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A BSTRACT

An investigation of probl ems associated with two
types of generators used in Navy ARS and ATF class ships
Is described . Causes of and recommended corrective
actions are discussed for failures being experienced by the
30 kW motor generator set , and inadequacies in the
emergency communication system utilizing the 2 . 5 kW

diesel generator set.
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SUMMA RY

The 30 kW motor generator (MG) used in ARS and ATF class ships of the
Service Force , Pacific has experienced many types of failure , to an extent suggesting
a possible reliability problem. On the same ship types, the emergency communi-
cation system utilizing the 2. 5 kW diesel generator has proven to be inadequately
designed.

ARINC Research Corporation was contracted to investigate these problems,
determine the causes, and recommend corr ective actions. The major conclusions
drawn from this study are summarized below.

a. The failur e problems experienced by the 30 kW MG set appear to have
been brought under control by action already taken by the Navy. These

failures were centered in the control circuitry of the MG set. Steps
taken to correct the failure condi tions primarily involved Improvement
of the ventilation in the control panel , and the correction of errors
made in the installation of the MG sets.

b. The improved ventilation comp ensates for an inherent problem in the
control circuitry. Should the Navy desi re to correct the basic fault ,
the necessary changes to the circuitry (primarily part substitutions)
are detailed in this report.

c. This study confirmed that the emergency communication system used
on the ARS and ATF class ships is inadequately designed. A design
providing maximum fl exibility of emergency-power utilization is
recommended herein.

v/vl

- -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- -~~~~~~~~

CONTENTS

A BSTRACT iii

Sl_JI~l?vI.ARY V

1. INTRODUCTION 1-1

2. CONCLUSIONS AND RECOMMENDATIONS 2-1
2. 1 30 kW Motor Generator Set 2-1

2. 1.l Failure Types 2— 1
2. 1. 2 Configuration Study 2-1
2. 1. 3 Installation—Related Problems 2—1

- 2. 1.4 Circuit Analysis 2— 2
2. 1.5 Magnetic Pick-up Problem 2-2
2. 1.6 Safety Hazard 2-3
2. 1. 7 Logistic Support 2-3

2. 2 2.5 kW Diesel Generator Set 2-3

3. RE LIABILITY INVESTIGATION , 30 KW MOTOR GENERATOR SET . . 3-1
3.1 Study Approach and Conditions 3-1
3. 2 Failure History 3—2
3.3 Configuration Study 3-2
3.4 Configuration Evalu ation 3-6

3.4. 1 Configuration A 3-6
3.4. 2 Configuration B 3-9
3.4.3 Configuration C 3-9
3.4.4 Configuration D 3-10
3.4.5 Configuration E 3-10

3.5 Summary and Recommendations — MG Study 3-11

4. DESIGN STUDY, 2.5 KW EMERG ENCY DIESE L GENERATOR . . . . 4-1
4.1 Study Approach and Conditions 4-1
4.2 Background 4-1
4.3 Emergency Communications Requirements 4-2
4.4 Recommended System Design 4-4

4.4.1 Design Requirements 4—4
4.4.2 Recommended Modifications for Meeting Design

Requirements 4—4
4.4.3 General Recommendations 4-8

APPE NDIX A: PROPOSED MODIFICATIONS TO 30 KW MOTOR
GENERA TOR SETS A-i

vii

7- ~.a7 . _ & -L_&.~~~~~ . ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~



r ~~~~~~~~~ 

_ _ _ _ _ _  

~~~~~~~~~

--- -

~~~~~~~~

-

APPENDIX B: ANALYSIS OF OVERSPEED CIRCUIT FAILUR E
ON 3O KW MG SE T OF USS MA TACO B-I

APPENDIX C: ANALYSIS OF FAILUR E OF OVERSPEED CIRCUI T
ON 3O KW MG SET C-i

APPENDIX D: ANA LYSIS OF OVERSPEED RELA Y FAILURE
ON 3O KW MG SET OF USS SAFEGUARD D-1

T

viii 

-——~~~~ — -— - - - —- -~~— ~- - -~ C,-



- ____~~~-----—---- ~~~ 
.-

p.

ILLUSTRAT IONS AND TABLES

Figure

1 Distribution of 30 kW MG Sets Among Type ARS and ATF
Ships of SERVPA C 3-7

2 Typical Electronic Equipment Power Distribution 4—3

3 Recommended System Design Schematic (Elementary) 4-7

Table

1 Failure/Problem Summary for 30 kW Motor Generator 3-3

2 ARS/ATF 30 kW Generator Set Distribution 3-5

3 Approximate Power Requirements for Typical Functional
Loads 4-5

J
I

ix/x

I



1
INTRODUCTION

ABS and ATF class ships of the Service Force , Pacific have experienced
problems relating to two types of electrical power sources: the 30 kW motor genera-
tor set and the 2.5 kW diesel generator set. In the 30 kW set , many different types of
fa i lures  have been reported. Emergency communication systems powered by the
2. 5 kW set have been found to be of generally inadequat e design .

Under Contract N 006 04— 74— C— 023 4 , ARINC Research Corporation was directed
to investigat e these problems and recommend corrective procedures. Tasks neces—
sarv to accomplish these objectives are listed below.

a. 30 kW Motor Generator Set

1) Evaluate material history and casualty report (CASREPT) data on 30 kW
sets used on all ARS and ATF ships of SEF{VPAC.

2) Analyze failures to determine critical subsystems or component s
causing or contributing to operational difficulties.

3) Perform circuit and /or system analyses of crit ica’ subsystems to
determine the most likely cause(s) of encountered problems.

4 Provide recommendations for improving the reliability of the 30 kW
set.

b. 2. 5 kW Emergency Diesel Generator

1) Evaluate the present emergency communication configu ration on
SERVPAC ARS and ATF ships.

2) Determine emergency communication requirements.

3) Design a system configuration, utilizing the 2. 5 kW diesel generator
set , that will provide improved emergency communication capability.

Conclusions and recommendations resulting from this effort are given in See-
tion 2. Study details , including the technical approach and investigation results , are
presented in Section 3 for the 30 kW motor generator set , and in Section 4 for the
2.5 kW diesel generator and associated emergency communications system. Analyses
and documentation supporting the investigation are presented in the appendixes.
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2
CON CLUS IONS AND RECOMMEN DAlI ONS

Several import ant conclusions resulted from this study, and are summarized
below together with accompanyin g recommendation s where appropriate.

2.1 3 O K ~~~MOTOR GENE RA TOR SET

2.1.1 Failure 1’y~~~ —

Reported problems with the 30 kW MG set aboard ARS and ATF ships of
SERVPA C fall within two failure categories: normal deterioration and control cir-
cuitry malfunction. Within these caLegories~

a. All reported failures of the normal deterioration type were unique — there
was no trend or pattern to their occurrence. Such failures were typicall y
worn bearings , scored commutators , worn brushes , defective meters ,
etc.

b. Problems traceable to control circuit malfunctions had commonality among
ships having similar installations and equipment characteristics of the
30 kW MG set .

2.1. 2 Configuration Study

To accurately correlate problems with equipment installations and character-
istics , a configuration study was conducted to determine the present 30 kW MG set
equipment complement s aboard ARS and ATF ships of SERVPAC. Five diffe rent
equipment conf igurations are utilized , encompassing fifty 30 kW MG sets aboard 21
ships. Of the fifty 30 kW MG sets , 16 have been reported as experiencing circuitry
problems and/or failures. Of these 16 sets , only one (aboard USS TAKELMA ) con-
tinues to exhibit control circuitry problems. The ships on which the other 15 sets
are located implemented component changes and/or provided needed ventilation in
MG set control panel spaces. No recurrence of the problems has been reported by
these ships.

2. 1.3 Installation-Related Problems

In this study , ARINC Research visited 75% of all ARS and ATF type ships of
SERVPAC. Observation of the 30 kW MG set installations led to the following con-
clusions and recommendations.

a. In many instances , the MG sets are inadequately installed relative to venti-
lation , heat sinking, physical wiring, and location of the c ontrol panel. In
some cases the wiring to the control panel covered a large portion of the
bottom ventilation grating of the control panel cabinet. These wires impede
the flow of air into the cabinet , allowing component operating temperatures

2—1



F, - —--- — — - —- —

~~~~~ 

- - - — — — ——— - - — --,

~~

- .—- - - -. -.-—-—--—- — —

to rise to a level where circuit functions may he alte red t~ the extent that
component failures can occur. For MG sets with  h ea t—r e la te d  prob lems ,
the clearing ~f this wiring is highly recommended as the first  step to
improving the situation.

b. Aside from this wir ing problem , two ships had unique installations that may
be a potential cause of future problems:

1) In GRASP , a control cabinet for  one MG set is located directly on top
of the control cabinet of another set. The intended natural  ventilation
of these cabinets is defe~:ted by the lack of an air supply to the lower
unit and the restricted intake to the bottom of the upper unit. The
sides are also blocked off by adjacent panel supports. Excess cable
wire lengths between the entrance bushings , and terminal boards block
off the air inlet screen. An improved relocation is recommended to
enhance ventilation within these cabinets.

A large portion of GRASP’ s electronic load was also found to be con-
nected to one phase of the three-phase generator. This condition
creates a highly unbalanced load. A redistribution of loads to the
three-phase power source is recommended in conjunction with emer-
gency power distribution modifications to be discussed (Section 2. 2).
As previously noted , this recommendation is based on shipboard obser-
vation , not on a comprehensive analysis. Therefore the implementation
of this recommendation will not solve all of the problems associated
with GRASP’s 30 kW MG set; however , it will improve the overall reli-
ability of the generator winding.

2) RECLAIMER’ s control panel was found to be installed directly above
the exhaust of its motor generator . The exhaust is presently directed
into one—half of the control panel cabinet , causing inside temperatures
to be very high. The installation of a heat deflector to direct the
exhaust away from the control panel’s lower ventilatio~. grating is
recommended.

2.1.4 Circuit Analysis

Detailed testing and analysis of a failed overspeed-circuit board revealed a
deficiency in the overspeed circuit of a 30 kW MG set identified by TM NavShips 0962-
046-0010 and manufactured by Electronic Specialty Corp. The overspeed threshold
was found to decrease with increasing temperature, thus causing premature actu ation
of the overspeed circuit. Circuit component modi fications as given in Appendix C are
recommended for all MG sets that have heat—related problems and are of the type
identified by the subj ect technical manual.

2. 1.5 Magnetic Pick-up Problem

Three basic configurations of the 30 kW MG set that utilize magnetic probe
pick-ups were found to be exhibit problems relating to that element. These config-
urations are identified by NavShips 0962-046—0010 , 0961—038-4010 , and 096 1-040—4010.
False actuation of the overspeed circuit has been caused by noise on the overspeed
magnetic probe cable. These noise problems result from incorrect shielding and “or
grounding of the magnetic pick—up cables. The approach to correcting this condition
is given in Appendix B.

2— 2
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2. 1.6 Safety Hazard

A 30 kW MG set aboard ABNAKI has a potential equipment-safety hazard . A
configuration B MG unit has a configuration A control cabinet. Without a modifica-
tion to the MG unit , these devices are not compatible and would leave the MG without
overspeed protection. The recommended corrective action is given in Section 4. 2.

2. 1.7 Logistic Support

For the MG set , logistic support for high-failure-rate components and their
associated printed circuit boards appears marginal to nonexistent , based upon corn-
merits from ship personnel. The long—lead times experienced as the general rule
(frequently as long as 60 days) indicate exhaustion of any spare parts that may have
been in the Navy supply system when the 30 kW MG sets were new. A rotating pool
of all PC boards used in these equipments , and a depot level maintenance program to
support it , is recommended. This would compensate for inadequacies found in per-
sonnel iillowances for ARS/ATF type ships, which necessitates dependence on outside
help in this area. if a rotating pool of PC boards is not possible , applicable 3pare
boards should as a minimum be stocked aboard ship.

2.2 2.5 KW DIESE L GENERA TOR SET

Redesign of the emergency communication system built around the 2. 5 kW emer-
gency diesel generator was performed by ARINC Research in accordance with COM-
SERVPA C requirements. A recommended design providing maximum equipment—
selection flexibility is defined in this report. This design involves a 3-pole ,
double-throw manual bus transfer (MBT) switch. A table of equipment power
requirements to be used in conjunction with a meter to measure generator loading is
also recommended. Depending on the emergency situation, any equipment or set of
equipments connected through the MBT may be used with the emergency generator.
The only restriction is that the power requirement does not exceed the emergency
generator ’s capac ity. By observing the wattmeter , or ammeter , this condition can
be controlled.

The problem involved with the 2. 5-kW emergency diesel generator was found
to be different for every ship visited in this study. Therefore , to implement effec-
tively the design recommended in this report , ARINC Research recommends that
implementation plans and procedures be prepared individually for each ABS and ATF
ship. The plans for each ship should identify all applicable equipment on board;
equipment to be purchased for installation; and equipment cost , manufactu rer , and
model . -

While individual plans are necessary, their specified equipments and installa-
tion procedures should be as uniform as possible in the interests of minimizing the
costs of logistic support , installation, and documentation.

2—3/2-4
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RELIAB ILITY INVEST IGAT ION,
30 KW MOTOR GENERATOR SET

3.1 STUDY APPROACH AND CONDITIONS

The initial step in addressing the problem of recurring failures in the 30 kW
motor generator was to evaluate data on failures and other incidents recorded for all
MG set configurations. Types of data required for this evaluation included m aterial
history reports , CASREPTs , repair—activity condition reports, and detailed informa-
tion on circuit failures. The first two data types were readily available through
existing Navy publications and discussions with ship personnel . The latter two data
types were o-f limited availability .

To augment the available information, ARINC Research conducted ship visits
and performed failure analyses on all available failed circuit boards of the MG sets.
Visited were the following 16 of the 21 ABS and ATF class ships of SERVPAC:

USS GRAPPLE (ARS-7) USS TAWASA (ATF-92)
USS DELIVER (ARS-23) USS ABNAKI (ATF-96)
USS GRASP (ARS-24) USS C HOWANOC (ATF-l00)
USS BOLSTE R (ARS-38) USS COCOPA (ATF-101)
USS CONSERVE R (ARS-39) USS HITCHITI (ATF-103)
USS RECLAIME R (ARS-42) USS QUA PAW (ATF-110)
USS CREE (ATF-84) USS TAKE LMA (ATF-113)
USS MA TACO (ATF-86) USS TAWAKONI (ATF-114)

Unavailable were the USS SAFEGUARD (ARS-25), MOCTOBI (ATF-105),
MOLA LA (ATF-106), APA CHE (ATF-67), and UTE (A TF-76); the latter two were
scheduled for decommissioning this year.

In these visits , ARINC Research conducted equipment checks and heidi discus-
sions with ship personnel concerning the MG set. Failed circuit boards were
requested of the ships through COMSERVPAC; however , during the period January
to August 1974 only three circuit boards were obtained — two from TAWAKONI and
one from CREE. Detailed failure circuit analyses were performed on these boards.

The insufficiency of detailed failure reports , and the lack of failure occurrences
d uring the contract period , necessitated that ARINC Research reconstruct failure
modes based on available data and then surmise possible causes of failure.

Due to the variety of manufacturers and configurations of the 30 kW MG set ,
and differences in installation and operating environments , the problems investigated
were found to be unique for every ship and motor generator. Thus it was considered
impracticable to recommend general modifications applicable to all MG sets. This
report the refore presents recommendations applicable to each ship, or to groups of
ships having similar MG set configurations.

3—1
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3.2 FAILURE HISTORY

Reported failures in the MG set were foun d to t “ of two general types:

a. Those due to normal deterioration , such as worn bearings , worn brushes ,
scored commutators, etc. ; and

b. Those associated with failed subsystems, components , circuit boards , etc.

COMSERVPAC and ARIN C Research personnel agreed that it would be more
cost effective to seek improvements in the reliability of the MG set by solving those
problems not associated with normal deterioration. The next step in the investiga-
tion was to liQt all reported problems relating to critical subsystems, components ,
and circuit boards , and associate them with particular ships. Data were obtained
from two Maintenance Data Collection System (MDCS) reports , Detailed Record of
Completed and Outstanding Repair/Alterations Action — November 1971 to October
1973; and Detailed Record of Material History of 30 KW MG Sets — November 1971
to October 1973; from CASREPTs ; and throu gh discussions with personnel of COM-
SERVPA C, COMSE R VGRU FIVE , the ships, and the Design l)ivision of Pearl Ha rbor
Naval Shipyard.

Many of the failed items (meters, relays, coils , etc.) seemed to be of insuf-
ficient quality. Further , most failures were found to be associated with the motor
generator control circuitry — the speed regulator , overspeed protection circuit , and
voltage regulator. These failures had commonality among many ships, and were con-
sequently the ones on which most of this study effort was spent.

Table 1 summarizes all reported failures and operational problems on the 30 kW
motor generator set for the ARS and ATF class ships. As shown in the table , of the
21 ARS and ATF ships:

a. One (BOLSTER) does not have 30 kW MG sets installed;

b. Nine have reported no major problems with the MG set other than normal
wear/deterioration type; and

c. Eleven have reported problems associated with the control circuits of the
MG set.

It is conceivable that many relevant problems were never reported , and many of
the reported problems occurred more often than the records show. Therefore the
failure summary of Table 1 should not be interpreted as being complete — it repre-
sents only reported information from the referenced data sources.

3.3 CONFIGURATION STUDY

A configuration study was next conducted to identify the types of motor gener-
ator sets and control panels installed aboard each ship. This distribution is sum-
marized in matrix form in Table 2. The table shows, for five basic configurations of
the 30 kW motor generator set , the number of sets aboard each ship. (Also indicated
parenthetically, in connection with a discussion in Section 3.4 , is the extent to which
these sets need installation improvements. ) 
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TABLE 1. FAILURE/PROBLEM SUMMARY FOR
30 KW MOTOR GENERATOR (Sheet 1 of 2)

Control Circuit Failure! Other Failures !
Ship Problem Problems

GRA I~PLE (ARS-7) (No major probl ems reported)

DELIVER (ARS-23) (No major problems reported)

GRASP (ARS-24) Set experienced intermittent
shutdown, but could be started
again immediately.

SAFEGUARD (ARS-25) Premature actuation of over-
speed circuit.

BOLSTER (ARS-38) (30 kW MG sets not installed)

CONSERVER (ARS-39) Intermittent shutdowns by the
overspeed circuit. Problem
was circumvented by setting
frequency to about 58.5 Hz vice
60 Hz.

RECLAIMER (ARS-42) (No major problems reported) Scored commutator and
slip rings , worn
brushes

APACHE (ATF-67) (No major problems reported) Worn hearings , scored
commutator

UTE (ATF-76) (No major problems reported) Worn brushes, scored
commutator

CREE (ATF-84) Overspeed circuit tripping.

MATACO (ATF-.86) False overspeed trip due to
placement of various dc equip-
merit on ship load. Shutdowns
also occurred during transfer
of shore to ship power and vice
versa. Overspeed due to high
temperature.

TAWA SA (ATF-92) (No major problems reported)

ABNAKI (ATF-96) (No major problems reported)

CHOWANOC (ATF-100) Failure of solid state compo- Failure of bridge recti-
nents on all three circuits. fier circuit in end bell

of generator.

3—3
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TABLE 1. (Sheet 2 of 2) 
________________________

Control Circuit Failure! Other Failures/
Ship Problem Problems

COCOPA (ATF—101) (No major probl ems reported) “Burned ” diodes (in
brushless exciter cir-
cuit) , faulty circuit
breaker

ILITCIIITI (ATF—103) Circuit board A-i exhibited Burned transfo rmer!
signs of excessive heating, wiring, worn hearings ,
Shunting diode was found defec— scored commutator,
tive. Ventilation was improved, improper fi eld pole
arid no probl ems have occurred winding
since December 1973.

MOCTOBI (ATF-105) (No major problems reported) Faulty frequen cy meter

MOLALA (ATF-106) (No major probl ems reported)

QUAPAW (ATF-ilO) MG set intermittently tripped
off line without apparent
cause. Burned parts were
found on voltage regulator.

TAKELMA (ATF-113) MG set could not adjust to Armature damage,
60 Hz. Adjustment of speed inadequate ground
regulator had no effect.

TAWAKONI (ATF-114) MG set had speed regulator Scored commutator,
hunting and false overspeed worn bearings.
trip probl ems.

3—4
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Figure 1 is a pictorial representation of how the five basic configurations are
distributed among the ships . The ‘ overlay” format permits one to note at a glance
the MG set quantity and configurations aboard any of the subject ships. For example ,
RE CI AIMER has two MG sets of configuration C (NavShips TM-0961—038-4010) and
one of configuration A (TM—0 962- 046—00 10).

While all MG sets are basically of the design described in their respective
technical manuals , some mod i fications have been recommended based upon previous
studies by various organizations. These modifications are listed in Appendix A.
Their implementation status is not known, although AR INC Research personnel did
note some modifi cations to the MG set s on the ships visited .

With the failure-history and confi guration information in hand , AR INC Research
proceeded to examine the causes and modes of failures of the l~-IG sets. Analyses and
evaluations were conducted on a configuration basis since ships with the same equip-
ment suite seemed to experience similar problems and fa i lure  modes . The next see-
tion provides details of this evaluation.

3.4 CONFIGURATION EVA LUA TION

3.4.1 Confi guration A

A total of 23 MG sets of configuration A , identified by Technical Manual
NavShips 0962-046-0010 , are distributed among 14 ARS and! ATF class ships of
SERVPA C (see Figure 1). Ships reporting problems with this set are CHOWANOC ,
CREE , QUA PAW, HITCI-UTI, and MA TACO.

USS CHOWANOC experienced multiple transistor failures on three circuit
boards of one MG set. This occurred on a single occasion in August 1973. The
cause of the failure has never been determined. Since the transistor failures were
catastrophic and have not recurred , the most likely cause was a power surge to the
ship’s load , which coupled into the transistor power supply. Voltage or current
surges lasting several milliseconds are sufficient to damage transistors permanently.

USS CREE reported premature activation of the overspeed circuit in June 1973.
Ship personnel felt that the condition was heat related , and installed ventilation to
cool the area of the control panel. No similar problems have since been reported .
The failed overspeed circuit board was analyzed in detail by AR INC Research. The
analysis (described in Appendix C) revealed that the overspeed threshold setting is a
function of circuit component parameters sensitive to temperature changes. As
temperature -increases the threshold setting decreases , for example from 33 to 28 Hz
when the temperature rises from 25° to 50°C. Since the nominal frequency of the
overspeed circuit is 30 Hz , the temperature change would cause the circuit to sense
an overspeed condition and trip off the MG set.

With the addition of control panel ventilation , this problem never recurred on
CREE ; however , the circuit deficiency remains. ARINC Research recommends that
a circuit modification be made to all like equipments (overspeedi board 3050049) oper-
ated in areas exposed to high ambient temperatures. The modification would encom-
pass the following:

a. Replace RiO (150 kil ) with a 1 kfl metal film resistor RC2OGF 1O2Ic.

L - ~ - - ~~~ 
~~~~~~~ _- -~~~~~~~~~



• le a  RECLAIMER 2ea GRASP 2ea

* l e a  MATACO 2 e a  SAF EG I JAR E )  2 ea

* I ea TA WA SA 2 en CONSER VER 2 ea

* le a  ( 7TE 2ea  GRAPPLE 2ea

© TM-0Q6 1-038-40l0 ® TM-0961-04 0-40l0

2ea CHOWA NOC

2 ea COCOPA

3 ea MOCTOBI

3 ea QUAPAW

lea 
- 

1-UTCHITI 2 e a  MOLALA 2 e a  
_ _ _ _ _ _  _ _ _ _ _ _ _ _

I ea TAKELMA 2 ea 2 ea kBNAKIT..Iea

l e a  TAWAKON I 2 ea ~® TM-~~ 62-Ol7-90~~j

_____________________  

© TM-0963-037-00l0

Notes :
* 2ea  

-~~ DELIVE R 1. The circled alpha character ,
i. e., ®, within each box m di-

* 3 ea CREE cates the MG configuration
- - aboard the ships listed inthe box.

* ~ ea APACHE The TM number is the applicable
— --  — — - - MG technical manual.

TM 0962 046-00lO 2. BOLSTER has no 30 kW MG
sets.

‘ Modified set , 230 volt to 115 volt inpu

Figure 1. Distribution of 30 kW MG Sets Among
Type ARS and ATF Ships of SERVPAC
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b. Replace R6 (potentiometer) with either RT12C2L203 , RT 11C2L203 , or
PT22C2L203.

c. Replace C2 with a metalized polycarbonate type (there are no Mu —qualified
parts). Recommended is TRW type X4 ( 3UW , 1 uF , 50V , 0.312-inch diam-
eter , 11/ 16—inch length (not a one—to-one fit;  a circuit board modification
would be necessary).

d. Set the overspeed threshold to 15% above nominal (i. e., to —34. 5 lIz).

If all three components cannot be replaced , item a should be substituted as a
minimum. Items b and c should be replaced as a unit due to their mutually compen-
sating effect.

USS QUA PAW reported intermittent tripping off line of the motor generator set ,
and voltage regulator overheating that resulted in burned parts. Ventilation was mod-
ified to alleviate the overheat condition , and no major problems have been reported
since,

These failures and failure mod es are similar to those of CREE , as previously
discussed. The fact that no further failures have occurred in either QUA PAW or
CREE since the ventilation improvements substantiates the belief that the problem is
most likely heat-related. The same component modifications are recommended for
QUA PAW as were suggested for CREE.

USS HITCHITI reported that resistor R24 on the overspeed circuit board has
failed several times due to overheating. Ship personnel installed hosing to direct air
from a vent supply into the control cabinet ; however , no correlation could be mad e
between R24 failure and high ambient temperatures.

A failure of this type i~ most likely due to internal overheating of the resistor
due to a current overload that causes the resistor power dissipation rating to be
exceeded . Since the current to this resistor comes from a resistor voltage divider
it may be likely that the adjustable setting on the voltage divider is out of specification ,
causing more current than normal to pass through R24.

It is recommended that the voltage divider circuit (Ru , R12 , R 13) be checked
for proper setting, and R24 be checked for proper power rating.

USS MATACO ’s MG set , under high temperature conditions , has been found to
trip off line. Ship personnel report that the addition of fans in the contro l panel area
improved the situation. This failure symptom is similar to that of CREE , and the
same modifications listed above for CREE are recommended.

Generally speaking, therefore , 30 kW MG sets of configuration A are usually
very reliable when their control panels are operated at normal ambient temperatures.
A temperature increase from 25° to 50° C will cause false overspeed actuation due to
circuit component changes. This problem has occurred in 3 of the 14 ships having
this MG set configuration (or in 7 of 23 possible MG sets). The condition has not
been more widespread because the sets are generally installed in areas where the
control panel is not subject to excessive heating. Should this condition change due to
removal of ventilation in control panel spaces or relocation of the control panel to a
hotter area , circuit modifications are highly recommended (see discussion , Appen-
dix C).
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Although no problems relating to th is condition have been reported by
RECLAIMER , the control panel of a 30 kW MG set aboard that ship was noted to be
installed dlireetly above the exhaust of the MG set. The exhaust is directed into one-
half of the control panel cabinet , causing inside temperatu res to be very high.

:~~. 4.2 Configuration B

Configuration B of the 30 kW MG set is used aboard only one of the subject
ships (ABNAKI). This set has been modifi ed from its original configuration by
replacement of the control cabinet (Electronic Specialty CCO-034 in place of that
company ’s CCO-0 10). The CCO—034 is the same cabinet as used in configuration A .

Due to the unavailability of the ABNAKI to AR INC Research during this investi-
gation , it could not be established whether the MG unit was modified by the addition (~t
a magnetic probe. That modification is essential to the effective operation of the
frequency control circuits in the CCO-0034 cabinet . If the MG unit has a probe
installed , the entire set is likely to he identical to configuration A , and Techniral
Manual N/S 0962—046—0010 could apply to all installation elements. If the probe has
not been installed , this TM applies only to the control cabinet , and the unit ’s speed
control circuit s are likely inoperative , an unsafe situation.

No problems related to the control cabinet have been reported by ABNAKI.

3.4.3 Configuration C

Confi guration C of the MG set is used in four ships , each having two 30 kW
MG sets identified by TM N/S 0961—038-4010. One ship, USS MATACO . has
reported problems in both units of this configuration. MATACO encountered false
actuation of the silicon controlled rectifier (SCR , position C117) in the overspeed trip
circuit of MG set #2 as various equipments were placed on the ship ’s load . The
cause was noise pick-up int o the overspeed PC card (A6) via the magnetic pickup
harness from the MG set to the control cabinet (see details , Appendix B). These
noise spikes tripped the overspeed circuit either by a dv/dt effect~ in the ~CR or by
biasing the circuit to a degree that it sensed an overspeed .

MA TACO also experienced shutdown s of MG set #1 when the ship transferred
from shore dc power to ship power , and vice versa. The problem was traced to a
faulty pickup which charged to a dc potential when the ship was supplied by shore
power. When the ship was transferred to internal power , the +120 Vdc was no longer
grounded and the magnetic pickup, acting like a capacitor , discharged through the
overspeed circuit , preventing activation of the MG set for approximatlv 10 minutes.
The faulty pickup was replaced , which corrected the problem (see Appendix B for
detailed discussion) .

Equipments of configu ration C are generally very reliable when correctly
installed and operated under proper cond itions. The problems experienced by
MATACO had their origins in the installation process. This situation could occur on
other ships wit h configuration C equipment ; therefore , should similar failure symp-
toms he experienced, an Incorrect installation may be the cause and a corrective
measure as discussed above for MA TA CO might be appropriate.

TA pulse with high enough dv/dt across the anode to cathode may trigger an SCR
without a gate signal present.

3—9
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3.4.4 Configuration D

Configuration D of the MG set is used aboard five ships , each having two units
identified by TM N/S 0963-037-0010. Ships reporting problems with this configura-
tion are HITCIIITI, TAKELMA , and TAWAKONI.

USS HITCHITI reported a failure of diode CR 101 , which caused the output volt-
age to be low. Failure of this diode could not be correlated with heat problems or
circuit deficiencies. The most probable cause was a current surge on the line.

USS TAKELMA experienced a control circuit board fai lure  in which the speed
regulator circuitry was not capable of driving the frequency up to the specified 60 Hz.
The frequency remained at approximately 57 Hz regardless of manual adjustment s of
the panel or circuit board . Shipyard personnel partially disassembled the panel ,
then reassembled it without repair. The set functioned properl y after reassembly.
‘F1~e probable cause of problem was apparently a loose or otherwise bad connection.

The ship experienced the same incident as above when new circuit boards were
installed and the MG set would not come up to speed. The boards were inspected
aboard ship and the one containin g the speed regulator was later foun d by Pearl Har-
bor Naval Shipyard to have defective capacitors (Ci and C3).

USS TAWAKONI reported failure of the speed regulator board . The failed
board was analyzed by ARINC Research , and a bad solder connection and burned
transistor were noted. The bad solder connection appeared to be due to careless
work. The failed transistor was examined under a microscope and found to have an
open base-to-emitter lead . The most likely cause was a current surge of approxi-
mately 1 ampere for a few milliseconds. Since other sensitive parts were not
damaged by this current surge, failure probably occurred as a result of probing dur-
ing an inspection or troubleshooting period. 

—

SCR 2N688 was reported to have failed several times over a period of one year.
The probable cause was excessive heat in the control panel space. Ventilation into
the control cabinet was provided and no further failures have been reported .

Equipment s of configuration D do not need major modifications or installation
improvements. With the exception of equipment aboard TAKELMA , other equip-
ments of this configuration have been trouble-free.

3.4.5 Conf iguration E

Configuration E of the 30 kW MG set is installed aboard four ships , each with
two sets identified by TM N/S 0961—040-4010. Ships that have reported problems with
this confi guration are GRASP, SAFEGUARD, and C ONSERVER.

USS GRASP has encountered occasional , random shutdowns of both MG seL:
without apparent reasons. From a ventilation viewpoint , the installation of the two
control cabinets does not appear prudent — one Is directly on top of the other , as an
integral part of the main propulsion control board in Main Control. The intended
natural ventilation of these cabinets is defeated by the lack of an air supply to the
lower unit and the restricted intake to the bottom of the upper unit , as well as the
blocking off of the sides of both cabinets by adj acent panel supports . Excess cable
lengths between the entrance bushings and the terminal boards further block off the
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air inlet screen. Within thi s pile of wire is interlaid the cable pair from the magnetic
pickup probe of each MG set. The cause of the random shutdown was never deter-
mined; however , possible causes are overheating or noise-spike coupling into the
magnetic pickup probe cable pair.

USS SAFEGUARD reported premature actuation of the overspeed relay of
MC #2 shortly after the set was installed , resulting in equipment shutdown . Pearl
h arbor Naval Shipyard determined that the wiring associated with the magnetic pickup
was picking up pulses of current from other parts of the system , which would cause
false triggering of the overspeed monitor circuits. (The shipyard report is included
as Appendix D .) MG #1 was not so affected because its magnetic pickup wiring was
isolated from other wiring and shielded from stray input s throughout its length.

USS CONSERVER has also experienced occasional overspeed tripouts . Ship ’s
force achieved reasonabl e performance by changing the system frequency to 58. 5 Hz
and pro viding for an outside-air supply to the control cabinet area . The net effect
has been acceptabl e performance of the circuit.

In summary, confi guration E is basically a well designed system that seems to
have one sensitive area , occasional overspeed tripouts. It shares this problem with
configurations A and C, which use magnetic pickup probes in the MG units; these
probes may pick up stray pulses , creating a false indication of MG overspeed.
Ideally the wiring to the pickup probe should be a shielded pair , with the shield
properly grounded only at the control cabinet end to prevent a ground ioop. It is
expected that such an installation would be sufficient to eliminate stray pulses from
the overspeed sensing circuit. It shoul d be noted that the technical manual for con-
figuration E does not address the careful attention that must be given to the installa-
tion of the magnetic pickup wiring.

3.5 SUMMARY AND RECOMMF NDATIONS •— MG STUDY

Fifty 30 kW motor generator sets are used in five basic configurations on
21 AIlS and ATF ships of SERVPAC. Of these sets , 16 have hac 1 control circuit prob-
lems of CASREPT severity — five of configuration A , two of conf iguration C , four of
configuration D , and five of configuration E. Of 16 MG sets , only one is presently
having problems (USS TAKELMA has defective circuit boards). Modifications and/or
installation corrections have been made to the othe r 15 sets and no major incidents
have been reported since corrective action.

Evaluation of failures indicated that the failure modes were varied — over-
heating, incorrect grounding/shielding, and bad connections. These types of
deficiencies are all independent and therefore no general statement can be made as
to common failure causes. Future problems may be evaluatedi in accord ance with
the configurations d efined in this report . If problem symptoms are similar , the
appropriate recommendations given in this repo rt may be foun d to be applicable.

The general condition of 30 kW MG set s aboard SEBVPAC ARS and ATF ships
was found to he good . Recurring control circuit board failures have been solved
either by addition of ventilation and /or installation corrections. Future failures and
other incident s may be minimized by imp lementing the following recommendations:

a. Modify the overspeed circuit board for the set defined by NavShips 0962—
046—0010 (configuration A),  in accordance with Appendlix C.
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b. Check the magnetic pickup wiring installations aboard RECLAIM ER ,
TAWASA, and UTE. If necessary , install magnetic pickup shield wiring
in consonance with MATACO’ s present installation (see Appendix B).

c. Check the magnetic pickup cabling aboard GRAPPLE , GRASP, and CON-
SERVER. If necessary, provide shielded wires for connecting the mag-
netic pickup and overspeed monitor (in consonanc e with the action taken on
SAFEGUARD; see Appendix D).

d. Check the configuration B unit aboard ABNAKI to ensure that an operative
overspeed trip has been incorporated into the modified MG set. If one is
not found , two options are available for providing this safety device:

1) Install a magnetic probe assembly identical to that in configuration A
units and wire it to the CCO-0034 control cabinet in accordance with
NavShips 0962— 046—0 010; or

2) Replace the CCO—0034 control cabinet with a CCO—00 10 control cabinet
as originally configured.

Option (1) is preferable from the standpoint of least cost , elimination of
one of the five configurations found aboard AR S/ATF ships , and providing
ABNA KI with three identical 30 kW MG sets.

e. It is considered that , except in an unusual situation , most repairs to these
printed circuit boards are beyond the electronic experience level generally
allowed aboard ARS and ATF class ships. Therefore it is recommended
that a depot level maintenance program be established for rework of van-
ous printed circuit boards involved in all of the MG set configurations
identified in this report. In addition , a few of each of these printed circuit
boards should be stocked in the Navy supply system to ensure ready avail-
ability ; or a set of applic able boards should be stocked aboard ships as
Spares.

f. Aboard RECLAIMER , install a heat deflector to direct the exhaust fro m
the configuration A2 30 kW MG set away from the ventilation grating of the
control panel.

1-
I
I
I
I
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4
DES IGN STUDY , 2.5 KW EMERGEN CY

DIESEL GENERATOR

4.1 STUDY A PPROACH AND CONDITIONS

As part of this investigation , ARINC Research was directed to evaluate the
present emergency communication configuration on SERVPA C AIlS and ATF class
ships; and to design , around the 2.5 kW diesel generator , a system configuration
that will provide improved emergency communications capability.

In conducting this task , ARINC Research took the approach of visiting AIlS and
ATF ships of SERVPAC to determine requirements and equipment availability for the
emergency communication system. These equipments were then used to configure a
usable and flexible system for all of the subject ships.

4 .2  BACKGROUND

Until the installation of the present 30 kW , three—phase , 115 Vac motor
generators, the configuration of the 115 Vac electrical load aboard ARS/ATF ships
was that of several discrete single—phase systems. That arrangement was used for
ship electronic equipment load. On those occasions when the normal 60 lIz power
source was not available, a 2. 5 kW diesel generator could be used to supply a limited
amount of power to the entire electronic power distribution system.

Gradual growth of the 60 Hz electrical load requirement, coupled with a three-
phase input power requirement for new electronic equipment , called for the 30 kW
generator installation for support . These three—phase power sources necessitated
that a ship ’s single-phase 60 Hz electric load be reconfigured to provide balanced
phase loads for each generator.

The actual designs used to supply 450 Vac three—p hase and 115 Vac single-phase
power vary from ship to ship, but in most cases can be generalized as follows. Cer-
tain new high-powered transmitters are supplied three-phase 450 Vac power via a
special feeder cable from an engineering-space power distribution panel. The 115V
single—p hase requirement is generally satisfied by stepping down the generator volt-
age with a 30 kVA transformer bank , and via another feeder cable to power distribu-
tion panels in and about the communication spaces and pilot house area. On a few
ships the transformer bank is also located adjacent to the communication spaces ,
saving the cost of running a 115V power feeder from the engineering space.

As a result of the division of the electronic equipment load into three phases , a
decision had to be made as to how to connect the existing single-phase diesel genera- - -

tor to the new three—p hase load . In all ships visited during this investigation (the
same ships as In the 30 kW MG study), the least-expensive method was elected , i. e.,
one of three phase loads was provided with a bus transfer switch that permitted
emergency power availability to loads on that one phase , typically one or two
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equipments in the t ransmitter  room (see Figure 2). F’i gure 2 exempl i f i e s  th e  s i t u a t i ’n
where the emergency diesel generator can he connected only to the radi o t r a n s m i s s i .n
room , a common situation among the subject ship  types .

4.3 EME R GEN CY COMMUNICATION H EQUffi EMENTS

For the ARS and ATF class ships , guidelines have been provided for emer-
gencv power distribution to electronics equipment . These guidelines are directed
toward ensuring the best equipment—selection flexibilit y for the many situations in
which a ship may find itself without ac power. The most serious condition , of
course , is where there is no normal power whatever. However , the more usual
need is that predicated by material failure , which can happen at any t ime and con-
tinue for an unpredictable interval.

Examples of emergency power utilization in the subject ships include the
following :

a. AN/U B C—9 (UHF voice) and AN/WRC —1 (HI ’ voice) were connected to the
emergency source through a bus transfer switch.

h. AN/URC—9 , AN/WRC- 1, and alternate similar-function equipment were
connect ed to the emergency source through a bus transfer switch.

c. Most of the electronics load was connected to the emergency source
through a bus transfer switch.

d . Two-way CW or voice short-range HF equipment were connected to the
emergency source through a bus transfer switch.

HF t r ansmi t  capability was connected to the emergency source throug h a
h u i l t — i n  alternat e power switch.

The above variations show that the ships had emergency capabilities ranging
from lit t le to maximum flexibility. Conditions of little or no flexibility were the
case aboard au shi ps except GRASP. Although GRASP had maximum selection flexi-
bi l i t y  under emergency conditions , its normal load condition was less than desirable
due to unbalanced heavy loading on that one phase.

Discussions with COMSERVPA C communication officers defined the following
functional requirement s for these emergency situations :

a. First priority — Provide power for those electronic units involved in
receiving the covered broadcast; other “first priorities ” can be envisioned
as well for specific circumstances, each of which would have its own
unique equipment suite.

b. Second priority — Establish a two-way communications channel , probably
voice or telet ype, on which to report the situation where necessary . The
l atter mode, teletype, has been stated to be the most desirable since it
provides the longest range and has thc greatest reliability for a given
transmitter power-output availability.

4—2 
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Alternate and optional requirement s for other electronic equipments may stand
high in the priority listing for certain situations , such as a lost tow at night ; location
of the ship on a poor visibility, shallow water site at time of power loss; or the need
to determine the ship ’s position. In all situations , it may he desirable to use radar ,
Loran , and/or fathometer at least part of the time.

Another aspect that must be considered is equipment availability. At any
given time , it would be rare to find all electronic devices ready for operational use.
For that reason alone , maximum flexibility in the distribution of emergency power is
most desirable to ensure that the required capabilities in times of urgent need can
be met from any usable , suit able equipment.

To satisfy the functional equipment requirements , emergency power for the
broadened emergency situations should not necessarily be greater than is now avail-
able from the provided 2. 5 kW diesel generators or those 3 kW unit s being installed
as replacements (Shipalt ARS-310D) . Certainly, control of the operating electronic
equipments should be managed to ensure against exceeding the power capability of the
generator. A time sharing plan, tailored to specific requirements and implemented
at the time of need , would assure maximum operational support from the limited
power available. Estimated power requirements for various functional electronic
loads are listed in Table 3, together with the various equipment(s) required to pro-
vide particular functions. The given power requirements should be used to deter-
mine maximum loading on emergency generators.

4.4 RECOMMENDED SYSTEM DESIGN

4.4.1 Design Requirements

To be in consonance with the foregoing requirements , any recommended sys-
tern design must provide:

a. Emergency power distribution among the maximum number of equipments

b. Safety of operation for both men and material.

c. Ease and reliability of operation under the adverse circumstances often
encountered in the sea environment.

d . Indication of emergency power availability and amount being used , or of
unused capability still available.

e. A simple means of returning the electronic load to the normal power
source when the latter is known to be available.

4.4. 2 Recommended Modifications for Meeting Design Requirements

To achieve the above criteria the following steps are recommended :

L

a. Install a three-pole , double-throw manual bus transfer switch in the
vicinity of the main communication spaces with the normal power
terminals connected to 1) the three—phase output of the 450/ 115V trans-
former bank that now supplies the ship ’s electronic load in this area ,
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TABL E 3. APPROXIMATE POWER REQ U~~ EM ENT S
FOR TYPICAL FUNCTIONAL LOADS (Sheet 1 of 2) 

____________

Power Reqmt .
Function Equipment (Typical) (watts)

Receive covered broadcast R-1051( )/URR 55
(simple “N” system) AN/UCC—1( ) (V)R1 5

AN/URA- 17( ) 70
TSEC/KWR-.37 or TSEC/KG-14 105-130
AN/UGC-25( ) 50
PP—3495/UG 50 (est)
AN/URQ- 10( ) 20

Total: 355—380

SSB HF voice, low power AN/WRC-1B 300

SSB HF voice, high power AN/URC-32 1500
(fo r ships so equipped) AN/SRA-22 130

AM/263 1/U (optional) 10

Total : 1640

Uncovered F/DX TTY , AN/URT-24 250
low power R390A/URR or R-1051( )/URR 270-55

C1003B/SG 10
AN/URA- 17( ) or AN/URA-8( ) 70-220
AN/UGC-20( ) 50
PP—3495/UG 50 (est)

Total : 485— 850

Uncovered UHF voice , AN/URC—9 400
(from ship’ s bridge) AM-2631/U 10

Total: -410

VHF bridge-to-bridge AN/\mC-46} or AN/URC-80 600 (est)

Surface search radar AN/SPS-53( ) (350
AN/SPS-25( ) 420

Total: 1070

Loran or Omega AN/SPN-40 or 110
AN/SRN-12 360

Total: 110—360
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TABL E 3. (Sheet 2 of 2)

Power Reqmt.
Function Equipment (Typical) (watts)

Fathometer AN/UQN- 1( ) 
— 

300

1FF Transponder AN/UPX- 12( ) 398

Visual signaling Singl e 12” mercury xenon or 300 (est)
(where not dc operated) tungsten searchlight

and 2) the alternate (emergency) power terminals connected in parallel to
the single phase emergency power feeder cable located in the same area
(see Figure 3). The output of this transfer switch would feed all 115 Vac
power distribution panels on this level of the ship and above, grouped so
as to present a balanced three-phase load to the normal power source when
so switched .

b. Provide a manual bus transfer switch of the type having power-source lamp
indicators which, when lit , would indicate power availability.

a. Provide, in the vicinity of the power transfer switch , a panel-mounted,
single-phase kilowatt meter scaled 0 to 5. 0 kW , or a similar type
ammeter scaled 0 to 30 ac amperes. The meter would be redlined at a
value appropriate to the emergency generator rating, wired into the emer-
gency power circuit , and labeled “Emergency Generator Output”.

d. Remove the emergency power transfer capability now existing in each ship
and restore any power panel so serviced to a sole-power-source configura-
tion served via the new transfer switch. In those instances where equip-
ment Is provided emergency power directly from the emergency generator
and uses a built-in power selection switch, remove the emergency power
cable connections at the serviced equipment.

e. Provide , as a minimum, a manual remote start capability for the emer-
gency diesel generator in the vicinity of the new bus transfer switch to
obviate the need for personnel to leave the ship’s weather-tight enclosure
for equipment light—off. This capability, with automatic start , is incorpo-
rated into at least one of the new 3. 0 kW generator installations being
provided by Shipalt ARS-310D as part of the Onan Corporation-supplied
control cabinet ; however , no similar shipalt is known to exist for the ATF
classes.

f. On those ships that already have or will have the new Onan 3. 0-kW emer-
gency generators, the 115 Vac output from its automatic bus transfer relay
should be fed direct ly to the manual switch proposed in above (item a) and
not used as the primary power transfer means. In the l atter event , the
normal power load at the time of power failure would exceed the emergency
generator rating.
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4. ~*.3 General Recommendations

In addition to the communication-system design modifications recommended
above , it is also recommended that :

a. Replace all 2 . 5 kW diesel generators on ATF ships with 3. 0 kW equipment
(Onan Corp.) to ensure reliabilit y and readiness when called upon.
Present equipment is generally beyond economical repair since replace-
ment parts are reportedly unavailable from regular vendor sources.

b. Develop aboard each ship an ordered system of electronic equipment
priorities tailored to fit various envisioned emergency situations, together
with a time sharing plan for those Table 3 functions considered less than
vital-, to ensure that maximum advantage can be taken of available emer-
gency power.

c. Develop individual installation plans for implementation of the 2.5 kW or
3. 0 kW emergency diesel generator system. Plans should specify equip-
ment cost , manufacturer, model , and detailed installation instructions
for each ARS and ATF ship of SERVPAC. Maximum attainable uniformity
is desired to effect beneficial logistics support , installation cost , and
documentation cost in the implementation of the expanded electronic power
distribution system advocated herein.
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APPENDIX A

PROPOSED MODIFICAT IONS TOI 30 KW MOTOR GENERATOR SETS

1. COMSERVPAC, “Mod 30 KW M/G Cont Circuit” ,
Ser. N43/4511, dated 2 Aug 1973 A-3

2. Department of the Navy , “Evaluation of Kems, Inc. ,I 
Engineering Report on 30 KW MG Set Resistors”,
dated 15 November 1973 A-13

A-i /A-2
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CONNANDER SERVICE FORCE
UNITED STATES PACIFIC FLEET
FPO SAN FRANCISCO 96610 FF4-iS

4720
Ser N 4 3 /  1+ 5 11

kL TE R AT ION EQUIVALENT TO A REPAIR
COMSERVPAC 4720/1 (REV . 5—72) 2 AIJG 1973

To: Distribution List
‘I’ITL~ PR.IORITY ____

Mod 30KW M/G Cont C i r c u i t  I YdMANDATORY I I DESIRABLE
__________________________ B3-M
APPLICABLE TO r AER NUMBER
SERVPAC ARS and ATF

AE______ AOE______ ATF 100 ______

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
AF_______ AOR_______ ATS_______ _______

REFERENCES AFS_ AR 
_______ _______ _______

(a) COMSERVPACINST 4720.4 AO______ ARS 110 ______  ______

PLANS

ENCLOSURES j SPECIAL MATERIAL
(I) NAVSH IP ltr 427:LMG:

gad ASR/ATF Gen Ser
438-42732 of 28 Jun 73

~~~ AER Como letion Reoort - -  ______________________________________________

API’~OVED FOR ACCOMPLISHMEN~ BY:
1~XX I SRIPS FORCE I X X 1 R E P A I R  S H I P  U~~~SHIPYARD

PURPC)SE ~~D DESCRIPTION : CONTINUATION SHEET:
1 . Purpo se. To p r e v e n t  burnout of po tential transformer (1101) in the
e vent of a short circuit in its secondary and permit doing maintenance
work on one M/G while the other M/G is in operation.

2 .  Descr iption. The following modifi cations require for accomplishment
i n accordance with enclosure (1)

a. Remove resi sto r R3 (470 OHMS) and install a jumper.
b. Replace resistor for R12 (15K OHMS) with a 5.6K OHMS resisto r.
c . Install a Voltmeter selector sw on the front of the control

~dne~ of ~il M/G set only (fo r parallel operation).
d . Install two mode selector switches , one each on t h e f ront  of

con tro l panel (for maintenance).
e . Correct the motor and generator winding datas.

3 . Ut i lize format prescribed in enclosure (2)  in reporting completion
or non-applicabili ty of AER .

1R. W. ‘McGAUG~ YJ
Uls t r ibut io n: (See page 2) By direction
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FF4-15 )
4720
Ser N43/
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N A V A L  SHIP SYSTEMS CO~lM A N J )

wAS l1fN~~TON , 1). C. 2034 ;0 In Rep ly Refer to
-127:1 M G:gad
ASR/ATF Gen
Ser 43 8—42732

28 Jun 1973
From: Commander , Naval Ship Systems Command
To: Commander Service Force , U. S. Atlantic Fleet

Commander Service Force , U. S. Pacific Fleet
Commander Submarine Force , U. S. Atlantic Fleet
Commander Submarine Force , U. S. Pacific Fleet
Commander , Pearl Harbor Naval Shipyard

Subj: ASR and ATF type ships , 30KW DC/60 Hz motor generator manufactured
by Continental Electric Company , Inc. , circuitry modifications;
information on

Ref :  (a) Technical Manual NAVS J-ITPS 0963—037—00 10 , “30 KW M-G, 230 Volts
DC to 450 Volts AC, 3—Phase 60 Hz and Associated Control
Equipment”

(b) NAVSHIPYD Pearl Dwg. NAVSHIPS Dwg. No. ATF 103-302-4465325
(4 sheets) Rev A (6/9/73) “ATF 103 Power System, 30KW M— G Sets
and AC Power Distributions”

End : (1) “30KW DC/60 Hz Motor Generator Set ; Modification to Volt, and
Speed Regulator Input Power ”

(2) “Changes in Winding Data, Technical Manual NAVSHIP S 0963-037-
0010, Continental Elec. Co. , Inc. , 30KW 230V DC/450V , 3-Phase
60 Hz Motor Generator ”

1. The subject motor generators were procured under NAVSH II~S contract
N00024-67-C-5269 for installation on ASR and ATF type ships under ShipAlts
ASR-300 and ATF-185. Operating experience has indicated the following problems
with this equipment :

a. In event of a short circuit on the secondary of the voltage regu lator
power transformer (TiOl) , the current transformer (CT4) in the generator output
loads will maintain generator field excitation and sustain current flow resulting in
burn—out of the TIOl transformer.

b. The frequency regulator is unstable.

c. The voltage of the No. 2 motor generator cannot be read at the
No. 1 M-G control panel when paralleling the motor generators.

d. Not all interconnections between motor generators No. 1 and No. 2
are disconnected when the motor generators are not operating in parallel.

A-5
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-127:LMG:gad
ASH/ATF Gen
Scr 438—42732

e. There are errors in the motor and generator winding data as given in
the technical manual , reference (a).

2. The problem noted in paragraph la can be corrected by the circuitry modifica-
tion covered by enclosure (1). This modification was evaluated as satisfactory on
USS MOSOPELEA (ATF 158) and USS SHAKOR I (ATF 162).

3. Correction of the frequency Instability problem , paragraph ib, can he
accomplished as follows (refer to pages 9— 11 and 9—13 of reference (a)):

a. Remove resistor 113 (470 ohms) and install a ju mper to complet e the
circuit.

b. Rep lace resistor R12 , 15K ohm, Military Type Number RC2OGF 153K
with a 5.6K ohm resistor, Military Type Number RC2OGF5B2K.

4. Voltage indication during paralleling, paragraph ic , can be provided by mount-
ing a Voltmeter Selector Switch (Item 27 of drawing reference (b)) on the front of
the control panel of motor generator No. 1 only. This switch , connected as shown
on reference (b), permits reading output voltage of either M— G No. 1 or M-G No. 2
at the M-G No. 1 Control Panel Voltmeter.

5. Electrical isolation between the two motor generators , paragraph id , to permit
doing maintenance work on one M-G while the other M-G is operating can be pro-
vided by installing Mode Selector Switches (Item 30 of drawing reference (h)) , two
switches , one each mounted on the front of the control panel of M—G No. 1 and
M-G No. 2. These two switches are to be connected as shown on drawing
reference (b).

6. The correct motor and generator winding data is given in enclosure (2) . This
winding data , which corrects the errors as indicated in paragraph Ic above , will
be included in the technical manual changes to be distributed by Naval Ship Engineer-
ing Center (NAVSEC) in accordance with paragraph 10 herein.

7. Pearl Harbor Naval Shipyard is requested to add a detail sketch to drawing
reference (b) to show mounting and physical location details for selector switches
Pc. No. 27 and 30 listed on sheet 1 of drawing reference (b) . An identification and
switch position indication plat e should also be shown for selector switches Item
No. 30. This detailed information , added to drawing reference (b), will provide
uniform information for use during installation of the subject motor generators.
Pearl Harbor Naval Shipyard is requested to furnish print copies of the up—dat ed
reference (b) drawing to addressees of this letter and also to NAVSECNORDIV ,
NA VSECPHILA DIV, NA VSECSDIEGODIV , NAVSHIPS (42731) and NAVSEC (6158C) .

8. For those ships on which ShipAlts ASR 300 or ATF 185 have been completed
but the modifications of paragraphs 2 through 5 above have not been accomplished , it

A-6 
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is recommended that these modifications he authorized hv the Tvp Commanders as
an alteration equivalent to repair. The modifications in paragraphs 2 and 3 can he
accomplished by the ship ’s force , but the modifications in paragraphs 4 and 5 should
be accomplished by a shipyard or repair facility.

9. For those ships on which the ShipAlts have not yet been accomp lished , it is
recommended that the modifications covered in paragraphs 2 , 3, 4 and 5 he
authorized by the Type Commanders to be accomplished concurrently with the com-
pletion of ShipAlt ASR 300 or ShipAlt ATF 185.

10. By separate action , the equipment manufacturer has been requested to provide
corrected insert pages for reference (a) reflecting the modifications covered herein .
NAVSEC will distribut e the insert pages to the present holders of the manual .

11. Pearl Harbor Naval Shipyard is requested to furnish NA VSIIIPS (42731) by
31 July 1973 an estimated dat e by which copies of the up-dated reference (b) drawing
will be issued. In addition to the print copies requested in paragraph 7 above , one
reproducible copy of this up-dated drawing should be furnished to NA VSEC (6158C)
for use in up-dating technical manual reference (a) .

Copy to:
NAVSECNORDIV
NAVSECPHILAD [V W. C. WYATT
NA VSECSDIEGODIV By direction

I
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30KW DC/6 0 Hz Motor Generator Sets

Modifi cation to Volt. & Speed

Regu lator Input Power

Refe r to Technical Manual NAVSH!PS 0963-037-0010 , Pages 9-13 and 9—15 :

1. In the event of a shorted transformer (T101) secondary circuit , a high current
is reflected in the transformer primary circuit. Current transformer (CT4) senses
this current level increase and supplies the alternator field excitation to sustain the
current flow.

2. To eliminate this condition and preclude burnout of potential transformer (T iOl)
in the event of a short circuit in its secondary, the following circuit modification
should be made:

Lead Nr. Original Term. New Term.

63 TB1A-1 TB1B-9

64 TB1A-2 TB1B-10

65 TB1A-3 TB1B-11

3. The attached sketch reflects the circuit modification which connects the
regulator potential transformer leads to the generator side of current transformer
(CT4). This action prevents the current transformers from supplying generator
field exciation when a regulator short circuit develops.

Enclosure (1) Sheet 1 of 2

A-9 
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AER COMPLETION REPORT

Date:

From: Commanding Of f i ce r , USS
To: Commander Service Force, U.S. Pacific Fleet

Subj: COMSERVPAC AER Number 
_ _ _ _ _ _ _ _ _ _ _

; completion of

1. Subject AER was completed by __________________________

______________________________________on 
______________________

2. Allowance correction is/is not required. Required allowance
data shaets are/are not appended hereto.

I

Enclosure ~~
)
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•04 76J N~~V 1 1 0 7 .

D E PAR T M F . N 1  W 1 1 ( 1

Memorandu m DATE .
FROM Code 270.12

TO Code 1200

- 
- 

SUBJ : Evaluation of Kern.s Inc. Engineering Report on 30 KW MG Set Resistors.

Ref : (a) TIl 0962-0)46-0010 — 30 KW MG Power Supply 230 VDC to )4~ov, 60 Hz.
End : (1) Kens , Engineering Report on 30 K~1 MG Set Resistor;

ev~ .uation of

1. Code 270.12 was requested to review Kems Inc. Engineering Report on
the 30 K~ 110 Set Resistors on the USS QUAP~.W (JITF 110) and make recom-
mendations for corrective action.

2. The following ccnsents are offered on the proposal of enclosure (1)

a. Make P.J..J. = R12 = 7% ohm f ixed as recommended in enclosure (1),
but increase the wattaae rating of P11 & P12 from 16G~T to 2CC ’~.
The operating current through P11 & P12 would be a~Drcxiriately87% of ratei resistor current (2C0~-i resistors) in lieu of ap:rc~~—mately 9E~ of rated resistor current (160’~i resistcrs).

b. Replace P.13 with 20 ohm, adjustable resistor as recor nended in
enclosure (1) except increase the wattage to 60 watts. The hi~ther
wattage rating is necessary since the resistor wattage rating is
applicable cnly when all resistance is in the circuit. The resistcr
wattage rating nust be derated by approximately the same percentage
as the reduction in actual resis1~ance.

A—13/A—i4
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PPOP~~~ f: C c n s t a r ~t burning out of resistors R~~~1 R 12 i n

the panel  of the 30KW M.G .  s e t .

These r~ s i s t o r s  have  i nco r rec t  va lue  and po~ier

ra t ing .

GI V~dJ Ku1 o:~::s :

Fl________________________________

R11

23OV D C

R12~ 
- . 

-

1=0.02 
~~~~~ IR - + El Oversneed

13 - 15V DC I IOS I

-

S _ _ _ _ _ _

- 
B

• FIGURE 1. -

= 230V DC -
R12 = 160W , 75 ohms f i xed

= 25W , 10 ohms adj us tab le

R~~ = 160W , 75 ohms va r i a b l e

= 15V DC 
.

= 0.02 amps (measured)

PROOF:

- 
Step 1. -

So lve f-or max I in R 12

- 
1601T V R  - 75

I 1.46 amps m ax~ numI A-16
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Th i s i s also 1 for R 11 .

Step 2.
- 

Prove that resistor R 13 is out of range.

To tal R ~.I. = 
~~~~~~~~~ 

= 157 .53 ohms

R ~~~~~~~~~ 

T15 = 15

- - 

13 1 13 (1.46 - 0.02) 1.44

= 10.42 ohms

This means that since OS1 circui t draws 0.02

amps at 15V DC , the required R 13 is 10.42 ohms .

However , the exis ti n g var i ab le res i stor R 13
is only 1 0 ohms .

In order to get l5V DC across A-B , the curren t

mus t be:

— v
~13

I ~~~~~~~~ 1.5 am p s13 R13 10

which excee ds the max current (1.46 amps) that

can deliver.

There fore , s i nce R 11 is no t no rmall y se t at

maxi rnu .n of 75 oh ms , more curren t flows and

exceeds the rated current of and R 11 .

In other wor ds:

F 
- 

1) If an d R 12 = 75 ohms each ,

R 13 mus t be 10.42 ohms - which is

im possible.

2) Ship ’s Force th en reduces R 11 so R 13
has ad justment rangy ; however , this

allows mo re currc rC t to flow , thereby

exceeding its ratings.

A— i 7 
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P - S ~~1.~L~ _ 5 O L U T J I J :

1) Make R 11 = = 75  ohms fixed , then

2) Ma ke R 13 = 20 ohms adjustable so as to

obta i n the n eed e d 15V DC. .1

Wa tta ge of R 13 :

12 = 2.07

W 1 2R 13 = 21 .61W or 25 watts

THEREFORE , R 13 20 ohms a t 25 watts.

A—1 8
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KEM ’S ELECTR IC MOTOR SERVICE

Electric Motor Rewinding and Marine Specialists

239 l’uuhale Road / Uon olu lu , Hawaii 96819

September 30, 196~

Supervisor of Ship Building and Repair
USN 14ND , Box 400
FPO San Francisco, California 96610

Re: Modification of 30 KW/M /G Set to Operate on 115 Volt DC Input
(a) Nay Ships Tech Manaul 0962-046—0010

Dear Sir:

The following modifications was accomplished to change the MG set of reference (a)
from 230 volt DC input to 115 volt DC input.

A. Motor Generator — Plan #03-0001-C of reference (a)
1. Changed brush size to: 2-1/4” x 1—5/8” x 3/4”, carbon grade SA.-45.
2. Changed brushholders to: 2502M series 5, 5/8” stud diameter,

1-11/16” center of stud to commutator, center of stud to back of
brush box 1-3/8”.

3. Paralleled shunt, series and commutator fields.
4. Rewound -armature from wave to lap winding using same wire size.
5. Increased size of leads to size 2/0.
6. Re—stencilled nameplat e for 115 volt .

B. Motor Controller — Plan #942-1-160M7
1. Replaced 230 Volt shunt coil part #9— 1020—1 for NA52 contactor , with

115 Volt coil part #9-1020-A.
2. Replaced 230 Volt shunt coil pak’t #9—1133-1 for N62 1 latching relay

(CR) with 115 volt part #9—1133—2.
3. Replaced 230 volt shunt coil part #9—1076- 15 for N867 timing relay

(TB) with 115 volt coil part #9—1076—18.
4. Replaced 230 volt coil part #9-1788—2 for N914 contactor (IA ) with

115 volt coil part #9—1785—1.
5. Replaced ‘~HA” 3000 ohms resistor PC#5C with 750 ohm resistor

Part #11003A4B-2 1.
6. Replaced 1500 ohm resistors PC#5D with 375 ohm Resistor

part #11003H44B-26.
7. Replaced 2000 ohm resistor PC#5E with 500 ohm resistor

part #11003A44B-20.
$ 8. Reset N709 overload relay to operate between 400-600 amps.

9. Increased size of studs carrying motor current to 5/8” diameter and
silver plated.

10. Increased size of bus bars carrying ~notor current to 1/4” x 1-1/2” and
silver plated.

ll. Parallelled starting resistors R2 -R2 and R2-R3.
12. Increased carrying capacity of contacts carrying motor current by

machining heels , installing silver inserts and silver plating the hole.
13. Re—stencilling nameplate for 115 volt In lieu of 230 volt.

Yours very truly,
KEMS , Inc.
Albert Martin , Assistant Mgr.

A-i 9/A-20
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.Ik1c~’noi anduin DATE: 2 November 1973

i AOM Cup 3hip 14ND , Code 1200

io I~~1NSYD Design Division, Codo 244.1

Still UC~ QUAPAW (ATF—l10), I~n~u in oer in g  Report on 30 KW M.G. Set Resistorsl
Lava1u~uon of

End : (1) KEMS INC. Engineering Report on 30KW M.G. Set Resistors

1. Pleaze review the enclosed Report and provide comments and recommendations

for corrective action as necessary.

2. Return by: 0 November 1973

3. Refer to Job Order No. 20 620 0101—000 (1C1152064 ) for funds required.

~~~~sf~~~~~~~~~ ~~~~~~~~
- Copy to: J~~IN MONIZ

C.’~C - 5  ( T r .,j r Walker)  fr 
-

Codo ~?flr~5

— 
,.

1310

.
. .
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APP END IX B
ANALYSIS OF OVERSPEED CIRCUIT FAILURE

ON 30 KW MG SET OF USS MATACO
(The following analysis is by Precise Power Systems Division , Thomaston,

Conn. The report has been retyped verbatim to improve the legibility of the copy
available to AR INC Research. )

B-1/B-2
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PRECISE POWER SYSTEMS DIVISION
401 Watertown Road
Thomaston, Connecticut 06787
(203) 283—5801 TWX 710-475—0537

31 October, 1973

TRIP REPORT — FT-0231

I. LOCATION

A. Yokosuka Naval Base, Yokosuka, Japan

1. SRF Facility

a. CDR Somervill - Supt. Repair Facility
b. Lt. Douglas - Design Section
c. Mr. S. Ikeda - Shop Head, Shop 51

H. DATES OF SERVICE

A. 15 thru 21 October, 1973

Ill. EQUIPMENT

A. U.S.S. Mataco (AFT-86)

1. 30 KW MG Sets, 115 VDC to 450 VAC, 3 Phase, 60 Hertz

a. MG Set #1 - Serial Number 12L5152
b. MG Set #2 - Serial Number 13L5152

B. Ships Force

1. Lt. J. P. Smith - CO
2. CWO Cowles - Engineer
3. EM1 - Doug Bolen
4. EM2 - Gene Turnen

IV. PROBLEMS ENCOUNTERED

A. MGSet #2

1. Overspeed PC Card (A6) inoperative. Foil burned from board ,
improper components installed , cold solder connections , etc.

2. MG Set trips shut down due to actuation of overspeed trip circuit SCR
as various DC equipment Is placed on ships load. Problem is inter-
mittent and ship cannot keep 60 Hertz MG Sets operating unless Over-
speed PC Card is removed from the Control Cabinet.

B-3
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[V. 1~ROBLEMS ENCOUNTERED 
- Continued

B. MG Set #1

1. Overspeed PC Card (AG) inoperative. Improper components
installed, cold solder connections, etc.

2. MG Set shuts down when ship transfers from Shore 13. C. Power to
Ships D. C. Power, and vice versa. MG Set cannot he restarted for
approximately ten minutes, then will operat e without difficulty until
transfer of D. C. power is repeated.

V. WORK ACCOMPLISHED

A. MG Set #2

1. Overspeed PC Card (AG) returned to original confi guration and
components. Missing foil replaced by using insulated bus wire.
Overspeed timing calibrated to 18% (70 Hertz) overspeed trip.

2. Overspeed trip SCR (CR7) appeared to be tripping due to DV/DT ,
although on a very infrequent basis. With gate lead disconnected the
SCR could be made to turn on occasionally by actuation of the Start
switch. The CR7 SCR, a TRW 2N687 , was replaced with a higher
voltage IR device, our plant part J94-0189, and no further DV/DT
tripping was observed.

3. The problem of this MG Set shutting down as additional ships D. C.
load was applied to the ships or shore D. C. power was traced to
noise pick—up coming into the Overspeed P. C. Card (AG) via the
magnetic pick-up harness from the MG Set to the Control Cabinet .
The noise , high in frequency and of an amplitude greater than that of
the magnetic pick-up pulse , biased the overspeed trip circuit and
caused CR7 to turn on shutting down the M. G. Set . By activating
various warning horns , and especially one particular vent fan ,
sufficient noise could be introduced to trip the overspeed circuit and
shut down the MG Set, even though actual overspeed had not occurred .
With the vent fan on the MG Set could not be restarted unless the
overspeed trip circuit was defeated. This problem was resolved by
removing the magnetic pick-up shield, from the MG Set housing
ground and re-connecting the Control Cabinet end of this shield to
D. C. reference in the control system. With the shield tied in this
configuration, no noise was observed on the magnetic pick-up

B-4

- - -

~

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- -~~~~~~ -~~~~ -~~~~~~~~ ---- - -~~~~~- -- 



- -

- FACSiMILE -

V. WOR K ACCOM 1~LI SIIED - Continued

harness as various ships load was app lied to the 1). C. supply.
Activation of the vent fan , especially, ceased to have any effect on
the quality of the signal being received from the pick—up.

B. MG Set #1

1. Overspeed PC Card (A6) returned to original configuration and
components. Overspeed timing calibrated to 18% (70 IIertz~ over-
speed trip.

2. DV/DT breakdown of CR7 (a General Electric 2N687) was not
observed on this unit. However , a like SCR (J94— 0 189) has been
set to the USS Mataco for installation in the overspeed circuit.

3. In view of the proble m observed with MG Set #2 concerning the noise
pick-up from the ground ed shield wire , the magnetic pick-up shield - I
was disconnected from the motor housing and tied to D. C. reference
at the Control Cabinet . This prevented any noise from affecting the
overspeed circuit by way of the magnetic pick-up harness , but a
constant D. C. potential was observed at the pick-up input to the
Control Cabinet when the ship transferred from shore power D. C. to
ships power D. C. The constant potential , approximately 7. 5 VDC ,
slowly decayed to 0 volts (in approximately 10 minutes) and during
this period the MG Set could not be restarted without defeating the
overspeed trip circuit . This problem was traced to a high resistance
ground in the magnetic pick—up . The faulty pick-up, due to the
positive side of the D. C. Shore Power being grounded (a fault deter-
mined after considerable isolation and investigation), charged up to
a D. C. potential when the Ship was being supplied by shore power. - -

When the ship transferred to internal power the +120 VDC was no
longer grounded and the magnetic pick-up, acting like a capacitor ,
discharged through the overspeed circuit preventing activation of the
MG Set for approximately 10 minutes. A replacement pick-up was
not available at Yokosuka and the problem was temporarily corrected
by isolating the magnetic pick-up bracket from the motor housing
using insulated washers and inserts. A replacement pick-up (our
part number N01—000 1) was sent to the ship on 10—30-73. Installation
of this part will permanently correct the problem.
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V[. RECOMMENDATIONS

A. The following changes were made to both Control Cabinets on the
USS Mataco, and these changes are recommended for all ships using
this equipment :

-‘ 1. Remove magnetic pick-up shield from motor housing ground.

a. Cut shield flush with harness insulation at motor end. Secure
to harness with Insulated tape.

2. Connect Control Cabinet end of magnetic pick-up shield to TB9-6
(at bottom of cabinet).

3. Replace SCR CR7 with a 400 volt device ( International Rectifier
22RC40, or equivalent).

4. Refer to enclosures (1) and (2):

a. On the back side of PC Card A6 (Overspeed Monitor) cut pin L
foil as shown and insert a 1N75 1 Zener Diode in series with the
cut foil. Position diode as shown on enclosures. This diode
will insure that the SCR gate voltage remains at zero until an
overspeed condition actually occurs.

VII. TIME VERIFICATION

A.. Service Time

1. 15 thru 21 October (7 days) — 8 hours per day.

B. Travel Time

1. Travel to: 13 and 14 October (2 days) - 8 hours per day.

2. Travel from: 22 and 23 October (2 days) - 8 hours per day.

VIII. GENERAL

A. Both MG Sets and controls appeared to be regulating properly when I
arrived , although several PC Cards had been reworked with substitute
components. All of these cards were reverted to their orig~~al con-
figuration prior to start of testing.

B-6
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VIII . GENERAL - Cont inued

B. 60 Hertz transformers and relays have been added to each Control
Cabinet for some purpose relating to a parallel lockout circuit. These
components were added with no regard for the possibility of 60 Hertz
pick—up becoming induced into the Control Cabinet harness. According
to the ship, these parts were installed in the system at San Diego when
the MG Sets were put on the ATF-86.

C. SRF Yokosuka really dug into their crystal ball to support me on this trip.
A special thanks to Commander Somervill for his excellent cooperation
and assistance, and to Mr. S. Ikeda , Shop 51 Head , for always managing
to locate the equipment, parts and knowledge that eventuall y led to the
resolution of the problems encountered .

D. In concluding this report I personally commend Lt. Smith and the entire
ships force of the USS Mataco for the outstanding support and assistance
that was given to me during my visit to the ship. With complete dis-
regard for the time of day , or the sometimes substantial manpower that
was required to conduct certain tests , this ship supported me in an over-
whelming fashion. The problems encountered took a team effort to
correct and , in my opinion , one member of that team , EM1 Doug Bolen ,
is one helluva sailor .

- End Report -

TECH SYSTEMS CORP.
PRECIS E POWER SYSTEMS DIV.

iL Minicucci
Field Support Engineer

Enclosure: (1) Overspeed Monitor , Drawing 30500121—2
(2) Printed Circuit Board , Drawing 31500121

Distribution List:

Naval Ship Engineering Center
Code 6158C
Philadelphia Division - 0. Reed

SR F Facility, Yokosuka - Commander Somervill

USS Mataco (ATF-86) - Commanding Officer
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- - APPEND1X C
ANALYSIS OF FAILURE OF

OVERSPEED CIRCUIT ON 30 KW MG SET

(The follow ing analysis is by ARINC Research Corporation.)
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OVERSPEED CIRCUIT ANALYSIS

The overspeed circuit board from the MG set Identified by Technical Manual
NAVSHIPS 0962—046—0010 was analyzed in detail . The circuit schematic is shown In
Figure C-i. -

N ( 4 ~~ 1cS~.., ~ 
‘~~: 

CR13 I~~
R10 f’1R~

I a3 22O(~
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l510 p? 4 ~ ~ .~, ~~~~~~~~~~~~~~CR 3
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~~ 
~~ ~ 

33 uF

F ( ~~ ‘~ ‘~~~~~~~~~~ 
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r~~~~~~~~ c I u~ta 
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’
E[  ~
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\c 

E~~~~) ~~~~ ~ ~~~~~~~~~~~~~ 251611

j Q

2 15 IdI 09 2N18191 I I3 ~~~~12

IC1 12N1619 2N1619 47 i6

C < j O. 1 U F 
. I ~ 

22uF

I i I I  I
Ck~e-Sbot Mult lvt brator Integrator Voltage Detector

Figure C—i. Overspeed Circuit of 30 kW Motor Generator Set*

C. 1 TEMPERATURE SENSITIVITY TESTING

Laboratory tests were conducted to determine the circuit’s operational con—
dition. The circuit was placed in an environmental test chamber at 25° C and the
temperature gradually increased to 50° C. A pulse generator was used as the input
signal , and the pulse frequency was increased until the SCII fired . The trigger fre-
quency was recorded as follows :

Temperature, °C Trigger Frequency, Hz

25 33
30 32

35 31

40 30
45 29

50 28

*FlglJre C—i reflects a correction that should be made In the circuit given in
TM 0962—046—0010. Capacitor C12 should be located between Q5 and reference, as
shown above; and not between Q4 and reference, as In the TM fi gure.
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The above data indicates a frequency change of 5 Hz for the 25°C variation,
which explains why the overspeed circuit actuated at high temperatures. Since
nominal frequency is 30 Hz (1800 rpm ÷ GO = 30 rps) , the overspeed ci rcuit sensed an
overspeed condition when temperatures exceeded 40° C and therefore actuated the
relay to turn off the motor.

C. 2 CIRCUIT ANALYSIS

Detailed circuit analysis was conducted to determine possibl e modifications that
can be made to reduce the temperature sensitivity. For analytical purposes, the
circuit was divided into three basic parts — one shot multivibrator , integrator, and
voltage detector.

C. 2. 1 One-Shot Multivibrator

Since the integrator output is a function of input pulsewidth , the output pulse-
width of the multivibrator is the critical parameter for that circuit element. For the
multivibrator, the pulsewidth is given by:

V + V -Vbe d cct = -11Cm V + V — 2V (1)
be d cc

where

11 = R
6

= (30kf2 )

C = C 2

Vbe base-emitter voltage of

Vd 
= forward diode voltage of CR5

Vcc 
= collector supply voltage

Evaluation of the partial derivatives of equation (1) yields the following percent
change in pulsewidth for a 10% change in each of the multivibrator parameters. (The
10% change in these parameters simulates the changes due to temperature effects.)

Change in PW for
Parameter 10% Param. Cha nge

Vbe 0.48~
Vd 0.48%
Vcc 1.07~

-+ 1O.0

C2 ~10.0%

C-4
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It can be seen that variations in 116 nn(l C2 have the greatest influence on pulsewldth .
This analytical observation was substantiated in the laboratory. The multivibrator
circuit was placed in an oven , with components Re~ and C2 hooked up externally to the
oven. As the oven temperature was increased from 25° to 50° C , a trigger frequency
variation of 3 Hz was observed, as opposed to 5 lIz when the subject components were
in the oven . Thi s observed change in trigger frequency variation is within what would
be expected for the temperature coefficients of C2 and 116.

During the same experiment , other components were removed from the oven
and the circui t tested as above. No significant changes in trigger frequency variation
were observed.

Based on these findings, the replacement of 
~6 

and C2 with components having
lower temperature coefficients is recommended. (See Section C. 3.)

C .2 . 2  Integrator

The output voltage of the integrator has the following waveform:

I_luI__ ti 
_
~

.-I ~ t2 -~.-I

Equations for the upper and lower voltage level s (V 1 and V2, respectively) were
derived in terms of the input signal and the values of C3 and 118. These equations are:

V ~~ -i /Bc
cc \i— e 1

V2 / .~ ‘t 1 . 4 t2 (2)
I t /RC t /IIC
~e 2 -e 1

t
2
/RC (3)

V1 = V2 e

where:

B = 11
8

C = C
3

t1 
= one-shot pulsewldth

t2 
= one—shot period minus

I
C-S 
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The change in output voltage of the Integrator resulting from a 10% change In
either 118 or CiO was calculated as 0. 67%, showing that circuit operation has only
minor sensitivity to changes in these component values.

C.2.3 Voltage Detector

The voltage detector was analyzed by first examining operation of Q~ and Qi~.Q5 (a 2N1613) has a maximum base drive of

= ______ — 0. 1 mA (4)

Minimum beta for this transistor at 25°C Is 40 at I~ 5 mA. The resulting
collector current with maximum lb and minimum beta would be:

IC 
= (40) (0. 1 x 10~~) 4 mA (5)

The collector current required for complete turn-on is:

= -~~~~~~~ = ___ = 1~.A (6)

It Is seen, therefore, that there is insufficient base drive to saturate Q~.Further, ~~~ (150 kil) , the collector resistor for Q~ , reflects a minimum base
current for Q~ saturation that is well below the zener diode test current. (The zener
is connected In series with the base of Q~.) Saturation of Q~ at low base current and
therefore low zener current may result in the zener starting to switch well below the
knee of its voltage characteristic curve. Thi s is undesirable from an operational
viewpoint because the circuit is very sensitive to transients and thus to false
triggering.

To increase the base drive needed to saturate Q5, and to bias the zener to
operate at a current level close to its knee, it is recommended that R j~ (150 kil) be
replaced with a resistor of lower value, say 1 kQ.

The above analytical results were observed in the laboratory . The output of the
integrator (R8 and C3) was measured at the point of turnon of the voltage level
detector and subsequent firing of the SCR. This level was 2. 25 volts. This value for
triggering indicates that the 5. 1 volt zener diode (CR6) is operating below the knee of
its characteristic, and therefore the zener effect is not being utilized to achieve an
abrupt turnon of transistor Q4 at the required voltage level. This effect is due to the
present circuit design — abrupt voltage detection cannot be achieved in the present
configuration. A simple modification, such as shown in Figure C-2, may be used to
provide a stable voltage detector and thus avoid all of the above problems. The modi-
fication illustrated In Figure C—2 would require circuit board changes and therefore
may not be easy to Implement. An alternative modification — simpler , but not quite

C-tI 
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Integrator 2N1132
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(~~ j~ t t o

10K 

~~~~~~~~~~~~~ Base of

Figure C-2 . Recommended Modification to Voltage Detector

as effective — would be to substitute a 1 k~2 resistor for the present 150 kil resistor at
R j ~~, as described previously. The alternative modification would not provide as
stabl e a circuit as the initially suggested one, but would reduce the reference
problem.

C. 3 RECOMMENDATIONS

To correct the deficiencies noted above , the minimum modifications needed to
the overspeed circuit are:

a. Replace 116 and C2 of the one—sho t multivibrator with temperature-
stable devices. Possibl e device substitutions are:

— RT12C2L203 , RT11C2L2O3, or PT22C2L203 (M I L—R —
27208 wirewound potentiometers)

C2 
— Metalized polycarbonate , TRW type X4G3IJW

(1 uF , 50V, 0.312” diam. , 11/16” length)

These devices have temperature coefficients at least twice as good
as those of the present devices.

The recommended substitution for C2 is not the same size as the
present device; therefore, a circuit board modification may be
necessary to accommodate the change.

b. Replace the 150 kil collector resistor , R io, with a 1 k~l resistor
RC2OGF1O2K.

c. Adjust the threshold from the present 10% to 15% over nominal
frequency.

I
C-7



A “complete” fix of the overspeed circuit problem would be to accomplish the
above modifications and to add the circuit shown in Figure C-2. Addition of that cir-
cult would require a board redesign , but would result (In conjunction with the above-
recommended modifications) in a frequency stability, confirmed in laboratory testing,
of approximately 2 Hz over a 25°C range.

If only items a through c , above, are accomplished , the frequency stability
- ‘ would be about 3.5 Hz to 4. 0 Hz over the same 25° C range. This frequency change

can be tolerated If the threshold is adjusted to 115% of its nominal 30 Hz , or 34.5 Hz.
With the adjustment of the threshold to 115%. of its nominal value , the frequency
stability can be tolerated; therefore , recommendations a through c should be adequate
for this situation. If , however , the set is subjected to larger and higher temperature
variations , a “complete” fix would be required.

C-8
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APPENDIXD

ANALYSIS OF OVERSPEED RELAY FA ILURE
- ON 30 KW MG SET OFU SS SAFEGUARD

(The following analysis is by the Planning Department , Pearl Harbor Naval Shipyard. )
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£CURIIIY CIASSss ICATION PEARL HARBOR NAVAL SHIPYARD 14N04;o.9000,I6 (Rev. S.B4)

- 
. PLANNING DEPARTMENT —

—. 

~~~~~~~~~~~~ AR5 ’l’ 
~~~~~~~ ~X.a 1i~ - ~~~~~~~~~~

B (a) N/S 0961—040—4010 Th for 30 KW MG and Associated Control Equipment

1. The USS SAFEGUARD (ARS 25) reported premature actuation of the overspeed
• relay on the #2 30 1(14 MG set following installation and test of both units

by the contractor. Both units were new units furnished by the Government .

2. A high noise level was noted when an oscilloscope was placed at the input
of the overspeed monitor of MG #2. Very little noise was noted on #1. The

V noise took the form of random spikes , some larger than the pulse output of
the magnetic pickup . 

. -

3. The magnetic pickup was disconnected from #2 and a pulse generator was
substituted. The input to the overspeed monitor was observed on the
oscilloscope and an overspeed condition simulated by increasin g the frequency
of the pulse generator. Shutdown of MG #2 was noted at a pulse generator
frequency corresponding to about 2070 RPM (115% of the rated 1800 RPM).
The overspeed monitor of MC #2 was considered to be operating satisfactorily.
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curnTY - CLASSIFICATION PEARL HARBOR NAVAL SHIPYARD ~~~~~~~~~~~~~ si...
PLANNING DEPARTMENT

The #2 MC was disassembled to permit access to the magnetic pickup. It
was noted that the magnetic pickup of 02 was not centered over the m agnetic
contact. Also the pickup of #2 was farther from the contact than in the 01
MC. Both adjustnents were made and the output of the magnetic pickup at
the #2 MC was monitored . Considerable improvement was noted.

3, The two wires which connected the magnetic pickup to the overspeed monitor
were checked and found f ree of open circuits and grounds. However , it was
noted that the wires in the #2 hG  were unshielded wires from a four wire
cable. The other two wires fed 5CR controlled current to the generator
field. In contrast connections between the magnetic pickup and the over—
speed monitor on MG 01 were made using two shielded wires from a separate
cable. 

V

6. It was also noted that the noise was mostly to one side of zero while the
magnetic pickup output was of equal amp litude about zero . To take advantage
of this the leads to the overspeed monitor were hooked up such that a series
diode would block most of the noise.

7. MC 01 overspeed monitor tri p point was checked and found to be set too low.
The unit was reset to trip at about 2070 RPM. 02 overspeed monitor was V

rechecked and lound still satisfactory .

8. It is felt that #2 MC shut down prematurely because of the noise spikes on
the input to the overspeed monitor. The noise was caused in part by incorrect
magnetic pickup placement , and in part by the u~c n f unshielded wire in a
cable with other wires carrying noise inducing current. The magnetic pickup
was adjusted but the induced noise could not ba totally eliminated. The
change in wiring to block some of the noise with a diode should allow normal
operation of 02 MG. -

9. A total of abo~.t 16 man—hours were used in preliminary analysis, t rouble-
shoot ing and repair , and report writing.
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