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S quantitative estimate of the cdegradaticn. seven maintenance
tasks were perfcmed in a £field environment, at moderate
temperatures (40-68°Fj. The tasks inciuded remove and replace
MB0A3 powerpack, M6CA3 transmission, Mi09 Brsech Biock; repair
M60 Machine gun, M901 ITV traverse mechanism and a FADAC
printed circuit bgoard. These operations were performed by
s2veral teams who alternated starts whiie wearing the standard
battle dress uniform (BDU) and the MOPPIV ensemble. Individuals
were highly motivated, in high physiczi readiness and
psycnologically prepxzred for the operation.:
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Data were analyzed using standard statistical proccedures. A
¥0PP1IV correction factor was defined as that value by which the
time to complete a2 procedure in BDY should be multiplied to
provide the time required to ccuopiete the task while wearing
NOPPIV. These factors are:
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Correction Factors for Wearing EOTPIV

v

3y I Task j Factor: Probable Range;
= i i i i
- 3% i ¥60A83 Pocwer Pack i { 1
; i Rezmove | 1.2 i 1.0-1.4 i
i Replace i i.3 i 1.3-31.5 I
| i i i
| ¥60a3 Transnmission i i i
r3 { Resove i 1.4 1.1-1.7 1
2] i Replace | 1.1 0.2-1.3 i
i i o !
._‘ | ¥15¢ Breech Bleck i i i
= ] Remove P 1.2 1 1.1-1.4 ;
- i Repiace i 1.3 1.1-1.5 |
5 ! L. I i I
A i ¥65 Machine Gun { { i
- I Barrel Group i 1. i i.3-1.86 i
= i Trigger Group | 2.3 | 2.0-2.6 i
3 i ! i 1
o | ¥S01 Traverse Mechanisn| t I
Ay i Rapmove i 2.1 i.7-2.5 i
3 i Replace | 2.5 | 1.7-3.2 i
e ! | ! |
3 i Recover M60A3 | 1.8% | 0.8-2. !
3] | | i i
N | FADAC Circuit Board i 1.6 i 1.4-1.S i
¥ 1 H
& i *Without Boots ]
e The first time effect, that experience gained through

repetition, is comparabie in magnitude to the MOPPIV effect, an
indication that tra.uu.ng improves perssnnel performance whiie
wearinc this equ:.pment.'\"he protective overboot is a hazard in
the mud and shculd be redesigned. Correction factors are used
as a guide for performing taskxs in the field. It should be
noted, however, that these values do not reflect performance
under continuous operaticns where other variables influence,

performmance. 2
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I. INTRODUCTION
1. Background

Troop performance degradation due to chemical protective
equiprent has been of increasing concern to military comemanders.
This protective equipment is worn in one of four «<onfigurations
referred to as mission oriented protective posture {(MOPP) levels.
The highest protective level, MOPPIV, in which all equipment is
worn and sealed, is also the most bulky, cumbersome and restric-
tive mode. Personnel are protected at the expense of this encum~
brance - a circumstance which results from impeded physiolegical
functions such as vision, hearing, speaking, manual dexterity and
others. Tnis encumbrance produces degradation in the form of
{usuzlly) increased time to complete tasks and in some cases
reduced accuracy. For the purroses cf this evaluation time to
complete a task was the onliy factor used in determining personnel
degradation due to wearing MOPPIV. To quantify this degradation
for the commander's use, in simulations, operations research and
other studies of unit effectiveness and combat readiness, field
studies are necessarv.

This evaluation was performed in response to a requirement
submitted to the Dugway Proving Ground (DFG) administered Chemi-
cal Biological Joint Contract Point and Test Program. referred to
as DO-42, to conduct an evaluation to determine the effect that
wearing MOPPIV has on personnel performing military tasks.
Presently, the programn includes several specific operaticnal
areas wiith additional ewmphases on operations during cold,
moderate and hot temperatures. The Ballistic Research Laboratory
(BRL) was contracted to make an evaluation of the performance
decrenment.

The Valnerability/Iethality Division of the BRL has an
extensive ongoing program for assessing the vulnerability of mil-
itary systems on the integrated battlefiel@d to include the
effects of conventional, nuclear anéd chemical munitions on the
effectiveness of various units. The model for this ,progran is
the Army Unit Resiliency Analysis (AUKZ) methodology.™ AURA util-
izes inputs from all areas which impact on the ability of a unit
to accomplish a mission including the effect of wearing MOPPIV.
Since degradarion data has not generally been available and
because of the need to include degradation performance in _unit
effectiveness studies, the BRL is developing techniques to

1. J.T.Klopzic, and L. K. Roach, "an Introduction to the Use of

the Army Unit Resiliency Analysis (AURA) Methodology: Volune
I," US Army Ballistic Research Laboratory, Menorandum Report
Ko. 2384, September 1984.
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estimate personnel degradation due to MOPPIV. In this report,
"HMOPPIV® refers to wearing of the equipment at level IV, and
"MOPPIV Time" tc the amount of time regquired to complete a task
while wearing level IV.

A concern in interpreting field data is the need to quantify
the degradation. It is not unusual to find subjective judgements
nade on the effect protective eguipment has on individual perfor-
mance, often with no real measurement of the effect or of the
variation experienced. One purpose of this report is tc provide
a numerical estimate of the performance decrement resulting from
wearing individual proctective egquipment.

This report presents the results of selected maintenance
operations conducted at Aberdeen Proving Ground, Maryland in
April and May 1984 under woderate to warm temperatures (63-84
F). 2 daily summary of tenmperature and relative humidity is
inciuded in Appendix A. Trials were performed by soldiers of the
Student Brigade of the U.S. Ordnance Center and School, APG.
Dugway Proving Ground was assisted by two contractors, Lockheed
Engineering and Management Service Company, and Andrullis
Research Corporation who cooperated in collecting the data and

PO

WPttt

v providing videotape coverage of all triais. Trials were per-
3 formed during the daylight hours. Teamns remained in MOPPIV.
oy without relief for each trial. Several tasks were performed
. (Tabie 1).
5 TABLE 1. Maintenance Operations
{ k
X Tas 1
= % - 4;
3 { Remove/Replace M60A3 Power Pack i
.
| |
< | Remove/Replace M60A3 Transmission |
: | |
5 | Remove/Replace M109 Breach Block |
I I
| Recover M60A3 Tank |
i . 3
& | ¥60 Machine Gun Repair i
=) l . . !
l M901 ITV Traverse Mechanisn Repalrl

T Bt Ry LY,

2. David W. Harris, "A Degradation Analysis Hethodology for
Maintenance," ¥aster of Science Thesis, Georgia Institute of
Technology, April 1985; Sponsor: C. Wick, BRL.
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2. Objective

The primary objective of this program was to evaluate the
operational capabilities and to estimate the degradation for per-
sonnel dressed in coxplete chemical protective ensemble (MOPPIV)
performing selected maintenance tasks.

IT. APPRCACH
i. Overview

The neasure of degradation for each performed task was the
time difference between performing the task in Battle Dress Uni-
form {BDU) and MOPPIV. For these trials there were five teams for
each task. Degradat:zon measurenents were made for team tasks,
such as pulling the power pack,; as well as individual tasks, such
as repairing the gas cylindger on the M60MG. Observing each team
was a trained military observer (Senior NCO) who timed each indi-
vidual task and rated the overall operation. The tasks were neas-
ured in real time and recordad on a data sheet carried by <the
observer.

Individuals were trained in the appropriate nilitary opera-

. tional speciality (M0S) and were highly motivated. Teams 4id not

have prior experience wcrking tcgether. Further, the teams did

not have prior practice before completing the first trial. Teans

were familiar with chemical protective equipment, but received no

special prior instruction in the wearing or completing th= above
tasks while wearing MOPPIV.

Since these tests were repetitive, individuals Ggained
experience as they progressed through the trials. In an effort
to controi and later estimate the experience effect, the order of
start was noted; i.e., whether a tezm was in BDU or MOPPIV the
first time it performed a trial. For the purposes of this
analysis, all references to “first time effect™ pertain to the
first performance for each teamn.

FTor each trial, three items cof data were recorded: <first,
the time to compleste a task:; second, the protective profiie
(BDU/MOPP) ; and third, whether it was the first trial or a subse-
cquent one.

A multiple linear regression technigue was used to estimate
the effect of the chemical protective egquipment ana the effect of
practice on the time to complete the various tasks.
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2. Tasks/Srocedures

a. Rezove/Replace MG6OA3 Power Pack. i four-man crev per-
formed this task (Table 2.) These crewmen were svstems mechanics
MOS 63X/63H. Each tear performed once in BDU and once in MOIPIV.
There was a ore-hour break between the trial in BDU and the trial
in MOPPIV. Within a trial a fifteen minute break, between rercv-
ing anad replacing the power pack, was given, during which the
tean staved in uniforn.

TABLE 2. ¥60A3 Pcwer Pack

; Eventg Operation {
: i i Cover {
] 2 | Turret Connections |
; 3 : Accessory Connections}
i - Power Pack %

b. Renmove- Replace MSOA3 Transmission. This was a two-man
task. The crev consisted of one experisnced and one student
penber both trained as MOS 63H. The transmission was separated
from the power pack aud then replaced (Takie 3). Each teanm com—
vleted the task once in BDUG ana once in MOPPIV except team £
which parforrp=d the task once in BLU and twice in MOPPIV. A firf-
tesn minute break was given between separation and rejoining the
transmission during which, the crewmen did nct rermove the MOFPIV
equipnent. An hour break was taken between BDU and MOPPIV cpera-
tions.

TABLE 3. M6E0A&3 Transmission
g Eventg Operation i
! 1 | Saroud i
§ 2 ; Accessories %
i 3 | Mounting Boltsi
i 4 ; Transmissicn ;

c. Rencve/Repliaze X109 Breech 3Block. The crew consisted of
two narsonne-, one evperienced and one student, bcth trained as
artillery repa;rmen, MOS 45L/45K. Each team perxornod the task
four to eight tines, derending upon the weather and the tire to
accomplish the task by individual teames. A total of thirty-five
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completions were recorded. The tasx was conductel in two phzses
(Table 4}, by removing the breech block and replacing it with no
break between phases.

eI

TADLE 4. M108 Brecch Blcck

v

]

A
»

"

Breech Blicck

[N}

% l:ven._{ Gpexation i
N Danper ]
} ; 2 ; Firing Hechanismi
| | |
! i i

.X.w.'oJ

o
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d. Recover M6CA3 Tank. A disabled M6023 tank was reccvered
by a fouzr-man team utilizing a M88 reccvery vehicle {Table 5;.
The tean was 2cpposed of studeants trained as auntomotive repairmen
MOS 63H/63N. The protective overboot Peocame a hazarl te the
wezrer &g o the deep mud at the test site and wes net used as
purt of tune ¥OPPIV gear after trial K-1.

TABLE 5. M6GA3 Tank Recovery

9 |
g
4

Secure Grill Doors and Replace Heat Shieldj

1]

§ ; Cperation i
i 1 Attach Tow Bar i
§ 2 = Open Grill Doors and Remcve EBeat Shields i
é 3 ; Disconnect Tinal Drives !
i i

|

e. Rspair ¥s0 ¥achine Gun. Thic w2z a one-man task sisu-
latinzg the field repz2ir of the M6C machine gun (Table 6). Per-
sonnsl were trained in small weaptn repair MOS 45K performed this
task in a tent located in a field envircnment.
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TAELE 6. H6{ MKachine Guxn
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f. Repair M901l ITV Traverse Mechanlism. A one man task with
personnel trained in M0S 45X disassembled and assembled a
traverse mechanise {Table 7). The task was perforrmed on a work-
benchh in a tent located in a field enviro.ment.

TABLE 7. M201 ITY Traverse Mechanisn

Cperetion

ter Gear and Srap Ring

Event
1
2 Gear Assenbly

!
i
1
:
I

g. Repair FADAC Printed Circuit Bozrd. This was a one man
task cozpleted by students who were instrumentation repair per-
sonnei, MOS 34Y,44Y and 453G {Table 3).

TABLE 8. FADAC Printed Circuit Roard

i Eventg Coeration é
i 1 | Rerove Proteciive Coating*|
; 2 } kesistor ;
; 3 | Transistor :

* Remove Event Oniv

3. Data aAnalysis Techniques

a. ¥ultipie Linear Regressicn. Regressicn analyces are
used tc guantify tae relationship between variables where tke
valte of cne is affected by changes in othrrs.- Th2 type of uni-
forn worn and whether or not the eveat was ccopleted for the
first time, either in BDU or MOPPIV, are independent variabies.
A multiple linear regression aliows a depencenc variabie to be
estimated by guantifying the relationship to several independent
variables. In thie¢ instance, timze to comriete a task is the
effected or dependent veriable. Interactions and variables not
neasured are reflecied in the error term and include such effects
as team work and leadership. 2n estimate ¢f how well the regres-
sion estirmatesz the dz2pendent variakle is expressed by the multi-
ple correlation coeificient. 3Analyvsis then can be used to deter-
mire the effect of MOPPIV and the first time effect on the total
tirme to complete a task.

F3e)

r troop performance studies the regression expression is
represanted
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T = To + a(x) + b(y) + e (1)

.,.
Y

N}
[}

l'.l

¥here "T" (the depencent variable) is the total time in mninutes
to compiete a task, "T .7 (the intercept) is the practiced, unen-
cunbered time, "x¥ (flrst independent varlable) is the clothing
type, "y" (second independent variable) is the order ir which an
event was started and "e" is the error termn. The BDU or MOP?
condition "x" 1is represented by either a "0" or a "1,® respec-
tively since it is assumed that the clothing contribution would
pe zerc for BDU. Likewise, if a team was working an event for
the first time "y" would be assigned a "1" and if the team has
coopleted the event before or a "0" would be assigred since no
first time effect would be present. The expression, without the
error term, then becomes:

Nty deh edyeh iyt
[}

T=T +a+bh (2)

L Y

where "a" and "b" represent the ccrrection in rinutes for ¥NOFPIV
and practiced factors, respectively. Therefore, a tean complet-
ing an event for the first tize in BDU is expressed as:

i) o R

) . (I3
PR

T=T,+Db 3)

e

g 2 team completing an event in BDU more than twice would simply be
A “To,“ (T =T). By wearing MOPPIV this tean would add a MOPPIV
% correction and be 2&xpressed as:

Lt T=T°+a (4)
E= The even; time for the sarme team completing the event for the
o first time and in HOPPIV would be expressed as:

o T=T,+a+bh (5)

b. Aggregated Events. Some tasks can be considered
together or grouped as the result of similar physical functicns.
Tasks which are generally gross motor skills can te considered as
variations of a single task; likewise, tasks conposed generally
of fine potor skiils. <&rouping the éata in this panner provided
a2 basis for estimating the difference between these types of
tasks. A MOPPIV correction factor can then be estimated Zor each
group. Task groupings are given in Table 9.
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TARLE 9. Task Grouging for Analysis

(31
1
.

Fine ¥otor Skills i
iiIi, Remove; 1V, Raplacel

Gross ¥otor Skilis
i, Re=ove 1 ii, Replace

13H
I

e

| i

| i
i | fower Pack : DPower Pack | Traverse | Traverse H
3 | Transnission; Transmissioni 66 ¥G | K60 KG i
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III. RESULTS/DISCUSSION

vty

Thne foliowing tables (Tables 10-16) are the actual time for
rerforning the major subdivisions of each task. Typically, this
iacludes the rermoval and replacement times except in the recovery
and 60 nrachine gun operations where this division was not

Vil
AR

AJ

4

o
:.é appropriate. Where a tearm was able to accompiish a task mnore
o than once, multiple numbers are given. Times to perform the
o tasks in both BDU and MOPPIV are indicated. Details by event are
5 provided in Appendix B.
{
é TABLE 10. Remove/Replace MK60A3 Power Pack
& : i Total Tizs, Minutes i
&
B ; IEaEg BDU | ¥OPPIV 5
. i i Rezovej Replace! Renove| Replacel
. i = : : —] 3
- i 1] 49.4 66.2 ; 41.5 4 82.1 |
. } 2 I 2761 50.7; 52.5] 85.9 ;
i { 3§ 74.0; 1313 ; 24.5 ; 94.1 |
S s ; 33.9 1 s54.8) 76.01 217.9 1
- i ]
- i 5 | 54.8 ' 0g.2 1 35.0 : 5.3 |
s i : i ! H
v
o TABLE 11l. Remove/Replace ¥60A3 Transmission

{

; H ! Tctal Tire, Minutes }

E 3 ‘eﬁ&; BOT i MOBPIV |

A i | Rezove] Replaceg Removei Repiacel

L ! i I : | i
| : ] : | |

S | 1 ; 0.0 8.0 ! 70.0; 102.0 |

3 P2 ; 3.6 |  355.2 ; 102.0 | 98.5 ;

e

S 1 3 | 55.2 ; 71.5 § 51.0 ; 96.6 |

% P2 I 2851 402 7 s2.41  a3.6 |

X! ; ; i i 28.7 I £4.7 :

3 H H H I

2y i S : %1.9; 57.4 | 83.2 58.4
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Remove/Replace M109 Breech Block

TABLE 12.
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Recovery of a MGOA2 Tank

TABLE 13.
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Repair M60 Machine Gun

TABLE 14.
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TABLE 15. MS01 ITV Traverse Mechanisn
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Total Time, Minutes
BDU i MOPPIV
Disassembly| Reassembly i Disassenbly| Reassenbly
7.2 i3.9 | 8.1 23.8
6.8 21.4 22.3 57.2

13.7 34.2
8.4 2.7

17.38 21.5
13.0 16.
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TASLE 16. FADAC Printed Circuit Board

Total Time, Minutes]

X A

I
I reeR) BDU 1| *oPPIV |
| | : z
I 19.4; 17.4 i
H i | 24.0 [
I | I 14.9 i
o
I 2 1 33.3{ 19.5 |
} ! 12.0, 20.0 :
i i o2 oot
l | } 1.7 !
R
} 3 ; 23.7{ 33.5 {
54.7

l | } es.0 |
o R
I & 1 23.5{ 23.5 i

7 i | 20.4; 19.3 i

& I [ I 26.2 {

- } g i 22.3 I

X i

=) I 5 | 6.4{ 32.3 |

e - l I 6.9 19.3 |

3> i | 17.2y 24.2 i

S I i | 22.8 i

g I I . i3.6 I
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IV. DATA ANALYSIS/DISCUSSION

. « -
SR
.'.'.“"n'

The analysis is presented in four parts beginning with an
exanple of the regression for an event in task 2. The regression
results for all the tasks are then presented followed by a dis-
cussion of the MOPPIV correction factor for each task. Finally,
a discussion is given for tasks grouped as either gross or fine
notor functions.

.
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v
Lo

‘

1. Example of Regression Analysis

- + 1%
]~ S

The example case will be replacment of the shroud during the
rermoving/replacing of the M60A3 transmission accomplished during
moderate temperature. 2il other tasks and events were likewise
evaluatea and are included in the results.

P

o .’;

'
.

Replacing the shrcud includes the placement of the shroud on
the powerpack and the connection of the attachment bolts. The
data for evaluation is given in Table 17, where team 1 replaced
the shroud twice with the first occurrence in BDU in 7.8 =inutes
and the second occurrence in MCPPIV in 14.2 mninutes. For this
exanple, the resulting regression coefficients in Table 18, are
nT ," the practiced, unencurbered time, "a®"™ the additional time
for MOPPIV, plus or ninus the standard deviation and "b" the
additional tirze needed if the event is done for the first tinme
plus or ninus the standard deviation. Thus, the expected tize for
replacing the shroud is 5.8 ninutes for a practiced unencumbered
tean. An additional 3.8 mminutes is added to the total if the
tean was wearing MOPPIV for an expected time of 9.6 mninutes.
This additional MOPPIV time could be as ruch as 11.5 rinutes
{9.6+1.9) or as little as 7.7 ninutes (9.6-1.9). No additional
time is needed to compiete this replacement for the first tire
because the ccefficient is negative. In other events this first
time correction is calculated the same as for the MOPPIV effect
to deternine the additional time needed. Resulting calculations
for degraded effectiveness and MOPPIV correction factor with the
associated probable range are given in Table 19.
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TABLE 17. Data Used in Example Regression

-

BDU BOPPIV ist Tise

itens not associzated with trial.
** Team is practiced in both uniforss. |

|
|_Tean 1
] 2V 7.8 | 1a.2 i BDU i
i 2 | 2.6 ! 24.86x | MCPP |
i 3 1 5.8 ! 310.2 ] BDO i
I 2 | 6.2 | 7.4 |  woppxx |
1 5 | 3.8 | 6.3 i ¥OFP i
| —1
; * Data excluded Gue to the removali of }
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TABLE 18. Regression Coefficients for Example

-~

2.

| Coefficients |

= o _ !

t | To= 58 |

L | a= 3.8%1.9l]

= Iy = —0.522.0]

T, ! i

¥

ke . In addition, the quotient resulting from “To/(T + a)"
‘ represents the dJegradation for wearing MOPPIV. That is, the

A

unencurbered practiced time "T " divided by the totcl time for
MOPPIV "T = + a.™ Thus a teall replacing the shroud in MCOPPIV is
degraded to 50 percent of their practiced, unencumbered ability,
5.8/(5.8+3.8)=0.60. In a sinmilar calculation, the degradation
for doing the job for the first time results from the quotient of
“TO/(T +b)." In this example no degradation was determined for
doling Phe event for the first time. A team is degraded to 0.63
if replacing the shroud for the first time and in MOPPIV, where
botk MOPPIV and first time coefficients are added in the denonri-
natcr, i.e. "7 T, #atb." The quantity "(T +a)/T " (which is the
inverse of the degradation factor) is calle8 the ®MOPPIV Correc-
tion Factor. This factor when multiplied by "To“ gives the
expected time to copplete a task in MOPPIV. For this example the
correction factor is 1.66. A probable range is determined by
naking the correction factor calculation using plus or minus the
standard deviation, given for each coefficient. The estimated
time for this event is then 5.8x1.66 or 9.6 minutes. The results
calculated using this example are presented in Table 20.
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T, +atb = 2.1

T /(T, +a) = 0.60
\m =

(T +a} /T, 1.66:

T/ (T, +b) = 1.99,

a/T_ = o.ssg

v
g TARLE 19. Calculations for Exanple
: |
2 Calculations |
, ’ I
T =
2 To = 3-8
- by o -—
.lo +p = 5.3 !
{
|
i

OO PO

.t
vle

’ H . (3 h f
Ll Viam (o
+

AN

1,5,

)4
)

arim :
et atdl a0

i3

9

A PR 2y

AL R AT B A R T R G R A I A Al T N C R AR K DS By P L) LR A o X Rk A R T e el T I R L E AT B AT DL L o P IS S L )
A e A A A e T T ) ',~;“.‘\‘:'h{x':.‘:'s".'\-‘.\":"-‘.-."‘-':".‘:-L’L R A R T L AT e v N, '_.'55{:5

L]

|
i

W
e




. . .
AN L RAR AN S ST B P AL, 5, Tl T 2 A A Srie P S 2 0k 2L (UL L P, 1L o

TABLE 20. Example Results

Effect of Wearing MOPPIV on Replacing the Shroud]

Degraded Effectiveness { 0.60 ;
MOPPIV Correction Factorl 1.7 l
Probable Rarge ] 1.3-2.0

th iy -
o -

Table 21 surmarizes the regression results for all tasks bV
recove/replace, disassemble/reassembie functions. Regression
resuits for each event for each task are in Appendix C.

2. Regression results for all tasks

a. M60A3 Power Pack. Replacing the power pack reguires 1.4
mora tine when wearing MOPPIV. Ore event of this operation, how-
ever, required a correction of 2.7. In this operation the rail
guides which direct the pack into the tank appear to be the
cause. These guides could become bent with extended use resulting
in an improper alicnment. This observation could occur at any
tire but appeared to have more of an effect on the team when
wearing MOPPIV. The resulting variation in time to verform this
event reflected this difficulty. Correction Factors for the
other events during this operation ranged from no correction tov
1.7; the remcval and replacement corrections are relatively
equal.
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b. M60A3 Transmission. MOPPIV corrections of 1.4 and 1.7
were needed for the events of removing and replacing the shroud
respectively. The difference between these events appears to be
in replacing the bolts on the shroud. The initial steps in
starting these bolts requires extra tixme. Likewise, replacing
the nounting bolts took 1.z tizes longer. Evidently, raplacing
bolts reguires the extra effort of first finding where the bolt
fits and then starting the operaticn of threading. After the
bolt is started (that is the tighZening phase is started) the
operatior anpears not to be degraded. Other events in this task
were not affected by the wearing of MOPPIV, in fact, some events
were performed in 1less <time. This observation is believed to
represent a natural variation between teams performing an opera-
tion not affected by wearing MOPPIV.
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C. M109 Brecech Blecck. The MOPPIV correction factors, for
the six events in this task, ranged from 1.1 to 3.2. Replacing
the breech was the nmost difficult taking 3.2 timss longer in MOP-
Piv. This task requires both gross motor activity and some
judgenents nade as the result of near vision and fine mnotor
skills. The breech must be installed according to timing marks
which deternine whether the breech will 1lock and operate
correctly. Setting the breech in place anéd aligzent with these
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marks are consideired the cause for the increased correction fac-
tor. Removing the breech, by contrast, is corrected by a factor
of 1.5; other than marking the location of the timing marks dur-
ing this phase, theis operation requied no special adjustments.
Generally, no difference was observed between removal and
replacement events except the replacement of the breech itself;
rezaining events regquired 1.1 to 1.5 times 1longer to perform
while wearing MOFPIV.

* p “ '.. . _
W 4y ¥ e N 2 R s et S

d. Recover M6OA3 Tank. Ovening the grill doors and zremov-
ing the heat shield was the least effected recovery event While
personnel were in MOPPIV, having a correction factor of 1.3 and a
correction factor of 2.3 applied to all other ever: .. As dis-
cusszd earlier, the protective overboot was not worn curing this
exercise because of the hazard. The operation, however, could be
perforred if the boots were of an improved design. Specifically,
if the mnud and water entry into the boot was restricted by a
better seal on the tcp, and better £fit of the boot, it was
thought that the boot could te worn. The alignment of the hitch
with the tow bar was a difficult action. No flexibility is per-
nitted during this operatior, the driver of the ¥88 recovery
venicle rpust line-up the hitch exactly with the tow bar. In
addition, disconnecting the final drives can be completed quickly
in either uniform with a little gcod fortune depending upon how
tight the drive is and the position from which disconnection is
initiated. As a result the task can vary from trial to trial.
This variaticn may account, in part, why a team wearing MCPPIV
car. conpiete this event in less time than a team wearing BDU.
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e. M60 Machine Gun. The barrel group required 1.4 and 1.5
times 1longer to remove and replace while wearing MOPPIV. It was
observed that this operaticn was conmpleted with little difficulty
cther than the increase in time reguired to conplete the pro-
cedure. Rezcoving/disassembiing and reassaubly/replacing the
trigger asserbly, however, was another matter. The removal opera-
tion was corrected by 1.6. Replacing required a factor of 2.6.
The replacement had a higher probaple range reflecting the diffi-
cuity of this manual dexterity intense procedure. It shoula be
noted, however; that the time reguired Tto complete these events
was usually less than five minutes.
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f. M901 Traverse Mechanism. Disassembling the traverse
mechanisz in MOPPIV took twice as long to ccmplete while wearing
¥OPPIV. It took 1.7 times longer to reassembie the gears and 2.9
tires as lcng to replace the outer gear, the snap rings and bevel
washer. Th=2 gear assermbly reguired tha%t ths mechanism be aligned
to timing marxXs necessary for proper function. This alignment was
completed correctly for all teams except one. During an assenmbly
while wearing BDT the timing was missed and the gear box froze
ard required replacement. This cbservation confirmed the level
cf skill and care required to assemble this mechanism correctly.
The correction factors observed represent the difference between
complex disassembly and reassembly operations.
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g. FADAC Printed Circuit Board. The operations on the
resistor and the transistor are similar. The ccrrection factor,
nid however, is slightly different with a 1.5-1.7 calculated for the
resistor and a 2.0 calculated for the transistor. The events
were degraded by the wearing of MOPPIV but not apparently
affected by the removal or replacement phase of the operation.
It was evidently a little more difficult to replace the resistor.
Oother than the increase in tire to perform the events the teams
appeared to have little trouble in completing this task.

3. Aggregating Results

Combining events which are similar - from the viewpoint of
physiological requirenents for tasx performance allows for
several general comments about types of tasks. Such aggregations
are important in relating individual quantified tasks to
indirectly measured operational concepts such as "moverment to tte
line.® Aggregations, as the data becomes available, may be
divided into such general areas as arring, maintaining, and fuel-~
ing a system, such as a tank or aircraft.

In this analyses, tasks were grouped into "Gross Motor™ and
“Fine Motor Functions.®™ Gross motor is defined as those tasks
requiring the use of predominantly large muscles, arms, legs, and
general whole body movements such as walking, running, etc. Fire
motor functions include finger dexterity, tactile finger skilils,
precision movement and tasks with close vision hand-eye coordina—
tion.

The division of the gross and fine functions into removal
and replacerent tasks provides a further refinement of the types
of tasks to be considered. Removal tasks have typically been
considered to be easier to perform than replacement tasks. This
concept is illustrated in Table 22, where the correction facter
for replacement events are greater in both the gross and fine
motor functions categories, although the correction to gross
motor tasks 1is nearly the same. The difference between the
renoval and replacement correction factors for fine motor func-
tions is appreciable with a 1.8 for removal tasks cozmpared to 2.4
for replacement tasks. It is thought that manual dexterity and
close coordination between hand and eye movements may have been
the predominate reason for the difference.

4. Discussion

Teams wearing MOPPIV regquirad more time to replace equipment
than to remove it. Teams completing a task for the first tirme
influenced the time needed to ccmplete a task a seccnd tirme. in
this irstance, the practice obtained by completing an event once
was enough to improve the tirme for completing the event a second
tizme. If the event was ccmpleted in BDUs first the MOPPIV times
were affected, likewise, if the event was first completed in MGP-
PiVv the BDU times were affected. This first-tirme effect can
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Cr= Correction Factor
PR= Probable Range

ks
% TABLE 22. Grouped MOPPIV Effect
» ik
- | Gross Motor rFuncCtions ] Fine Motor Functions |
s i I Remove__i II Replace | 1III Remove; IV Replacel
| Power Pack | Power Pack | Traverse ; Jraverse |
| Transmission|; Transmission| 60 %G | M60 ¥G !
| M109 j 108 { i i
; CF= 1.2 i 1.2 3 1.8 I 2.4 l
| PR= 1.0-1.5 | 1.1-1.6 { 1.5-2.0 | 1.8-3.0
i T

confuse the interpretation cf the data since subsequent times are
often 1less. For example, the time tc perform a task while wear-
ing MOPPIV the first time is often longer than for a teas com-
nletlng the same task in MCOPPIV after a prior performance wearing
BDU. Likewise. the time to perfor— a2 taésk while wearing BDU is
generally shorter for the team with prior experience wearing MO:

TAY
Prig PN

The difference between the correcticn: facters for removal
and replacement events may be influenced by cther factors. One
such factor, frequently cbserved, is that replacemeant events foi-
low removal events. This was observed for teams wearing BDU or
MOPPIV simply because ths reassenbly tasks apparantly reguire
more concentration than removal tasks. Fine rpoter functions evi-
dently are more ¢ifficult to ipprove vhile wearing MOPEIV (bclt
holes reguire aliGnment, the bkolts reguire starting, attachments
and connectors require positioning and alignrent} but can be
learned from 2 prior experience. 2s a result, a team aiways had
the benefit from having participated in remcving first. A team
should gain 2 portion of axperience for each tasX in this manner
and the resuiting degradation due tc the first time effect would
be expected tc be less. Degradation due to wearing MGPPIV, how-
ever, would be expected to be greater due to the increase in Gif-
ficulty.
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V. SUMMARY/CONCLUSIONS

The guantification of tha degradation of personnel perfocrm-
ing in MOPPIV was determined for each rmaintenance operation and
is summerized in Table 23. Eveats were weighted by the amount of
time normaily takenr to complete an event and sumzed over ail
events to give an overall degradation for a task. The inverse of
this degradation is the KOPPIV correction factor. Multiply the
I0U time py this factor to get the estimateda MCPPIV time.

- £

) TABLE 23. Correction Factors for MOPP IV

X

;g 1 Task | Factor; Provable Rangej

o | I I 1

) i M60A3 Power Pack | ] I
i Remcve i 1.2 | 1.0-1.4 i
i Replace i 1.3 | 1.2-1.5 !
H i i !
i M60A3 Transz=ission : i i
] Rernpve ! i.2 @ 1.3-1.7 |
] Replace i i.1 0.9-1.43 |
1 | i |
| ¥ic8 Breech Bicck i : i
i Rezove i 1.2 1.1-1.4 !
i Repiace { 1.3 1 1.31-1.5 i
i . i ! |
| ¥60 Machine Gun i I i
| Barrei Group i 1.4 | 1.3-1.6 !
i Trigger Group i 2.3 | 2.0-2.6 ]
| H i {
| 201 Traverse Mechanisn] i i
] Remove i 2.1 | i.7-2.5 |
i Replace i 2.5 | 1.7-3.4 i
I l | i
i Rescover M5023 1 1.8% H 0.8-3.1 i
! H ! i
{ TADACT Circuit Board ] 1.6 | i.&-1.9 i

*without Boots

Other conclusions and observations based on the results of this
study are:

®m Teans completing tasks in MOPPIV demcnstrated considerable
ingeruity in overconing difficulties. Some noteworthy exam-
ples were observed: picking up snall parts with a tooi,
marking poorly defined tining marks with chalk, acconmodat-
ing the lack of near vision while wearing the mask by get-
ting closer, differentiating between szall parts by improv-
ing the background contrast with light colorad paper and the
pre-sorting of tools.
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B Fepiacement events for fine motor functions take longer than
remove events.

B FIne motor skills are degraded to the sanme magnitude as
grcss motor skills.

£ The protective overboot is a hazard in mud.
# Methods for sirplifying or modifying tasks to accommodate

wearing MOPPIV should be examined and incurporated into the
training.
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APPENDIX A

Cliratic Conditions
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Daily Temperature and Relative Humidity Record

During the exarcise the temperature , relative hunidity and
gereral &atasspheric condition were recorded at 30-minutes inter-
vals. Table a-1 gives the daily high, low and average records
Guring the hours of the excerise. The exercise was conducted at
Aberdeen Proving Ground, Maryland during April 1984. The higk,
lcw and average temperature and relative humidity are given in
Table 2-1.

TABLE A-l. Climatic Data

DAL ~
Yl dy Nt e YN "u ” v

x P
% Day ! Degrees Celsius 4} % Relative Humldlty41
!
I | Yigh Iow AvergeI High Low Average|
I ' 02 2pr a4 : 6.7, 5.2, 13.0 ; 75.0; 43.0, 2.6 :
3 t »
b { 03 2pr 84 ; 16.2) 11.2] 14.3 | s6s5.0] 32.0} 44.0 |
q - i 3
= % 04 Apr 84 i 5.0 8.1{ 8.7 } 93.0} 72.o§ 80.4 }
=2 | 905 2pr 84 ; 19.01 14.0f 16.24 | 95.0l e65.01 83.1 |
T N
. i 66 Zpr 82 | 13.0} 9.9{ 12.0 { 61.0: 42.0{ 50.3 :
- i
2 | 07 3pxr 84 | 8.8l 7.0l 7.6 | 74.0]l s56.0! 64.8 |
" ; 09 Apr 84 i 12.3] 6.2§ 9.9 : 53.0} 28.0} 38.2 }
- | 10 2pr 84 | 15.4] 4.1} 10.2 | 86.0l 30.0l 53.9 |
{ ; 11 2pr 34 | 15.4{ 7.0: 11.3 } 58.0; 28.0{ 42.5 }
0 | 12 apr 84 | 192.8! 8.7] 15.2 | 79.0l 38.0l 54.4 |
x
o ; 13 Apr 84 } 2o.o§ 12.2{ 16.1 ; 69.0: so.o: 59.2 :
-3 16 Apr 84 ¢+ 1316.7] 12.001 13.1 ) 92.0l e6z.0] 79.7
-0 i - - l l
; 17 Apr 82 } 18.3} 9.4{ 14.8 : 91.0} 48.0} €5.4 ;
o { 18 apr 84 | 17.81 8.31 13.0 | 92.0l s53.0l 72.7 |
:% i 19 apr 84 ; 15.1} 8.3{ 11.4 : 71.0% 43.o§ 59.9 l
L XA
= : Apr 84 | .5 ) . 5. £3. 49.8
< 3 20 2pr 8 ! 16 :! 11 7| 14.8 ‘ 65 ol 43 o‘ 441
. @
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>
X
o
5
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5
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TABLE A-1. Climatic Conditions (Continued)

IR L P L LR LEN E A O

01 May 8¢
07 May 8<

QP SATICE AU PR E RO T
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!"

- 04 May 84 o
(resuned)

-
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* -
: Day g Degrees Celsius j % Relative Humidity !
! ! High Iow AverageI High 1Iow A.verage|
; 24 Apr 8¢ : 13.8; 9.6, 1z.5 i 89.0; 50.0; 59.1 :
| 25 apr 84 | 16.2]1 11.8! 14.0 | 57.0] 48.01 s2.0 |
: 26 Apr 34 } 20.8: 13.0; 18.0 : 68.0: 35.0} 49.3 ;
| 27 Apr 84 § 18.9] 11.01 15.5 | 83.0] s56.0] 67.3 |
| 28 apr ss | 15.0{ 11.0} 12.7 } 75.0‘ 61.0: 68.3 :
1 H
| 01 ¥ay 84 | 17.9] 14.31 i5.9 : 43.0] 30.0l 37.8 |
; 02 May 82 ; 21.3} 11.4} 17.2 } 60.9: 31.0} 37.3 :
: ] 03 May 84 | 16.0i 13.5] 14.6 | 83.0l e9.0l 74.4 |
o : 04 May 82 i 21.3{ 18.2= 19.9 ; 85.0; 70.0; 77.6 :
20 | 07 May 8¢ | 13.4]1 12.0l 12.6 | o91.0i 82.0] 86.8 |
) '-"': s | ! 1 g i 1
&) ; AVERAGE | 16.4) 10.3} 13.7 , 75.1] 48.7; 57.9 |
= i 1 i i i 1 T
-@
1]
2
o * 02 Apr 84 - 07 2pr 84 o Pull and Replace M60A2 Tank Engine
i' 09 Apr 84 - 13 Apr 84 o ADVS 1790 Engine {Split Power Pack)
& 16 2pr 84 - 20 Apr 84 o Repair of the ¥60 Machine Gun
& o Vehicle Recovery of M60A2 Tank
S © Repair of a Printed Circuit Board
= 24 2pr 84 - 28 2Apr 84 O Remove/Replace Breechblcck (K109
Howitzer)

Repair ¥901 Transverse Mechanisn

o,
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Pield Data
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Field Data

The field measurements in minutes for each event in the
seven maintenance tasks are included in this Appendix. A "B"
represents battle dress uniforn (BDU) and "¥" represents mpission
oriented protective posture, level IV, (MOPPIV) all equipment
worn and sealed. Events completed for the first time are indi-
cated by en "#" by the appropriate entry. The corresponding
tasks and tables are given in table B-1.

TABLE B-l1. Pieid Data Tables

i Task | _Tabie
; *Renove/Replace M60A3 Power Pack : B-2, B—3;
: *Renove/Replace M60A3 Transmission : B-4, B-s}
: *Renove/Replace M103 Breech Block : B-6, B-?i
: *ReCover M60A3 Tank : B-8 }
: *ReGiove/Repair M60 Machine Gun } B-9 ;
} *Repair M901 ITV Traverse Hechanism: B-10 :
: *Repair FADAC Circuit Board ; B-11 ;
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Remove M109 Breech Block

TABLE B-6.

in Minutes
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Replace M109 Breeck Block

TABLE B-7.

in Minutes
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Repair M6C Machine Gun

TABLE B-9.
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Repair M60 Machine Gun {Continued)
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’i TABLE B-10. Repair M301 ITV Traverse Mechanisn
3
vl P Time in Minutes i
1 i | Event i
P | Team Disasserbly 1 Reassec atly i
2 ! | 1 2 Totall = 2 Totall
i : | | i ; i I ;
7 i 1-8*l 3.0 4.2 7.2%! 7.0 6.2 ; 13.9 |
N (1M 22 3.9 8 ; 5.0} 18.8 ; 23.8
3 i M
i i
M ; 2-B | 2.7} 4.1 ; 6.8 1 2.4 i 19.0 | 21.4 %
- j 2Mxl o125 9.8 22.3 ; 7.0 j 50.2 § 57.2 4
L~ i i i |
) ; 3-B | 6.9%; 6.5*! 12. 4| 3.5*§ 7.4%; 10.8 f
iy | I 2.7 257 s5.21 2007 3.2, 5.1
R 3-8 | 8.1 5.6 13.7 1 6.9 ; 28.1 32.2 |
| | | . 1 :
; i I 5.3 3.1+« 8.2 ; 3.3 § 9.5 12.7
I I 3 i ' -
; c-B1 4.7; 1.8 .61 o8; 7.8  g.2!
| 4-m*xl  €.8 | 10.5; 17.81 6.8 ; 15.0; 21.9 ;
| | 1 ; ! i 5 |
., 5-B | a a | 1 a a | i
; 5-px! 5.8 7.2 ] 3.0} 1.5 15.6 | _16.5 ,
| 2 = nc data i
Discussion

Certain data points required review particulariy data points
associated with corments os events which influenced the time 15
complete 2 given event. As a result of this review, some cf the
data points were not included in the regression analysis. &ll
regression estimates represent the bsst selection of data as
determined by the videco tape record@ and the comments of the mili-~
taryv observer at the time of the event.
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Data obtained from the third team in BDU during the
remove/replace power pack task ({Tables B-2 and B-3) are not
included in the anelysis because of a xapid change in the
weather. Specifically it began to rain. As the rain increased in
intensity it was interesting to note that the time to complete
events increased. All times for team four in MOPPIV were not
included due to multiple stops for safety reasons and a bent
alignment bar on the base of the power pack which prevented
replacement.

PR KIOA ]

Oe
-

er 0
e

¥ eghipt ey

LR

Fron the remove/replace transmission task (Tables B-4 and
B-5), three event times were removea from analysis. Tean one in
MOPPIV, event 6, (44.8 min) was not considered due to stripped
threads or a fuel return line, and some question on the installa-
tion of numerous bolts and washers. Teanm two in MOPPIV, event 5,
(2.6 mnin} was also elininated due to the incorrect removal of
iters which required extra time to replace. Team 35 in MOPPIV,
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were without the boots. 2Another difficulty in the analysis of
the recovery task was that all but one tean started while wearing
BDU. The single tear which started while wearing MOPPIV began
and made a false start and began again. Because of this start
this team was considered to have been practiced simply because
they had 1learned sonething about the task, the situation, the
ground, the water, where the tank would be, etc. As a result,
the correction factor may contain sozme of the "first tine®
effect. The estimation for making the recovery, however, should
be within the probable range indicated.
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Regression Results by Task and Event
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Regression Results by Task and Event

The regression results by task and event are contained in
this appendix. Tables include "a/T ," or fractional increase in
tinme due to MOPPIV for each event in each task, and regression
coefficients and calculations by event for each task. Field
neasurenents are given in appendix B. The corresponding tables
and fiqures for each task are given in table C-1.
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B Repair M901 ITV Traverse Mechanism| C14-Cl15j

8 Repair FADAC Printed Circait Board] C16-C17|
! 1

v TABLE C-1. Tables for Regression Results

Wi

Chet

e i I I

2 |_Task | Tables |

)3

$Te | | |
| B Renove/Replace M60A3 Power Pack | C2-C& |
i I |
| ® Renove/Replace M60A3 Transmission | C5-C7 |
i | i
| @ Renove/Replace K109 Breech Block | C8-CS |
| I |
{ ® Recover M60A3 Tank | C10-Cl1ij
I ! I
| B Renove/Repair M60 Machine Gun | C12-C13j
i I
i
|
i
i
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TABLE C-2. enove/replace M60A3 Power Pack
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Replace Battery and Engine Accessories
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: 7 Replace Engine and Accessories 1.62 = 0.87
8 Replace Power Pack -0.03 £ 0.49
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TABLE C-3. Remove/Replace M60 Power Pack, Regression Coeffi-

cients

] Event i
i 1 2 3 4 i
g : T, 12.0 14.5 15.0 7.3 }
. % a 1.8%6.2 1.4%5.8 7.8%7.2 2.111-8{
. { B 0.5:6.4 -0.326.0 8.3%7.5 3.111-8:
. : T*r 0.02 0.02 0.28 0.41 :
§ T +a 13.8 i5.9 22.8 9.4 :
} T +B i2.5 1£.2 23.3 10.4 :
§ T +a+B 14.3 15.€ 31.1 14.4 :
; leTo+a 0.387 0.91 0.66 0.78 }
! TO/TO+B 0.96 i.00 0.64 0.70 !
: CF 1.2 1.1 1.5 1.3 }
} bR 0.6-1.67 0.7-1.5 1.0-2.0 1.0-1.5 i
! F = Correction Factor |
PR = Probable Range l
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TABLE C-4. Renove/Replace M60A3 Power Pack, Regression Coeffi-
cients, Continued

Event
6 7 8

n

(‘._;

T 7.3 11.3 12.6 23.8

W

»
{ od
~)

broeovns oss mfu G BIN® B Weral MG PO Auell PRGN bne SRt 10006 Bet WeSt W aw loam tewm Seew Wwemt Bue las sy fow bea

a -2.5%4.9 7.8%2.8 21.2%11.0 -0.59%11.

;l:.l

B §.8:%.0 0.7=%2.8 7.5%11.4 10.5%32.1

r*r 0.35 0.61 0.43 0.12

. s U d st
230 X L2y

Tcéa 2.8 1.1 33.8 23.z2

oy

i2.0 20.1 3£.3

14
>

To+a+B 11.% i1e.8 £1.3 33.6

""v'.l'.l',l' .

E s L = =
To/-o?a 1.50 0.59 0.37 1.03

CF 0.7 1.7 2.7 1.0

"’l' ;" ) ;".‘

g
=)
»

PR sml-1.3 1.4-1.9 1.8-3.6 0.5-1.5

Ccr Correction Factor
PR Probablie Range
snl = small
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TABLE C-5. Remove/replace M60A3 Transmission

H

o

Event
1

a/To i

0.41 = 0.411

-0.13 *+ 0.39l
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TABLE C-6. Remove/replace M¥60A3 Transnission, Regression Coeffi-
cients

u"
K >,
-

Event
1 2 3 4
3. 5.3

)

3
foud
[}
]

0
N
o
.

[+

a 1.4%1.4 -2.1%6.4 -1.1%7.7 -0.7%3.9

LA

B 3.2%1.4 17.58%6.5 0.9x1.86 0.533.9

Wy B,
iy

r*y 0.43 0.51 0.0% 0.01

5.8

e ORERS

)
07705

t

TO/T +a 0.71 i.15 1.04 1.15

hd
Ch
B,

ﬁ‘r'r
et

TO/T°+B 0.52

s
oy

.9 1.0 0.9

."“
R

CFr 1.2

PR 1.0-1.8 0.5-31.3 0.7-1.3 snl-1.6

?

.
e
.

CF Torrection Factor
PR = Probable Range
snl = snall
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TABLE C-7. Remove/replace M60A3 Transmission, Regression Coeffi-
cients, cont.

DI Pl ol Do
AIANY

s

H | 5 6 7 8 i
;f } To 5.8 24.9 18.8 5.6 :
2 | a 3.8%1.9 0.5%9.0 4.135.2 -0.212.3]
-

i l
s j B -0.5£24.0 10.4%8.7 4.1%5.2 -1.0%2.3}
{ l i
ﬁ | T*r 0.42 0.23 0.19 0.02 |
L | !
at | T *a 9.6 24.5 22.9 5.4 |
s I - I
7 | T *B 5.3 35.3 25.1 4.6 |
, i |
o | T +a+3 9.1 34.3 29.2 4.4 |
h? ’ [®] l
1 | c

i i To/To+a 0.60 1.02 0.82 i.04 ;
~; : TO/TO+B 1.09 0.71 0.75 i1.22 ;
| CF 1.7 1.0 1.2 1.0 I
2 l !
4

2 | PR 1.3-2.0 0.7-1.4 1.0-1.5 0.5-1.4 I
% |
el ' CF = Corxrection Factor '
{ l PR = Probable Range !
3 TABLE C-8. Renove/replace M109 Breech Block

% | Event Task i a/T, l

9 ; 1 ; Remove Dacper ; 0.53 £ 0.24’;

3 : 2 } Remove Firing Mechanism : 0.07 £ 0.36:

3

3 } 3 ; Renove Breech Elock : 0.45 = 0.68:

:‘ : £ : Replace Spindle : 0.30 % 1.21{

; } 5 ; Replace Breech ; 2.18 % 1.18:

Y i ] I s | l

" 5 F 7 2 nis: .22 * 0.22

3 | 6 | Replace Firing Hachanlsa/namperl 2 i

/

3

&4
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TABLE C-9. Remove/replace M109 Breech Block

| Event i
i 1 2 3 4 5 6
} T 1.7 1.4 0.44 0.66 1.1 2.3 :
; a 0.930.4 0.1%0.5 0.2%#0.3 0.2#0.8 2.4%1.3 0-530.5}
) : B 2.0%0.5 3.2%#0.5 0.930.3 2.0%0.9 2.7%1.4 1.620.5§
5 } T*r 0.73 0.78 0.51 0.32 0.47 0.57 :
3
4 I 7 22 2.6 1.5 0.64 0.86 3.5 2.8 '
G | © H
< : T_+B 3.7 4.6 1.3 2.7 3.8 3.9 ;
- i T +atB 4.6 2.7 1.5 2.9 6.2 5.4 i
o5 | . - 1
2 T /T +a .65 0.93 0.69 0.77 0.31 0.82 !
e i o/ To |
ks : T /TB .46 0.30 0.35 0.25 0.29 0.52 }
z
= I cr 1.5 1.1 1.5 1.3 3.2 1.2 |
59 i PR i
:-.: l
B | CF = Correction Factor i
o | PR = Probable Range |
(“ | sml= small B
I TABLE C-10. M6023 Tank Recovery
~J’
o, | Event; Task i a/T ]
o3 : : ° :
. : 1 1 Position Hes and Hook Tow Bar | 1.33 ¥ 0.94,
= } 2 } Open Grill Doors and Heat Shields! 0.26 % 0.77;
-% : 3 ! Disconnecl Final Drives : 1.26 % 3.22:
3 :
} ) } Secure Doors and Shield : 1.33 ¢ 2.67|
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TABLE C-11. Recover a M60A3 Tank, Regression Coefficients

I Event I
I 1 2 3 4 i
I ¢ I 4.9 i 3.5 l 2.3 | 1.2 I
| © i | i l I
} a : 6.514.6} 0.922.7= 2.917.4} 1.6i3.2=
: B : 1.2i4.6= 1.712.5} 9.817.4{ 2.0&3.2;
: r*r : 0.41 § 0.08 ; 0.33 } 0.06 :
; T +a : 11.4 { 4.4 { 5.2 : 2.8 :
! T +8 | 6.1 I 5.2 i 12.1 l 3.2 I
| | | i | i
i T _+a+B | 12.6 i 6.1 | 15.0 1 4.8 !
s IR e B
T /T +a 0.43 0.80 i 0.44 0.43
| To/To™? ! | | |
; TO/T°+B= 0.80 } 0.67 ; 0.19 } 0.38 }
; CF ; 2.3 } 1.3 : 2.3 i 2.3 }
I er | 1.2-3.3 | o0.5-2.0 | sml-5.5 | smi-5.0 ;
| CF = Correction Factor |
| PR = Probable Range |
| sml= Spall B
TABLE C-12. Repair M60 Machine Gun
i Eventl Task I a/To |
i i i —
I i | Remove and Disassemble Barrel Group 1 0.42 % 0.17]
| | i |
| 2 | Reassemble and Replace Barrel Group { 0.55 % 0.18]
! | i ]
i 3 | Remove and Disassemble Trigger Assembly] 0.63 % 0.16]
| | !
| %

Reasserpble and Replace Trigger Assemb1y| 1.67

14
(=)
.
o
| ©

A o el

46

VSV R YR TN W T TR W T W W Wy Ty Y W CAVITQTEIRTR, T ML s L .



TABLE C-13.

Aapt_ ey Jhuph g polvy

s AN

Repair M60 Machine Gun, Regression Coefficients

| Event i
I 1 2 3 4 i
I 1
: To 1.2 1.1 .64 1.5 :
| & 0.5%0.2 0.6x0.2 0.4%0.1 2.5%0.6]
I |
- | B 0.4%0.4 0.930.3 4.9%0.1 1.5%1.14
| i
| T*r 0.12 0.33 0.38 0.30
e I |
| T +a 1.7 1.7 1.0 4.0 I
| |
| T B 1.6 2.0 1.0 3.4 i
| I
| TFatB 2.1 3.6 1.4 5.9 |
I i
| To/To+a 0.71 0.65 0.62 0.38 H
| l
{ lo/To+B 0.75 0.55 0.62 0.38 :
| CF 1.4 1.5 1.6 2.6 i
= PR 1.2-1.6 1.4-1.7 1.5-1.8 2.3-3.1 ._1
| CF = Correction Factor |
| PR = Probable Range |
TABLE C-14. Remove/replace 4991 ITV Traverse Mechanisn
; | Event' Task ! a/To
T | i i
s ; 1 : Remove Outer Gear,Snap Ring and Bevel Washer } 0.91 = 0.44
‘@ i 2 } Remove Gear ; 1.14 + 0.45
%
é% ) i 3 : Reassenmble Gears and Replace } 0.71 % 0.54
% l 4 ; Replace ~-1ter Gear, Snap Ring and Bevel Washer: 1.83 £ 0.¢8
. i
47
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TABLE C-15. Remove/replace M301 ITV Traverse Mechanism, Regres-
sion Coefficients

’ Event ‘
i i 2 3 4 e
g i
T 3.2 2.2 2.4 7.5 I
I © |
} a 2.9%1.4 2.521.0 1.7%1.3 13.7:7.4;
; B 2.1%1.4 £.0%1.0 1.8%1.3 3.317.4%
; rir 0.46 0.77 0.35 0.32 ;
I 7 +a 6.1 £.7 4.1 2i.2 I
5 ;
T <B 5.3 6.2 4.2 10.8
| © |
: T +a+B 5.2 8.7 5.9 24.5 :
| 35 |
| T/ 0.52 G.47 0.59 0.35 |
! - 5 5 |
D T /7,%B 0.60 0.35 c.57 0.69 |
: CF i.e 2.1 1.7 2.9 %
} PR 1.5-2.3 1.7-2.6 1.2-2.3 1.8-3.8 g
} CF = Correction Factor i
| PR = Prcbable Range ]
TABLE C-16. FADAC Printed Circuit Board Repair
| Eventl TasXk | a/To i
i i i— i
{ i ; Remove Protective Coatingg 0.32 % 0.24;
; 2 ; Remove Resistor } 0.46 % 0.46:
3 } 3 i Remove Transistor i 0.94 % 0.78{
-8 : 4 : Replace Resistor i 0.72 0.38;
5
= | 5 | Replace Transistor I 0.93 % 0.23!
iy I I | ]

..
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