7.2.9- FPLASH 1/2 OR GREATER REPLACE THE VOLTAGE
THE PIELD OF RATED AC VOLTAGE REGULATOR
AC OUTPUT VOLTAGE 7.2.10- INSPECT EXCITER 7.2.11-
AT OR NBAR ZERO AND DIODE PLATE ASSEMBLY | -[GOOD]—{TEST DIODES|-
o) )
' [REPAIR OR REPLACE| [REPLACH
{GOOD }
7.2.12—- TEST 7.2.13~ TEST 7.2.14- TEST
SURGE PROTECTOR—{GOOD}——— EXCITER FIELD—|GOOD |—{EXCITER ARMATURE
Eo B3 B
REPLACE |[REPAIR OR REPLACE] [REPAIR OR REPLACE |
—{coon} '

{7.2.15- TEST ROTOR [——{GOOD}——{7.2.16— TEST STATOR WINDINGS |




7.2.1- CBECK

7.2.2— CHECK MAIN

7.2.17- CHECK AC

T
' ",
. v

AC VOLTAGE [T.OW— GENERATOR LEADS |—{GOOD! | FREQUERCY -
BX [row]
TIGETEN, REPAIR OR ADJUST
RECONNECT ENGINE
GOVERNOR
7.2.18- CHECK 7.2.19- ADJUST 7.2.20-ADJUST
GENERATOR LOAD}—|OK] VOLTAGE ADJUST STILL LOW VOLTAGE
POTENTIOMETER REGULATOR
(ExCESSIVE] [coon] (Goon]
{REDUCE LOAD| |DISCONTINUE TESTS)| | DISCONTINUE TESTS|
- VOLTAGE STILL LOW|
7.2.9- FLASH AC OUTPUT VOLYAGE IS REPLACE VOLTAGE REGULATOR
THE FIELD 1/2 OR MORE OF RATED TEST AND ADJUST
VOLTAGE
AC VOLTAGE AT [7.2.11- TEST 7.2.12- TEST SURGE
OR NEAR ZERO DIODES —|GOOD}———| PROTECTOR
BAD BAD
[coob)

COMPLETE TESTS 7.2.13,
7.2.14, 7.2.15, 7.2.16

7.1.3- AC OUTPUT VOLTAGE IS HIGH

7.2-1— cnmx

7.2.2- CHECK MAIN

7-2-17- mx

AC VOLTAGE HIGH}— GENERATOR LEADS |—{GOOD|—{AC PREQUENCY
GO TO 7.2.19 RECONNECT FOR ADJUST

ON NEXT PAGE

PROPER VOLTAGE

ENGINE GOVERNOR

p

N



-~ VUTPUT VOLTAGE IS HIGH (Cont'd)

T .
i

7.2.19- ADJUST VOLTAGE

VOLTAGE STILL

7.2.20~ ADJUST VOLTAGE

ADJUST POTENTIOMETER HIGH "| REGULATOR
} |
VOLTAGE DISCONTINDE| VOLTAGE
GOOD TESTS a GOOD
{VOLTAGE STILL BIGE}
7.2.11- TEST REPLACE VOLYAGE REGULATOR
DIODES ———{ Goopl———— TEST AND ADJUST
7.1.4- FLUCTUATING AC VOLTAGR El
7.2.1- CHECK 7.2.17- CHECK
AC VOLTAGE | FLUCTUATING|—— AC FREQUENCY )|—[FLUCTUATING]—
[

| FLOCTUA ING| 1\

ADJUST ENGIKE|
{__COVERNOR |

7.2.5- CHECK VOLTAGE

TIGHTEN, REPAIR
OR REPLACE

ADJUST POTENTIOMETER——{GOOD}—

E‘TE ;'l
Illl

|REPAIR OR mx.icx]

L

7.2.4- CHECK SENSING

LEADS S15, S16 AND 89|—{GOOD}—{CIRCUIT WIRING

[BAD]

{ REPAIR OR REPLACE]

7.2.7- CHECK EXCITATION

*-. ——{co0D}—

[2ap|

1

}

7.2.8~ CHECK SENSING
TRANSFORMER

COMPLETE TEBSTS 7.2.13

[REPAIR OR REPLACE] i

7.2.9- MH

[ GOOD}——| THE FIELD

VOLTAGE IS 1/2 OR
GREATER OF RATED

THROUGH 7.2.16

7 - 2 - 2°-ANUST

— FLUCTUATES

NO FLUCTUATION

k

'1

L]

VOLTAGE Ilat;ng.l:n:.mmt

(STILL PLUCTUATES |—REPLACE VOLTAGE REGULATOR|
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SECTION 7.2 — DIAGNOSTIC TESTING
7.2.1- CHECK AC VOLTAGE

When the Meter and Control Panel Voltmeter indicates a problem,‘
connect an external AC Voltmeter to the main generator leads to verify
the voltage. For single phase units, connect the Voltmeter to read
line-to~line or line-to-neutral voltages as desired. For 3-phase
units, leg-to-leg or leg-to-neutral voltages must be read.

1f any one of the following voltage problems is indicated, refer to
Section 7.1, TROUBLESHOOTING FLOW CHARTS:- .

1. No AC Output Voltage
2, Low AC Qutput Voltage
3. High AC Output Voltage
4. Fluctuating AC Voltage

Follow the steps in the TROUBLESHOOTING FLOW CHARTS in the exact order
indicated.

7.2.2- CHECK MAIN GENERATOR LEADS

Carefully inspect the main generator leads inside the AC Connection
{Lower) Panel. Check for loose, damaged, broken or improperly
connected leads. Main generator leads must be properly connected or an
incorrect AC output voltage will result. Refer to the appropriate
SCHEMATIC/WIRING DIAGRAM,

7.2.3- CHECK RéGULATOR SENSING VOLTAGE (Figure 7.2-A} @

Inside the generator Meter and Control Panel, disconnect the Voltage
Requlator connector plug. Locate FEMALE connector plug Pin $3 to which
Wire #89 connects, and FEMALE Pin #5 to which Wire S15 connects.
Connect an accurate AC Voltmeter across these two connector plug pins.
Start the generator engine. The AC Voltmeter should indicate at least
5 Volts AC (or greater).

RESULTS:- 1. Sensing Voltage Checks GOOD........ GO to Paragraph 7.2.6

2. Sensing Voltage Checks BAD......... GO to Paragraph 7.2.4
e

FEu WIRE END vIEW
euaLe @ O D 0a tTiom uniTs

70
VOLTAGE

REGULATOR 56—
QIO
@
O
FENALE peay

518 =

Figure 7.2-A. Voltage Regulator Sensing Voltage Circuit
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<asCK SENSING LEADS S15, S16 AND 89 (Figure 7.2-3)

Units Manufactured After August 1984:- Wire #89 runs from the Voltage
Regulator FEMALE connector plug Pin $#3 to the Voltage Adjust
Potentiometer., From the Voltage Adjust Potentiometer, Wire #S16 runs
through the Meter and Control Panel Floor: to a 15-pin connector plug
inside the AC Connection (Lower) panel and connects to Pin #9 of that
plug. From Pin 9, Wire #S16 is routed to the main AC connection
terminal or circuit breaker. Wire #S15 is routed from FEMALE Pin $5 of
the Regulator to Pin #7 of the 15-pin connector plug and then to the
main AC connection terminal or circuit breaker.
i

Units Manufactured PRIOR TO Augqust 1984:- Wire $#89 runs from Voltage
Regulator FEMALE connector plug Pin €3 to the panel Voltage Adjust
Potentiometer, Wire #816 is routed from the panel Voltage Adjust
Potentiometer to Pin #10 of a 10-pin plug inside the AC Connection
{Lower} panel and then to the main AC connection terminal or c¢ircuit
breaker. Wire #S15 is routed from Regulator FEMALE Pin #5 to Pin #9 of
the 10-pin plug, and then to the main AC connection terminal or
circuit breaker. \

Use an accurate Ohmmeter to test Wires #515, 516 and 515 for an open
or shorted condition. Repair or replace any defective wires.

7.2.5- CHECK VOLTAGE ADJUST POTENTIOMETER (Pigﬁre 7.2-A)

The panel Voltage Adjust Potentiometer permits adjustment of AC
Voltage within plus or minus 5 percent. If voltage is HIGH, turn the
adjustment knob counterclockwise to decrease voltage. If voltage is
LOW, turn the knob clockwise to increase voltage.

1
A zero or fluctuating AC output voltage may:also be caused by a
defective Voltage Adjust Potentiometer. Inspect the Wire #89 and S16
wire connections at the Potentiometer terminals, ‘make sure connections
are properly made and tight. Connect the test leads of an accurate
Chmmeter across the Potentiometer terminals, then rotate the knob
slowly clockwige and counterclockwise while observing the meter
reading. Resistance should increase and decrease as the knob {s
rotated first in one direction then the other. Any sharp dropoff or
rise in resistance while rotating the knob indicatea a defective pot-
entiometer.,

7.2.6—- CHECK REGULATOR EXCITATION VOLTAGE {(Figure i.Z—B}

Generator units rated at 100 through 200 KW and driven by a 13.3 liter
diesel engine do NOT have a Stator Excitation (DPE) winding.
Unregulated AC excitation current is taken from the' AC Power windings
and reduced to a voltage value that is compatible with the Voltage
Regulator by a Sensing Transformer. High voltage generators (416-480
VAC) require a jumper across Transformer terminals El and H3. Low vol-
tage units (208-240 VAC) require two jumpers, across Transformer
terminals H2 to H4 and Bl to H3. Proper connection of these jumpers
ensures a Transformer secondary winding output of 120 VAC, whether a
high or low voltage is delivered to the Transformer . primary winding.
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Figure 7.2-B. Generator Excitation Circuit

Ingside the Meter and Control Panel, disconnect the Voltage Regulator
connector plug. Connect an accurate AC Voltmeter to Regulator
connector plug FEMALE Pins $2 (Wire $#2) and #6 (Wire #6). Start the
generator engine., With engine running, note the AC Voltmeter reading.
A small AC voltage should be indicated on the meter (about 1-1/2 to 5
Volts depending on the unit's rated AC voltage and the residual
magnetism in the field).

RESULTS:- 1., A Small Voltage Was Indicated...... Go to Paragraph 7.2.9
2. NO Voltage was Indicated........... GO to Paragraph 7.2.7

7.2.7- CHECK EXCITATION CIRCUIT WIRING (Pigure 7.2-B)

SBUT DOWN THE GENERATOR ENGINE. Then, use an accurate Ohmmeter to test
Excitation Circuit wiring for an open or shorted condition. Repair or
replace any open or shorted wires.

7.2.8- CHECK SENSING TRANSFORMRR {Figure 7.2-B)

Check Transformer for proper wiring connections and correct in-

stallation of terminal jumpers. Reconnect wires and terminal Jumpers
as required,

GENERATOR ENGINE MUST BE SHUT DOWN. Use an accurate Ohmmeter to check

the Transformer primary and secondary windings for an OPEN or SHORTED
condition as follows:-

1. Disconnect wires from Transformer terminals and remove terminal
jumpers, to prevent interaction.

2. Connect Ohmmeter test leads across Transformer terminals "H1" and
"H3"- resistance should be 3.0 Ohms (plus or minus 20%).

3. Connect Ohmmeter test leads across terminals "H2" and "H4"- readxng
should be 3.0 Ohms (plus or minus 20%).

4. Connect meter test leads across Transformer terminals "X1" and "X2"
- reading should be 0.7 Ohms (plus or minus 20%).

4. Connect meter test leads to the Transformer body (ground), and to
terminals *H2", "H1®", and "X1l" one at a time. As the test lead is
connected to each of the terminals, note the meter reading. Anu
upscale movement of the meter needle indicates a SHORTED condition and
requires Transformer replacement.

TO -




- sak PIELD (Figure 7.2-C)

Inside the Meter and Control Panel, disconnect the Voltage Regulator
connector plug. Locate FEMALE connector plug Pins #1 (Wire #1) and #4
(Wire #4). Connect the POSITIVE, POS or (+) post of a 12 volts storage
battery to FEMALE connector plug Pin #4. Connect the NEGATIVE, NEG, or
(=) post of the battery to FEMALE Pin #1.2Start the generator engine,.
With the generator running at its rated 'speed, read the AC Voltage
output of the unit on a vVoltmeter. ! :

RESULTS:~ 1. A stable AC output voltage is obtained that is one-half

' the unit's rated voltage (or greater)....... Adjust Voltage
Regulator, if problem persists replace the Requlator

2. AC Voltage is at or near zero.... Go to Paragraph 7.2.10

L
1

i

i
|
‘To Rotating Field
: F+

F-

i
From Exclter Armsture i

Figure 7.2-C. The Pield circdit

7.2.10~ INSPECT EXCITER AND DIODE PLATE ASSEMBLY:

(Flgures 7.2-C, 7.2-D, 7.2-E) ‘=
Inspect the rotating exciter for loose or broken iead wires. Make sure
all six diode (rectifier) connections are secure, '‘as well as all other
wires on the diode plate. Repair, replace or tighgen as necessary.

Figure 7.2-D. A Typical Diode Plate Assembly
{(Type SD-100 through SD-200 Generatora)

9




1. Extiter Siator Assembly
with Winding

2. Esciter (Rotor) Armature §
Ractitier Aspambly with Winding

3. Rectifier Aspembly

4. Surge Protector

5. Rectifiars (Stanoard Potarity)

8. Rectifiars (Reverse Polarity]

Pigure 7.2-~E. A Typical Exciter Armature, Stator and Rectifier
{Used on Some Type SD~100 through SD-200 and ALL SD-101 through SD-
. 200 Generators) %

Test each diode (rectifier) with an Ohmmeter. Remove the bolted lead
wire from one diode at its terminal stud. Test the resistance between
the diode STUD and TERMINAL end. Note the reading, then reverse the
Ohmmeter test probes - at one polarity, the. resistance should be low
and at the opposite polarity resistance should be high. Repeat this
procedure until all six diodes have ben tested. Replace any diode that
does not pass this test. Tighten diodes with No. 10-32 thread to 11-19
inch-pounds. Tighten diodes with 1/4-28 thread to 21-29 inch-pounds.

NOTE
Two different types of diodes are used with different polarities. When
replacing diodes, be sure to install the correct diodes. !

RESULTS:- Replace any diode that does not pass the test.

Disconnect one of the surge protector leads. Use an Ohmmeter to read
the resistance between the terminal from which the lead was discon~
nected and the other terminal. Reverse the Ohmmeter test probes
(reverse the polarity) and repeat the test. A BIGH resistance should
be obtained at both polarities.

C

10




"

_—.si= 1. Resistance HIGH at both polarities.......... Go to 7.2.13
2. Resistance LOW at one or both polarities... Replace Surge
: Protector

]

Use an Ohmmeter to test the Exciter Field?coil for an OPEN or SHORTED
condition. If open or shorted, repair .or replace the necessary
component, {NOTE:- This component may be called an EXCITER STATOR on

-some drawings.)

7.2.14- TRST BXCITER ARMATURE

Test the Exciter Armature for OPEN or_SHORméD condition. If necessary,
repair or replace the defective component. '
\

7.2.15~ TEST ROTOR

Test Rotor (Field) windings for OPEN or SHORTED condition. Replace
Rotor if open or shorted. !

!
Use an Ohmmeter to test Stator AC Power windings for OPEN or SHORTED
condition. Repalir or replace any open or shorted Stator Assembly.

If desired, the MINIMUH INSULATION RESISTANCE of the Stator may be
tested using a MEGOHMMETER. Use the following formula to determine the
minimum insulation resistance of a stator:- i

GENERATOR RATED VOLTAGE

- + 1
11000

MINIMOM INSULATION RESISTANCE =

Connect ALL stator leads together. Make sure any other stator leads
are NOT touching the unit frame. Connect one Megohmmeter test probe to
the stator leads, the remaining test probe to a'clean frame ground on
stator can. Read the minimum insulation resistance in megohms. A
reading less than the calculated minimum indicates an unacceptably low
insulation resistance, v

]
4

7.2.17- CBECK AC FPREQUENCY g

Connect an accurate AC Frequency Meter to the main generator leads or
terminals. Start the engine, let it stabilize and warm up. Check the
AC frequency reading. See Section 2.2.5. '

7.2.18~ CHECK GENERATOR LOAD

Use a *clampon" ammeter to check load current. Load current should NOT
be greater than the rated maximum continuous load current from the
unit's DATA PLATE. Overloading the generator will result in a voltage
drop and excessive internal generator temperatures.’ '




7.2.19- ADJUST VOLTAGE ADJUST POTENTIOMETER

See Paragraph 7.2.5. _ ' \
7.2.20- ADJUST VOLTAGE REGULATOR - (

Refer to section 4.4.

12




	TOC
	Part 1 Generator Specifications & Features
	1.1 Specifications & Features -Model 7500 Series Generators
	1.2 Specifications & Features -Model 1100 Series Generators
	1.3 Manual "R" Level Chart
	1.4 Nominal Resistance Values for Rotor and Stator Windings
	1.5 Capscrew Torque Values
	1.6 Electrical Formulae for AC Generators
	1.7 Wire Number Standards
	1.8 Wiring Diagrams/Electrical Schematics
	1.9 Interconnection Diagram -  Early Models 6301/6919 Controller
	1.10 Interconnection Diagram - The Model 8519 Automatic Controller

	Part 2 Standy Generator Familiarization
	2.1 General information
	2.2 AC Generator Operational Analysis
	2.3 AC Connection Systems
	2.4 Operational Analysis - DC Control Systems

	Part 3 Meter & Control Panel Components
	3.1 Meter & Control Panel Options
	3.2 Meter & Control Panel External Components
	3.3 Meter & Control Panel Internal Components
	3.4 Meter & Control Panel External Components
	3.5 Meter & Control Panel Internal Components
	3.6 Option "A" & "B" Engine Monitor Panels
	3.7 Option "C" Engine Monitor Panel
	3.8 - The Optional Annunciator Panel

	Part 4 Operational Tests and Adjustments
	4.1 AC Generator Operational Testing
	4.2 Engine Speed Governor Adjustments
	4.3 Generator Circuit Board Adjustments
	4.4 Voltage Regulator Adjustment
	4.5 Throttle Droop Overdrive Positioners
	4.6 Checkout and Testing of Engine Safety Controls

	Part 5 Troubleshooting & Diagnostic Tests - AC Power Section - Direct Excited Brush Type Units
	5.1 Troubleshooting Flow Charts
	5.2 Diagnostic Testing

	Part 6 Troubleshooting & Diagnostic Tests AC Power Section - Brushless Generator Units
	6.1 Troubleshooting Flow Charts
	6.2 Diagnostic Testing

	Part 7 Troubleshooting & Diagnostic Testing AC Power Sections - Brushless Generators without A Stator Excitation Winding
	7.1 Troubleshooting Flow Charts
	7.2 Diagnostic Testing


