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ABSTRACT

\
~- ‘T his report presents the4JS Army Armor Cen~~?’~ at1onale and justification
for adding auxiliary power units to current and future main battle tanks .
The findings and recommendations are based upon data gathered in an
extensive worl dwide fiel d survey of armor and a rmored cavalry units.\
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SUI4IARY

1. INTRODUCTION. The subject of auxiliary power units (APU) on main
battle tanks has been a topic of frequent discussion . The US Army has
not had an APU on tanks since the introduction of diesel engines on the
M48A3 and M60 series tanks. No APU is planned for the XM-l tank .
Increasing electrical demands on main battle tanks and the importance of
fuel conservation were the primary factors contributing to the need for
this analysis.

2. PURPOSE. This analysis was conducted by the USAARMC to determine if
there is a requirement for an APU on main ~attle tanks.

3. OBJECTIVES.

a. Determine if there is a requirement for an APIJ on main battle
tanks.

b. If there is a requirement then:

(1) Identify advantages and disadvantages.

(2) Identify space tradeoffs.

(3) Determine if armor units have a “cold weather” starting problem.

(4) Determine critical electrical components that must be powered
during “silent watch.”

(5) L~etennine percentage of time an APU could replace main enginerunning time.

(6) Determine the “peacetime profile” for tanks and armor units .

c. Recommend parameters and employment criteria for an APU requirement.

4. METHODOLOGY . (See Section IV for details.) The Armor Center in
conjunction with Project Managers for XM-l and M60 tanks elected to use a
four phase approach.

Phase I - Determine if there is a requirement for APU’s on tanks.
This report completes Phase I. NOTE: Subsequent phases are dependent
upon a positive requirement in Phase 
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Phase II - Design system specifications for an APU.

Phase III - Evaluate potential APIJ ’s.

Phase IV - Perform necessary materiel acquisition procedures to procure
an APU.

5. FINDINGS. (See Section V for details.)

a. There is a requirement for an APU on main battle tanks. (More
than 90 percent of the armor personnel surveyed Indicated a requirement.)

b. The single most important advantage an APU would provide is a
“Silent Watch ” capability .

c. Fuel space should be traded off for an APU.

d. Fifty percent of armor units worldwide have a “cold weather”
starting problem.

e. An APLJ could replace about 38 percent of the current main engine
idle time.

6. CONCLUSIONS. (See Section VI for details.)

a. The overriding tacti cal advantage for an APU is to have a “Silent
Watch” capability without running the tank main engine .

b. An APU would virtually solve the “cold weather” starting problem
on 1160 series tanks.

c. An APU would provide significant fuel savings on the XM-l tank.

7. RECOMMENDATIONS.

a. That USMRMC In conjunction with : TARADCOM, Project Managers for
M60 and XM- I Tanks , and Project Manager DOD Mobile Electric Power -
expedite development and procurement of an APU.

b. That, if possible, a common APIJ for 1160 and XM-l tanks be procured.

c. That DOD PM Mobile Electric Power in conj unction with TRADOC
proponents, consider the requirement for an APU on other combat vehicl es.

vi 
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SECTION I

INTRODUCTION

I-i. PURPOSE . This analysis was conducted by the USAARMC to determine
if there is a requirement for Auxiliary Power Uni t (APU) on main battle
tanks (MBT).

1-2. OBJECTIVES.

a. Determine if there is a requirement for an APU.

b. If there Is a requirement then:

(1) Identify advantages and disadvantages.

(2) Identify benefits an APU would provide .

(3) Identify space tradeoffs necessary to install an APU.

(4) Det2rmine if tanks and armor units have a “cold weather” starting
problem .

(5) Determine critica l electrical components on a tank that must be
operational during “silent watch.”

(6) Determine percentage of time an APU could replace main engine
running time .

(7) Determine the “peacetime profile ” for tanks and armor units.

c. Reconinend parameters and employment criteria for an APU requirement.

1-3. KEY DEFINITIONS. The following definitions apply to this report:

a. Auxiliary Power Unit (APU) - A small engine-generator capable of
producing DC electrical power to charge/recharge the batteries of a tank.

b. Col d Weather Starting - Starting of the tank main engine at
temperatures below freezing (32°F).

c. Silent Watch — The tank is in a static position , including
periods of limi ted visibility or darkness. The main engine is off.
Electrica l and hydraulic power Is on to operate all of the communications,
target acquisition , fire control , and weapon systems. Noise, light
discipline . and local security are of paramount consideration so that the
vehicle/crew position is not given away. 
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d. IR, Thermal Signature - The active infrared signature emitted
from IR sources such as searchlights and driving lights and the thermal
heat energy emitted from any warm piece of equipment such as engine, tank.
etc .

e. “Slave” or “jump” starting - Start ing of a tank by means of a
cable to another vehicle which is operating in order to produce sufficient
electrical power to s tart the “dead” tank.

f. Environmental systems - Inc l udes the personnel heater, exhaust
blower , and gas particulate unit system on tanks.

g. Fire control systems - Those systems necessary to fire the main
gun and coaxial machinegun of a tank, I.e., firing circuits, computer ,
rangefinder , ballistic drive , turret power , stabilization system, and
sighting instruments.

h. Visua l devices - All active and passive , day and night sights.
periscopes , telescopes , and rangefinders found in tanks .

1-2 
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SECT ION II

BACKGROUND

tI - i. HISTORICAL USE~ OF APU ’s. The United States Army has used an
auxiliary generating unit or APt ! on all main battle tanks starting with
the M3 Grant” tank in 1 940 through the M4~A2C produced through 1 960.
Main battle tanks employ Ing an PIPU included: the M3 . M4, M?6, M41 , M46 ,
1147 , 1148 and 11103 series tanks. Various other armored vehicles which
have employed an APU include all armored recovery vehicles produced
from the M32 through the M88AI series; the Mb . 1118, and M36 tank
destroyers; various armored self-propelled artillery to include the M44.
M52, 1153, and M55 series anel self-propelled antiaircraft weapons to
include the M19 series. The 11577, Command Post Carrier , has a 4.2 KW
gasoline powered APU .

1 1-2. PRIMARY USES OF THE APU. Initial uses of the APU on early
armored vehicles was to charge the batteries when other on-vehicle systems
exceeded the electrical output of the normal engine generator and to
provide heat to the engine compartment to assist in cold weather starting
of the engine (cold weather was defined as below 50°F at that time).
Subsequent uses of the APU included main eng i ne fuel conservation , heat
for the crew compartment, ma in eng i ne signature reduction (noise and
smoke), and normal engine start procedures . (The APU would be started
with the batteries and then the main eng i ne was started.) Tank main
engines for the 113 through M4~~2C series tanks were gasoline engines .
As improveme nts and sophis ti cat i on i ncrease d i n tanks in the area of
a rmament, f i repower , armor, and mobility , a correspond i ng increase in
engine size and horsepower was required; the larger and more powerful
the engine , the more fuel it would consume . To gain maximum mission
time and range for tanks , APU ’s were used to conserve ma in engine fuel
and recharge batteries which were being drained by sophisticated sighting
and fi re control. Rather than run the main engine to provide this
elec trica l power, an APLJ provided the same electrical output at reduced
fue l consumpt ion.

11-3 . PROBLEMS WITH EARLY APU’S.

a. The earl iest two cycle APIJ ’s requ ired a separate fuel tank with
gasoline and oil mixed in the proper proportions . Follow-on APU’s were
small mul ti-cylinder 4—cycle eng ines which used the standa rd gasoline
fuel from the ma i n fuel tanks .



~1b. Mainten~nce on the APU ’s was tinw consuming and d~t fiL u l t.
Maintenance personnel received very little trainin g on the APt! and
required know l edge of small gasoline eng ine and ~enrrator  repair..
skill not generall y taught eng i ne mechanics. Oil levels on the small
APU engines were critical and required frequent checking by the tank
crew. Good human factors engineering was not incorporated into the APU/
tank system and resulted in difficulty in mainta ining APU’s. Procurement
of APU ’s from several manufacturers resulted in non-standard repair parts,
hence logistics support of the APt) was difficult.

c. Even with the above mentioned deficiencies the APU ’s received
wide spread troop acceptance for the reasons stated in paragraph 11-2
above. Little Joe” as the APU was n icknamed made the tank systems of
those days effective cold weather, all environment fighting systems.

11-4 . REASONS FOR DISCONTINUING APU’S ON TANKS .

a. With the introduction of diesel engines in US tanks, starting
with the 1160 and M48A3, the APU was discontinued . Diesel tank engines
coul d be run at considerably l ower fuel consumpti on rates than the
previous gasoline tank eng i nes and in many cases lower rates than the
APU . Thus on a fuel cost effectiveness basis the main eng i ne could be
run as cheaply as an APU.

h. Diesel engines could effectively start at much lower temperatures
than gasoline tank engines , thus the APU wasn ’t needed for cold weather
start I ng.

c. Small diesel engine technology in the US was nonexistent in the
sizes required for an APU. Basically this statement is still true today.
Forei gn technology, specifically Japanese and European, is far ahead of the
US in small efficient diesel engines . For example, the APU on the M88A1
diesel recovery vehicle had to be procured from Canada because none were
ava i la b le in the US.

d. The Army users of an armored vehicle , justifiably would not accept
the logistic burdens associated with maintaining and supply ing a gasoline
APU-diesel main engine combination on tanks.

11- 5. FOLLOW-ON TANK DEVELOPMENT (MBT- 70. XM803. AND XM-l).

a. MBT-7O/XM803. At various times in the MBT-70 and XM803 tank
programs a requirement for an APU existed . The APU was required for
battery charging , cold weather starting , noise reduction , supplying
hydraulic power, for use durin g silent watch operations , for emergency
use when the main engine generator was inoperable, and as part of the
w interization kit. The electrical requirements for the auto loader and

II—:
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the Shillelagh missile system also supported an APU. Termination of
these tank programs ended the consideration of APU ’ s.

b. XM-l. The Main Battle Tank Study Group (1971 ) addressed whether
the XM- l shoul d have an APU. For many of the same reasons stated in
paragraph 11-3, it was decided not to incorporate an APU materiel need
requirement for the XM—l . The Tank Special Study Group In 1975 addressed
an APU as a side issue and determined that there was no Inherent need for
an APU because of weight, space, and operational capability . However, the
Tank Special Study Group did re.~cmmend that an APU be considered as part of
a separate arctic kit on the XM-l.

c. Conclusions. All 1160 series follow-on development efforts
considered the adoption of an APU, but one was never reccninended. It
appears the following factors contributed to this situation.

(1) Cost Ceilings - When considering advanced (and costly) fire
control , propulsion and suspension requirements, there was not enough
money for an APU. Further, then and now, the priority for an APU is not
as critical as the major components of an advanced tank, such as the X1l—~.

(2) Lack of US Technology - There has been and appears to be a lack
of US technology to produce a small diesel engine suitable for use as an
APU.

(3) Cold-Weather Starting - The adoption of diesel main engines was
a quantum improvement in cold weather starting . It should be noted
however, even today, contrary to preconceived ideas , this probl em still
exists. In sum, cold weather starting has been ignored.

(4) Energy Conservation - Unti l recently this subject has not received
serious attention. There has been no real incentive for fuel conservation
measures.

11-6. RECENT ACTIONS RELATING TO AN APU ON TANKS. There has been
conside rable renewed interest in putting an APU back on tanks. Primary
reasons for this interest are:

a. Cost and amount of fuel consumed by tanks. The fuel crisis of
1973 highlighted US dependence upon foreign sources and increased costs
for fuel. The introduction of higher horsepower gas turbine engines has
resulted in higher fuel consumption rates. If the use of an APU can
reduce overall fuel consumption , then mission time can be increased.
Additionally, less running time on the main engine will reduce maintenance
costs.

11—3 

—.----—- - — ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ 
- - — -~~~_ ~~~~ . 

— — —



-- - -

b. 1t~Cr~%3ed tank e lectrica l demand. ihe M 0  tank originally used
a 300 amp generator. The M6OA 1 RISt modific ation uses a 600 amp generatoi’~New systems such as the tank t hermal sight place a onslderable demand on
batteries and generators. The t rend Is definitely toward a greeter
electrica l consumption requirement.

c. F ewmal and Informa l unit fqedha~k indi cates there is a cold
weather start ing problem.

d. The Wagner Task Force at- flit In September l97~’, In reviewi ng the
tank Force Management Group ’s ~‘eCL~lflendatiOn%~ ,‘ecou~i*ntled tha t an APU beconsidered for main batt le ’ tanks.

a. In frared (IR) signature reduction has received considerable
attention . An APt) would present a much smaller IR signature than tha t
of a tank main eng i ne.

11-4
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(1) Step 2 of the methodology involved an evaluation of the field
survey data . Objectives of this evaluation were to determine user
consensus to develop actual peacetime operational profiles , to develop
po tential  war time operational profiles, and to obtain user tradeoff
(space , location, resources) reconinendations in the event a need was
realized for an APU. The primary tool for evaluating the field surveys
was a USAARMC developed data reduction analysis computer program which is
described in Section IV-3 of this report. The completion data reduction
program and survey results are contained in Volume I!.

TANK BN ACS , ACR ACS , DIV

F # IN # # IN # # IN
GRADE SURVEYED UNIT SURVEYED UNIT SURVEY ED UNIT

LTC 1 1 1 1 1 1 1

MAJ1 1 2 1 2 1 2

CPT 1 4 9 4 9 4 8

8 18 9 19 8 15

wo2 1 1 1 1 1

E73 5 10 7 14 7 12

E6 3 17 37 17 30 10 18

TOTAL 37 78 37 76 32 52

Ficiure 1. Personnel surveyed by type unit

NOTES: 1 - Only Comissioned Officers in MOS ‘1 2A.

2 - Maintenance Offi cers - l b S  67A .

3 - Only MOS 19E (previously 11E).

(2) Step 3 of the methodology involves a relatively simple tradeoff
analysis to determine the impact/contribution of an APU in terms of reduced
vehicle signature, fuel consumption, maintenance , and various other factors.

111—2



NOTE : Phase II , I I I , and IV are dependent upon a positive response to
Phase I objectives , i.e. There is a valid need for an APU. If there is
not a positive response to Phase I , then Phases I I , III and IV would not
be necessary and would not be conducted .

111-2. PHASE II - SYSTEM SPECIFICATIONS. The purpose of Phase II is to
define the parameters and minimum and maximum characteristics for APU
systems for both XMl and M60 series tanks. The methodology Involves an
investigation of the power requirements , fuel consumption and capacity ,
signature constraints, weight and volume constraints , and RAM—D character-
istics; an application of the Phase I tradeoff criteria; and a refinement
of the desi red specifications and requirements.

111-3. PHASE III - CANDIDATE EVALUATION . The purpose of Phase III is
to eva l uate candidate and potential candidate systems that meet the
specifications developed during Phase II. Conduct of Phase III would
involve testing of actual hardware, evaluating other potential candidates ,
and producing R&D and procurement cost estimates.

111-4. PHASE IV - SELECT SYSTEM. The purpose of Phase IV would be to
select the best system or systems for both XM- l and M6O series tanks .
Conduct of Phase IV would involve simple COEA or cost benefit analysis
using data derived from the previous phases and the writing and staffing
of an appropriate requirements document.

111-3



SECTION IV

METHODOLOGY

IV-l . ASSUMPTIONS . The following assumptions were made:

a. The APU may have a potential use for the XM-1 and M6O series tanks.

b. The APU would not be applied to the M60A2, M551 , or M48A5.
Rationale for this assumption was that those systems are low density
systems with a limi ted remaining life cycle.

c . That if an APU is requi red, the system woul d probably be coninon
to both the XM- l and M60 series.

d. The APU would burn the same fuel as the tank main engine .

e. The personnel and units sampled in the survey were representative
of all Armor and Cavalry units . That Is , the units surveyed had no
unique requirements or environmental conditions which would not be
encountered in other units .

IV-2. CONDUCT OF THE SURVEY. After coordination with the MACOM’s and
divisional uni t s , a USAARMC team administered the individual
questionnaires to the selected personnel of each battalion and squadron .
Units which participated in the survey are shown in Figure 2.
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CONUS : USAREUR :

Ft Knox , KY 8th Mech Inf:
4th Rn, 37th Ariior 2d Bn, 68th Armor
5th Rn , 33d A rmor 3d Rn , 68th Armor
3d Bn , 1st Tng Bde (AITA) 1st Bn, 70th A rmor

(4th Mech Dlv)
Ft Bliss , TX

2d Sqdn , 3d ACR 11th ACR
3d Sqdn , 3d ACR 3d Sqdn , 11th ACR

Ft Carson , CO 3d Armored Div
1st Bn, 77th A rmor, 4th Inf Div (Mech) 2d Bn, 33d Armor
4th Bn , 40 Armor, 4th Inf Dlv (Mech) 3d Sqdn, 12th Cay
1st Sqdn , 10 Cay , 4th Inf Dlv (Mech)

2d ACR
Ft Riley, KS 2d Sqdn, 2d ACR

1st Bn, 63rd Armor, 1st Inf Div (Mech) 3d Sqdn, 2d ACR
2d Bn , 63rd Armor, 1st Inf Div (Mech)
1st Sqdn , 4th Cay , 1st Inf Div (Mech) 1st Armored Div

1st Bra , 13th Armor
Ft Polk , LA 1st Bn , 35th Armor

3d Bn , 77th Armo r, 5th Inf Dlv (Mech ) 2d Bn, 81st Armor
1st Rn , 40th Armor, 5th Inf Div  (Mech )
4th Sqdn , 12 Cay , 5th Inf Div (Mech ) 3d Mech Inf

1st Rn , 64th Armor
Ft Lewis , WA 2d Bn , 64th Armor
2d Rn , 77th Armor, 9th Inf Dlv 3d Rn , 64th Armor

Figure 2. UnIts participa ting in survey .

IV-3. iATA REDUCTION .

a. Description of the Data Base. In the course of conducting the
survey to determine whether there is or is not a need for auxiliary power
units on tanks , 740 soldiers from 29 units were polled . Each of these
740 individuals provided 90 pieces of data from the Individual question-
naires (Appendix A) plus unit questionnaires (Appendix B) containing 40
pieces of data were filled out by most of the battalion/squadro n staffs.
Thus , the data base collected for this study contains 67,560 pIeces of
data. Without some logical approach to data reduction , this mass of data
would be useless in the decision making process.
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b. Method of Data Reduction. Cons ideration was given to the use of
prepackaged statIstica l analysis routines , such as the Statistical
Package for the Social Sciences (SPSS) and the BIOME D package for data
reduction . After examining the documentation of the existing routines,
the nature and format of the i nput data avai labl e, and the required
output of the data reduction , It was determined that the existin g
statistical packages would not prov i de all of the answers needed and that
an excessively large nuanaher of runs would be required In order to provide
the portion of the output that they could produce. Consequently, the
approach diagranined In Figure 3 was selected for data reduction In this
study .

(1) First , all of the data col lected front the survey questionna i res
was key punched and manually checked f’or errors. Two separate card decks
resul ted from this step. One , 7~ cards long , conta ins all unit data ; e.g.,
number and types of tanks in the unit, fuel consumption data for the
unit , number of batteries issued per ~eaa’, and other data pertaining to
the uni t as a whole . The other , approxim ately 7.000 cards, contains all
of the data from the individua l questionn aires , such as pas t experiences
with APU ’s, advanta ges , disadvantages , items which must be powered by
the APU , itenis wil ling to he traded off for APIJ , space and other data .
Both of these card decks will he maintained at the Armor Center for
future use and as a permanent record of the survey .

(1 These card decks were then transformed into a form more suitable
for repeated use by the analysi s (data reduction) program . The individ ual
data was stored on a 1) track tape, because of the quantity of information
to he stored. The small unit data file was stored in the computer In a
faster easier to access disk file.

(3) Both of these data files were accessed by the ana lysis program
speciall y written to reduce’ the data In this study . The program contains
1 200 FORTRAN statements and completes the data reduction effort in one
run . I~1l units are examined together , then each un it is examined alone.
For suninary purposes the first six pages of the printout contain the
averages and/or totals for a ll units. The Individua l unit resul ts will be
ma iled back to unit s which cooperated In this survey tor their informat ion .

(4) Much more information is conta i ned in the printout ot’ results
than is required for this APLI study. Thus , the entire printout w i l l  not
be shown In the body of this report but is found in Volum e 11 . Item 4
under’ the survey results and I tems 11, 1~ , and 13 undea’ the additiona l
results each total to more than 100 percent . This is not a mist ake .
These ’ items l is t  advantages , disadvantages , and i tem s to be powered , where
the respondents were allowed more than one answer . The respondents were
allowed to choose up to 10 items to be powered by the auxil iary power unit,
so the percents here could total to 1000 percent if everyone listed 10 items.
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(5) As mentioned earl ier, the survey questionnaires and the computer
printouts contain much more information than is required for the APU
requirements. Thus, the data base and computer printouts of this APU
effort will very 1$ kely be of val ue in numerous other studies . The survey
conducted for this study provided the vehicle necessary to answer many
other questions of Interest in the combat developments and training develop-
ments arena, e.g., average time In service, in grade, In job , by rank , by
uni t , how many days per year are spent in batta lion l evel training,
company l evel tra’ning, platoon l evel and individua l crew training . In
addition to the extensive results from this data reduction effort, the data
base itsel f will be made available to other government agencies upon
request. Care was taken to comply with the pr ivacy act, accordingly rao
names , social security numbers of other personal identification is on the
survey questionnaires or data files . Requests should be addressed to US
Army Armor Center , Directorate of Combat Developments, AIIM: ATZK-CD-SD,
Fort Knox , KY 40121. The data base is saved In several forms, on the
original questionnaires , on punched cards, and on computer files and tape
at the Data Processing Field Office (DPFO) at Fort Leavenworth , KS.
Data file formats and read-only access can be granted upon request.

c. Data Directly Appl icable to this Study . Table 1 provides an over-
view of the survey results that directly reflect the need for an APU.

IV- 5  
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TABLE 1. OV ERVIEW OF THE SURVEY RESULTS

Number of Units Surveyed 29 r
Number of Individuals Surveyed 740
Favor APU for Tanks 90.7%
Ma in Advantage Silent Watch Capability
Main Disadvantage Extra Maintenance 1
Main Tradeoff Personal Equipment Storage
Col d Weather Problem 50% Individuals Said Yes

54.2% Units Sa id Yes
Average Hrs/Month Tank Engine Run 14.77 Hrs
Run for Electrical Power Only 8.86 Days/Month
Searchlights
% of tanks having 90.81%
Hrs/yr operated 32.78 Hrs

Total Gallons of Fuel Used Last Yr
(24 UnIts) 2,033,948 gal .

Total Tanks /Total Mi les By Type
M60 (AVLB) -/ 1455 ml
M6OA1 402/272,260 mil
M60A2 54/27 ,490 ml
M6OA1AOS 441/ 2 93 ,468 mi
M60 RISE 163/194,190 mi
M551 189/88,348 mi

Average No. of Tanks per Bn per Month
Needing Jump Start.
Sep-April 32.0
May-August 8.0

Average No. of Batteries/Unit Issued
Last Yr: 118
Systems which more than 1/3 of
individuals want powered by APU Fire Control (88.1%)

Coninunications (67.6%)
Visual Devices (66.1%)
Environment (43 .0% )
Searchl ight (36.4%)

llhe major disadvantage listed was “NONE” (49.5%), extra maintenance was
the second disadvantage (34.5% ).
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S~~TION V

RI SLJI T”

V — i  - I 1N1~IN~S . 1 he resul N l a s t e d  in th a -‘ sec t ion ~jnswer each of the
oh •iect ives of this stud y a’. wr it ten in p.nr.agr.iph 1— .’ cm the t’ .ts is of the
sur~e~ dat ~a ~~~~~~~~~~~~~ ion describ ed ~it ’ovt ’-

Deteranni nt’ requ a remen t for an APU . More than ~~ o t the poop i t ’,
who are in .~nnor- unit s , st ~ated there is a r t ’qui re~aaen t for an API!. T h i s
need i s  further suhstant i~ ted b~ the subject i v~ .an.~ i~ s is  on main engine
idle t iin~’ . Dat a on ma in eng ine runnin g ~ I ~ ‘ was obtained freun each unit
after al l sua’vev fotians were completed. 1 he survey t earn as Led the following
two question s: —

QUEST ION 1 : ‘Of the total time the tank anna in eny i rae is running ( for
whatever reason i , what percentage or the tine is it operat ing ~at i dl e -’

QUEST ION ~ : 0t the t ime o~pre’s s~d in Quest io ta  1 ( idle t it iel . what
pt’ rceia tage of thi s t I i ’~~ ’ i s the eng ine being idled to charge the bat ter ies ~~

“

In res~’onst’ to Quest ion 1 , t h .  ave rage w as ‘i~ , - e . , of t h e ’ tota l time
the’ na in eng ilit’ Is  runnin g, t~~d~~ of the t anne it is at id le . In response
to Quest Ion ~

‘
, the avt’a’aqt’ was (‘4~- , i .e .  , ot the ~~ Idi t ’ t ime t~4~- w a s

devoted to charg ng the’ batteries . hert’t ort’ . it s coiacl  uded that of
the total time the ma in engine is operated . 3~ - 4~ ( . c’i~ ~ . b41 of the tine
is dt’Ve t~d tc~ cha r~ I no the hat tories

h . ident i t~ ~advan t at~es and di sadvant ages : When jsked to s~ l ect the
single most important advantage of APE !’ s on tanks • more tankers chose
added s lien t war ch capab I lit v than a iy other cat t’uor~ . 1 hi hO S tol l owed
by the second and th i rd most popul .ni’ ~dva nta g t ’s ~f bet ten’ ¼ o ld we at hon’
s tar t  in g cap abi l it y and provis loa n of a bat ter~ ¼h ~nrgi rag ~ap.ahi Ii t~ . When
aske d to identify up to 4 di sadva nt ages of mount I na g an API! in tanks ,
most ( 4~ . 5 percent sa l ¼1 they knew of no di sadvani t ages . .34 . ~‘ percent
stated an APU may add to maint enance’ problems and 1 t~ . ° percent said Sp~ct’
wou ld he a prob l em.

1 Je’~t I f~ benef i  t s an API! woul ci provi ic’ . In add t ion tc ’  the
advantages I a s  ted above , ~ ‘.4 percent said that tIne ab il l t~ of the API!
to hea t the crt~ compartment. would he desirable. Nc ’ Ise and therma l
sn g nat ua ’e reductions nn~y improve the su rv iva bi li ty of tanks with APU ’ s.
And . ~‘tPior notes on severa l survey foems indicat ed that it may he
poss ihi ~‘ to usc ’ oni~ .1 batt erIes instead ~t 6 ba tteries on each tank.
Another , unquant at a fed be’nefi t was tha t the tank co uld still fight with
the’ automo t I ye ’ s~ stem down . - 
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J. de ’a t 1 t space ’ t a . ~ h’ o f t ’ ~ n1e ’ct’s sa r -~ to a in st ,al 1 ,nn AI’~ - I h a s
obj O c t  lvi’ ~‘e. c~:ai a :es th a t ~I’~I ‘. dc nc t c ’-~ I s t  on Pat ’ !~i’C f leet  .ind ar - c ’
not pr\~ a’alT ’ ’¼t fo r  the \M- 1 . Thi- r -e f ore  , n t an A r ’L i s  t o  I- c ’  .app 1 ed . a
s~ ace ’ t r adeof f  a~a 11 t’e lac ’ ct ’ss ar~ •‘ilth¼ u~h th e’ t ’ ’. 0 ¼ t d i  ‘~ ‘n’s ‘o,as of an

~ i ll no t be know~i ~o~t a l  a I ,t t c-c i~h~ st ’ i s  o’apl c t  c i  • t a nk c re~ aaan ~e r-e
Os ke’d to a dent a a t ems o be t i adt ’d of t  o qa in the n o~ Os S d r~ s pac t ’
Pc’rs~ r ae ~l equ I ~~

- t ’ Iit stOwage’, one ’ ~f four ’ s pe~ 1 tIc c taoa ~ Os qi yen , w as the
lead in~ re’~. ¼w~:-eni d Ot ion for t ‘‘.ndc’c’ t ! I at ty - t hrei’ pea- k o u t  selected tPil ~c’hc’ i~~t’. 1ai to p ’ t u na t e1~ , t h i s ~hic a c e  s hou~ d not have bee - of  f e ’re’¼1 , ‘.i rice’
no ~ i e interior ’ space ~‘\ i  s t s  for pt’rsonol equi ~nen t s tow~qe. The
s c’c~~nd ch~ i~ e’ for tr’adeoff was fuel space, selc’c t od by

e. Determine i f tanks and annor’ un i ts  have a c old weather ” s t a r t  i rig
problem . lh is question was addressed In st ’ve r’al way s by the’ survey
~ues t I enna an- es  . F i rst , bat lion ’ squadroan s t a f f s  were askc’d a t  the i r’
.~n i t s  had a ~ o ld  weather ’ s t a r t i ng  problem. Most ~ . .‘ percent so i ci
that  tho~ did. When the ’ individua ls in those un it s  we ’re asked the same
que ’ s t i o r a . e~acti y ha lf s aid  that they had a cold weather’ start i raq problem .

~‘ et fec t ot cold wt’athen’ is also cet’n in the aveI ’age ’ numhc’r of ~ump
starts requi r~d at di f fe ’r’ent time s ~f the ~,.ean’ . I or the period September ’
to A pr i l , the ’ average number of j t~aap starts per month for’ each hattal ion
was 1~ , hut ton’ May to ~eugust on ly ~ jump starts per month wea ’e required
a n each unit .

De termine ~ri t i c -a l  e lec t r i ca l  ccinponents on ~a tank that lust  be
operat ional dur’in q si lent watch. ” The followi nq syst em s were identif ied
h~ ~ re than one— th I rd of the su rve~ respondents as necesso” for “si lent
watch ” ; f’i cc’ cont r’o l (~~~~~~

. l’~-) , cewinura icat i~ n (c-~i.t-’ :-) , visu a l  dc ’vice’s
(r~~. 11,) . en~ a r ’oaw aen ta l control  ~4 3 . O - )  , and sea r’ c- hl iqhts ( 3c~.4-~ l . c~ther
items selected by fewer cre~ aaen were internal l ights ~1!.4~- ) ,  ~aut~ a~ ti~-e

13 . 
~~~~~~ 

. auxi 1 iarv weapons ( h’. 3i) , elec t r’ic or’ pneum atic wrench (4. ~~~ - )

C~ u~ devic es (3. ‘~ ~ , elect r ica l  out let  ( .‘. ~~~ , stove 1 . S~-) and refule—
defuel ( l .4 ~- l .

q . Determine pt’rcen t ~qc’ of t line ota API! could r’t’pl a c e ’ nina in e’nqi ne ,
r’unn i rag time , This number if , of cour’sc , dependent upon the qenerat i nq
capacity of the APU and the curren t drain of the open’a t I nq s~ st e’nns . If
an API.! coul ci suppl~ c’nouqh cur ren t to power all of the dev ices e~pc’cted
to operate at a gi von t ine , then the API! could replac e a l l of the 3~ . 4~-
idle t l ie toa - e’l oct a’i cal power identif ied above.

h. Determi rae the “p~~cet h i t ’ profile” for tanks and annor units.
lht’ c’nt ia’e peacetime mission profile for tanks can be determined b~e’s.u’aini I nq the cc’nputc’r’ printout contai ned in Append ~. C. Key i tems of
that pr’o t a le ar’e l i s t ed  here for easy r’efere,icc’ :
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-Tank main engine operated during motor stables and routine
maintenance : 14.77 hours/mo .

-Tank main engine operated to obtain el ectrical power for: crew
drill , training , etc: 8.86 days/mo.

-Days spent in tactical training per year: 86.

-Days spent on tank gunnery per year: 52.

The average miles per year for each type of tank is  as show n in Table 2.

Tab le 2. AVERAGE TANK MILEAGE

# OF TANKS # OF MILES AVERAGE MILES/TANK-YR

M6OA1 348 272,260. 782 .
M60A2 37 27 ,490. 743.
M6OA1AOS 347 293,468. 846.
M6ORISE 215 194 ,190. 903.
M551 126 88,348. 701 .

AVERAGE 816.

The numbers in Tabl e 2 may be different than those in Table 1 because
a few units listed a number of tanks without a corresponding number of
miles . All data was used in Tabl e 1 , however, in Table 2 only tanks
listed with the corresponding number of mi l es were used . This will
result in more accurate averages for the miles per tank each year col umn . 



SECT ION VI

CONCLUSIONS

VI — 1.. GENERAL . The results of the survey indicate a requirement for
an APU on ma in battle tanks . Prior to init iation of the survey ,
alterna tive solutions to the increasing el ectrica l demand prob l ea.’ were
examined subjectively. The following were considered :

-more batteries .

-better batteries.

-means of heating the batteries .

-lar ger alternator/generator.

All of the foregoing were rejected individually and collectively since
it does not appear that any or all of these measurers would provide a
total solu tion . Better batteries and a means to heat the batteries in
cold weather should be pursued whether or not an APU is fielded .
Addi tionally, any APU engine tha t did not burn the same fuel as the tank
ma in engine was rejected as being too great a logistics burden.

VI-2. RATIONALE AND JUSTIFICATION , Listed below are the primary reasons
the Armor Center bel i eves an APU should be installed on main battle tanks.

a. Comon Rationale (XM-1 and M60 series):

(1) Enhanced “Silent Watch” capability . The ability to have a “l i ve
turre t” with all electrical systems on, without running the main engine ,
is the on~ single major tactical advantage for an APU . Inherent is the
advantage of charging/recharging the tank batteries without running the
main engine . The additional benefits derived by having an APU vis-a-vis
runn ing the main engine, are a signif icant reduction in noise and thermal
signatures .

(2) Less Wear and Tear on the Tank Ma in Engine. The high percentage
of time (60%) the tank main engine is run at idle has a definite effect
upon the life of the engine. While this effect is not quantified or
measur ed by this study effort , there i s a u n iversal agreement by knowledge-
able personnel (engineers , and maintenance personnel ) that a large amount
of engine problems can be attributed to excessive idling . While an API)
will never replace all of the main engine idle time , it can sign ificantly
reduce it.
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(3) Personnel Heater . Since 70% of the personnel surveyed are
not satisified wi th the cur’,’°nt personnel hea ter, an APLJ that could also
orov ide hea t ~such as gas turbine with a heat exchanger) should be
investigated. The APU-heater combination must be carefully evaluated on
a cost-benefit basis with the logical alternative of procurrinq a better
heater .

(4) Turret Electr ical Power - During Scheduled Maintenance . Whenever
the main engine is “pulled ” dur i ng schedu le d main tenance , there is no
electrical power available In the turret. This situation occurs 57~-
of the t ime. Hence , elec trical systems in the turret also requiring
maintenance can not be worked upon concurrently. An API) would remedy
this situation.

(5) Prolonged Battery Life . A large percentage (62.5%) of the units
stated they have a battery problem . While an API) certainly would not
correct the entire problem, most knowledgeable personnel subjectively
believe if batteries were kept “charged up ” the prob lem would be reduce d -

significantly.

b. Rationale Peculiar to XM-l . The over-riding rationale for an
API) on the XM- l is fuel economy at idle. Compared to a diesel engine ;
a turbine consumes much more fuel at Idle. Considering the main engine
of a tank operates about 60% of the time at idle , and about 38% of the
total time at idle is devoted to charging the batteries - there Is a
great potential for fuel economy. It must be assumed that any API)
procured would burn less fuel per hour than the tank main engine (turbine
only) at idle.

c . Rationale Peculiar to the M60 Series . The over-riding rationale
for an API) on the M60 series is to provide a cold weather start capability .
As brought out earlier in this report, cold weather s tar ting problems
exist. The adoption of an API) would virtually solve all cold weather
start i ng problems on the M60 fleet. Further , the API) woul d eliminate
to a large degree, current SOP ’s that require the ma in engine to be
started on a frequent basis, during cold weather .
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SECTIO N V II

RECOIIMEN DAT IONS

Vu -i. GENERAL. This analysis and the opinion of the “users i n the
fie1d~ strongly supports the adoption of an API) on main battle tanks.Certain rationale In Section V can be quantified , many can not. In the
final analysis , a “silent watch” capability in combat, and potential
fuel economy in peacetime justify an APU .

VII- 2. RECOI44ENDATIONS.

a. That USAARMC In conjunction with TARA DCOM, PM DOD Mobile
Electric Power, PM’s M60 and XM-l - expedite the development and
procurement of an API) for main battle tanks.

b. That , If possible , a coaanon APU for both M60 and XN-l tanks be
fielded .

c. That DOD PM Mobi le El ectr ic Powe r , in conjunction with TRADOC
proponen ts , consider the requirement -for an API) on other combat vehicles .

- -- ______
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QUEST IONNAIRE TO DETE RMINE IF A REQUIREMENT FOR AN APU (“LITTLE JOE”)
EXISTS FOP TANKS

BACKGROUND

The Armor Center , PM XM-l , PM M60 and TARADCOM are currently conduct i ng
a study to determine if there is a requirement for an auxiliary powe r
un it (APU) fo’r tanks. The system under evaluation is similar to the
old concept of the “Little Joe” found on pre-M48A2 series tanks and on
the current M88 VTR. This API) is envisioned to provide Electrical Power

~~~ 
it is not to be an alternate source of propulsion. It would

consist of a self-conta i ned power source of approximately 15-30 gross
horsepower caoable of running on the same fuels and lubricants as the
main engine and a suitable electric 9enerator of compatible capacity
(8-16 net ~vJ •-

~ 75 percent efficiency). The entire system would be capable
of being installed within the current armor envelope of the vehicle wi th
no more than minor interna l reconfiguration and no degradation to any
currently established crew or equipment performance level .

SECTION 1 - PERSON A L DATA

YEARS MONTHS

(1) P~~~1K 
-~~ _________________________________

(2 )  TIME IN GRADE 
_____

(3) lENGTH OF ACTIVE SERVICE 
—~~~~~~ ____

(4) ASSIGNMENT HISTORY: CONUS

GERMANY 
______

KORE A 
_____ ______

VIETN AM 
____ ____

HAWAII _____ - —

OTH ER ( SPECIFY ) 
______

__________

— 
~~~~~~~~~~~~~~~ ~~~~~
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YEARS MONTHS
h (5) PRESENT JOB T ITLE __________________________________

(6 ) NUMBE R OF MONTHS IN PRESENT JOB 
( 7 )  OMOS 

- — 
(8) MONTHS OMOS QUALIFIED

(9)  PMOS 
___________ (10) MONTHS PtIOS QUALIFIED

(ii) HOW WAS PMOS OBTAINED?

CHECK: SCHOOL

_ _ _ _ _ _ _ _  
OJT

F OTHER (SPECIFY)

(12) HAVE YOU SERVED IN YOUR PMOS IN COMBAT?

CHECK: ______— YES

______ 
NO

(13) WHERE? ___________________________________ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

( 14) SMOS 
________________

(15) LIST YOUR LAST FIVE DUTY ASSIGNMENTS AND UNITS, BEGINNING WITH MOSTREC ENT ASSIGNMENT PRIOR TO YO UR PRESENT ASSI GNMENT.

UNIT
DUTY POSITION

A- 2 
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INSTRUCTIONS

Answer the questions in Sections II , III and IV on the basis of your
knowl edge of tanks, total Army experience, and experience in your present
assignment. The questions in these three sections are to be answered , as
nearly as possible , from the viewpoint of the tank commander or in terms
of the individual tanks assigned to you as a unit l eader/staff officer.

SECT ION II - GENERAL

1 . HOW MANY TANKS, AND WHAT TYPE , ARE IN YOUR UNIT?

____ ____ 

M6OA.l

_____ 
M60A2 

-

___________ 
M60A3

____ 
M60 (RISE)

_______ 
M551 AR/AAV

NOTE: If your unit presently is equipped with the M55l AR/AAV , assume in
answering the fol l owing questions that they have been replaced wi th the
M6OA 1 MBT u nder the new Armored Cavalry Platoon TOE.

2. HAVE YOU EVER SERVED WITH TANKS THAT HAD AN API) (E.G., M4A3E8, M4l ,
M48 SERIES)?

CHECK: 
__________ 

YES (ANSWER QUES 3)

__________ 
NO (SKIP TO QUES 5)

3. WHAT WERE THE MAJOR ADVANTAGES OF THE API)?

4. WHAT WERE THE MAJOR DISADVANTAGES OF THE API)?

A- 3
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5. DO YOU THINK TANKS SHOULD BE EQUIPPED WITH AN APU?

CHECK: 
_____ 

YES

- ____

~~~

_ NO

6. WHY OR WHY NOT? 
______________ ______ _____

7. FOlLOWING ARE SOME POSSIBLE BENEFITS OF EQUIPPING TANKS WITH AN API).
RANK THE ~INFFITS BY NUMBER IN TERMS OF THEIR IMPORTANCE TO YOU (1 - MOST
IMPORTANT . 2 - NEXT MOST IMPORTANT , AND SO ON) .

RANK : NOISE REDUCTION

IR, THERMAL SIGNATURE REDUCTION

IMPROVED FUEL ECONOMY

SOURCE OF ELECTRICAL ENERGY TO AID IN COLD WEATHER
STARTING

- — 
SOURCE OF HEAT TO W I N T E R I Z E  TANK

MEANS OF CHARGING VEHICLE BATTERIES

MEANS OF PROVIDING POWER ‘0 OPERATE TANK SYSTEMS-— 
NECESSARY TO ENGAG E TARGETS IN A NIGHT DEFENSIVE
POSITION WITHOUT RUNNING THE MAIN ENGINE

OTHER (SPECIFY) _____________-____ _____

8. WHA’ DISADVANTAGES WOULD YOU SEE IN HAVING AN API) ON TANKS?

A - 4
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9. IF HAVING AN APU MEANS REDUCING ENGINE COMPARTMENT OR CREW COMPARTMENT
SPACE , WHICH ONE OF THE FOLLOW ING WOULD YOU RECOMMEND GIVING UP?

CHECK: FUEL SPACE

AMMO STOWAGE

PERSONNEL HEATER

PERSONAL EQUIPMENT STOWAG E

______ 
OTHER (SPECIFY)

SECTION I I I  - USES FOR AN API)

10. ON THE AVERAGE , HOW MANY HOURS EACH MONTH IS THE TANK MAIN ENGINE
OPERATED DURING MOTOR STABLES, ROUTINE MAINTENANCE , BEFORE OPERAT IONS
CHECK :

LESS THAN 10

11—15

16-20

21-25

_____ 
MORE THA N 26

11 . IS YOUR TANK EQUIPPED WITH A SEARCHLIGHT?

CHECK: 
______ 

YES (ANSWER QUES 13)

NO (SKIP  TO QUES 14)

12. IN THE LAST YEAR,  HOW MANY HOURS WAS THE SEARCHL IGHT ~‘SED WHILE
THE TANK WAS STATIONARY ?

- 

HOURS

A-5
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13. ON THE AVERAGE, HOW MANY DAYS EACH MONTH IS THE TANK MAI N ENGINE
RUN TO MAKE E L E C T R I C A L  POWER A V A I L A B L E  FOR CREW DRILL/TRAINING, C0t440
TRA1NI~~, E TC?

CHECK : 1 OR 2 DAYS

_ 3T0 5

L...~~...._ 6 T O 10

11 TO 15

_ _ _ _  
16 T0 20

14. DOES YOUR TANK HAVE A COLD WEATHER STARTING PROBLEM?

CHECK: 
______ 

YES (ANSWER QUES 16—17)

NO (SKIP TO QUES lC)

~5. HOW MANY ~~YS IN THE LAST YEAR DID YOU EXPERIENCE A COLD WEATHER
STARTTNG PROBLEM?

______ 
DAY S

16. ON WHAT PERCENTAGE OF THOSE DAYS WAS A “SLAVE” OR “JUMP
” 

NEEDED TO

GET THE TANK ~YARTtD?

CHECK: 
-~~~~ 0- 10%

11-20%

21-30%

-— 31-50%

______ 
51-70%

71-80%

-._____ 81-90%

MORE THAN 90%

A-6
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17. WHY WAS THE “SLAVE” OR “JUMP” USUALLY NEEDED?

CHE CK: 
- 

COL D WEATHER

W EAK OR FAULTY BATTERIES

OTHER (SPECIF Y)

18. DOES YOUR ‘TANK HAVE A PERSONNEL HEATER ?

CHECK: YES (ANSWER QUES 20-22)

NO (SKIP TO QUES 4 )

19. WHEN NEEDED , WHAT PERCENTAGE OF THE TIME DOES THE PERSONNEL HEATER

WORK’

CHECK: 
-- - 

0-10%

11-20%

- - - -  
21-40%

4 1-6O~-

MORE THAN 60%

20. ‘~0W WELL DOES THE PERSONNEL HEATER WORK?

CHECK: — .  VERY WELL

FAIRLY WELL

POORLY

VERY POORLY

NOT AT ALL

21. WHAT COMMENTS DO YOU HAVE ABOUT THE PERSONNEL HEATER?

A-?
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22. IF THE API) HAD THE CAPABILITY TO ALSO FUNCTION AS A PERSONNEL HEATER ,
WOULD YOU WANT AN API) FOR THE TANK?

CHECK: YES

NO

23. WHY OR WHY NOT ?____________________________________

24. THE PRIMARY FUNCTION OF AN API) IS TO RECHARGE TANK BATTERIES AND
PROVIDE ELECTRICAL POWER WHEN THE MAIN ENGINE IS NOT RUNNING . LIST
THE ELECTRICAL SYSTEMS ON YOUR TANK (TANKS) YOU WOULD WANT POWE~~5

a.

b. 
_______ _______ __________________ ______

C.

d. _______________________—__

e. ______________________________________________________________

f. _____________________________________________________________________

25. WHAT OTHER SYSTEMS , IF ANY , WOULD YOU LIKE TO HAVE POWERED BY AN API)?

a. 
____________ ____________________ ________

b. 
_ _ _  _ _

C .  
_________________

d. 
________ _____________________________________________

SECTION IV - API) USE IN COMBAT AND FIELD EXERCISES

26. DURING NIGHT OPERATIONS , ARE YOU OR WOULD YOU BE CONCERNED ABOUT THE
NOISE MADE BY THE TANK MAIN ENGINE?

CHECK: YES

NO

A-8
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27 WHY OR WHY NOT ? 
__________ _____ __________ ______

28. ARE YOU CONCERNED ABOUT THE THERMAI/IR SIGNATURE OF THE MAIN ENGINE ?

CHECK : 
- --  

YE S

NO

29. WHY OR WHY NOT? _________________________ . 
- ______ _____

30. IN THE COURSE OF A NORMAL 24-HOUR PERIOD OF AN FIX , HOW MANY HOURS
IS THE MAIN ENGINE OPERATED ONLY TO RECHARGE BATTERIES?

CHECK : 0-1 HOURS 
______ 

4-5 HOURS

2-3 HOURS 
______ 

MORE THAN 6 HOURS

31. WHEN IN A NIGHT DEFENSIVE BATTLE POSITION , WHAT SYSTEMS ARE ON TO
INSURE THE TANK IS READY TO ENGAGE TARGETS AND WHAT PROCEDURES DO YOU
USE TO KEEP THE BATTERIES CHARGED?

SYSTEMS ON

PROCEDURES 
________ ___________ ___________ ______ _____________

32. HOW DO THESE PROCEDURES CHANGE DURIN G COLD WEATHER? 
______________

33. IF  THE TANK HAO AN API) TO MAINTAIN THE CHARGE OF BATTERIES AND PERMIT
OPERATIONS OF HEATERS , COMMUNICAT IONS, NIGHT VISION , TURRET POWER AND FIRE
CONTROL SYSTEMS , HOW WOULD THE PROCEDURES DESCRIBED IN THE ANSWER TO
QUEST ION 31 BE CHAN~tD? 

-- - -~~~~~~ - --•
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SECTION I - UNIT LEADERS

NOTE : THE FOLLOWING QUESTIONS ARE TO BE ANSWERED ONLY BY PLATOON
~~ WANY/TR OO P, AND BATTAL I ON/SQU~URON OFFICERS ANDTh?~ ’S. INDIVIDUAL
TANK COMMANDE RS WIL L NOT ANSWER THE QUESTIONS.

34 . HOW MANY DAY S ~N THE LAST ‘ EAR fl i D YOUR UNIT (PiT , CO/TRP , BN/SQDN )
SPEND IN TACT! L TRA INING WITH THE TANK S MOV I NG (ARTEP , FIX, ALERTS ,
ETC ) ? 

-

DAY S

35. HOW MANY OF THOSE DAYS WERE SPENT IN:

BATTALION LEVEL TRAINING? DAYS

COMPANY LEVEL TRAINING? 
_____ 

DAY S

PLATOO N LEVEL TRAINING? _____— DAYS

INDIVIDUAL CREW TRAINING? 
______ 

DAYS

36. HOW MANY DAYS IN THE LAST Y EAR DID YOUR UNIT SPEND IN TANK GUNNERY
TRAI’~ING (TANKS USED WITH ENGINES ON)?

DAY S

37 . HOW MANY OF THOSE DAYS WERE SPENT ON?

STATIO~lA RY TANK RANGES? 
______ 

DAYS

STATIONARY TANK NIGHT RANGES? 
______ 

DAYS 

— — - — ~~~- —- --
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(~N1T Q~iESTIONNA1RE

1. Wh at model tank (s), and how many of each model , are in your unit?

- _M60

M6OA1

H60A2

-  
M 6OA1 AOS

- 
_M60 (Rise)

11551 AR/MV

2. How many days of tactical training (ARTEP . FiX , Al ERT S, etc.) has your uni t

experi enced in the past year? says .

3. Flow many of those days were spent on:

Battalion level training? 
_____ _____ 

days

Company level training? 
• 

days 
-

Platoon level trai ning? days

4. How many days was your unit Involved in tank gunnery training (vehi cl es

used wi th engines on) In the last year? 
-~ - - -~~~~~ days .

5. What was the temperature ran9e (degrees F) In your area:’

In the past Year: L~w ~~_ _ High~~~__ Av erage

From Sep to Apr: Lcki _~~_jlIgh_ ~~Average
- From May to Aug : 

_________
Low 

______

~

_H1gh __ _____Average

6. Does ~your- uni t have a cold weather starting problem?

_ _ _ _ _ _ _ _
Yes 

____  
No

7. Appr oxImate ly how many tanks per month have to be “ slaved ” or “j umped”

to get started?  Sep to Apr

— May to Aug 
-

7,c f .z:. - 
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B. How many ya l lvns  of f iel ~t~re used by tdn ks in y our  unit last  year?

- 
gals.

9. What is the ~‘e r.uje fuel consumption per tank/ month? 
—

10. How often does your unit perfonu “Q” service which involves pulling

the main mgine of your tanks? 
— times per year.

11 . What is the avt’rage pt’t- centage of time the tank eng i ne is not hooked

up during “Q” service?

12. If an API) were on your- tanks that would permit turret systems to be

operated without the m a in engine installed in the hull , wou ld this

significantly increase the amount of turret maintenan ce pulled on tanks

duri ng UQ UI servi ces? Yes 
- 

No. Why or Why not? -- - -

13. What is the total mil eage accumulated on your tanks In the last year

by type tank?

TYPE l ANK MIU SJYFIAR 

~~~~~~~ - -- - --~~ -- -- -
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14. Does your unit have a tank battery problem? For example, do you DX

a considerable number of batteries for tanks during the winter months?

YES ________ NO ____

PLEASE EXPLAIN 
_____

15. HOW MANY BATTERIES DID YOUR UNIT ISSUE TO TANKS IN THE LAST YEAR?

______________ BATTERIES -
— — 

.

B-3
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i~1IIS PAGI IS BEST QUAI~ITY PB.LCTICAB~~
7R~~ t~OP~ 3’Ifl~IISH~~ 1~ DDQ ~~~~~~

.- -

A U X I L I A R Y  P O W E R  U N IT ( A P U I  FOR T A N K S  
- -- -

S U R V E Y  R E S U Lt S
ALL

- L T C  ~(AJ £PT  LI Wfl - 1— 7 1—6 O T H E R  T O TA L

1. NU MB ( R 19 24 89 • 151 12 106 26 1  78 140
2 .A  F A V O R  APU - 17 LL . 79 139 ii . 96 - 232 72 667

8 9 . 5 %  9 1 . 3 %  8 9 . 8%  9 2 .7%  9 1 . 7 %  9 0 .6 %  8 9 .6 %  9 2 .3 %  9 0 . 7%
8 OPP OSE APU 2 . 2  - .9 - - 11- -- 1 10 2 7  6 68

10.5% 8 . 7 %  10 .2%  7 .3 %  8 . 3 %  9 .4 %  1 0 . 4 %  7 . 7%  9 . 3 %
3 . NA Z N  A D V A N T A G E  _ — . _ _

~~~~
_ - -    - -  ..

A NO I SE R E D  2 3 7 19 0 3 1  2 9  3 2  83
3 0 . 5 %  12 .5*  - 1.9% 12.6% 0.0% 10.4% 11. 1 %  15. ’.% 1 1 .2 %

B S I G N .  R E D  3 1 7 7 3 2 10 2 29
• -. 0 . 0%  4.2* 7 . 9%  4 . 6 % O . 0t  1 . 9%  3.1% 2 .6 %  3 . 9 %

C FUFI  E C O N  1 0 4 2 3 12 2 4  7 50
.5.3L. .  .O .QL . ._4 . 3~~~._1.3* k J.L .3t . 9.2 % -- 9 . 0%  .~~~.8*

0 C O L D  S T A R T  2 3 17 2 ?  7 18 70 15 159
10.5% - 12.5 % _ 19 ,1% _. 17.2% .58 .3% _ 17.D.% 2 6 . 8%  1 9,2%  2 1 .5 %

E H E A T  0 0 1 1 0 2 9 4 17
0 . 0 %  0 ,Q t .  J.1t .7% . 0 .Q %  1 .9%  3 .4 %  5 . 1*  2 . 3 %

F C H A R G E  B A T  3 4 14 19 1 16 3 3  8 100 
1 5 .8* ..  L6.lk i.Lt_ t).hk_J.3.k...12~at.. 12.6%- . 10.3* 13 .5k

NRHT D E F  10 12 37  73 3 49 9 Q 41  324
52 .6% 5 0 .0 %  41 .6% .~~8 .3% - 2 5 . 0%  4 6 . 2 %  3 7 . 9%  5 2 .6 %  4 3 . 8 %

H OIlI ER 0 1 4 3 1 1 4 0 14
0 .0% 4.2L ~. 5 % - . - 2.0% - 8 . 3 %  - - .9% 1.5 % 0 .3 %  1 .9*

4 . 01  S A D V A N T A G E S
A MA I N T E NA N C E  - j 3. ~~... 1.~~ -. - ~~~~~~~~~~~~~ .b _.. 6~~~~ . J1_ A4 . - .  21. - 255

5 7 .9 %  6 6 . 7%  5 3 . 9 %  4 5 . 7%  50 .0% 17 . 9 %  2 4 . 5%  2 8 . 2 %  3 4 . 5%

~ S P A C E  -- 2 - S it 32 2. 10 - 37 11 118
1 0 .5 %  20. 8 % 2 1 . 3 %  2 1 .2 %  16 .1%  9 . 4%  1 4.2 %  1 4 . 1%  15 . 9 %

C FULL 1 - - B - S 3  8 2 28
5 . 3%  8 .3 %  9 .0%  3 . 3 %  0 . 0 %  1 . 9%  3 . 1 %  2 .6 %  3 . 8 %

D NONE .. .~ _ . . _ 1.&_ . .. _~~~5~~~~ . b 9  .152 . . :  4~ 3b~3 3 . 6 %  2 0. 8 %  2 9 . 2%  39 . 7% 4 1 . 7 %  6 5 . 1 %  5 8 . 2%  5 3 . 1 %  4 9 . 5 %
I OT I 4 E K  7 - 4 - 12 19 -- 4 - 13 25  7 91

3 6 .8 %  1 6 . 7 %  13 . 5%  12 .6% 3 3 . 3 %  12 . 3%  9 . 6 %  9 . 3 %  1 2 . 3 %
5 . T R A D F J F F S  - -

A FUlL 5 5 24 38 1. 35 72 13 196

- 16.1% . ~Z~.LL_ 27.o*_ 2~.A 33 1_ 33L0%. L7~6.% - 1 b .7 %  2 6 , 5 %
8 A NMi J 1 2 1 1. 0 3 11 6 26

5 .3*  8 ,~~ % . .  t . * % ~~~~~Z.b% 0 , 0% .  2 . 8 % . 4 . 2 %  5 , 1%  3 .5 %
C H E A T E R  3 1 14 14 0 9 3 6  8 65

i~ .e* 4 .2 %  ~~S . 7%  9~~3% Q ,0%. . 8 . 5 %  . 6 . 3 %  3 0 , 3 %  8 . 8 %
0 PERSONAL EQ 9 ~~ 3 4 3  83 7 55 31. 0 44  3 9 4

- - -  47 ,.~.; 5’.21_Ae..u._ J1,Qs. IL...3%. 5J.91. 5..ho% 5b.4% ~~~~~~~
F O T H E R  0 2 6 13 1 3 2 0  7 49

Q . O %  8 .3 %~~ 6 .7%  6 . 6 %  8 . 3 %  2 . 8 %  7 . 7 %  9 . 0 %  6 .6 %
b. C OL D W E A T M E R

A PRO8LEM U U . .  52 - 6 - 55 13, 35 - 370
5 7 .9% 4 5 . 8 %  5 8 . 4 %  4 5 .0 %  50 .0% 5 1 . 9%  5 0. 61  4 4 . 9 %  50 .0%

U N O  PROBI .EM - -- 1. .U ......1L~ 
__63 __6.~~

_ 
~~~ 119 ~J 373

4 2 . 1%  54 .2% 6 1 .6%  55 .0 %  50 . 0 %  4 8 . 1%  4 9 . 4%  5 5 . 1 %  5 0 . 0 %  

—— ~~— - ~~ ~~~ -~~ - 
~~ ——~~~~—~~-—~
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L I C -‘4A4 C P I  L I  WO . —  I ~~~~~~ O T H ER T O T A L

1 . P E R S O N N E L
A NJ MBER I~ 24 89  151 12 1~~t~ 261 78 760
B A V  VR~.— 3-W .. — ~~ 4C~ —.1-.-9--1---- - - -2--.4 1 - --- -4-.-24 - - -Q- .4- -.- - - - -3-.--i~ - ---3.i)I -I. ’~1- - ---- 2-.~ 4 -
C A V G  Y R S  S E R V  3 8 . 2 8  1 ~.37  7 .27 2.15 16 . 8 3  15 . 3 8  8 . 7 0  5.6 5 8 . 3 5
O A V G  M~J 1’4 J B 9 .95  8.62 8.69 9.19 22 .OtI 19.21 11.12 15. 47 14. 55

.‘ .HOUR S / M O N T H
A L153 THAN 10 5 3 20 38 4 33 61 11 179
O 11 10 15 S 3 2  26 5~ 3 22 7’. 28 223
C 1~ 135 23 4-- - — - ----23 - -—- 15 - - - a -~~~~~ ,_ 1-3_ 2-0--— 18-0- -

0 21 TO 25 2 3 - 11 10 4 11 2 5  7 ii
I HUR l T H A N  26 - 0 3 9 12 1 —_ 13 —- 2 -8 6 lb
F M L A N  13 . 0 0  3 5 .3~ 15 . 31 1 3 . 9 5  14 .92 15 . 26  1 5 . 3 7  14 . 59 14 .71
C. S T A N D A R D  31- V 5 .87  6 .26 7.14 6 .86 8.13 -8 .15 1.14 6.64 7.1’s

3 • SE A RC ~i IC- I T
A P4LLMBE R - - -  18 -  - —---23--- -—-- - ----7-&-——144---- --—3-4 94 234 > - - - 70 - -472 - -
~ Pj R i f ’ ~T 94 .7’. 87 . 50 8 7 . 6 4  95 .36  9 1.67  88 .68  Q 0 . 4 2  89.14 9 0 . 8 3
C M E A N  H R S/YR  20 . 53 19.05 36.40 32 .74 33 .00  3-2.47 36 . 70  2 7 . 2 6  32 .78
0 S T A N D A R D  D IV  2 6 .9 8  2 3 . 9 3  1 2 0 . 8 9  7 3 . 78  21 .16  63 . 4 9  5 5 . 3 3  3 0 . 7 4  6 6 . 64

‘ . . E L E C T  P~~W IR  — — _ .— - — -  - -

A 1 t R  2 2 4 14 16 1 12 2 7  11 87
8 3 T O  5 5_ ~~

_ 9 ~ 4&_~~ c~ _
~~~~~~~~~~ 29 - -  23. - — -18 1.

~. 6 T O 10 8 ~- 24 4 1 4 2’. 15 15 196
I) U 10 15 3 4 i6 21 3 ._ 1 1  55 . .  - 17  - 134
C lb 10 21) 1 2 12 16 2 21 5 5 15 124
F M EA N  7 .5 8  7 . 3 8  - - B ..~.4 7.71 8.61 9.98 9.80 9 .37  8 .86
c. S T A N D A R D  DIV 4 . 3 2  ~.08 5 .45 5.00 5 .82  5 .71 5. 5 5 5 .83 5 .5 0

5 . T A C T I C A L  INC. _ _ _•  _______ __ ._ .

~~~~~~~~~~~~~ 

- - - - -- -
A A V E R A G E  D A Y S  107.00 87 .00  66.00 69.00 120 .00  93 .00  92.00 99 .00  80.00
B S T A N D A R D  D C V  109 .46 7 5 . 4 6  - 52 .19  5~~~ 47 381.84 8 5 . 5 3  1 7 1 . 8 2  24 4 . 9 1  95 .65

h . T R A I N ING L E V E L
A B A T T A L I ON - - - -

1 . M EAN 20.03 27 .00  22 .00  27 .00  12.00 32 .00 4 8 .00  30 .00  30.00
2.ST61~U R 0 0-IM . 3-2.13 21..69 _-.Z5 .3 —- 3 - _ 1 1 . 3- 6 . 7 S 99..2.. 1-9 .2-1- ~ 4 .32 —

B COMPANY
1 .1-lEAN 23.00 35.33 24 .30  23.03 22.30 44 .00  3 7 . 3 0  4 7 .00  31.00
? . S T A N D A R D  DI V 29 .39 3 0 . 4 9  2 5 .60  2 5 .4 5  7 6 . 5 0  4 6 . 62 7 0 .6 0  1 1 7 .6 0  4 2 . 0 1
C PLATOON -

1 . M E A N  2 6 . 0 0  3 1 . 0 0  17 .00  1 3 . 0 0  15 . 0 0  2 3 . 0 0  2 1 . 0 0  2 1 . ’)O 18 .00
2.SIk NDA RD 0EV . 35.59 - - 4 .3.Ah _ i4.52 1b.Rp 5L.96_3I.h 4 oj &  SJ.59 - 2 9 . 5 . 1

0 IND (REId
1 .ME. AN 29.00 . 1C.0O 17.00 9.00 _ 3 i . 0 0  12 .00 2 3 . 3 0  23 .00  15.00
2 . S T A ~~0AR 0 0 E V  3 6 . 8 6  2 8 . 3 4  2 9 . 8 5  2 0 . 1 1  1 2 8 . 4 6  1 5 . 1 8  5 7 .~~1 6 6 . 8 8  3 0 . 8 6

7 . T A N K  G UNNER Y - - - - - - -

A M E A N  5 1 .0 0  6 1 .00  4 2 . 0 0  30.00 20 .03  38 .00  29.30 19.33 35 .30
O S T A t ’ d D A R D  DEL JI.8~~~.19.2A._3L.11 2).S8- .6 9 ..28 _ 12.~~2 55.lfl_ 46.LL !iU.29

~4 .GU NP4I RY ~A NGF
-~ S T A T I O N A R Y  .—.- .-— ——  -. — -
1 . M E A N  2 8 . C 3  4~~.00 14 .30 14 .03  3 . 0 3  20 .00  I~~.30 7 .30 18 . 0 0
2 . S T A N D A R D  DL~ 2 5 . 6 2  7 2 . 8 9  2 1 . 5 5  13.4 1 1 0 .3 9  2 1 . 8 0  2 5 . 3 1  11.32 2 7 . 40
C N IGHT

- 11.CU 41 .00 13.QQ U.~Q~~~~~ ..QQ~~15~i1Q 12.00 - -  6.00 14 .00

2 . S T A I O A R O  D I V  16 .87  7 2 . 1 5  1 2 . 8 9  1 3 . 82  1 0 . 39  18 . 9 3  2 3 . 2 0  1 4 .~~ S 23 . 6 3  
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9 ,TO TA L  G A L L ON S

OP FU E L  2033948. • _  - - — - •- — -
1O.A V E RA GE FUEL

* P.EL .T &N 111~~.~~~~~~~~~_ .
._______ 

_ _ _ _ _ _ _

M O N TH ’  233.5

11.AV EP~AGt ~NG1I4L - - — - - • - -
PULLS PER UN I T’  6 .0

1 2 . AV E R A ~~~ % UP -- ——
THE T I M E  EN G I N E
N O T  0Qr~LD.VP ! ~~L~OD_ . —~~~ —.— --— — ——  - -—- 

• 1 3.TQTA L TANK $/
- - TO T A L  MII.~~ — • -- -- - - -

N60 0/  165 5 .
M6 O A 1  402/  2 7Z26~~ . - - - - -

-

M6O A2 54/ 27690.
M 60.A1AO5 .3J9-L. - ~~~~~~~~~~~~~~ _~~~~~~. .•.  - —- - ~~~~. - --.. ... . -
M6OR I SE 215/ 194190.

• M551  189/  8 8 3 4 8 .  ~~~ _ .-_ --- -- -- - -—~- -- . •-_ _~~~ • • _ •  . •- • • -
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~~lIS PAGE IS BES1~ QUALITY PRLC?IC.AB~~

• 3 S A D D I T UJ PA A L  O A T 4 ~~*~

1 . AV E R A G E  T E M P E R A T U R E  R A N G E
A PAST YEAR LOW ’ 6-..8 N1.G31~ -- -86-..7 AVERAGE . -- 53.7

B SEPT — APR IL . LOW ’ 6.9 116-1 * 68.8 AVE R A G E .  43.7
C MA.Y - &UC.U ~T L0.W.~..... 6 S. _ a L G~~ .. 8.k..3_ A y ~ A G--E-& -- _ .6S..l. - - -- - -_- -- - - . •

2.1 OF UNITS W I T H  COLD W E A T H E R  S T A R T I N G  PROBLEM ’  54 .2
3.AVERA GE N.~JM8 ER CAF T A N K S  PE&. BN_ .PER MONt C C { N E E O .IUJ P. S-TART- - - -

S E P — A P R I L .  32.0 M A Y — A U G U S T .  8.0

L T C  MAJ CDI LI W O  1—7 1— 6  OTHER T O T A L

- 4.QAYS CilL~~~ X ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~~~

S T A R T  P R O B L E M
A MEAN - - 31.00-. 2 1-.0O--.- 3.2--.-0-0 33. 0—--4-.7.0O-- - .23.O0-- - 29.00 2-8.00 29 .00
B S T A N D A R D  D IV 42.87 34.49 4 4 . 5 5  6 3. 8 6  6 5 . 0 3  3 2.8 4  4 3 . 3 6  4 3 . 4 1  4 6 .2 2

1.1 0 - E D  &_111~~~~ _ _ .~~~~~~~ ~~~~~_ _ _ . . .  - - - -

RE Q. JUMP
A 0-L0.~ .~~~~~ —•... -

~~ ----S-1---—----1-8- - -——-.2---.---—44 34-.- --- -1 3-- -30.3. -

8 11— 20% 3 0 4 6 0 3 17 3 36 F
C 21—30% - • - 2 •~~~J1 __1. __ t .__D . - - 7 - _  12  t 41
0 31— 50% 1 0 11 10 3 11 32 3 71
1 51— 70% - _ _ . l  - -  4 _ ~~~_ • 9 _ . _4 1 .... .6 19 4 - - 51
F 71— 80% 0 0 6 14 0 5 14 6 45

.& 81~~~9Q%.. _ 0 .~~~_JL 3 8 _ J .  _~~~~~LS 5..~~ 38
H MORE  T It AN 93 1 1 9 12 0 11 21  5 60
I M E A N  - - - 37.40 31.2.0 ~~3~a9 bo 6z 46 5~~~b2.16 - 57~ B 4 5.8.79 58.03
J S T A N D A R D  DIV 33.95 37.75 3 8 . 3 8  40 .64  32 .39 42.37 38.71 42.00 39 47

b .W P4Y NE ED JUMP - - ~~~~~~~~~~ - —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~~ . -

A COLD W X 7 9 40 53 2 38 98 23 267
-— — —. . - - £8 .31 .64.. ~k A5 ...&L S&..1L 2.2...2.1. - k ~~~ t - £1...1 L - 5A. 9 %

B W E A K  B A T T E R Y  5 3 16 32 S 28 57  20 167
41 .1% 21.4~ 2b 2 ._ 3L 2 %  6.6.11 4 .6.% 32.91 64.41. 35.6%

C OTHER 0 2 5 4 1 3 18 2 35
L4.3%. .8.2* .. A.1t U .it - - 4.3% 10.4% 4.4% 1.51

7.TANK PlEATER
A Y1S.. . 1..1~.. - _. _lj . 129 ._ ...1D.. 9 . 2 LL. be- . .  6.3 2 -

59.5% 79.2% 88.8% 85.4% 83 .3% 84.0% 84.7% 87.2% 85.4%

~ 1-43 - - 2 .._ 5 _ ~~~~ 1Q - 21 _ L _ .ll 3.9 - -  10 107

10.5% 20.8% 11 .2% 14.6% 16.7% 16.0* 14.9% 12.8% 14.5%
e .HE AT IR IdO R K S - - - - -

A VER Y W E L L  9 6 23 39 0 28 76 17 198
— 56 • 33_. .3D..3A_Z.1~1*_28 - 1k 0~ 0% ~30 ..tt.... 32 ..6 I 24 ..6.L _ 30 .3% -

8 FA I R  7 9 38 55 4 28 75 30 246
43 ,4% 65 .3% .46.&~ .. 0.ii.~~51.O%_30 .8% 32.2% 43.5% 37.7%

C POOR 0 ‘. 7 23 3 15 26 10 88
0.0% j Q,Q% 8.9~~_io .8% 17..SA 16,5* 11.2i 14,5% 13.5%

0 VER Y POOR 0 1 8 8 1 7 16 3 44

~ _ 0 LO% ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ 
32.5% L1I..... . .b,.9L _k.JL . 6 . 7 %

F 1-401 A T  A L L  0 0 3 12 3 13 40  9 77

- 0.0% 0.0 3~H i ,~% ~~*.%. T~4.3
_%. 3 1 4k  13.0% 11.5*
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9.1 OF T I M E  WORK

A 0 L0% - .. 2 1 - . 6 . 23 - -~~ as - s~ -- 29 230
8 1 1— 2 0 %  1 1 7 12 2 9 28  9 69
C Z1-_ 40%__ — _  .Q . _-.- 4- _ ._3 3 19. .~ ._ ..3 -. 4._..-...J.J..... - ... .3.Q —-*4-  -
0 4 1— 6 0 %  S 4 18 22 3 19 37 12 120
I M.ORL [HAIl 60 8 .  1._ 3.3. —-43-. - 0 31. - 7-0 . 20 218
F M EAN 54.0 47.6 51.7 45.4 28.4 43.7 41.2 40.4 44.1
C. S T A N D A R D  DIV - 21.1 2.5.2 . 2t.-.J. - .29 .3 . 11.O 31.3.. 30.1 30.7- 29 .1.

10.APU PLUS H E A T

-- A 0t51&A LL.L &. ._. ~3 . .1.9_.. 1’&... ‘1 ._..&I.. ._2LL .~~ ~3 - _
~~&~ -

7 8, 9% 9 5 .6 %  8 6 . 8 %  9 2 . 1%  9 1 . 7 %  81.01  8 6 . 5 %  8 0 . 8%  8 7 . 4%
C NOT DES. - 4 1 10 - • 12 1 -- 20 - 10. 15 - - 93

2 1 . 1 %  4 .2 %  1 1 . 2%  7 .9% 8 . 3%  19.0% 1 1 . 5 %  19 . 2%  12 . 6%
11.SYSTthS W ANT - - —- - -
P O W E R E D  BY LPU

A COMMUP&ILATE .15. — . .2 -Q....__ ..2A...-. . _.L2.L L. 63 ~~ _16&. -- ... .31. . 500 -
7 6 .9 %  8 3 .3 %  3 3 . 1 %  80 .1% 66 .7%  59 .4 %  5 6 . 7%  65 .4 %  67 .6%

B ENVIRONMENT 6 9 ... lI -.~è& 3 .. .  3.8 123 32 318
3 1 . 1%  3 7 . 5 %  4 3 . 8 %  45 .0% 25 . 0%  3 5 .8 %  4 7 . 1 %  4 1 . 3 %  4 3 . 0 %

C F I RE CON TROL 3.7 _20 ._— 8-1 .111 9.. .92 221 63. 152.
8 9 . 5 %  8 3 . 3%  9 1 . 0 %  94 .7% 7 5 .0 %  8 6 .8 %  8 6 . 2%  8 3 .3 %  6 6 . 1%

O VISUAL. DIV -- 32 - - -.-1.5.~ . ‘i—.---_U 1..__eO-_ . . .1$3. ._ .  56 — • 4.81
63.2% 62.5% 64.3% 64.9% 66.7% 56.6% 70.1% 71.8% 66.1%

C AUTIINOT L V I  2 1 16 - 2.1 .. 1. 10-- - - U . 13 - 100
1 0 . 5%  2 5 . 0%  16 . 0%  13 .9% 3 3 . 3 %  9 .4 %  10 . 7%  1 6 .7 %  13 . 5 %

F Au l WC.A PQNS •. 1 — 10. _1.6 ._ . 0 12 .36 9 .. 91
21.1 % 25 .0% 1 1 . 2 %  9.3% 0.0% 11.3% 13.8% 11 .5% 12.3%

- 6 W RENCH - - 0. - - L.__....3__ 9 .. ....J.___.. 1. - 1&. 2 - 3.5..
0.0% 4.2% 5 .6% 6.0% 8.3% .9% 6 . 1%  2 .6 %  4 . 7%

H KE -OEF U IL 0 - 4 - ~~~. h . . . . 0 0 - .0 0 10
0.0% 0.0% . .5% 4 . 0%  0 . 0 %  0 .0 %  0.0% 0.0% 1.4%

I CUF FEE POT U ..~~~1 .. .0_ ~~a .. U - - 0 0 0 1
0.0* 4.2% 0.0% 0.0% 0.0% 0.0% 0.01 0.0% .1%

J STOVE . -- ~~~~~~~~~~~~~~~ ~~~~~~~~~ __ 2 .__ __.5__ ____ n- ._ Q.. ._ .~~.0 —- 3.. _ _ 1 1
0.0% *6.7% 2.2% 3.3% 0.0% 0.0% 0.0% 0.0% 1.5%

K R E FRI G ERAT O R . . 0 U . . . 0~~ U... . 0 _ . 0. I U — 1
0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .4% 0.0% .1*

L LIC .IITS INT 1 ... 2 ..1.&.. -- .29 .. ...3... Lb - 48 17 132
10.5% 6.3% 16.9% 19.2% 25.0% 15.1* 18.4% 21 .8% 17 .8%

N SEAR CH LIG HT 4~~~~~~~9~~~ ~~~ 8 ~~~~~~~~~~ 34. .... . 105 . . .  2.5. .. 269
36.8% 25.0% 32.6% 38.4* 41 .7% 32 .1% 40.2% 32.11 36.41

N AUX PO W E R  - 2 0_ 2.. 0 - 2. 6 3 21
10.5% 0.0% 2.2% 2.6% 0.0% 1.9% 3 .1% 3.8% 2.8%

O CCR D E V I C E S  0 1 - - 9. 0 . 2 14 0 29
0.0% 4.2% 3 .4% 6.0% 0 .0 % 1.9% 5.4% 0 .0 % 3.9%

P R4DAR -- .--~~~-- - - —- ° ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . 2...
0.0% 0.3% 2 .2% 0.0% 0.0% 0.0% 0.0% U .0t .3%

0 E L E C T R I C  OUT - 0.. -~ - 2 1
0.0% 0.0% 3.4* 3.3% 0.0% 0.0% 3.4% 5 .1% 2.8%

R OTP$ E R - 63 .. . 51.. . 5~~~... 39 . ..AZ . . i’ . 0 . .  0 Z~~2
331.6% 212.5% 59.6% 25.6% 183.3% 13 .2% 0.0% 0.0% 32.7%

.12.,A ~~V &NTiGE5 . _ . .  .. — -— - -— - - — --- - - - . ——-—- - -—- - - 
A NO I SE RED. 4 3 2 1 0 8 11 2 31

21.1* LZ .J%. I,% ... . .  ..,7% Q..Q.% ,..7J%.._ . 4.2% - 2.6% . .4.2%

B SIGN . RID. 0 0 0 1 0 0 0 0 1

.. .~~~ 0 ,Q % ~ ,0% _~~~~~~~~~~ ~~~0 , . 0IQ% Q..0% - .0.3% .1*
C FUEL EC ON. 7 4 5 1 1 9 21 2 50 

3 4 ,8 %  16.1~~ 5 . 6 %  •7.L~~a.3j.
_e...5i .1~~%~~..~~6_%. 6.6%..

— 0 COL D START 9 4 8 0 0 1’. 17 4 10
41

~ 4I ~~~~~~~~~~~~~~~ _~~~~~ %~~~~~~~I~~~~ .1 3~~.2% -. 6.~~% ~~~ I% 6 . 1%
C H E A T  1 2 1 0 0 1 4 0 9

5.3% 1%. - L ..1% Q.0% Q~t% .9% 1.5%. 0.0% 1.2%
F CHARGE CAT . 10 10 6 1 1 30 38 5 103

52.6% 41.7% 9.3% .7% 8 .3 % 26.3% 14.6% b.%% 13.9%
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TillS PAGE IS BEST QUALITY P A 1C~~~’~

1~~M ~~
C NIGHT 0 FF .  1 1 0 0 0 9 3 1 15

. — 5.3% 4.24-- 0-.3A-.-. 0-.-Q*. 0.03. - . $.St 1.2-*-— . - .1.31 2.0%
H DTHFR 3 5 3 0 1 11 12 2 37

1 5. 8%  20.8-N - 3.(.* 0.0*- --_ $.3.* 23.4% 4.6% -3.6% 5.3%
1 3 . D I S A D VA P ) T A G E S

-— .4 •NAIN!LNANLE. . . ._ ..-. - 8-.._ ._ 3.3 10 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - .

4 2 . 1 %  6 1 .7 %  3 1 . 2%  0 .0% 0 .0%  1 3. 2 %  8 . 8 %  1. 3%  8 . 9%
C S P A C E  .. -a 2. . .. X . -_ . _0 .  -0- 3 . 2 0 8

0 .0 %  8 . 3 %  1 . 1 %  0 . 0 %  0 . 0 %  2 . 8 %  . 8 %  0 . 0%  1.1%
C FUEL - 2 0 _...__ . 1 

~~~~
. 0 - . 0  — . 0  3 . — .  1 - —  7

1 0 . 5 %  0 .0*  1 . 1 %  0 . 0 %  0 . 0 %  0 . 0 %  1 . 1 %  1 .3*  .9% H
- .. - 0. NU1I~ 

- - .._ — - ._5_ 1’- ~ 1.— 150 — 10- $~~~ ~is_.... . 7-5 43.1-.
2 6 . 3 %  5 8 . 3 %  8 6 . 5 %  9 9.3 %  8 3 . 3 %  7 7 . 4 %  86 .2*  9 6 .2 %  8 6 . 2 %

£ OT HEA — I - - -- -. ~~
. ----.1-.. - --- --2— -- - 10 A—I 3 44

47.4% 16.7% 4.5% .7% 16.7% 9.4% 4.2% 
~~~~~~~ 5•~~~1’. • 12 UN IT St  50.0*-I -.5 T Al E~~ .LNAi. AN .42-U- -.W.0Ut.D A-NC-&U$L MA IN TI MA 1-4C1 -- -. - .— . - --

15. 15 UN I T S I  62.5%) HAV E A BATTERY PROBLE M
- 16.4 £A .liJ ~~ IL-..3Z S4TT I~ 18S 1S.SIJIE1- PiP IPIIT I.A1I Y54R 421-.O.

17 .A V E I A ~~I D A Y S  T A C T I C A L  T R A I N I N G  L A S T  Y E A R .  86 .0
1 8.& V I A A & 4 . D A Y 3 .  - _.  . _ . ...._ ~~~~~~~~~~ .-.. _ _ . .  . . _. -

A B A T T A L I O N  31.0
$ COJIP&MY .1A~ O— - - ---—. —- ---— —-- ---—---- - - --  -- --- - -
C .PLA TOON 27.0

19 .&W LtAh E DAVI .[Lk~~ G’~~INL’~ 
T~~k1MIMt ~ LAST ~~ItL— 5 2 0  ~~—_ - -—-.—— — -.- —.—-- - - - - - -  -F I N I S HED R EAD IN G UN IT DATA. LIN E  206

F I N I S H E D  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
END S E C O N D  P A S S .  L I N E  560  
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APPENDIX D

DISTRIBUTION

VOL UME 1 ,~MAIN REPORT

DOD:
PM Mobile Electric Power/- 1
Defense Documentation ~~n ter - 1

HQ DA: - /DCS~P S - 2 /
DC~~DA - 2 /

DC$LOG -l l

AS U R S - l  /
HQ TR~ ~C: /

AT :G - l  /

AT ;D - l /
AT :D-M-4 /
AT ING- l 

-

TRk~OC Library - 1

TRA DOC ~GENC ~ES:
USA~~CDA~ - 2USAL~GC~ 4 - 2
USA ~~m~n Center - 2USAA D~~ Combat Dev) - 2
USAAVN~ (Combat 0ev ) - 2
USAES wombat 0ev) - 2
USAFAS I4Combat 0ev) - 2
USAIS; (Ckmbat 0ev) - 2
USAOC&S (\ombat 0ev) - 2
USASCS (C~~bat Dev) - 2
IJSAT$ (Com~~t 0ev) - 2TRASANA -

TCA1~A - 1
TSM~XM-l/M6O 2
TSMfIFV /CFV - -,

COLLEGES & UNIVERSITfES
Comd & General Staff - 1
Armd Forces Staff - 1
Army War Col l ege - 1

I C A F - l
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DARCOM AGENCIES:
HQ DARCOM - 1
BSI - 1
TARA DCOM - 4
ARADCOM - 1
H EL- 1
CORADCOM - 1
ER.ADCOM - 1
MERADCOM - 1
PM XM— l - 4
PM M 6 O - 4
PM IFV/CFV — 1
TECOM - 1
C S L - l

FORSC OM
HQ FORSC OM - 1
HQ, I l l  Corps — 1
HQ XV I I IAbn  Corps - 1
1st Cay Div - 1
1st Inf Div (Mech) - 1
2d Armd Div - 1
4th Inf Di v (Mec h ) - 1

5th Inf Div (Mech) - 1
7th Inf Div - 1
9th Inf Div - 1

24th Inf Div - 1
25th Inf Div - 1
82d Abn Div - 1
101st Ambi Dlv - 1
3d Armd Cay Regt - 1

6th Cay Bde - 1

172d Inf Bde - 1

193d Inf Bde -

194th Arm Bde - 1

USAREUR :
CINC USAREUR & 7th Army - 1

HQ, V Cor ps -

HQ, V II Corps - 1

lst Armd D i v - i
1st Inf Div (Mech) Fwd - 1
3d Armd D i v - i
3d In f Div (tiech) - i
5th Bde, 4th Inf Div (Mech) - 1
8th Inf Div - 1
2d Armd Cav Regt - 1
llth Armd Cav Regt- 1
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KOREA
HQ. 8th A rmy - 1
HQ, I Corps - 1
2d Inf Dlv - 1

READINESS REGIONS
USARR I  - 1
USARR I I - l
USARR I I I - i
USARR I V - 1
IJSA R R V -  1
USARR V I - i
USARR V I I  - 1
USARR V III - 1

. USARR I X - i

H MARI NE CORPS :
USMC Development and Education Center - 1

USAARMC & FT KNOX
CG - 1
DCG - 1
USAARMS - 10
DCD - i9
USAARMC LNO TO ICATA - 1
Ofc Armo r Force Management - 2
USAARENBD - 4

VOLUME II - COMPUTER PROGRAM & SURVEY RESULTS

TARADCOM - 1
PM M 6 O - i
PM XM-i - 1
DOD PM Mobile Electric Power - 1
USAARMC

DCD -1 6

0-3


