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APPENDIX A: FURTHER ANALYSIS ON THE REPRODUCIBILITY
OF MIM~1 DATA BY WHITE (1950)

Note: As a result of research carried out by Raphael (1952,
1953, 1954, 1955, 1956, 1957) some minor adjustments were made to
the original MTM data card published by Maynard et al. (1948).
Since this data was in use at the time White carried out his re-
search, the original data will be used iﬁ this Appendix.

The data for check studies on R-B and M-C have been extracted
from White's report (1950) and are reproduced in Figures A-1 and
A-3 respectively. The MIM data card values are also reproduced in
these tables as appropriate. A single factor analysis of variande
was carried out on the data in each of these tables and the ANOVA
tableaux are given as Figures A-2 and A-4. The nuii hypothesgis in
these analysés was that there was no significant difference between
the original data and that developed by White (1950). Clearly this
was substantiated, justifying the claim that the MIM data was re-
producible.

White (1950) carried out a further comparison of the original
and reproduced data. This comparison coﬁsisted of determining a
percentage difference between the two itemg of data, such that:

MTM Data _ Check Study
% Difference = Card TMU TMU x 100
' Data Card TMU

. This comparison was restricted to a certain distance range and
no mention wa; made of R-D, The distance.rangé is quoted as 5" to
30" and 8" to 30", so it is not possible to Be sure which is the
correct range. It can be assumed, however,.that R-D was not ex-
cluded but was implicit in the R-C values. The compariscn is only
given in the form of a histogram and is shown here as Figure A—6:
The values given in Figure A-4 have been estimated from this figure.

A-calculation will show that this data has a standard deviation
of 26.24, which sets a confidence interval of + 4.27% of the mean.
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Figure A-l: Comparison of Elemental Motion Times from a Check Study
for R-B: Extracted from Table I of White's Data (1950)

Distance : ; Check Study ! MTM Data
(Inches) ! (TMU) . Card (TMU) ,
1 , 1.9 2.1 . E

2 o 3.9 4.3

3 5.4 5.9

4 6.6 7.1

j 5 7.6 ‘ 7.8

; 6 8.5 8.6

: 7. 9.3 9.3

¥ 10.1 10.1

9 10.8 : 10.8

10 11.6 11.6

i 12 13.0 12.9

! 14 14.5 . 14,4

L 16 16.0 15.8

T 17.5 17.2

20 19.0 18.6

! 22 20.5 20.1

! 24 22.0 21.5

26 23.5 22,9

. 28 24,9 24 .4
: 30

26.4 25.8

Figure A-2: . Single Factor Analysis of Variance of Data given in
Table A-~1l: ANOVA Tableau

Source : d.£f. l S.8. M.S Fexp.
Between ] 1 i 0.081r 0.81 Not Sigi
Error | 38 ' 1932.798 50.86 ?

Total 39 1932..879
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Figure A-3: Comparison of Elemenﬁal Motion Times from a Check Study
for M=C: Extracted from Table II of White's Data (1950)

Distance Check Study o MIM Data

(Inches) {TMU) Card (TMUQ
1 2.2 1.7
2 4.1 | 4,2
3 5.6 - 5.7
4 6.9 - 7.3
5 8.1 ' 8.7
6 9,1 | 9.7
7 10.1 10.8
8 11.0 © 11.8 ;
9 12.0 12.7 '
10 12.9 13.5
12 14.7 15.2
14 16.6 16.8
16 18.5 18.7
18 20.3 ' 20.4
20 22.2 22.1 |
22 24.1 ' 23.8 )
24 26.0 f 25.5
26 | 27.9 ¥ 27.3 :
28 . ; 29.7 ' 29.0 |
30 | 31.6 30.7 :
L

Figure A-4: Single Factor'Analysis.of Variance of Data given in
Table A-3: ANOVA Tableau

Source . d.f. 5.8. M.5. Fexp,
| Between . 1 0.1 0.1 Not Sig. .
i Error 38 2928.264 : 77.06 :

[—

Total. 39 2928.364




Further, this sample data shows a bias of 0.77%, ie. the reproduced

data was less than 1% tight.

Figure A-5: Estimated Frequency of Percentage Difference in Time
for Reaches and Moves: Based on Data by White (1950)

Figure A~6:

% Difference Frequency
d £
=20 2
-15 5
-10 14
-5 36
0 38
30
10 11
15 4
20 2
25 - 0
30 1
Total Observations 145

Histogram of Percentage Differences in Times for

Reaches and Moves by White (1950)

] 1

=

-20 -5 -10 -5 0 5 0 15 20 25 30

9%, DIFFERENCE
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APPENDIX B: AN ANALYSIS OF THE ANALYTIC APPROACH TO DETERMINING .
THE SYSTEM VARIANCE OF THE BASIC MANUAL MOTION REACH

The whereabouts of the original research data for the MIM-1
system has not been known for a number of years and the variance
of the data card values was not determined at the time of the
original research. In an attempt to £111 this gap, Hancock (1970)
proposed an analytic approach which has since been used eithér in
its original or some modified form by a number of other authors,
the most notable of whom is Brinkloe (1975, 1975, 1975, 1978, L979,

1979).
| This approach has formed the basis of such a methodology of
application of the MTM systems that it is discussed in detail in
the body of this thesis. This appendix provides the theoretical
'bésis.to the discussion. ‘

While the same reasoning given here can be extended to all of
the MIM-1 motions, for the sake of brevity, the analysis pre-
sented here will be restricted to the Basic Manual Motion Reach.

B.1.0 ELEMENTS OF VARIANCE IN TIME DATA SYSTEMS
Two principal components can be recognized in making up the

total variance of a PMIS. These are:

1. The Applicator Variance. This is attributable to the

errors made by the person carrying cut the MIM analysis
in establishing distances, weights and cases incorrectly;
in reading values from the data card incorrectly, etc.

2, The System Variance. This is due to the distribution

of the actual time values around the data card value

and to the limited number of choices offered by the data

card. .
Thus:

2 2 2

9rorar = %system T CaprrIC. (Eq. B'_'_l.)
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Where:
o2 = Total Varia -
TOTAL ota riance
02 = System Variance
SYSTEM -
02 = Applicator Variance
APPLIC.

Only the system varjance will be considered here.
B.2.0 ANALYTIC DETERMINATION OF THE VARIANCE OF REACH

The system variance for the Basic Manuai_Motion Reach also
has two components, as follows:

1. The variance due to Diétance.

2. The variance due td‘Case.

The MIM-1 data card values for Type I Reaches and thelr
agssociated curves are shown in Figure B-1, The identification of
the two components of variance will be developed referring to the
data in this Figure. ' '

The data card values were selected, In some convenient way,
from a continuous distance/time relationship and tabulated in the
form shown. Again, presumably as a matter of convenience, Hancock
(1970) chose to congider these curves as a step function, where |
the steps were between two neighbouring data card values. To
1llustrate this point, coﬁéider the motion R3B. The relative
values of R2B, R3B and R4B are shown in Figure B-2. Hancock then
assumed that all the values in the range are equally likely, and

therefore that‘the distribution must be rectangular, with the mid-"

point of the range being the mean.

It can be shown that in such a case, if

. a = lower time value of the range
b = upper time value of the range
h =b-a

G% = variance about- the midpoint



- TMU
30

28 -

26 -

22 -
20
18
16
14
|.2
0

Figure B-1l: Data Card Values and Curves for Type I

Basic Manual Motion Reach

Distance Time TMU Hand tn
Moved p Motion
oF
Inehes A B [+ E A -]
S{orless § 20§ 20 2.0 2.0 K. 8 |
251 2513 2.4 k 31
F 4.0 | 4.0 5. S 3.8 . N ||
3 53] 6. E s . & |
4 6. 5.4 . 81 49 43 |
> 8.5 & .4 . . 5.
.0 .6 110.1 .0 T 5.7
. .3 0.8 N . [ X
-‘ - £ -' . -
8.3 R .2 9.5 B. I,
10 B, 11. .9 110.5 T.] R
2 9.6 ]12.9 4.2 8 .1
4 10.5 | 14. 5.6 0 9 11
1.4 5. 7.0 , 9
. 1. R
8.
20,

' WV B R N I R
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h
o2 = [x® f(x) d Sn (Eq. B-2)
X X X X 12 Q.
-h
2

Figure B-2: Distribution Assoclated with the Distance
Variable for R3B: Hancock (1970)

< RANGE ————>]
Mean = 5.2
|
|
I 1
40 5.3 6.4 TMU
R28 R3B R4B

The variance calculated about this assumed mean, based upon
Eq. B-~2 would be:

Variance = [%(6.4 = 4.012 = 0.120
12

Brinkloe (1975), while accepting the general principle pro-
posed by Hancock (1970) adapted a slightly different approacﬁ in
two ways. The first is in the method used to establish the range
as illustrated in Figure B-3. Here the limits for the range are

set half way between the data value and its neighboring value:



Figure B-3: Distribution Associated with the Distance Variablé

for R3B: Brinkloe (1975)
‘Mean = 5,25
4.65 i 5.85
|
[
i T T
4.0 53 6.4 TMU
R28B R3B R4B
“«—— RANGE —™

Brinkloe (1975) differed from Hancock (1970) in one other
respect, in that Brinkloe considered the effect of the off-set

of the data card values from the mid=-point of the range of the
distribution.” To do this, a generalized form of Eq. B-2 has to

be used.

Consider E(x) to be some value about which the variance of
the distribution is to be determined, where

a_ﬁE(x)_<_b

further;

E(x) - a = ph

b -E(x) = h - ph

(Eq. B-3)

(Eq. B-4)

(Eq. B-5)
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then if
02 = variance of the distribution in the generalized case
h-ph
2 2 ' he |, 2 - ‘
o] = x- . f(x) dx = 5 Ip" -p+1 (Eq. B-5)
_ph

Values of variance for all data card Reach values, calculated
according to Hancock (1970) are given in Figure B-4., Similar data
developed based on the modified approach by Brinkloe (1970) are
given in Figure B-5.

A comparison of these two sets of data shows that the modi-
fied approach proposed by Brinkloe (1975) has only a minor effect.

B.3.0 DETERMINING THE VARIANCE OF REACH DUE TO ITS CASE

In determining the variance due to the case of Reach, both
Hancock (1970) and Brinloe (1975) used basically the same approach
as they did in variance component due to the distance. Both
assume a uniform distribution but differ in the manner in which
they determine the value of the range.

The way in which each of these authors ranked the cases so
that the range could be calculated is open to some questioen,
however, In ascending order, the ranking they used was as

follows:
R-A; R-E; R-B; R-C/D

It can only be assumed that the reasoning behind this is that
the ranking is based upon their ascending values of their data
card times, which can be seen by referring to the data card

values in Figure B-1l. For example:
R6A < R6E < R6B < R6C/D

7.0 < 8,0 < 8/6 < 10.1
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Figure B-4: Variance Componentﬁf the Basic Manual Motion

~ Reach due to Distance Based upon Hancock (1970)

) . R-A R-B R-C/D R-E
Distance T™U ' VAR ™U l VAR ™U ] VAR - ™U VAR
£ 2.0 .021 | 2.0 |.021 | 2.0 [.213 | 2.0 !.013
1 2.5 }.083 2.5 1.083 | 3.6 317 | 2.4 .068
2 4.0 1,163 | 4.0 [.163 | 5.9 :.285 | 3.8 |.175
3 5.3 1,092 | 5.3 |.120 7.3 1130 | 5.3 188
4 6.1 :.030 | 6.4 |.130 | 8.4 .092 | 6.8 092
5 6.5 '.017 ! 7.8 j.101 ! 9.4 ".060 | 7.4 {.030
6 1 7.0 .017 § 8.6 |.083 |10.1 ,.04L | 8.0 |.035
7. 7.4].007 | 9.3 .0d7 {10.8 ..041 | 8.7 1.035
8 | 7.9 j.017 !10.1 ..047 {1L.5 061§ 9.3 .030
9 | 83 j.013 {108 061 122 041 | 9.9 (030
10 | 8.7 lo3s 1.5 092 |12.9 ‘.083 |10.5 {.075
12 1 9.6 [.068 {12.9 .175 ;14.2 ..152 !11.8 {.130
14 {10.5 |.068 [14.4 .175 |15.6 .163 |13.0 ..120
16 ill.a |.068 {15.8 .163 117.0 .163 {14.2 .130
18 12,3 |.060 }17.2 .163 |18.4 ..163 |15.5 ..130
20 113.1 |.060 |18.6 .175 {19.8 -.163 |16.7 :.130
22 |14.0 :.068 |20,1 .175 |21.2 .152 |18.0 .130
26 114.9 ;.068 |21.5 .163 22,5 .152 {19.2 ..120
26 {15.8 |.068.]22.9 .175 |23.9 :.163 |{20.4 .130
28 |16.7 Loso |26.4 175 25.3 .163 |21.7 -.130
30 [17.5 l.0s3 |25.8 .163 |26.7 .163 |22.9 ,.130

: 2 . .
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CASE A CASE B CASE /B CASLE E
5 :g 5 g RANGE . 5 g RANGE E g RANGE E % RANGE
BZ| 85| B -1 VAR 183 VAR 1 5 3 . VAR
Lo HICH LOW nuici Loy Hion LoW HiGn

£ 2.0 1.75] 2.25t.021 | 2.0 | 1.75] 2.25.021 | 2.0 1.20] 2.80 |.213} 2.0 | 1.80] 2.20}.013
1 | 2.s| 2.25| s.25].146 | 2.5 | 2.25) 3.25].146 | 3.6| 2.80) 4.75 |.347| 2.4 | 2.20f 3.10} 130
2 s.0] 3.25| 4.650.166| 4.0 | 3.25| 4.65).266 | 5.9| 4.75} 6.60 |.336) 3.8 3.10| 4,550 176
3 5.3 4.65| s.70}.107| 5.3 | 4.65] 5.85{.122 | 7.3| 6.60] 7.85 |.136] 5.3 | 4.55| 6.05] .187
4 6.1| s.70] 6.30f.0s0] 6.4 | 5.85| 7.10].136 | 8.4} 7.85] 8.90 [.0v2] 6.8 6.05| 7.10] .14z
5 6.5} 6.30| 6.75].0172| 7.8 | 7.10] 8.20|.123 | 9.4 | 8.90] 9.75 |.066] 7.4 | 7.10| 7.70] .00
6 7.0] 6.75| 7.20[.017| 8.6 | 8.20| 8.95|.047 |10.1| 9.75]10.45 |.041] 8.0 | 7.70] 8.35] .03
7 | 7.4] 7.20] 7.65|.007 | 9.3 | 8.95] 9.70|.047 ]10.810.45|10.15 [.06t} 8.7 | 8.35] v.uu{ .03
8 7.9} 7.65| s.10|.007{10.1 | 9.70{r0.45|.047 |10.5 [ 12.15{10.85 J.041] 9.3 | v.00] .60} .03
9 8.3| 8.10] a.50]|.013 | 10.8 |10.45{11.15{.041 f12.2 | 11.85]12.55 {.04t] 9.9 | v.60]10.20} .00
10 8.7| 8.50] 9.15|.051 | 11.5 |11.15]12.20].222 [12.9|12.55{13.55 }.106[10.5 |10.20]11.15 | .106
12 9.6] 9.15] 10.05|.067 | 12.9 |12.20]13.65[.176 |14.2 | 13.55]14.90 |.152]11.8 b11.15|12.40 ) .19
14 | 10.5]10.05} 10.95|.067 | 14.4 [13.65]15.10].176 |15.6 | 14.90]16.30 |.163]13.0 [12.40|13.60 | .120
16 | 11.4]0.95}11.85].067 | 15.8 J15.10[16.50].163 |17.0} 16.30|17.70 |. 163142 J13.60f1a 85| L1301
18 |12.3]11.85} 12.85).086 | 17.2 |16.50[17.90].163 |18.4 | 17.70]19.10 [.263]25.5 | 1a.ss| 16,00 | 1
20 |13.1]12.85}13,70}.076 | 18.6 {17.90[19.35].176 |19.8| 19.10]{20.50 |.163[16.7 J16.10}07.35] .13)
22 | 14.0]13.70 | 14.45|.052§ 20.1 |19.35]20.80].176 |21.2 | 20.50]21.85 |.152}18.0 |17.35]18.60 | 131
24 | 14.9014.451 15.35].067 ] 21.5 |20.80|22.20].263 }22.5| 21.85|23.20 |.152f19.2 {18.60)iv.60| 120
26 | 15.8015.35] 16.25].067§ 22.9 |22.20]23.65].176 |23.9 | 23.20]24.60 |.163}20.4 {19.80)|21.05] 131
28 | 16.7l16.25| 17.10[.061 ] 24.4 |23.65|25.10].176 |25.3 | 24.60)26.00 |.163}20.7 | 21.05)22.90 | .131
30 |17.5l17.10] 17.90].053 ] 25.8 |25.10]26.50].1633)26.7 | 26.00]27.40 {.163[22.9 | 22.30]23.50 | .120¢

(SL6T) =OoTHuTag uodn paseg 9OUBIST(Q Y3l 03 anp
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The nature of the different cases of the motion, it could be
argued, are reflected in its control characteristics. This
basis of classification would appear to be a far more logical
basis for ranking the cases of Reach. '

An algorithm which is widely used to deﬁermine the case of
Reach is shown in Figure B-6, which is a simplification of that
which was published by the MIM Association for Standards and
Research (1970). The first question in this algorithm establishes
very clearly that R-E has a completely different character,
Since the purpose of the motlon fs not to gain control of an object
the hand will normally be moving away from the object, or will be
limited out by some other motion or action. It can, therefore, be
argued that there is little possibility of confusion of R-E with
other cases; thus, the case component of variance due to R-E is
unlikely to exist. It is therefore proposed that the ranking of

cases should be:

R-A; R-B; R-C/D

Figure B-6: Algorithm for Determining the Case of Reach

IS THE PURPOSE TO GAIN No
CONTROL OF AN OBJECT? @

Yes
Y
IS VISUAL ATTENTION No
REQUIRED? R4
Yes
y

WAS THE VISUAL ATTENTION

REQUIRED AT THE TERMINAL O "HI'
POINT OF THE MOTION? '

I Yes

WAS THE MOVEMENT TO A No
SINGLE OBJECT?

Yes




Figure B-7 has been derived based upon this ranking of the
case of Redch. The same basis was used to compute the variance as
before, the range of R=B being the halfway distance between the
neighbouring cases. The range of R-A and_ﬂ-C/D is assumed to be
symmetric about the data card value. This method differs from
those used by Hancock (1970) and Brinkloe (1975); however, it
can be argued that it has a more 1ogical basis.

B.4.0 DETERMINING THE TOTAL VARIANCE OF THE REACH MOTION

In accordance with Equation B-1, the total variance of the
Reach motion is the sum of the variances of the two components,
which appear in Figures B-4-and B~5. The total variance, in
Figure B~8 has been computed in this way. '

Comparison of data in Figure B-8 shows.clearly that the prin-
cipal source of variance of the Basic Manual Motion Reach is its
case, a result which would surprise all except the most knowledge-
able of the MIM practiﬁioners. To emphasize the relationship
between the distance of the motion and the cases of Reach, Figure
B-9 has been constructed from theltotal variance values in
Figure B-8.

B.5.0 THE "AVERAGE VARIANCE" OF THE REACH MOTION

In view of the extensive writing on this topic by both Bancock

(1970, 1973, 1974) and Brinkloe (1975, 1975, 1975, 1978, 1979,
1979) it is surprising that neither author considered it important
to. bring this relationship to the attention of the readers. It
must be assdﬁed that both were either knowledgeable enough in the
area of PMTS or thorough enough in their analysis to be aware of
it, since both used an "Average Variance" for all values of Reach,
Hancock (1970) was responsible for this idea which was readily
followed by Brinkloe. This dependence of the variance of Reach,
and Move, upon the distance was accommodated‘in Hancock's (1970)

calculator by "... averaging long and short distance values”.
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CASE A CASE B CASE C/D CASE E
8%
4z
Ho |l < RANGE = RANGE & RANGE s RANGE
e g% VAR gg VAR gg VAR g§ VAR
Low |nich LoW | HIGH Low | Hien tow | n1cu
£ 2.0 - - - 2.0 - - - 2,00 - - - 2.0] - -
1 2,5 - - - 2.5] - 13.05] - 3.6[ 3.05] 4.15 {.101 | 2.4
2 | 40| - | - | - | s0] - laos| - | s.o| 4.95}6.85 [.300| 3.8
3 53 - - - 5.3F - |6.30] - 7.3] 6.30} 8,30 [.333| 5.3
4 | 6,1}15.95] 6,25| .008] 6.4)6.25] 7.40} .291| 8.4} 7.40] 9.40 [.333] 6.8
5 | 6.5]6.10 | 6.90]..053] 7.8} 6.90)8.60] .243] 9.4] 8.60j10.20 [.213] 7.4
6 7.0|6.2 | 7.80] .213] 8.6 7.80] 9.35| .201| 20.1] 9.35(10.85 |.187? ] 8.0
7 7.4 | 6,45 | 8,35] ,300| 9.3)8.35ho.05} .251 | 10.8]10.05f12.55 |.187] 8.7 o ’ “ o
8 7.9(6.80 | 9.00{ .403] 10.1| 9.00}10.80} .310 11.5/10.80 12.2 |.163| 9.3 g g g
9 8.3]| 7.05 | 9.55¢{ .521} 10.8] 9.5511.50¢ .392] 12.2|11.50 12,9 |.163} 9.9 E E E
10 8.7]| 7.3 110.10] .653] 11.5[10.10 2,00 .503 | 12,9112.00{13.00 [.243{10.5] %2 | o
12 | 9.6] 7.95 [11.25] .907] 12.911.25 hh3.55 5.691 14.2[13.55[14.85 [.141 [ 11.8 & s &
14 |10.5(8.55 |12.45[1.267| 14.4[12.45 15,00 F .997 | 15.6]15.00 [16.20 |.120 |13.0| *= = =
16 |11.4) 9.2 J13.60|r.613] 15.8(13.60 {16.40{1.293] 17.0|26.40 /17,60 |.120 | 14.2
18 |12.3} 9.85 |14,75|2.001) 17.2]14.75 h7.80 1,631 | 18.4{17.80 19.00 |.120]15.5
20 |13.110.35 |15.85]2.521] 18.6{15.85 [19.20 |2.091 | 19.8|19.20 |20.40 |.120]16.?
22 |14.0[10,95 |17.05]3.101§ 20.1{17.05 20,65 [2.642 | 21.2]20.65 [21.75 |.101 ] 1B.0
24 |14.911,60 |18.2013.630] 21.5{18.20{22,003.163 | 22.5[22.00 |23.00 }.083 19,2
26 |25.8{12.25 |19.35}.201] 22,9(19.35{23.40 |3.692 | 23,9|23.40 |24.40 [.070 | 20.4
28 [16.7|12.85 [20.55 [4.941 24.420,55 [24.85 [4.431 | 25,3124.85{25.75 [.067 [ 21.7
30 |17.5[13.35 |21.65|5.741] 25.8]21.65 6.25[5.186 | 26.7]26.25 |27.15 067 ] 22.9

a58) 9yl 03 onp yoEay
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Figure B-8: Total Variance of the Basic Manual Motion Reach

190

CASE A CASE B CASE C/b CASE E

&5 DIS~ DIS- DIS- DIS-

@25 |CASE |TANCE | TOTAL | CASE TANCE | TOTAL | CASE TANCE | TOTAL | CASE[TANCE | TOTAL
£ - [ .v21| .v21 - ].o21 .o21 M N TE N TR - [ -013] .013
1 - | 146 1248 - |.146| .146 | .101| 347 | .4s8 - | .130} 130
2 - | .188} .1686 - |.166} .166 | .301( .336| .637 -] .6 | .17
3 - | 107} 107 - 122 .122 | .333] .136 | .469 -} .187 | .187
4 |.o08 | 040 .048 |[.291 [ .136| .427 | .333] .092| .425 - a2 rs2
5 |.053 | .ox7| .070 |.243 | .123| .366 | .213| .066| .279 - [.0301% .030
6 |.213 | .017| .230 |[.2001 | .047| .248 | .187| .04l| .228 -} .03 [ .036
7 |.300 | .o17( .317 |.2s1 | .047| .298 | .187| .041| .228 - | .03 | .03
8 |.403 ] .017| .420 |.310 [ .047] .357 | .163| .041| .204 -} .030] .03
9 }.521 | .013{ .53& |.392 | .041] .433 | .163| .041| .204 - | .03 .030

10 |.653 | .o51 .674 |[.s503 | .122| .625 | .243| .106} .349 -{.106] .106

12 |.907 | .067{ .974 |.e91 | .176| .867 | .n41| .152| .293 -1 .anf an

16 h.267 | .o67] 1336 |.997 | .176| 1.173 | .120] .163] 283 -1 .120] .t20

16 {1.613 | .067| 1.680 [1.293 | .263| 1.456 | .120} .163| .283 - an|

18 [2.001 | .086| 2.087 [t.631 | .263| 1.794 | .120| .163} .283 -1 .t3n]| .3t

20 [2.521 | .076| 2.597 [2.091 | .176f 2.267 | .120| .163| .283 - s .13

22 [4.101 | .052| 3.153 Q.42 | .176f 2.818 | .l01| .152| .253 -1 .13 an

24 [3.630 | .067| 3.697 |3.163 | .163{ 3,326 | .083| .1s52| .235 - | 120 120

26 [4.201 | .067| 4.268 [|3.692 [ .176] 3.868 | .o070| .163] .233 -1 | oamn

28 [4.941 | .061} 5.002 [4.431 ] .176] 4.607 | .067f .163| .230 -1 a3

30 [5.741 | ,053 5.794 {5,186 | .163| 5,343 | .067| .163] .230 -] .120) .120
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Figure B-9: Curves of Total Variance for the Basic Manual Motion
Reach

601
%554

50 1

VARIANCE (TMu®)

45 -
40 -
3.5 o4
%0+
2.5 -
204
+5

0 +

-5

P - R=C
Ol O e BB OO A= D
P AR ——y Oy
— =g O n.g
] L} ¥ L] L}

O 2 4 6 '8 10 12 16 16 18 20 22 24 26 28 30
DISTANCE (INCHES)




192

The motions used for this averaging in the Basic Manual Motion
Reach were R3B, R3C, R26B and R26C.. (For the Basic Manual Motion
Move, the walues used were M3B5, M3C5, M26B40 and M26C40.)

Examination of the curves shown in Figure B-9 makes this
averaging process suspect due to the wide variation of the
values. It seems incomprehensible that neither Hancock, Brinkloe
nor other students of the MIM systems paid serious attention to
this when developing accuracy concepts for MIM based data

systems.
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APPENDIX C: MIM~-1, MTM-2 and MTM-3 ANALYSIS OF BASIC
FIELD DATA WORK TASKS

This Appendix contains the MIM-1 and MTM-2 analyses of the
work tasks which have been classified as Basic Field Data. The

work station layouts of these tasks are also showm.

METHODS ANALYSIS

Title: GRIND BALANCE STAFF AND PIN ASSEMBLY- Ref, No, PO1/1
LOAD PART TO MACHINE Sheet No._ 1 of 2_Sheets

Predicted Time: Decimal Minutes @ 100 BSI
MTM-{ _6.980  MTM-2 _1.800  mTM—3 _9.800 ¢-M _4&7.4

Description Noj LH | TMU RH |No. Description
DD-LOAD COMPONENT I;N'_I'O MACHINE | (MTM-1}
6.4 | M4B Tweeze to next pc.
17.4 | MIB 6 | and search
2.0 | Mfe Locate part
14,7 P1SSD
2.0 | MfA Close tweezers
12.2 0B To LH
From RH and orien- G3 5.6 Open tweezers
tate. { G2 5.6 : '
14.7 | P1SsSD Take with
2.0 | MfA tweezers
Part RL1 . 2.0
R2A 4.0
Open ejector GlAa 2.0
MfA 2.0
5.2 | M2C
26.6 | P2NSD " {iPart to chuck
' . RLL 2.0 | RL1
Spindle lever ~~ R2A 11.2 | /G2 2 | Tweezers
Gla B2A”
2.0 | cla Spring to back
2.0 | MfA
2,0 | RL1
7.9 | R8A Wheels lever
2,0 | GlA =
2.0 | RLL After el 2
TOTAL (139.6




194

Ref. No. P01/t

Shee't_%'_of.._Z_Sheets

SEFT AN | ne| ot L otmu | me [ne|  DRIGHTAAND
DE-LOAD COMPONENT INTO |MACHINE | (MTM-2]
6 PAlS ﬂlocate part
18 PAS 6
21 PC5 }P.U. with tweezers
3 PAS '
11 PA30 To LH
From RH and GBS 7
orientate R 6
21 PC5 Take part with
3 | PAS tweezers
Open ejector GB5 7
PAS .3
21 PC5 Part to chuck
GBS 12 (R 2 Tweezers
GBS~ Spring back
3 PAS
, 14 GB30 Wheel lever
TOTAL 156
DF-LOAD COMPONENT INTO |[MACHINE [MTM-3)
7 TAlS Locate par
42 TAlS5 6
21 TB1S5 Pick up with
7 TALS tweezers
16 TA80 To 1LH
From RH: Orien- HALS 18
tate : 7 TALS Take part with
21 TB15 tweezer
Open ejector HALS - 18
21 TB15 Part to chuck
A 18 | HA1S - Spring back
TOTAL 196
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"METHODS ANALYSIS

Title: _MILL SLOT IN PAWL: UNLOAD SIX PAWLS Ref. No, _P01/3

FROM THE MACHINE Sheet No._l_of.1_Sheets

Predicted Time: Decimal Minutes @ 100 BST
MTM~-{ _2.520 MTM-2 _2.750° mTM-3 _3.450  c-m _1l.2

Description Noj LH | TMU RH [No. Description
DA: UNLOAD PIN FROY MACHINE (MIM-1)
7.9 R8A
2.0 GlA Open clamp
2.0 MfA
2.0 RL1 J ‘
Eject finished part M-A 5.6 G2 Tweezers
: RL2 To component
. 14.7 P18SD Grasp with
2.0 MfA tweezers
12.2 MI10B To catch pan
2.0 MfA Open tweezers
TOTAL 50.4
DB: UNLOAD PIN FROY MACHINE (MIM-2)
14 GE30 }Open clamp
3 PAS
Eject finished part 26 PC15 Component with
§q tweezers
9 PA30 To catch pan
3 PAS Release
TOTAL 35
DC: UNLOAD PIN FROY MACHINE (MIM-3)
i 18 HALS Open clamp
Eject finished part HA- 21 TB15 Tweezers to part
7 TALS Close tweezers
16 TA80 to catch pan
7 TAlS5 release part
TOTAL | 69
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METHODS ANALYSIS

Title: _ COUNTERBORE AND CHAMFER HAIRSPRING Ref. No, _P06/1
TIMER TUBE - UNLOAD HAIRSPRING TUBE - ghaet No._l of L _Sheets

FROM MACHINE _
Predicted Time: Decimal Minutes @ 100 BST

MTM-{ _3.215  MTM-2 _3.050 _ mTm-3 _3.500  @-m 11.5

Description No| LH | TMU ‘”RH No, Description

DY: UNLOAD PART (MTM-1)

: R4A 6.1 R~ To work area
Stop machine _ G5 -
M2B 4.6
. RL2 -
, R12A 9.6
Open chuck G5 -
NENE.
11.5 R10B .
2.0 | Gla { ¥ Remove from
3.6 M2A Chuck
20.6 M24B }.Aside to pan
2.0 RL1

TOTAL | 64.9

DZ: UNLOAD PART (MTM-2)

Stop machine { GAlS 6 Work area
PAS 3
Open chuck GA30 9
PAlS 6
14 GB30 Remove from
3 PAS chuck and
120 PA8BO aside
TOTAL | 61 '
EA: UNLOAD PART (MIM-3)
Stop machine HALS |18
Open chuck HA15 |18
18 HALS Remove from chuck
116 TA80 Aside

TOTAL |70




Titla:

METHODS ANALYSIS

COUNTERBORE AND CHAMFER HAIRSPRING

TIMER TUBE - UNLOAD HAIRSPRING TUBE

FROM MACHINE

Predicted Time: Decimal Minutes @ 100 BST

Ref,

197

NO. P06/2

Sheet No._L.of_ L1 _Sheets

MTM-={ 5.890 MTM=-2 _6.100 MTM-~3 _4.000 c-M _16.9
Description Nof LH | T™MU RH [No. Description
EB: LOAD PART INTO| THH MACHINE| (MTM-1
17.0 | R16C \ P.U. part
9.1 | G4B !
18.7 M16C
19.7 P2SSE Into machine
2.5 MLA
- RL2
Close chuck and M3A 4.9 R-E ‘Clear from work
seat AP2 10.6 area
: R12A 9.6
) GlA 2.0
Start machine D1E 7.5
RL1L 2.0
TOTAL |117.8
'ED: LOAD PART INTO| MACHINE (MTH-2)
27 GC45 L |
36 PC4S Dart into chuck
3 PAS g
11 Ja
Close chuck PAlS 6 G-
A 14
GB 30 14
Start machine - GW5 5
PAS 3
TOTAL (122
EE: LOAD PART INTO THH MACHINE ({ MTM-13)
48 HB&0 Part into machine
7 TALS Insert
Close chuck TALS 7
Start machine HALS 18
TOTAL | 80
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METHODS ANALYSIS

Title: _ASSEMBLE AND PRESS: PLATE AND SPACER  Ref, No, _PO7/1
ASSEMBLY - PRESSED PART TO BIN AND  Sheet No..l _of_Ll_Sheets
ASSEMBLE THREE PINS - :
Predicted Time: Decimal Minutes @ 100 BSI

MTM=-{ 8.275  MTM-2 _10.050 mTM-3 _8.900  c-M _36.6

Description No| LH | TMU RH No, Description

EF: FINISHED PART |ASTRE AND ASEEMBLE [HREE PINS (NTM-7)

P.U. (3) Pins R8C 11.5 R10A
G4B 9.1 GlA Remove from fix-
Pins to Work area 13,4 | M12B g ture and aside
2.0 | RL1

(1) Pin forward C::::) 9.6 | R12A To pin

16.8 G3 3 Pin from LH

28,2 | M5¢C 3 ,

65.4 | P25D 3 Pin to fixture

' 6.0 RL1 3

(1) Pin forward 2 (::::) 6.5 | RS5A 2 To next pin

TOTAL {165.5

EG: FINISHED PART [ASTHE AND ASPEMBLE THREE PINS (MTM-2)

P.U. (3) Pins 6cao | 23 Finished part
Pins to Work area (PAl5) | 15 PALS aside
Feed (1) pin for- (R 27 GC4&5 Pin from LH
ward _ 90 PC30 3 Pin to fixture
Feed (1) pin for- | 2 @ 46 GC30 2 Pin from LH
ward

TOTAL [201

EH: FINISHED PART ASTHE AND AS$EMBLE THREE PINS (MTM-2)

P.U, (3) Pins - 34 HA80 Finished part

aside
144 HB80 3 (3) Pins to fix-
ture

TOTAL 178
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METHODS ANALYSIS

Title: ASSEMBLE AND PRESS: PLATE AND SPACER Ref., No, _POQ7/2

ASSEMBLY - PLATE AND SPACER ASSEMBLY Sheet No._l_of _1_Sheets
INTO POSITION

‘Predicted Time: Decimal Minutes ® 100 BST
MTM-{ _3.245 MTM-2 _3.200 MTM-3 _3.500  C-M. _16.9_

Description Noj LH | TMU MRH No. Description

EJ: PLATE AND SPACER KSSEMBLY |INTO POSITION (HTM-L)

R5C 9.4
P.U. plate and G4A 7.3
to RH , MSA) 7.3 To IH
BT
5.6 G3 : From LH
5.6 G2 Orientate
6.7 | M3C 1
21.0 P2NSE Into fixture
2.0 | RLl f
TOTAL | 64.9

EK: PLATE AND SPAGER ASSEMBLY JINTO POBITION (MTM-§)

Plate to RRH GCl5 |19
PALS 6
7 GBS
6 R - " Plate to fixture
26 PCl5
TOTAL | 64

EL: PLATE AND SPAGER ASSEMBLY [INTO POBITION (MTM-3)

P.U. plate to RH HAlS | 18 :
: . 18 HALS Orientate

34 HB15 Plate into fix-
. ture

' TOTAL | 70
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METHODS ANALYSIS

Title: _ASSEMBLE AND PRESS PLATE AND SPACER ‘Ref. No. _P07/3 -
ASSEMBLY - POSITION LOWER PLATE AND Sheet No._Ll.of 1 _Sheets

SHAFT ASSEMBLY
Predicted Time: Decimal Minutes ® 100 BSI

MTM-{ _3.915 ° MTM-2 _3.500 mMTM-3 _3.850  C-M 20.3

Description No| LH }TMU "RH No. Description

EM: POSITION LOWER PLATE AND $HAFT A§SEMBLY (MTM-L)

P.U. Plate R4C 8.4
: GhA 7.3
To RH ¢ MaA 6.1
7 g ’R- ) To LH ‘
5.6 Part from LH
11.2 G2 2 | Orientate
6.7 M3C ! ‘
21.0 P2NSE sPart into fixture
2.0 RL1
TOTAL 78.3

EN: POSITION PLATE AND LOWER JHAFT A4SEMBLY (MTM-2)

GC15 | 19
PAlS 6 { ;; :)
7 5

——t

12 R 2
26 PC15
TOTAL | 70

EP: POSITION PLATE ANb LOWER AHAFT AJSEMBLY (MTM-B3)

P.U. plate to RH HAl5 | 18

18 HALS |. }prientate
o 7 TALS
34 HB1S Into fixture

TOTAL | 77
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METHODS ANALYSIS

Titte: ASSEMBLE AND PRESS: PLATE AND SPACER Ref. No, _P07/4
ASSEMBLY - ASSEMBLE LOCK PIN AND BOTTOM Sheet No..Ll.of _2 Sheets
PLATE

Predicted Time: Decimal Minutes @ 100 BSI

MTM-{ _ 6:755 MTM~-2 _6.850  yTM-3 6.300 c-M _ 32.4

Description No|] LH |T™Mu| RH {No. Description

ER: ASSEMBLE ROTOR LO{K PIN AND BOTTOL PLATE {MTM{l)

R8C 5.6 | /G2 Regrasp tweezers
3.4 MLcC P.U. Rotor Lock
- 25.3| P2SSD JPin
2.0 MfA Close tweezers
Bottom Plate G4A 7.3
: 4.9 | M3C }Part to fixture
21.8 | P2SD
. : 2.0 | MfA Open tweezers
To Right Hand M8A 9,7 @ Palm tweezers
5.6 | G3 Part from LH
To help control 6.7 | M3C
part G35 Part into fixture
21.0-| P2NSE
2.0 | RL1
11.4 | R16A l
Operate G5 - G5 . Operate
- AP2 10.6 | Ap2 5

TOTAL | 135.3

ES: ASSEMBLE ROTOR LOQK PIN ANP BOTTO} PLATE ({MTM{2)

6 R Tweezers
21 PC5 P.U. Part
o 3 PAS .
Bottom plate - - GBS 7
. 26 PCl5 Part to fixture
3 PAS : '
To right hand PA30 11
7 GB5 From LH
26 PC1l5 : To £ixture
Operate f GA45 13 GA4S5 Operate
1l A 1.14 A - }

TOTAL 137
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Ref. No. _P07/4
Sheet_2 of_2_Sheets

sy [l o Tow [ e Joo]  2ecciims
ET: ASSEMBLE ROTOR LOCK PIN AND BOTTON PLATE (MTM3)
7 TAlS5 Regrasp tweezers
21 TB15 P.U. Roter lock
7 TAlS pin
21 TB15 To fixture
: 7 | TAlS Open tweezers
Bottom plate to RH HA80 34 .
21 HBL1S5 Part into fixture
Operate HALS 18 HALS Operate

TOTAL | 126




METHODS ANALYSIS

Title: ASSEMBLE GEAR TRAIN - ASSEMBLE SPACER

100 BSI

203

Ref. No, P0O9/1
Sheet No._l of _1 _Sheets

Predicted Time: Decimal Minutes @
MTM-{ _4.095 MTM-2 _3.700 mMTM-~-3 _3.830 c-M _18.9
Description Nol LH | TMU RH |No. Description
EX: ASSEMBLE SPACHR (MTM-1)
P.U. part from box R8C 11.5 R8C 1
G4A 7.3
7.3 | cea I
MSC) 11,8 (MSC
y=4 =3
To fixture P2NSE{ 21.0 _ To fixture
21.0 P2NSE
RL1 2.0 | RL1
TOTAL| 81.9
EY: ASSEMBLE SPACER (H%MEZ)
Ge3o | 23
GC
PC30 | 30 P
21 BC5
TOTAL]_74
EZ: ASSEMBLE SPACHR (MTM-3)
HBgo | 48 | (E_)
29 TB/5
TOTAL| 77
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METHODS ANALYSIS |

Title: __ASSEMBLE GEAR TRAIN - ASSEMBLE

INTERLOCK DETENT

Ref. No, B09/2
Sheet No..l_ of 1 _Sheets

Predicted Time: Decimal Minutes @ {00 BST

 MTM={ _2.950 MTM-2 _2.900 MTM-3 _2.750 c-M _15.8
Description Nol LH | TMU RH |No. Description
FA: ASSEMBLE INTERLOCK DETENT {MTM-1)
To RH 16.8 | G2 3 | Feed part forward
Part from LH ;3 5.6
' M4cC 8.0
Part to assembly" P2NSD| 26.6
RL1 2.0
"TOTAL| 59.0
FB: ASSEMBLE INTERLOCK DETENT {MTM-2) -
j %} 18 R 3 | Feed part forward
Part to assembly / 14 '
PC15 | 26
TOTAL} 58
FD: ASSEMBLE INTERLOCK DETENT [MTM-3)
21 TAlS 3 | Feed part forward
Part to assembly HB15 |. 34 :
TOTAL} 55




205

METHODS ANALYSIS

Tifle: _ASSEMBLE GEAR TRAIN - ASSEMBLE _ °  Ref. No. P09/3
INTERLOCK INDENT Sheet No._Llof 1 _Sheets

Predicted Timet Decimal Minutes @ 100 BSI

MTM-{ _3.125 MTM=2 _3.100 MTM-3 2.600 c-m _12.5
Description No| LH | TMU| RH |No. Description
FE: ASSEMBLE SPIN |DETENT {(MIM-l)
10.1 RED
.. 3.5 G1B {P.U, Part
: 4.8 T758
From RH G3 5.6 _ .
4,5 T75 lTo part
2.0 GlA J
M4C 8.0 M4C
Part to assembly P2NSE | 21.0 P2NSE Assist LH
RL1 2.0 RL1
TOTAL { 62.5
FF: ASSEMBLE SPIN|)DETENT (MIM-2)
19 GC15 P.U. Part
3 PAS '
Part from RH GB5 7
7 GB5 Part
Assemble part PC15 26 PC15 Assist 1H
TOTAL | 62
FG: ASSEMBLE SPIN|DETENT (MTM43)
18 HAls P.U. part and
. . . transfer
Assemble part HB15 34 HB15 Assist 1H
TOTAL | 52
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METHODS ANALYSIS

Title: ASSEMBLE GEAR TRAIN - ASSEMBLE " Ref. No, _P09/4
ESCAPE GEAR Sheet No._l_of _1_Sheets

Predicted Time: Decimal Minutes @ 100 st_'
MTM-{ _3.095 MTM=-2 _2.900  jMTM-3 2.800 C-M _13.4

Description No| LH -TMU. 'RH No. ‘Description

Fi: ASSEMBLE ESCAPE GEAR (MTM-1)

8.4 M4C
16.2 P2SE .U. part - tweezers
2.0 MEA |
8.0 M4C
25.3 P2SsSD ssembla part
2.0 MfA
TOTAL | 61.9 |
FF: ASSEMBLE ESCAPE GEAR (MTM-4)
26 | PCl5 ﬂp.u. gear
3 PAS ]
26 PC15 Assemble gear
3 PAS
TOTAL | 58
FG: ASSEMBLE ESCAPE GEAR (MTM-2)
21 TB15 {P.U. gear
L7 TALS
21 TB15 !Assemble gear
7 TALS

- TOTAL | 56
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METHODS ANALYSIS

Title: ASSEMBLE GEAR TRAIN - ASSEMBLE GEAR E Ref. No, P0%/5
AND PINION

Sheet No._l_of _Sheefs

Predicted Time: Decimal Minutes @ 100 BST A
MTM-{ _3.095  MTM-2 _2.900 prp-3 2.800 oy _13.4

Description No| LH [TMU "RH |No. .Description

FH: ASSEMBLE GEAR AND [PINION (HTM-1)

8.4 M4C
16.2 P2SE P.U. part - tweezersg
2,0 MfA . '
8.0 M4cC 1
25.3 P25SD Assemble part
2.0 | MfA |
TOTAL | 61.9
FF: ASSEMBLE GEAR AND [PINION (MIM-2)
26 PCl5 }P.U. part
3 PAS
26 PC15 Assemble part
3 PAS
TOTAL | 58
FG: ASSEMBLE GEAR AND JPINION (mTM-3)
21 TB15
7 TALS | -
21 TB15
7 - TAlS }

TOTAL | 56
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'METHODS ANALYSIS

Title: _ASSEMBLE GEAR TRAIN - ASSEMBLE . . Ref., No, _P09/6 _
LEVER ASSEMBLY ' Sheet No._Ll of _1_Sheets

Predicted Time: Decimal Minutes @ 100 BSI
MTM-{ _3.230 MTM-2 _2.900 MTM-3 _2.800 ¢c-M _13.7

- Description No| LH [TMU| RH _{No. 'Description

FH: ASSEMBLE LEVER ASYEMBLY (MEM-1)

8.4 | M4c )
16.2 | P2SE . P.U. part
2.0 | Mfa | |
804 M&C ! ’ ..
26.6 | P2NSD ssemble part -
2.0 | MfA
TOTAL | 62.6
FJ: ASSEMBLE LEVEIJ AS{EMBLY (PJI‘M—Z) ,
| 26 PC15 }p.u. part
3 PAS
26 PC15 Assemble part
3 PAS
TOTAL | 58
FK: ASSEMBLE LEVER ASYEMBLY (MIM-3)
21 TB15 ]P.U. part
7 | TAS
.21 TB15 Assemble part
‘ 7 | TAS

TOTAL | 56
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METHODS ANALYSIS

Title: ASSEMBLE GEAR TRAIN - ASSEMBLE " Ref. No, _P09/7

ROTOR ASSEMBLY Sheet No..1_of L1 _Sheets

Predicted Time: Decimaol Minutes @ 100 BST
MTM-{ _3.065 MTM-2 _2.500 jprm-3 2.950 o~y 13.9

Description  (Noj LH | TMU "RH |No, Description

FL: ASSEMBLE ROTOR ASSEMBLY (PEM—I)

7.3 | R3D \
3.5 G1B P.U, part - to LH
2.0 MfA g
_G3 5.6 | 1
2.0 RfA Orientate
5.6 | G3 J
G2 6.7 M3C
Feed part forward 26.6 P2NSD Assemble part
_ , 2.0 RL1
- TOTAL | 61.3

FM: ASSEMBLE ROTOR ASSEMBLY (MTM-2)

7 GB5 Part to LH
3 PAS
Part from RH GB 7
7 GBS Orientate
_ 26 PC15 Assemble
TOTAL | 50
FP: ASSEMBLE ROTOR ASSEMBLY (MTM-3)
. 7 TALlS -} P.U., part
Orientate HA1S 18
0T 34 HB15 Assemble

TOTAL | 39
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METHODS. ANALYSIS

ASSEMBLE GEAR TRAIN — ASSEMBLE

" INTERLOCK SPRING

Predicted Time: Decimal Minutes @ 100 B8SI

Ref.

NO. P09/8
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Sheet No..l _of_1 _Sheets

MTM={ _4.945 MTM-2 _6.300 yTM-3 _4.900 c-m _30.3
Description Nol LH [.-TMU RH |No. Description
FR: ASSEMBLE SPRING (NTM-1)
R6C 10.1
G4C 12.9
2 | @ ) 11.2 -

P.U. spring and )ﬁﬁ’ Pick up spring
orientate 5.6 G3 and orientate
R_ 506 Gz

_ G3 5.6
Spring to assembly[ M3C 6.7
P2NSD 26,6 Seat
2.0 | MfcC
10.6 AP2
RLL 2.0
TOTAL 98.9
FS: ASSEMBLE SPRING (MTM-Z) '
P.U. part GC15 19
2R 12
P-
Orientate spring 14 GGC5 l
6 R Orientate spring
acs 14 {
Spring to assembly PC15 26
T 21 PCS Assemble
14 A
- TOTAL 126
FT: ASSEMBLE SPRING (¥TM-3)
HALlS 18
P.U. spring and TAlS5 7
crientate 18 HALS Orientate
to assembly HB15 34
' 21 TB1S Assemble
TOTAL 98
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'METHODS ANALYSIS

Title: _ ASSEMBLE GEAR TRAIN - ASSEMBLE - Ref. No, _P09%/9 _
' SPRING TO SPIN DETENT _ Sheet No._l of 1 _Sheets

Predicted Time: Decimol Minutes @ 100 BSI"
MTM=-{ _3.135  MTM-2 _2.950 MTM-3 _3.400  Cc-M 17.2

Description Nol LH | TMU "RH No. 'Descripfion

FU: ASSEMBLE SPRING (NTM-1)

11.5 | msc ’LA
16.2 | P2SE’ ssemble part
. 2.0 | RL1 ) |
R1C 3.6
P.U, part - to LH " G4C 12,9
. 7.9 | R8BA P.U. part
5.6 1 G3
- 62.7
FV: ASSEMBLE SPRING (NTM-2)
26 PC15 Assemble part
P.U, part - to RH GC5 14
{P=- ) 19 GC15 Part from LH
TOTAL | 59
FW: ASSEMBLE SPRING (NTM-3)
34 HB15 Assemble

P.U. HB1S5 34

TOTAL | 68
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METHODS ANALYSIS.

Title: ASSEMBLE GEAR TRAIN — ASSEMBLE

BOTTOM PLATE

Predicted Time: Decimal Minutes @ 100 BST

Ref,

No, _P09/10

Sheet No..L_of _2_Sheets

C-M _29.1

MTM={ _6.145 MTM-2 _ 4.000 MTM-3 _6.150
Description - |Noj LH | TMU RH [No. Description
FX: ASSEMBLE BOTT(UM PIATE (MTM-1)
Feed part forward [2 | G2 11.2 _
(M= )| 7.0 | Rr6a
5.6 | G3
4.8 1 T758 Orientate
G3 5.6
4.8 | 175
10.3 | MéC } ,
53.4 | P3NSD Position
2.0 | RL1 {
2.0 | RfA
- 1G5 Assemble
10.6 | ApP2
- | rRL2
TOTAL {122.9
FY: ASSEMBLE BOTTGM PHATE (MTM}-2)
Feed part forward 2R 12
10 GB15
3 PAS Orientate
GBS . 7
7 GBS :
26 PCL5
3 PAS ssemble
14 A
TOTAL | 82
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~ Ref. No. _P0%/10

Sheet_2 of_2_Shests

DESCRIPTION ' ‘DESCRIPTION
~LEFT HAND No.|  LH MU RH | No. ~ RIGHT HAND
FZ: ASSEMBLE BOTTOM PIJATE (MTM{$3)
"Feed part forward | 2 TA1S 14
7 TAlS
HA1lS 18 rientate
18 -{ HAl5 '
48 HB8O Assemble
18 | HALS Seat
TOTAL { 123




METHODS ANALYSIS

Title: _ASSEMBLE GEAR TRAIN - PARTS ASTDE

TO TRAY

Predicted Time: Decimal Minutes @ 100 BSI

Ref,

214

No PO9/11

Sheet No._Ll of ..L..Sheefs

c-M 9.3

MTM~-{ _3.550 MTM-2 _3.,25 MTM~-3 _3.85
Description No|l LH | TMU RH |No. Description
EU: REMOVE PARTS HROM |TRACK (MEM-1)
P.U. Assembly { R10B 11.5 | R10B P.U. assembly
GlA 2,0 | G1A '
MlOC 13.5 | M10C
To tray P2NSE 21.0
4 21,0 | p2nsE
‘l RL1 2.0 | RL1
TOTAL 71..0
EV: . REMOVE PARTS HROM|TRACK (MIIM-2)
P.U. Assembly GB30 14 GB30 P.U. assembly
To tray PC30 30 lTo tray
21 PC5 _[
TOTAL 63
EW: REMOVE PARTS HROM|TRACK (MIM-3)
To tray HBBO' 48 @ To tray
- 29 TB15

TOTAL 17




METHODS ANALYSIS
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Title: _ARMING AND NON-ARMING TEST: FUSE - Ref. No, __P10/1
REMOVE PART FROM FIXTURE Sheet No._L_of 2 Sheets
Predicted Time: Decimal Minutes @ 100 BSI
MTM~{ _6.645  MTM-2 _7.300 MTM-3 _8:100 C-M
Description Noj LH | TMU RH |No. Description
GE: REMOVE PART FROM FE{TURE (§NTM-1)
Move hood up ML2A 12.9 R~ -
G5 Swing arm
7.3 MSA side
RL1 2.0
R- 8.7 RI0A
GlAa 2.0 Gl1A
Open clamp 10.6 Ap2 pen c¢lamp
, 2.0 MfA
RL1 2.0 RL1
) R3A 5.3 R3A
Release chips on { G5 2.0 GlA Remove clanp
fixture AF 3.4
7.5 D2E
9.7 |- M8B Aside clamp
3.0
2.0 RL1
7.0 R6A 1
2.0 GlA Remove fuse
Release fixture 3.4 ,
chips 7.5 D2E g
RF 3.0
From RH ‘ { 8.1 MbA
G3 ' 5.6
Into tray M&6C 10.3
BERE:
RL1 2.0
] TOTAL {132.9




“Ref. No.

216
P10/1

Sheétiof_Z_Sheets

[ S
DESERITION No.| LH ™Y RH | No.| - DRIGHPION
GF: REMOVE PART FROM |[FIXTURE {MIM-2)
Hood up PA30 11 G- Swing arm.
6 PAlS aside
Open clamp GB- 14 GB 30 ) :
14 A Open clamp
3 PAS :
GAS 7 GBS
A 14 Remove clamp
5 GW5
6 PAlS
11 PA30 Aside clamp
10 GB15
A 14 Remove fuse
5 GW5
6 PALS
G- 6 PALS To LH
From LH : GBS 7
Fuse into tray PB15 15
PAS 3
TOTAL 146
GG: REMOVE PART FROM FIXTURE (MTM-3)
Hood up TABO 16
7 TALlS Swing arm aside
18 HALS Open clamp
7 TALS
Release chips HALS 18
7 TAL1S Remove clamp
16 TA80 Aside
Release chips TAlS 7 ' Remove fuse
18 HALS
.- 7 TA1S To 1H
Fuse into tray HB15 34
TAlS 7
TOTAL | 162




| 217
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Title ARMING AND NON ARMING TEST-FUSE:

‘  Ref. No. _P10/2
__LOAD PART TO FIXTURE . Sheet No._Ll.of 2. _Sheets

Predicted Time: Decimai Minutes @ 100 8ST

MTM~{ _10.165 MTM-2 _11.450 .MTM-3 _70.300 C-M _38.5

Description - |No} LH {TMU | -RH |No. Description
GH: ©LOAD PART TO FIXUURE (MTMt$l)
. R~ "8.6 | R6B }P.U. part
Open clips GlA 2.0 | GlA
AF 13.5 | M10C To fixture
21.0 | P2NSE ]
' ' 2.0 | MfC Seat down
Release clips - RLF 3.0 '
RL1 2.0 | RL1
R4A 7.9 | r8a }To clamp
Move fixture GlA 2.0 | GlA
into position MfB 2.0
.- RL1 2.0
R1A 2.5
15.2 I(M].ZC Clamp over fuse
Open clips
- AF 3.4
. . 21.0 | P2NSE L?osition fuse
Close clips RLF 3.0
{ RL1 - 2,0 | RLL
Clamp R6A 7.0 | RéA }Knob
{ GlA 2.0 | Gl1A
' 2.0 | MfA Push in
2.0 | MEA }Lock
10.2 } Arp2
RLI 2.0 ] RLL
Hood ' R12A 9.6 | R10A
GlA 2.0 GLA Swing arm to
. 7.3 | M5A position
2.0 | RL1 .
Hood down M12A 12.9
RL1 2.0
4.0 | R2A
- G5 Reset button
10.6 | AP2
- RL2
4,0 | R2A &
.- G5 Start button
10.6 | AP2 S o
- RL2
TOTAL |203.3




Ref. No.

P10/2

218

Sheet_2 of_2_Sheets

PEEER ano Nof tH | TMu | R |ne |  DRIGEHAND
GJ: LOAD PART TO HIXTURE (MTM-}P)
Open chips 10 GB15
30 PC30 fPart to fixture
' 10 PBS5 insert
@& | 14 | 830 To clamp
Position fixture P 3
C:ff:) 24 PB45 Clamp over fuse
Open clips A 14 '
21 PC5 Position fuse
GB1lS 10 GB15 Knob
3 PAS Push in
3 | PAS }Lock
14 A |
GB45 18 | Position swing
Close hood {. 6 PALS farm
PA4S 15
3 GAS }Reset_button
14 A .
3 GAS Start button
14 A
TOTAL 229
GK: LOAD PART TO HLXTURE (MTM-?)
48 HB 80 Part to fixture
21 | TB1lS Insert
Position fixture TALS 7
. 29 TB8O Clamp over fuse
21 TB15 Position fuse
18 HA1S Push in
7 TALS Lock
. 7 TAI1S Position arm
"Close hood HAS80 34 ‘
7 TAlS5 Reset button
7 TALS Start button
TOTAL 206
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METHODS ANALYSIS

Title: INSERT RETAINING RING - UNLOAD AND Ref. No. _ P11/1
LOAD FUSE TO FIXTURE ' : . Sheet No.....Lof.L.SHeefs

Predicted Timet Decimal Minutes @ 100 BST
MTM~{ _4.710 MTM-2 4.550 mTM -3 _6.250 oy _15.8

Description = |No| Lh | TMU RH [No, Description
GA: UNLOAD AND LOWD HUSE (MTMEL)
7.8 R5B
2.0 GlA Remove part from
4,0 D1E press
18.7 M16C To tray
3.6 M2A Insert
2.0 RLl '
) M8C 11.8
Locate in fixture P2NSE 21.0
M3C 6.7
Seat in fixture ME&A 6.1
M3A 4.9
RL1 2.0
TOTAL | 94.2
GB: UNLOAD AND LGAD HUSE ( .2)
7 GBS -
5 GW3 Remove from
3 PAS | press
10 PB45 to tray
T3 PAS : Insert
PC30 30
PB15 15
.- 3 PALlS 18
TOTAL 91
GD: UNLOAD AND L{JAD FUSE {MTM-3)
18 HALS5 Remove from press
29 . TB80 to tray
-7 TAL1S
TB 80 29
_ TB1S 21
3 TALS 21
TOTAL ! 125




METHODS ‘ANALYSIS

Title: STAKE RING - LOAD FUSE INTO THE

FLXTURE

Predicted Time: Decimal Minutes @

MTM=~-{ _4.470 MTM-2 _4.900

100 BSI
MTM =3 4.200. c-M 7.5

Ref.

. 220

NQ- P12/%

Sheet No._L of _L Sheets

Description No| LH | TMU RH [No. Description
GL: FUSE INTO THE [FIXJURE (MIM$l)
Part from tray (1 R16B 16.8
GlA 8.0
: ML6C | 18.7 ‘l
To fixture o G~ Assist LH
P2NSE 21.0 P2NSE
Insert P1SE 5.6 P1SE
R10OA 8.7 R10A
GS - G5 l
Operate start - AP2 10.6 AP2 Operate start
© RL2 - | R2 -
TOTAL 89.4
GM: FUSE INTO THE [FIXTURE (MTM}-2)
GB45 18
Assist RH Pcas | 36 PCAS5 Assist RH
PC5 - 21 PC5 J
Operate start GA30 - 9 GA30 Operate start
_ A 14 A
TOTAL 98
GP: FUSE INTO FIXJURE |(MIM-3)
Fuse into fixture {j HBSO 48
TB80 29 Assist LH
Operate start TALS 7 TALlS
TOTAL | 84
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METHODS ANALYSIS

TiHte: STAKE RING - REMOVE THE FUSE FROM " Ref. No, _P12/2
THE FIXTURE AND ADJUST

Sheet No..l_ of l__Shaets

Predicted Time: Decimal Minutes @ 100 BSI
MTM-{ _3.925 MTM=-2 _4.1350 MTM -3 4.800 c-M _14.7

Description Nol LH [ TMU RH |[No. Description
(PROCESS TIME LIMIHED dut)
(GR: REMOVE AND ALbUST { MTM-1)
‘ R10A 8.7 R10A
Assist RH GlA - 2.0 GlA use from fixture
M2A 3.6 MZA
‘ﬁil' 6.1 M&A
G- &o work area
2.0 RL1 f
10.3 M6C ' ?river‘to screw
19.7 P2SSE ’
2.0 MEC Adjust
Aside part to tray{ M20C | 22.1
RL1 2.0
TOTAL 78.5
GS: REMOVE AND ADJUST](MTM-2)
Assist RH . GB30 14 GB30
- | PAS 3 PAS use from fixture
@G5 | 6 PALS
26 PCl5 Adjust
|10 PB5
Aside to tray PB45 24
) TOTAL | 83
GT: REMOVE AND ADJUST|{MTM-3)
18 4415 .
7 TALS Fuse from fixture
21 TB15
, 21 TB1S Adjust
Aside TBRO 29
TOTAL 96




Title:

METHODS ANALYSIS

APfLY SILASTIC TQ FUSE ASSEMBLY -

LOAD FUSE TO FIXTURE

Ref. No, BL3/1_

222

Sheet No._ 1l of 1 _Sheets

Predicted Time: Decimal Minutes @ 1100 BST
MTM={ _3.270 MTM-2 _4:.400  yTmM-3 4:200 c-m _8.5
Description Nol LH | TMU RH [No, Description
Gd: LOAD INTO FINTURH (MTM-1)
' P.U. part 25.8 | R30B QP.U. part
2.0 GlAa
(M= ) | 20.4 | mi8c
To fixture 5.6 P1SE To fixture
' P1SE 5.6
Insert M2A 4,0 M2A Insert
RL1 2.0 RL1
TOTAL 65.4
GX: LOAD INTO FINTURH ({MTM-2)
Part into fixture (::::) 23 GB80 Part into fixture
41 PC80 :
BCS5 21
Iqsert PAS 3 PAS Insert
TOTAL | 88
GY: LOAD PART INTP FIXTURE (MTM-3)
: 48 HB 80 Part into fixture
Part into fixture TB15 29 -
Insert TA1S5 7 TA1S Insert
TOTAL | 84




| | | 223
METHODS ANALYSIS

Title:  APPLY SILASTIC TO FUSE ASSEMBLY - Ref. No, _P13/3

- UNLOAD FUSE FROM FIXTURE Sheet No._l _of L__Sheets

Predicted Time: Decimal Minutes @ 100 BSI
 MTM=-{ _2.615  MTM=-2 _3.400 mrM-3 _3.800  a.m 9.6

Description Nol LH |TMU| RH [No. 'Description

GZ: UNLOAD FUSE FROM FIXTURE {MIM-1)

P.U. part . { R8A 7.9 | Rrea lp.u. part
| GlA 2.0 { Gla {
' 20.4 M18C
5.6 P1SE
M2C 5.2 nto tray
Into tray P1SE 5.6
M2A 3.6 M2A
RL1 2.0 RL1
TOTAL 52.3

HA: UNLOAD FUSE FROM [FIXTURE {MTM-2)

(::::) 14 GB30 }Part to tray

, 30 PC45

Part to tray PCS 21

Insert PAS 3 PAS Insert
TOTAL | 68

HB: UNLOAD FUSE FROM J[FIXTURE {MTM-3)

) 48 HB8O Part to tray
Part to tray TB15 21
Insert . .| TAlS 7 TAlS Insert

TOTAL | 76
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Figure C-1: Workplace Layout for Work Tasks 1 and 2

%

Figure C-2: Workplace Layout for Work Tasks 3 and 4
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Figure C-3: Workplace‘Layout for Work Tasks 5 to 8

Figure C-4: Workplace Layout for Work Tasks 9 to 19
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Figure C-5: Workplace Layout for Work Tasks 20 and 21

Figure C-6: Workplace Layout for Work Task 22
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Figure C-7: Workplace Layout for Work Tasks 23 and 24

Figure C-8: Workplace Layout for Work Tasks 25 and 26
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APPENDIX D: OBSERVED TIMES ON FIELD DATA

The data appearing .in this Appendix is the actual observed
times for the jobs classified as field data. The "Study No." is
the same as that identified éhroughout the dissertation. Where
two sets of data have the same Study No., it indicates that the
job was observed on two different occasions;_however, in each

case the same operator performed the task.
All time values in this Appendix are expressed in decimal

minutes.



Study PO1/1: Grind Pin - Load Pin into the Machine
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12.999
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1523.90)
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121,379
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1672.009

185,970
636,990
1733.999
1710.000
1713,2%9
1725.300
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1775.)399
1782.900
1792.2939
18901.300
1810.390

1823.990

1£32.209
1845,909
185,391
17€2,009
1R71,7939

2.000
13,310
22,700

9.7130
11,900

8,237
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12.030
11.C009
10.2309

6.100
13.999
10.300

12.209.

9.201
10.790
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£.000
21.1000
13.000
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12.729
€.790
20,700

4,009

15,309
16,099
12,919
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13,900
10.809
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'Q-)O')
15.00n
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1.7
7,909
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9,299
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9,209
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$tudy PO1/3: Grind Pin - Unload the Machine -

DWW NN EWh) =

FLAPSTD
5.79)
9,702

13,7002
20.200
24,7399
43.10300
49,999
53.2%9
57.200
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AB.009
77.779
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T.I0
4,339
S3.)0N

102.770

177.3790

112.710

116,700

122.1990.

129,309
136,900
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142,000
145,799
149,279
156,700
162,900
167,190
174,979
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182.939
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121.079
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269,701
213,329

.21€.900
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22€.790
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S 4,10
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7.990 77

4.0
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Q37,270
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4, 00
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166
170
171
172
173
174
175

949.03)
953.07"9
958.979
967.900
972.79179

678,779

4.200
4.109
5.7
9,759
5.370
€.1300

9,379 .
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Study P06/1: Counter Bore and Chamfer Hairspring
Tuner Tube - Unload Hairspring From the

Machine :

NC. ELAPSED ACTUAL
1 2.900 2.1090
2 6.009 4,300
3 8,000 2.700
4 10.099 2.000
5 12,000 2.000 .
6 14,000 2.900
7 16.9300 2.000
8 18.00D 2.900
9 2%.000 ‘3.000

10 24,000 3.000
1 26,000 2.000
12 28.000 2.000
13 31,000 3.309
14 34,000 3.700
15 37.000 3.700
1é 39,000 2.°20
17 41.000 2.7300
18 44,000 3.000
19 46.000 2.000
20 50.000 4.000
21 52,000 2.009
22 54.009 2.900
23 56.000 2.100
24 59.090 3.0700
25 1,090 2.009
26 64,290 3.200
27 67.000 .000
28 69,000 2.000
29 T71.000 2.000
30 73.200 - 2.1700
31 T6.000 3.000
32 78.000 2.7000
33 81,000 ‘2,000
34 B4,.000 3.000
35 87.000 3.000
3¢ 90.000 3.700
37 92.000 2.000
38 94,9200 2,020
39 96.000 2.000
un 98,000 2.N00
41 99,000 1.700
42 101,000 i 2.71239
43 103.000 2.300
un 135.000 2.009
45 ©108.000 3.200
e 110.900 2.7200
47 113.000 3,309
ua 115.009 2.300



49
50
51
52
53
54
55
56
57
58
59
60
651
62
63
6u
65
66

68
69
70
7"
72
73
74
75
76
77
78
79

B0

81
82
33
84
85
86
87
88
89
0
21
92
93
94
a5
96
97
98
89
130
101

102

103
104
195
16
107
108

117.000
120.000
123.900
126.000
1:8,000
130.000
132.909
134,000
137.000
140.000
142.000
145.000
147,000
149,000
152.000
155.000
158.000

161,000

163.000
165.000
167.000

170.000 °

173.200
175.000
177.000
179.000
181,000
183.000
185.000
188.000
190.000
192.000
195.000
197,000
200.000
202.000
204.000

206.000 °

208.01%0
211.000
213.000
216.%00
218,000
221.000
223.000

$225.000

228.000
230.000
232.500
235.9290
238.000
240.000
242,000
245.009
247.000
250.900
252.901
254,909
257.1700
259.200

2.700
3.700
3.000
3.000
2,000
2.300
2.080
2.900
3.000
3.1700
2.000
3.200

©2.000

2.100
3.000

3.700

3.1700
3.000
2.000
2.000
2.700
3.000
3.000
2.700
2.700
2.000
2,000
2.000
2,900
3.700
2.100
2.0030
3.200
2.900
3.000
2.000
2,200
2.000
2.000
3.000
2.000
3.2700
2,000
3.200
2.000

2.000

3.000
2.900
2.000
3.000
3.000
2.0500
2.000
3.000
2.700
3.000
2.7%09
2.000
3.000
2.200
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109
110
11
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
14y
145
146
47
148
149
150
151
152
153
154
158
156

157

158
159

261,000
264,000
266.000
269,000
271,000
274.000
277.000
279.000
231.000
283.000
286.000
289.000

291,000

294.000
297.000
300.000
302.000
305.000
307.000
310.000
313.000
315.000
317.000
320.000
322.000
325.000
329.000
332.300
334..00
336.020
338.000
341,000
343.000
346.000
347.000
350.000
352.000

354.000 .

356.000
359.000
361.000
363.000
365.0N0

- 368.000

370.9000
372.300
376.020
379.000
381.2300
383,000
285.000

2.000
3.100

3.000

2,700
3.000
3.200
2.000
2,000
2.000

3. 000‘ )

3.000
2.0090
3.000
3.000
2.600
2.000
3.000
2.900
3.000
3.200
2.000
2.000
3.000
2.000
3.909
4.000
3.000
2.000
2.000
2.000
3.000
2.000
3.000
1.000
3.000
2.000
2.000
2.000
3.000
2.100
2,000
2..300
3.700
2.000
2.000
4.900

- 3.097

2.000
2.700
2.790
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Study P06/1: Counter Bore and Chamfer Hairspring
Tuner Tube - Unload Hairspring From the

Machine
NQ, ELAPSED ACTIMIAL
1 3.000 3.000
2 £.000 3.000
3 9.000 3.300
4 12.000 3.000 -
5 15.000 3.000
-6 18.000 3.17900
7 21.004Q 3.000
8 24.000 3.900
9 26.000 2.000
10 28.000 2.1900
1M 30.000 2.000
12 33.000 3.700
13 35.000 2.0200
14 37.000 2.39%0
15 40.000 3.700
16 43.n00 3.000
17 45,000 2.700
18 49,000 4.000
19 51.000 2.900
20 54,000 3.000
21 57.900 3.300
22 61.900 4.790
23 65.009 4,300
24 67.000 2.000
25 © 69,000 2.9500
26 T71.000° 2.000
27 74.000 3.000
28 77.000 3.200
29 B0.000 3.000
30 83.000 3.000
31 86.000 3.000

32 89.000 -3.700
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Study P09/6: Assemble Gear Train - Assemble Lever

Assembly -

NO. ELAPSED ACTUAL
1 4,000 4.000
2 8.000 4k.000
3 12,000 4.000
4 15.000 3.000 ..

"5 19,000 4,000
6 23.009 4.000
7 29,000 6.000
8 34.000 5.N000
9 39.000 5.000
10 44,000 - 5.900
11 48,000 4.000
12 52.000 4.000
13 55.000 3.000
14 60.000 5.000
15 64.000 4,000
16 £9.000 -«000
17 73.200 4,009
18 77.000 4.900
19 81.000 4.000
20 85.000 4,000
21 89,000 4.009
22 95.000 6.900
23 100.000 5.000
24 104.000 4,000
25 108.000, 4.000
26 112,300 4.000
- 27 117.000 ‘ 5.000
28 122.000 54000
29 126.200 4.000
2d 132.000 6.000
31 135.000 3.000
32 139.000 4.700
33 142.000 3.100
34 145.000 3.000
35 148,000 3.900
36 153.000 5.0090
37 158,000 5.000
38 162.090 8.209
39 166.000 4.000
40 169,990 3.000
41 173.000 4.205
42 176.000 : 3.200
u3 180.000 4.700
44 185.090 5.000
45 189.000 4,000
46 193,200 4.909
47 197.000 4.000
4n 202.1700 5.329



49
50

51.

52
53
54
55
56
57
58
59
60
61
62
63
64
65

67
e
69
70
71
72
73
74
75
76
77
78
79
80
81
82
a3
84
85
86
B7
88
R9
90
51
32
93
9y
95
36
g7
98
99
120
11
192
103

- 104

105
116
107
108

208.000

213.000
219,000
222.900
227.000
233,000
238,000
245,000
249,000
256,000
260.000
265,700
269,00
275.000
277.000
281,000
284,000
287,000
291,000
295,000
299.000
302.000
306.000
309.2300
313.000
318,000
324.000
327.000
331,000
335.900
339.100
345.000
151. *00
355,500
359,000
164,090
371,000
375,000
382.009
387,000
391,900
394.000
398,000
402,000
408.000
411,900
u17.000
421.000
425,909
L2.000
439.°00
443, 100
448.200
451.000
454,000
858,070
462, ;0
466,000
471.900
477.000

6.300
5.900
6.000
3.000
5.000
6.300

5.000 .

7.00%
4.000
7.200
4.000
5.500
4.900
6.000
2.0200

4,000""

3.100
3.000
4.000
4.000
4,009
3.900
4.000
3.0090
4,000
5.200
6.700
3.000
4.900
4.000
4,100
6.000
6.000
4,000
4.000
5,000
7.000
4,000
7.900
5,900
4.000
3.200
4,000
4,990
6.000
3.000
6.900
4.700
4.000
8.000
6.000
4,200
5,900
3,100
3.190
4.900
4.000
5,000
5.900
6.099
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195

110
111
112
113
114
115
116
117
118
119
120
121
122
123
124

. 128

126
127
128
129
130
131
132
133
134
135
136
137
138
139
180
141
162
1“__:
144
145
146
47
148
149
150
151
152
153
154
185

156 -

482.9200
488.000
492,000
496.000
501.000
506,000
511.000
515.200
518.000

. 521.000

525.000
529,000
532,000
539,000
543,000
546,000
550.000
554,000
557.000
562.000
566,000
570.000
575.000
579.000
582,000
586.000
589.000
593.000
597.000
601.000
604.000
608,000
612.000
617.000
621.000
627.000
£31.000

©34.000 °

£37.000
643.070
648,000

- 653,000

€58.000
662.000
€65.000
670.000
674.000
€£78.030

5.000
6.000
4.900
4.000
5.030
5.000
5.300
4.000
3.000

3.000.

4,000
4.700
3.900
7.200
4.900
3.900
4.009
4.209
3.000
5.000
4.7500
4.200
5.000
4,000
3.000
4.700
3.000
4.009
4,209
4L.0C9O
3.720
4.300
4,700
5.000
4,090
6.000
4.200
3.000
3.00)
6.000
5.030
5.200
5.209
4,920
3.090
5.000
4,700
4,200
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Study P06/2: Counterbase and Chamfer Hairspring Tuner
Tube - Load Hairspring Tuner Tube into
the Machine .

NO. ELAPSED ACTTAL
1 3.000 3.200
2 7.000 4.900
3 11.000 4.200
4 14.000 3.000
5 18.000 4.000
6 22.000 4.000

.7 25.0300 ©3.000
8 28.000 3.9000
Q 32.000 4,000

10 36.000 4.0300
L 41.300 5.000
12 . 45.000 4.000
13 49.000 - 4.000
o 53.000 4.000
15 56.000 3.000
16 58.090 2.000
17 61.000 3.000
18 64,000 3.000
19 67.900 3.000
20 71.000 4,000
21 75.000 4.700
22 79.000 4.300
23 B1.200 2.030
24 87.000 6.0090
25 91.000. 4.000
26 95.000 4.000
27 101.000 6.120
28 104,000 ’ 3.700
29 107.290 3.200
30 110.300 3.000 -
KR 114.000 4.7330

32 117.000 3.700



'Study PO7/1: Assemble and Press Plate and Spacer
Assembly -~ Finished Part to Pin and

Assemble Three Pins

- 4
[o]
.

WO &L -

FTLAPSED

9.000
18.000
28.000
36.000
45.000
54,000
62.000
72.000
950.000
39.000
106.000
117.000
126.000
136.000
146.000
157.000
"68.000
177.000
184.000
199.200
208,000
217,000
226,000
237.000

250.000 -

261.000
269,700
279.000
289.000
298.000
309.000
325.000
336.000

343.000

352.000
362.000
371.000
379.000
388.000
400.000
410.000
415.000
424.000
433.000
446.000
456.000
466.000
475.000

ACTUAL
9.000
95.000

10.000
8.000
9.000
9.000
8.000

10.000

18.000
9.000
7.000

11.000
9.000

10.000

10.000

11.000

11.000
9.000
7.000

15.000
9.000
9.000
$.000

11.000

13.000
11.000

8.000
10.000

10.000

9.000
11.000
16.000
11.000
7.000
9.000
10.000
9.000
8. 000
3.000
12,000
10.000
5.000
9.000
9.000
13.000
10.000
10.000
9.000
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49
50
51
52
53
S4
5%
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
15
76
77
78
79
80
81
82

84
85
86
87
88
89
90
91
92
93
94
95
- 96
a7
w8
99
100
101
102
103
104
105
106

107 -

108

484.000
497.000

501.000,

512,000
524,000
533.000
541.000

542.000.

556. 000
565.000
575.000
579.000
591.000
599.000
610.000
614,000
622.000
632.000
643.000
652,000
662,000
671,000
680,000

693.000

702.000
710,000
718.000
727.000

740,000

T43.000
753.000
762.000
771.000
781.000
791.000
803.000

807.000.

816.000
824.000
834.000
844.000
854.000
869.000
879.000
888.000
899.000

- 908,000

928.000
940.000
950.000
960.000
970.000
931.000
290.000

1000.000

1008.0090
1016.000
1025.000
1036.000

9.000
13.000
"%.000
11.000

"~ 12.000

3.000
.8.000
1.000
14.000
9.000
10.000
4.000
12.000
8.000
11.000

'4- 000"'

8.000
10.000
11.000
9.000
10.000
9.000
9.000
13.000
9.000
8.000
8.000
9.000
13.000
3.000
10.000
9.000
9,000
10.000
10.000
12.000
4.000
9.000
8.000
10.000
10.000
10.000
15.000
10.000
$.000
11.000
9.000
11.000
3.000
12.000
10.000
10.000
10.000
11.000
9.000
10.000
8.000
8.000
9.000
11.000
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Study P07/1: Assemble and Press Plate and Spacer
Assembly - Finished Part to Pin and
Assemble Three Pins

=,
O
.

Oo~NoaonnsWwrn -

10

ELAPSED

12.000

24.000
36.000
45.000
54.000
67.000
76.000
86.000
96.000
104.000
116.000
126.000
136.000
145.000
156.000
159.000
168.000
178.000
190.000
199.000
210.000
221.000
234.000
251,000
259.000

267.000

274,000
287.000
291.000
301,000
310.000
322.000
334.000
348.000
358.000
369.000
382.500
3%2.000
402.000

411,000 -

422,000
430.000
441.000
450.000
464.000
473.000
484.000
492,000

ACTUAL
12.000
12,000
12.000
9.000
9.000
13.000
9.000

10.000

10.000

- 8.000

12.000
10.000
10.000
9.000
11.000
3.000
9.000
10.000
12.000
9.000
11.000
11.000
13.000
17.200
8.000
8.000
7.000
13.000
4.000
10.000
9.000
12.000
12.000
14,000
10. 000
11.000
13.000
10.000
10.000
9.000
11.000
8.000
11.000
9.000
14.000
9,000
11.000
8.000
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504,000
514,000
522.000
532.000
543,000
552.000
562: 000
573.000
582. 000
591.000
604,000
612.000
615.000

624.000

631.000
641.000
651.000
661.000
670.000
680.000
692.000
697.000
708,000
719.000

728.000

736.000
745.000
755.900
765.000
779.000
788.000
798.000
807.000
816.000
827.000

12.000
10.000

8.000
10.000
11.000

9.000

10.000"

11.000
9.000
9.000

13.000
8.000
3.000
9.000
7.000

10.000

10.000

.10.000

9.000
10.000
12.000

5.000
11.000
11.000

9.000

8.000

9.000
10.000
10.000
14.000

9.000
10.000

3.000

9.000
11.000
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-Study P07/2: Assemble and Press Plate and épacer
Assembly < Plate and Spacer Assembly
into Position

=
Q
L]

[ (N JT A QY QN YU S S S S W
QU R-JITNEWNROOVLIRANEWN

NN KN
W N -2

ELAPSED
3.000
6.000
8.000
9.000

13.000
15.000
17.000
19,000
21.000
24,000
27.000
31.000
33.900
36.000
38,000
41.000
44,000
46,000
48.500
51,000
54,000
57.000
60.000
63.000

65.000 °

66.000
70.000
72.000
75.000
78.000
85.000
88.000
91.000
93.000
95.000
37.000
100.000
103.000
107.000
110.000
114.000
116.000
118.000
125.000
128,000
130.000
132.000
135.000

ACTUAL
3.000
3.000
2.000
1.000
uc 000‘ -
2.000
2.000
2.000
2.000
3.000
3.000
4,000
2.000
3.000
2.000
3.000
3.000
2.000
2.000

3.000

3.000
3.000
3.000
3.000
2.000
1.000
4.000
2.000
3.000
3.000
7.000
3.000
3.000
2.000
2.000
2.000
3.000
3.000
4.000
3.000
4.000
2.000
2,000
7.000
3.000
2.000
2,000
3.000
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107
108

140.000
142.000
144,000
145.000
153,000
155.000
156.000
158.000
161.000
173.000
176.000
178.000
179.000
188.000
191,000

194.000

197.000
199.000

. 202.000

204,000
207.000
210.000

212.000 .

214,000
217.000
220.000
224.000
226.000
229.000
234.000
236.000
238.000
246.000
248.000
250.000
253.000
256.000

259.000°

262.000
264,000
268,000
271.000
273.000
275.000
280.000
282.000
285.000
287.000
291.000
294.000
296.000
301.000
303.000
306.000
308.000
311.000
314.000

316. 000

315.000
322.000

5.000
2.000
2.000
1.000
8.000
2.000
1.000
2.000
3.000

12,000

3.000
2.000
1.000
9.000
3.000
3.000--
3.000
2.000
3.000
2.000
3.000
3.000
2.000
2.000
3.000
3.000
4,000
2.000
3.000
5.000
2.000
2.000
8.000
2.000
2.000
3.000
3.000
3.000
3.000
2,000
4.000
3.000
2,000
2.000
5.000
.2.000
3.000
2.000
4.000
3.000
2.000
5.000
2.000
3.000
2.000
3.000
3.000
2.000
3.000
3.0C9
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.. Study P07/2: Assemble and Press Plate and Spacer
' Assembly - Plate and Spacer Assembly
into Position

NC., ELAPSED- RCTOAL
1 3.000 3.000
2 - 6.000 3.000
3 9.000 3.000
4 11.000 2.000
5 17.000 6.000
€ 19.000 2.000
7 22.000 3.000
8 24,000 2.200 -- :
9 - 2€.000 2.000

10 28.000 2.000
11 32,000 4.000
12 34.500 2.000
13 36,000 2.000
14 38.000 2.000
15 41.000 3.000
16 43.000 - 2,000
17 49.000 6.0J0
18 50.000 1.000
19 54.000 4.000
20 57.900 3.000
21 59.000 2.000
22 62.000 3.000
23 65.000 3.000
24 68.000 3.000
25 71.000 3.000
26 73.000° 2.000
27 76.000 3.900
28 79.070 3.000
29 82.000 3.000
30 85.000 3.000
31 95.000 10.000
32 97.000 2.000
33 99.000 2.000
34 101.0090 2.000
35 104.000 3.000
36 -107.000 3.000
37 110.000 3.000
38 113.000 3.000
39 114.000 1.000
4¢ 116.000 2.000
4t 119,000 3.000
42 122.000 3.000
43 124,000 2.000
4y 126.000 2.000
45 128.000 2.000
4e€ 129.000 ‘ 1.000
47 130.000 . 1.000
ug 132.000 2.000



134,000
138.000
141.000

142.000

144.000
146.000

151.000
153.000
155.000
158,000
160.000
162.000
164,000
168.000
172.000
179.000
181.000
184.000
186.000
188.000
191.000
194.000
196.000
209.000
211.000
214.000
217.000
220.000
222.000
224,000
226.000
231.000
233.000
236.000
238.000
240.000
243.000
246.000

2,000
4,000
3.000
1.000

2,000.-

2.000
2.000
3.000
2.000
2.000
3.000
2.000
2.000
2.000
4.000
4,000
7.000
2.000
3,000
2.000
2.000
3.°00
3.000
2.000

13.000
2.000
3.000
3.000
3.000
2.000
2.000
2.000
5.000
2.000
3.000
2.000
2.000
3.000
3.000
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~ Study P07/3: Assemble and Press Plate and Spacer - .
h Position Lower Plate and Shaft Assembly

ELAPSED . ACTUAL

1 1.000 1.000
2 2.000 1.000
3 4.000 2.000
4 6.000 2,000
5 10.000 4,000 ..
6 12.000 2,000
7 15.000 3.000
8 17.000 2.000
9 20.000 3,000
10 22.000 2.000
11 24.000 2.000
12 25,000 1.000
13 27.000 2.000
14 29.000 2.000
15 31.000 2.000
16 33.000 - 24000
17 34,000 1.000
18 45,000 11.000
19 49,000 4.000
20 . 53.000 4,000
21 56,000 3,000
22 60.000 4,000
23 64,000 4.000
24 66,000 - 2,000
25 70.000 4,000
26 73.000: 3.000
27 76.000 3.000
28 78.000 2.000
29 - B0.00O 2.000
30 32.000 2.000
31 84.000 2.000
32 86.000 2.000
33 88.000 2.000
34 91,000 - 3.000
35 93.)00 2.000
36 95,900 2.000
.37 -97.000 2.000
38 ' 99,000 . 2.000
39 . 102.000 3.000
40 104.000 2.000
41 . 107.000 3.000.
42  109.000 2.000
43 111.000 2.000
44 112,000 1.000
45 115.000 3.000
46 120,000 5.000
47 122.000 2.000

48 124.000 2.000



130.000

132.000
+135.000

136.000
138.000
143.000
145.000
148.000
151.000
152.000
153.000
156.000
160.000
162.000
164,000
167.000
168.000

170.300

172.000
174.000
176.000
179.000
182.000
183.000
185.000

186.000

189.000
191.000
196.000
198.000
201.000
204,000
206.000
207.000
209.000
212.000
214,000

215.000 -

217.000
219,000
223.000
225.000
227.000
231.000
233.000
236.000
238.000
240.000
242.000
245.000
247,000
250.000
252.000
254.000
257,000
259.000
261.000
264.000

2.000
3.000
1.000
2.000
5.000
2.000
3.000
3.000
1.000
1.000
3.000
4.000
2.000

2.000

3.000
1.000
2.000
2.000
2.000
2.000
3.000
3.000
1.000
2.000
1.000
3.000
2.000
5.000
2.000
3.000
3.000
2.000
1. 000
2.000
3.000
2.000
1.000
2.000
2.000
4.000
2.000
2.000
4.000
2.000
3.000
2.000
2.000
2.000
3.000
2,000
3.000
2.000
2.000
3.000
2.000
2.000
3.000

254



Study P07/3:

Assemble and Press Plate and Spacer =
Position Lower Plate and Shaft Assembly

- A
O
.

NN NN
N EWN

WWrtN
- OO o-d

Wy bW W W W

e W
- O \D

L e EFEEEEE
BdrwnE W

N o b s = b b ek ok o =b ’

ELAPSED
2.000
11.000
14.000
1€.000
19.000
24.000
2€.000
29.000
33.000
35.000
38.000
41.000
44.000
46.000
49.000
51.000
55.000
57.000
59.000
61.000
62.000
64.000
66.000
68.000
70.000

72.000,

75.000
78.000
81.000
83,000
85.000
87.000
90.000
92.000

94.000

97.000

99.000
103.000
105.000
107.000
110.000
113.000
117.000
119.000
122.000
125,000
128.000
131.000

ACTUAL
2.000
9.000
3.000
2.000
3.000
5.000
2.000
3.000

4.000

2.000
3.000
3.000
3.000

3.000
2.000
4.000
2.000
2.000
2.000
. 000
2.000
2.000
2,000
2.000
2.000
3.000
3.000
3.000
2.000
2.000
2.000
3.000
2.000
2.000
3.000
2.000
4.000
2.000
2.000
3.000
3.000
4.000
2.000
3.000
3.000
3.900
3,000

L35



133,000

135.000
139.000
142.000
1435.000
148,000
151.000
153.000
156.000
158.000
162.000
165.000
169,000
171.000
173.000
176.000
178.000
"80.000
182.000
186.000
182.000
193.000
195.000
198.000
203.000
206.000

- 207.000

210.000
212.000
214,000
216.000
217.000
219.000
221.000
223.000

226,000

229.000

231,000 -

2.000
2.000
4.000
3.000
3.000
3.000
3.000

2.000
3.000"‘

2. 000

4.000

3.000
4.000
2.000
2.000
3.000
2.000
2.000
2.000
4.000
4.000
3.000
2.200
3.000
5.000
3.000
1.000
3.000
2.000
2.000
2.000
1.000
2.000
2.000
2.000
3.000
3.000
2.000

‘256



...Study P07/4:

Assemble and Press Plate and Spacer
Assembly - Assemble Rotor Pins and

Bottom Plate

=
le]
.

B b ssd od od wd b o oh oank
OCWVWAEARJITNEWNaOOVDOAANEWN o

N
oy

NN NN
~Nabe wn

WiwWwwNnNn
WN oW

[*Y ]
F—

ELAPSED
11.000
17.000
25.000
32.000
38.000
43.000
51.000

58.000°

63.000
67.000
74.000
80.000
88.000
94,000
99.000
104.000
109.000
125.000
131.000
140,000
150.000
155.000
160.000
165.000
170.000

176.000 °

183.000
150.000
196.000
199.000
204.000
211.000
218.000
222.000
228.000
233.000
237.000
242.000
246.000

253.000

258.000
268.000
278.000
283.000
288.000
295.000
300.000
308.000

ACTUAL
11.000
6.000
8.000

7.000

6.000
5.000

8,000

7.000
5.000
4.000
7.000
6.000
8.000
6.000
5.000
5.000
5.000
16.000
6.000
9.000
16.000
5.000
5.000
5.000
5.000

6.000 -

7.000
7.000
6.000
- 3.000
" 5.000

7.000.
7.000 .

4.000

6.000

5.000
4.000
5.000
4.000
7.000
5.000
10.000
10.000
5.000
5.000
7.000
5.000
8.000
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309.000
317.000
323.000
333.000
338.000
346.000
352.000
359.000
365.000
370.000
376.000
383.000
388.000
393.000
397.000
403.000
408.000
413.000
419.000
423.000
429.000
434,000
440,000
447.000
452.000
458.000
464.000
469.000
477.000
483.000
487.000
491.000
499,000
503.000
508.000
513.000

519.000 .

523.000
529.000
538.000
S44.000
548.000
554.000
559.000
567.000
572.000
576.000
581.000
586.000

591.000

597.000
601.000
606.000
610.000
615.000
623.000

1.000
8.000
6.000
7.000
3.000
8.000
6.000
7.000
6.000
5.000
6.000
7.000
5.000

5.000..

4.000
6.000
5.000
5.000
6.000
4.000
6.000

6.000
7.000
5.000
6.000
6.000
5.000
8.000
6.000
4.000
4,000
8.000
4.000
5.000
5.000
6.000
4.000
6.000
9.000
6.000
4.000
6.000
5.000
8.000

5.000.
- 4.000

5.000
5.000
5.000
6.000
4.000
5,000
5.000
5.000
8.000

258



Study P07/4:

Assemble and Press Plate and Spacer

Assembly ~ Assemble Rotor Pins and
Bottom Plate

=
o
N

WO N EWN -

ELAPSED
5.000
13.000
17.000
23.000
31.000
36.000
40.000
45.000
48,000
55.000
63.000
67.000

71.000

80,000
86.000
92.000
37.000
101.000
105.000
109.000
116.000
121.000
128.000
139.000
146.000

153.000:

159.000
164.000
171.000
177.900
183,000
192.000
195.000
207.000
210,000
213,000
219.000
224.000
228,000
233.000
239.000
246,000

. 254,000

258.000
264,000
274.000
278.000
288.000

" ACTUAL

5.000
8.000
4.000
6.000
8.000
5.000
4.000
5.000
3.000

7.000..

8.000

" 4,000

9.000
6.000
6.000
5.000
4.900
4,000
4,000
7.000
5.000
7.000
11.000
7.000
7.000
6.000
5.000
7.000
6.000
6.000
9.000
3.000
12,000
3.000
3.000
6.000
5.000
4.000
5.000
6.000
7.000
8.000
4.000
6.000
10.000
4.000
10.000
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293.000
298.000
305.000
313.000
319.000
324,200
329.9000
335.000
340.000
351.000
357.000
363.000
368.000
374.000
382.000
388.000
390.000
395.000
400.000
406.000
414.000
419.000
425,000
430.000
436.000
441.000
446.000
451.000
452.000
460.000
465.000
471.000
486.000
493.000
498.000
503.000
508.000

513.000
521.000

5.000
5.000
7.000
8.000
6.000
5.000
5.000
6.000""
5.000
11.000
6.000
6.000
5.000
6.000
8.000
6.000
2.000
5.000
5.000
6.000
8.000
5.000
6.000

5,000

6.000
5.000
5.000
5.000
1.000
8.000
5.000
6.000
15.000
7.000
5.000
5.000
5.000
5.000
8.000

260



".Study P09/1: Assemble Gear Train - Assemble Spacer

RO0.

SOV FWN o

11

ELAPSFD
4,3n9
9,700

17.910
22,00
27.000

31,900
315,900 -

318,109
42,090
51.1700
56€.000
£2.070
55,000
AQ,TD
72.9™)

75,900

Aa,9n"

q7.900

an.0an
131,299
105,712
198,390

112,900

117.999
120,979

123,900 °

129,109

133,900

136.300
142,700
143,000
147,000
150,990
154,009
158.299

163.7%9)

177.07069
136,711
190,900
194,774
197,717
202.009
206,700
209,700
712,929
215,179

© 217,994

.

ACTMAL
4.170n
5.910
a.nnn
5.700
5.000
4,009
4.010
3.20n
a.,.%3n
Q,90N0
5.190
6.790
3,900
4,109
3,109
3.70)
5.700
4,%0n
3,200
3.009
11,901
4. 990
3.9090
4,"nd
5.1730
3.7
2,709
6,799
B.109
3.000
4,110
.04
4,000
3.009
8,999
5.9%0
17.000
2.019
9,990
u,nnn
4.09179
2,790
5, )0
4,171
3.3
3. 191
3,009
2.9979
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49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
I
A5
Ak
657
68

. 69
70
71
72
73
Ty
75
76
77
78
79
a0
a1

22
©3
Py
85
8¢
87
38
29
a9
Q19
G2
23
ay
as
96
¢y
ag
99

00

101

117

113

154

1’)5

106

147

108

225,911
229,900
232,712
234,107
238,001
244,509
248,97
252,990
255,009
258,100
2R2.10N
765,910
269,779
272,999
276,909
279.900
283,000
285.90n0
288,700
298,000

331.000

I04.090
307,000
210.000
315,.01n
318,900
328,099
231,900
335.)“"
339,909
341,909
245,940
351,000
384,700
358.1609
341,909

6T 409 .

373,900
73,5909
377.991
799,200
383,709
IR7.97°0
390,000
397,909
4nn,.70n
ung,nNon
419,399
413,000
41/,130n
423.10%9
u27,900
uu9y, n0n
835,909
349,171
452,709
454,000
859,791
L63,7170

5.900
3.000
4,700
3,149
2.900
4,790
6.710
4,910
4.990
3.900
4,900
3.000
4.999
3.010
4,009
3.900
4,700

2,009 .

3.709
10.700
3.700
3.n00
3.90n
3.n0n
5.399
4.700
9.n100
3.100
4,500
4,701
2,009
4,300
£.NNN
2.000
4,719
3.0n0A0

5.100
3,170
b, 09
2.719
7,0%9
000
3.0
7.00N
3.7990
5,009
4.17190
3.709
5.791
5. 001
h,nn9
12,700
5.17939
84.7119
3,900
4,000
3,30
4,n03n
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1149
110
111
112
113
114
115

116

117
118
119
120
121
122

166,001
469,050

471,909 |

677.000
481,909
485,199
4R9,10A
892,910
595,900
517,000
527,090

535,900

5u42,.90n0

545,000

3.700
3.090
2,019
6.700
4,700
4.7219
4,909
1.000
3.700

T.A00 -

18,999
15.790
T.300
3.909

263



qStudy P09/2: Assemble Gear Train - Assemble Interlock
: . Detent

‘<
(@)
.

11

WO~ N W -

FLADSFD
4,nnn
7.000

11.0991
14.0970
16,009
18.0100
20.000
23.000,
26,000

.28.000

31,291
33.0090
37.000
42,909
44,300
86,700
49,90n
52,970
55,972
SR.701
ROL,O0D
03,079
£6.007
£9,070

73.009.

75.10%
.78.700
83.0010
R7.000
8n.N00
93.90n
36.010
99,709
102,100
115.990
199,391
111.079
114,399
116,700
118,000
121.970n
124,099
127.0n0N0
129.30)
132.000
134,000
1317.207

ACTMAL
.79
1.900
4,900
3.700
2,109
2.790
2.100
3.000
3.790
2.999
3.100
2,009
4,009
1.000
2.732n

. 2,009

2.90n
31.109
LAy
BRI IALY
3.0
2.0049
3,700
3,209
3.101
4,700
2.000
3.1700
5.0
4,705
3.009
3,700
3.192)
2.799
3.9209
3.0N00
4,000
2.000
3.700
2.700
2.7909
2,910
3.709
1.790
2.7179
3.1%99
2.7
2,100
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49
50
51
"2
53
54
55
56
57
58
59
€0
61
€2
€3
fl

140,919
144,000

147,900
150,.n00

151.009
157,109
160,909
163.090
166,000
169,007
171,000
174,900
179.000
182,900
187.900
190,000

3.000
g.000n
3. KON
3.7
1,790
A, NNY
10'100
2,700
.00
3.109
2.000
3.1700
5.000

3.000.-

5.1N00
3.000

265



~'Study P09/3: Assemble Gear Train - Assemble Spin

Detent

VRN EWN

N = d oad e oh o v b ol
OVDIANEWN -

%)
-

NN NNNON
BLANEWN

ELAPSED
0.0
2.000
5.000
9.000

11.000
17.000
21.000
24,090
27.000
30.000
34,000
37.000
41.000
84,000
49.000
52.700
57.000
60.000
65.000
68,000
73.000
76.000
79.009
82.000
87.000

92.00n°

95.000

98,000
103.001
106.900
109.000
112,000
118,000
122.000
125.000
129.000
132,000
136.000
139,000
1482000
145,000
149,009
152,000
155.000
159.000
163,000

1€9.000°
172.000°

ACTTAL
0.0
2,000
3.000
4.000
2.000

6.000 --

4.000
3.000

- 3.000

3.000
4,000
3.000
4,100
3.000
5.000
3.000
5.000
3.000
5.000
3.000
5.200
3.000
3.000
3.000
5.000
5.000
3.000
3.000
5.100
3.000
3.000
3.000
6.000
4.000
3.000
4.000
3.000
4.000
3.000
3,000
3.000
4.000
3.000
3.700
4.000
4.000
6.000
3.000
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49

50
51
52
583
54
55
56
57
58
59
60
61
62

" 175,090

178..000
182.009
185.919
191,099
193.0080
196,170
199,070
203.200
207.400
209,079
212.% 9
214.070
219,000

3.1000
3.0M0
4,530
3.000
6.100
2.9009
3.000
3.009
4,002
4,009
2.100

3- 100~

2.000
5.000
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Study P09/4:

Assemble Gear Train = Assemble'Escape

Gear

=
O
L]

[V N IS
Wh) -

WL DO PO B R RS )
A OO RN E

(TR
W

W LD D
[or BEN BN« YR W ¥ =

~
£

10
41
42
43
uy
45
4é
y7
48

" v ad cd b b o ok o b b
O DM AL WRN 2O O DN E WK -

ELAPSED
4.900
11,000
15.000
19,1490
25.390
30.000

- 36.000

41.700
46.000
49.000
52.900
58,000
62,990
65.00n
£€9.990
72.000
75.000
79.000
24,100
88.900
93.91)
97.010
104,990

109.070 .

112,009

116.000°

120.910
126.000
131.229
134.0990

139,000

1tus.200
151.909
154,290

157.000

162,910
167.700
170.900
175.909
178,910
122,000
1R8.907
121.2320
196,200
129,907
205,000
299,700
213,000

ACTINAL
4.n00
7.000
4.700
k.N00
6.009

5.000

6.200
5.000
5.700
3.300
3.7200
6.000
4,300
3.900
4.000
3.0200
3.000
4.200
5.009
4.200
5.1700
4.000
- 7.900
5.200
3.009
4.200
4.009
6.000
5.970
3.000
5.100
6.700
5,020
3.000
3.700
5.200
5.000
3.700
5.009
3.909
4,209
6,130
3,199
5.9%9

3.090.
6.1700.

4.700
4."090
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-N:Study P0%/4: Assemble Gear Train - Assemble Escape

Gear

KQ.

LIS IRt N N O O 0 |
2 Wwpy a0

Eo N I A F R N ]
WD AW

EE W0 DWW e
- D D D NN LS W) -

=R E
& W

45
U4k
u7
hQ

L R TR S [ i G Sy .
VO NEWNa2IO0D~NNN.EWON

FLAPSTD

3.100
5.000
7.000

11,000
13,000
17.900
20.990
24,900
27.990
33,000
36.190
39,1700
43,900
49.000
55,071
59,000
64,700
FO,A0N0
73.090
80.100
84,900
89.000
92,090
95,970
89,000

103,000°

198,100
112,700
118,000
122.500
126,009
13¢.090
135,009
141,000
146,990
150.0%0
153.999
*T7.090
tR2,300
146,700
172.00)
17600
179,909
1R4.0NN0
129,991
102,97N0
196,990
230,099

ACTTAL
3.200
2. 100
2.2%9)
4.700

" 2.N0%

4.1700
,N00
4.1700
3.009
6.')“0
3.000
3.1700
4,990
6.700
f. 209
3.N130
£.000
5.N00
- 4.990
7.000
"4.9990
5.000
3,200
3.190

S, n0n

4.790
5.790
4,900
6.009
4.7179
4,190
4.300
5.9019
6.,700
5.009
4,199
3,799
4,0
5, ¥I10
4,300
A.90N0
1.0
3.9%9
5.70N0

5.709°

3.79%9
4.399%
4.700

269



u9
50
51
52
53
54
55
56
57
58
59
FO
61
€2
63
64
65
66
67
A8

69

70
71
72
73
74
75
76
77
78
79
30
A1
82
83
a4
85
26
87
38
39
50
91
a2
a3
ay
9s
96
97
ag
a9
179
1N
172
193
130

125

196
177
108

217.000
223.20%
226,100
230.900
234.000
238,000
244,000
287.000
250,200
254.000
257.1200
261.009

- 265.000

271.000
274,000
281.000
284,000
287.000
293.000
299,000
302.900
306,000
308,000
312.090
318,000
322.070
327.000
332,000
336,900
341.900
346.0090
352.979
357.009
36€3.009
365.97)

©3€9,1909

372.500
378.00%
382.009
38€.909
362,029
3926.0N00
801,000
4na 000
813,709
416,000
423.009
427.000
430.009
435,909
439,000
Byg,NNN

451,770

456,020
463,009
4r7.910
479,700

477,000

481,909
485.900

4.000
6.000
3.900
4.0%00
4.n0n
4.900
6.100
3.1700
3.7210
4.700
3.000
4.n00
4.9200
6.000

3.000..-

7.000

-3.000

3.000
6.000
6.700
3.000
4,000
3.000
3.000
6.700
4.000
5.000
5,190
4,000
5.000
5.000
6,910
5.000
6.000
2.100
4,700
3.000
6.100
4,000
45,000
6,00
4.700
5.100
5.700
5,190
5.700
7.000
4.900
3.1090
5,700
4,100
9.100
3,000
5.000

- 7.9930

4.1709
3.709
7.770
4.139
4.700
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199
110
1119
112
113
114
115
114
117
118
119
120
121
122

4818.000
u92.000
494,009
498.070
532.N000
598.009
515.,00"
519,999
523.000
527.000
531.200
537.000
542,090

546,000

3.000 .

4.2%900
2.000
4.000
5.000
6.700
7.000
4,300
4.000
4.000
4.900
6.700
5.909
4.000

271



Study P09/5: Assermble Gear Train - Assemble Gear and

Pi-iion

=
<
.

DD AN EWN =

ELAPSED
3.20n
7.300

11.000
12.000
16.000
23.000
28.9000
33.000
39.000
43.9990
48.009
54.009
£8.00n
€4.9n0
63.9Nn0
74,000
79.500
87.300
92.9M1
97.000

115,900

111.0990

121.000

127.0030

132.009

141.0%0

153,000

158,900

163,009

168.000

173.000

178.900

186.000

190.000

196,009

201.9000

207.000

214,000

218.009

223.000

228.000

- 233.009

238.9290
243.000
257.000
256.000
261.0M00
206,300

ACTTAL
3.000
4.000
4,000

4.700
7.000

5.7200

5.000
6.000
4,000
5.000
6.000
4,900
6.000
5,000
5.000
5.000
8.0700
5.000
5,100
8.900
6.000
10.000
6.090
5,900
2,000
12,9200
5.000
5.000
5.300
5,000
5,000
8.100
4.000
6.000
5.1700
6.700
7.900
4,000
5.000
5.700
5.700
5.000
5.000
7.030
6.000
5,000

5.900
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49
S0
51
52
53
54
55

56

57
58
59
£0
1
62
63
€y

&

-

A6
67
68
69
70
71
72
73
74
75
716
77
78
79
20
Q1
. a2
23
14
RS
e

37

a8
39
an
o1
32
a3
94
55
o€
57
og
99
100
11
102
113

14 -

s
196
n7
118

278.900
211,900
214,910
216.9009
220.9M9
222,000
228.1%00
238,000
237.990
242,000
266,100
251.0010
256.0%)
261.000
263.999
266.000
270.000
276.900
285.000
289.000
294.0090

209,900

304,900
310.000
315,000
3180 0”'3
123.9500
335.1799
340.200

3“7. ’)OO *

353,999
358,719
361,999
365,007
368,010
371,990
378.000
382,997
IR6. 000
390,109
294,990
398,909
404,000
4N8, 909
412,904
417.910
527.900
830,901
435,700
a9, 990
guy4, 990
047,999
452,109
656,900
469.970
8A5.119
472,199
577,000
483,900
486,000

R.N00
3.000
3.n0n
2.00n0
T
3.000
5.790
6.200
3.999
5.400
4,100
5.000
5.9
5.100

2.700 ..

3.707
4.000
6,000
9,309
4.0N00
5.000

4.700

6.N90
6.000
5.700
3.1700
5.200
12,700
5.700
7.739
6.nN0
5.709
3,700
4,979
-'!o RIS
3.700
7.709
4.n00n
4.1900
4,200
4.1%09
4,907
6.100
4.730
4.209
5.909
17,7090
3.700
5.199
5.729
4,099

3.2n9

5.9
4.700
4,200
5.200
7.700
5.799
£.700
3.700
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109

10
111

112

113
114
118
116

17 -

118
119
120
121
122
123
124
125
126
127
128
129

892.100
896,990
any,n0n
507.010
514,700
519.000
£23.900
527.000
531,000
§37.000
540,000
545,990
849,900
555,990
558,000
R65.000
571.700
575.900
520.000
584,900
587,900

6.700
u,n0n
8.000
3.000
4.209
5.700
4,700
4,900
6.700
3.900

5.000..

4.000
6.700
3.900
7.200
€.000
4.700
5.700
4.900
3.700
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Study P09/5: Assemble Gear Train - Assemble Gear and
Pinion

NC.,

ORI HNE DN a

ELADPSED
4,909
12.000
19,000
24,904
29,099
33.900
27.000
83.370
50,1090
54,700
£0.000
FE.NND
71.000
7€.200
30,000
85,000
90,000
9g,9n0
109,099
118,300
112,910
129,300
128,990
131,190

136,009 °

143,000
150.00N0
157,979
143,990
168,000
174,000
179,990
185,300
tay. . *n)
128,101
254,910
219,000
225,900
230,009
236,300
241,300
258,909
253.7901
259,790
266,700
76£9,300
274,700

ACTTAL
4.n0n
2.790
f.900
7.700

5.700 °°

5.0N0
4.9309
4.9%00
£.709
7.300
4,900
6,100
£.7300
5.700
2.009
4,120
5.100
5.900
5.700
5.730
8,129
5.700
7.000
5.70N
6,100
5.700
7.90
7.099
7.900
6.000
5.0720
£.000
5.900
6.000
o,nnn
4,700
6,009
15,100
6.000
5,300
6. 709
5.7%010
7.07450
5.109
6.700
7.700
2.701
5,907
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49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
79
1
72
73
T4
75
76
77
78
79
80

3

82
83
84
25
86
37
a8
89
90
91
92
23
9y
a5
96
97
38
99
100
101
192
153
104
105
10¢
137
118

271.0090
276.00D
235.0n0
291.009
296.000
303.000
3Na . NNH
314,309
320.090
326,270
334.000
339.000
J8£.000
352.700
356.0M0
362.000
367.000
373.000
380.00%
385.0060
390.000
397.900
401.209

- 408.370

416.200
422.1700
428.009
433.090
440.909
445.000
449.000
451,900
856,070
463,999

465,100 .

474.000

479.900,

4ny.0nn
489,209
494.9%0
500.999
506.010
512.300
518.000
524.399
529.7219
534,900
540.007
545.799

557.500
565.900

572.001n

577.000
REZ.O0D
587.200
561.000
596,370
£13.229)
618.709

5.000
5.003
9.900
6.700
5.300
7.1700
6.100
5.000
6.000
6.9092
8.0n0
5,990
7.7200
6.000
4.000

6.000..

5.000
6.000
7.000
5.000
5.900
7.0900
4,000
7.000
8.000
6.000
6.100
5.300
7.900
5.000
4.000
2.000
5.700
7.700
6.000
5.900
5.000
5.000
5.%09
5.000
6.7200
6.900
6.700
6.007
6.7200
5.500
5.000
6. 9000
5.000
8.7200
4,.20n
8,700
7.000
5.009
5.700
5.000
4,200
5.0090
17.000
5.000
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119
110
111
112
13
4
115
116
117
118

622,000
628.000
634,900
639,909

Al 0N .

€51.20%
£58.200
566.000
671.000
€76.000

4.000
6.000
6.000
5.000

v

5.000 |

7.200
7.000
8.000
5.000
5.000
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49
50
51
52
513
54
55
56
57
58
59
£
61
2
63
£
€5
66
£7
68
£9
70
71
72
73
T4
75
76
77
78
79
o)
f1
L)
a3
Ay
RS
26
87
Rg
ag
00
g1
a2
3
ol
95
S6
97
asg
ac
190
101
112
103
174
115
196
1’)'7
e

279,900
285,000
291,900
284,000
392.909
09,100

© 317,970

3122.02N0
327.%30
332.09%0

37.910
45,009
248,000
354,909
158.900
363.1709
368,009
274.000
381.000

386,20
302,900

376 310
4np,000
414,000
819,010
424,070
430,910
435,910
840,900
445,000
652,190
459,109
Up6. 119

476,709

480.10039
495.%2190
495.910

501,901 -

505,130
£12.900
518,009
£28.290
527, 00n
43,270
349,900
556,091
561.970
%A8,.900
575.005
cR1.NIN
£87.109
593.900
£01,70N0
£06.909
£12.700
617,300
A20,7000
£33,.770
£37.97)
£42.000

5.090
€,100
.00
7.300
4,090
7.n09
.10
5.709
5.000
5.000
5.000
R,000
.000
6.000
4,700

5.900
5.000

6.000
7.000
5.900
6.900
7.0%0
T.000
8.1700
5.000
5.109
6.009
5.000
5.000
5.009
7.000
7.000
7.7309
10,000
4.1900
12,000
5.000
6.09D
4,200
7.2%9
£.NDD
10.300
9,000
6, N30
6.000
7.000
S.NN0
7.900
7.000
6, NNH
6.000
f., NN
g.1nn
5.3%0
4,009
7.700
7.990
6.1710
7.9
£,:9N

P
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109
119
111
112
113
118
115
116
117
118
119

£53.299
£62,000
A66,000
$£73,999
RT9.009
637,170
A9G,00N
781,909
706,900
712,005
723,000

11,900
9.909
4.90%
7.030
6.700
8.n1120
7,190
7.710

- 5.000

6.700

11,900
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Study P09/6: Assemble Gear Train - Assemble Lever
Assembly

N0

VDI NE W) -

N J G P Y
DU DN AW a0

NN RN NI
DA R WN -

L) tad BN
- O 0

W
N EWN

"}
~J

3B
29
41
41
u2
43
uy
45
Lg
47
48

ELAPSED
4.0n9
R.200

11,009
14.000
19.000
26.39%
2%.9%00
33.00%
39.000
44,000
50.000
54.299
56.000
60.710

- 64,020

67,000
70.000
73.009
76.09)
79.000
R4.00D
87.199
90.39)
54,990
97.970

1600.200 °

102,970
174,090
107,000
110,209
112.97)
114,709
117.900
121.290

124,200

126.501
129.0%9
134,220
13€.200
139,700
142,270
135,900
149.009
152,902
155.910
159,177
163.000
165.71%0

ACTITAL
a. noo
4.000
3.900
3.000
5.000
7.000
3.000
4,000
6.000
5.000
6.0090
4,000
2,000
4.200
8,333

3.009

3.000
3.000
3.990
3,009
5.000
1.000
3.000
4.000
3.000
3.000
2.009
2.000
3.100
3.000
2,700
2.000
3.900
4.700
3.100
2.000
2,900
5.990
2.100
3.700
3.000
3,000
4.200
3.779
3.900
4,700
4.990
12,090
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O

R T T RO R Y )
DD -dJAAELE WM a0

[{S IS LN TS IS |
£ W - D

J

t

MWW NN N
Wh a0 I

)
ARV IR

@(D‘-JO‘LHE‘.JN-Q'

TLADPSED
2.710
5.)00
94,3100
12.000
15.000
19,990
24,000
27,300
33.900
37.000
43.099
4s,ann
ug,7nn
52.009
5%.709)
598,900
£2.300
65,900
73,900
73.003
76,000
73,200
- 81,299
87,199
84,1090

93,0170 ¢

99.73M)
102.099
198,001
198.39)
111,900
118,930
121,100
125,909
130.009
133.9%7

ACTTAL
2.700
3.100
4.000
3.709

3.200°

4,209
5.100
3.7090
6.000
4,949
6.N000
2,900
3.990
4.000
3.7%00
4.700
3.9
2.010
5.000
3.300
3.7100
2.2%0
3.709
6. 000
2.900
4.n00
f.000
3.9700
3.700
3.999
3.1000
7.000
3.700
4,100
5.700
3,700
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49
50

52
53

54-

55
56
c7
58
59
60

fY

62
63
6
€5
66
67
68
69
70
71
72
73
74
75
76
77
78
79
30
R 1
a2
33
34

RS_

"6
87
g
59
a0
aq
02
03
ay
35

96.

94
og
99

109

11

102

153

By

105

116

117

199

168,000
172.000
175.090
178,300
180,900
183.000
186,007
189.910
192.900
194.009N
197,000
200.1000
232,309
204,000
298,700
212.0090
216,000
218,000
221,009
227.500

230.000,

232.009
235,000
238,000
281,090
245,000
248,000
250,990
254,909
256,09
259.700
263,000
265,090
268,900

272,009

27€.900

278.200.

281.000
285.200
228,000
291,000
294,000
227.999
200.300
303.7%00
2%6.099
312.909
315,999
318,900
3121.909
324.700
325.900
228.9M0
3132.700
135.1%09
337.990
339,900
342.20N0
343.900
Jue. )00

3.000
4.009
3.000
3.700
2.000
3.209
3.900
31.200
3.000
2.000

S 3.000

3.000
2.900
2.000

4,000
8.000 .

4.200
2.000
3.000
6.000
3.010
2.179)
3.000
3.300
3.000
4.000
3.000
2.000
4,009
2.000
3.000
4.1700
2.000
3.1700
4.009
4.000
2.700
3.000
4,000
3.000
3.200
3.000
3.0900
3.000
3.1900
3.990
6.200
3.0900
3.900
3.000
3.200

.1.000

3.700
4,500
3.700
2.900
2,700
1.1739
3.1700
3.250

282



19
110
111
112
113
14
115
116
117
118

349,000

352,000
355.%09
359.91%)
361,000
34,900
1€7.700
370,000
373.9200
376.000

3.1709
3.000
3.000
4,709
2.200
3.700
3.900
3.700
3.000
3.9%00
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Study P09/7:

Assemble Gear Train - Asscmble Rotor

Assembly

NO

O R AN EWN

- D b B
£ W) - O

15

- h b
O o~

3% BN )
e ]

W W W RO N O N RN
1w D DR ™NNEWN

i

PV VY RS I 9% RPN ]
e RS B W B~

| RN IRV
< 0

a1

F =g —
(VO N ]

=
=

15,
46
u7
us

FLAPSFD
2'000
4,000
7.000

10,000
13,009
15.900
17.000
20.900
23.900
26,000
30,910
33.900
35.%90
493,900
45,700
51,200
54,900
57.0400
58.000
61,009
69,300

71,900

74.00N0
76.0"0
79,3100

86.07%0:
R9.200 -

Q1,0n0
S4,390
gg,. 000
38.00n0
1M2.900
107.209
111,000
15,929
118.700
129,900
125,200
128,000
131.009
133.7M
135.0359
13R,2N00
143,009
145,900
145,900
151,000
153,900

ACTUAL
2.000
2.000
3.700
3.000
3.000

"2.700°

2.700
3.200
3.100
3.200
4,000
3.000
2.700
5.000
5.009
6.7100
3.200
3.000
1.200
3.270
8.010
2,000
3,000
2,100
3.200

7.000 .

3.700
2.000
3.1700
2.909
2.009
4,000
5.7000
4,900
4,000
3.900
2.000
SI 000
3.000
3.700
2.099
2.000
2,000
5.7309
2.000
3.999
1,910
2.9090

284



49
&0
51
52
53
54
55
56
57
58
59
£ 0
61
62
63
54
A5
F6
£7
£3
€9
70
71
72
73
T4
75
76
77
78
79
30
a1
32
a3
34
a5
eg
07
RY
89
ng
a1
92
Q3
ay
15
"’6
a7
98
Qg
190
101
192
113
1N
195
174
137
178

154.000
169,900
163,009
165,700
167,090
170.000
177.070
182.609
194,290
194,000
196,700
200,000
208,109
217,300
299,000
213.000
216,000

"229.000

222.0090
225.200
229,000
231.900
235,100
249,009
245,005
247.910
250,920
254,000
257.000
259.9%9
262,309
268,000
272,03
274,300
276.200
278.000
281,079

283.000-

2R9,009
292,090

29€,000 .

229,010
302,999
305.700
3N08.009
310,070
312.000
315.000
318,079
320.000
325,000
327.350
331.209
338.199
341,990
3u4,9n9
47,000
350,000
352,900
355,100

1.0090
.6.1900
3.000
2,100
2.5900
3.000
7.000
9.000
2.000
10.000
2,000
4,000
4.000
3.000
2,000

Q.OOO -

3.000
4.000
2.700
3.000
4,000
2.000
4.1700
5.900
5.700
2.000
3.000
4,000
3.700
2.N00

3.200

6.000
4.7%00
2.9090
2.907
2.000
3.000
2.000
6.000
3.N00
4.00n
3.700
3.000
3.000
3.000
2.000
2.7000
3.n00
3,000
2.000
5.%100
2.000
4,000
7.130
3.090
3.790
3.7910
3.000
2.249
3.000
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1009
110
"
112
113
114
115
11¢€
LN
118
119
120

121

122
1213
124

358,000
161.909
363.900
366,090
169,000
372.900
376,000
3176.000
379.090
389,900
393,900

386,110

328,000
393,000
295.099
398,200

3.900
3.0900
2.100
3.000

* 3.000

1.000
2,000
2,109
3.990
1. 200

3.000 .

3.000
2.000
5.000
2.090
3.000
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Study P09/8: Assemble Gear Train - Assemble Spring

KO,

DD IN N & WN -

FLAPST®D
1,910
6,000

15.010

19.000

24,1900
30.020
36.000
£1.000
45,000

51,000

56.019
3,920
67.%200
73,300
78,000
Ru,.000
88,1000
25,00"
99,070
104,000
119,509
113,970
123.009
134.700
139.9500

1““-000:

151,900
158,000

162,000

167.099
171.000
181,000
189,910
194,900
206.090
212,000
219,000
228,000
231.700
237.000
264,000
249,000
254,090
262,100
269,170
276,000
282.900
286,900

A

1
1

1

CTNUAL
1,100
5.000
9.000
4.200
5.009
6.200
6.000
5.900
4.2090
6.000
5.700
7.100
4,000
6,300
5.1700
A, NN
4,000
7.000
4,000
5.700
5.000
4,000
0.009
1.000
5.100
5.000
7.000
7.000
4.000
5.000
4,200
9.000
3.200
5.000
2.900
6.700
7.000

6.000

6.000
6.200

7.200.

5.300
5.009
3.200
6,109
8.000
6.700
4,200

287



49
50
5 1
52
53
Ry
56
57
59
59
60
£ 1
62
a3
64
65
66
67
58
69
70
71
72
73
74
75
76
17
78
TQ
a0
2 1
82
A3
3y
asg
R6
o7
a8
a9
90
01
92
o2

ay

a5

24
g7
98
a9
100
191
12
113
114
1ng
106
107
108

291.919
N, 000

307,900

311,900
317.0900
2123.902
328,309
333.990
339.900
36,000
352.000
358.900

| 364,000

371.700
378,300
285,900
391,009
391,909
395,300
BAn,H0n
40Fr, 000
411,000
415,700
422,000
430,900
427,010
Liu,.00)
448,090
455,009
465.901
L7:,000
074,900
488.000
493,900
500.000
509,200
516,000

519,000 ,

523.009
529.2100
534,990
540.%09
545.110
553.7290
561,000
564,909
568,700
575.700

580,900

SR6.010
589,709
596.900
£03,700
£05.290

£12.000

£17.909
£23.9010
627.070
€33.000
£43.299

5.000
9.700
7.100
4,209
6.000
6.000
5.700
5.000
6.000
7.000
6.0
6.300
$.9200
7.700
7.000
7.000
6,020
0.0
4,009
5.000
£.100
5.000
4,000
7.000
8.900
7.900
7.000
4.n0on
7.000
19.000
6,000
R.0N0
g.n0n
5.000
7.000
9.000
T.000
3.700
4.000
6.000
5.000
£,0N0
5.000
2,700
8.000
3.700
4,000
7.700
5.900
6.000
3.090
7.000
7.000
2.990

7.090

5,109
€.000
4,999
£.200
10,000
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199
110
111
12
113
114
115
116

117

118
119
120
121
122

49,209
658,000
659,009
666,000
71,000
680,009
£85.700
690,000
€94,009
700,099
T06.000
713.000

. 719,000

724,996

6.200
5.000
5.000
7.000
5.300

9,700

5.0NN
5'000
4.009
6.000
6,000
7.090
6,000
5.N000
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Study P09/9:

Assemble Gear Train - Assemble Spring

TLABLEY CF PAW DATA -

MO .

SN B B -

ELAPS®D
4,900
8,100

12.77)
19.300
23.710
23,090

- 34,900

40,090
45,910
51.900
55.000
§2.000
£8.001
72,000
T77.903
R2.009
86.009
89.009
32,720
96.009
133,709
103.791)
107,070
111.299

115,000
119.000°

122.020
129.9300
133.000
136,009

11.979
146,000
149,000
152.909)
157.790
10,000
16U, 00N
167.000
170,009
173,700
177.700
181.970
125,010
133,010
191,390
134,900
198.71%)

DECTMAL MINMTIES

ACTNAL
4.900 -
4.000
4,000
7.000
4.190
7.090
4.700
6.000
5.7990
“H5.000
4.000
7.7090
5.72110
4.330
5.000
5.70n0.
4.009
3.099
- 3.000
4.209
4,000
3.319
4,30N0
4.000
4,0nn
3.000
4.n0n
7.000
4,290
3.790
3.070
2.700
5.1700
3.1709
31.709
5.300
3.730
4.7200
1.300
3.200
3.000
4,703
4,070
4,909
3.900
3.790
3.7090
4,000
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49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
€9
70
71
72
73
1Y
75
76
77
78
79
an
81
22
33
& u
a5
ot

QT

ag
29
20

a1
an

dm

n3
9y
a5
e
a7
58
499
110
111
112
193
1mny
N5
196
107
108

202,900
206,070
212,000
220,909
223.000
226.900
230.229)
235,939
238,200
243.0200
287,000
252.000
257.709
?60,000
263,000
267.209
271.97
274,000
277.1209
290,209
284,000
290,799
292,200
295,09n
288.9100
In2.910
206,771
319,500
312.95990
313,009
321,999
224,700
127.919
330,200
335.9739
349,779

346,970
149,009

353.1790
356,909

181,000

34,009
366,02
169,200
373.0729
179,009
382,099
296,000
399,290
4n2,n0n
bos,N0N
4n09,20n
414,979
418,007
421,909
425,109
428.979
434,209
437.029
482,709

4.020
4.190
6.000
8.000
3.200
3.799
4.9100
5.000
3.700
5.000
4.1000
5.N000
5.000
3.700
3.900
4,900
4,939
3.099
3.990
3.000
4.700
5.000
2,020
3.%00
3.1700
4.000
4,700
3.709
3.on?
6.N000
.00
3.790
3.20N0
3.n00
5.07%9)
5.330
£.300
3.200
4.200
3.990
5.900
3.700
2.7309
3.910
4.120
6.700
3.790
14,990
3.090
3.990
4,700
3.9090
5.290
4,990
3,779
4,000
3.7100
6.700
3.990
5.700
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179

110
111
112
113
114
115
116

117 °

118
119

454,000
457,000
560,000
464,000

" 4f6,000

473,597
475,000
47¢,90n
482.1090
uss5,nno
491,900

12,709
3.000
3.N99
4.700
2,709
4.9100
5.100
4.99%0
3,000
3.000
6,009
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Study P09/10:

Assemble Gear Train = Assemble Bottom

Plate

VDD -JDHNEWN .2

A el e e o b el rb ok meh b
OOV W O

W !
b

H

[N
w B

W R PN
- DO O dhn &

(PSR VS VN |
£ W

(98 ]
(9]

[ >RSI W% I O VY
QO DI

41
82
43
4g
85
46
47
48

ELAPSED
4.000
13.209
21,000
37.909
38.900
45,070
52.030
57.000
64.300
68,900
73.0099

Bu. 00")

99.003
Q. nnn
99.000
12€.909

119,900
125,900
120,000
136.900
142,500
150.0170
156,309
161.392
167,970,
180.200
185,090
193.94n0
198,200
204.900
213.900
222.0n0
227.020
233.090
239.00%
247.9000
253,700
261,009
268.200
277.000
235,200
291,000
298,700
304,200
317.000
325,999
331.200

ACTTAL
4.00n0
9,000
g.n0n
9,200
2.2090
7.000
7.000
5.N00
7.700
4,000
5.200

11.700
6.7090
4,399
5.000
7.000

5,000

7.0017
£.200
5.700
6.200
6.700
§.200
6.200
5.200
6.000
13.1200
" 5.900
8.700
5.0090
6.000
9.000
Q9,000
5.700
6.700
£.700
8.700
6.200
8.200
7.000
9,000
8.7200
6.2320
7.100
£.090
13.000
8.9200
£,600
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49
50
51
52
53
Sy
55
56
57
58
59
60
€1
62
€63
64
65
. Y
67
68
69
70
71
72
73
T4
75
76
77
78
79
80
81
82
a3
2y
85
86
87
a8
89
a9
91
92
93
ay
a5
9§
97
98
99
100
101
102
1n3
104
1ne
106
107
108

337,200
343,900
354,000
362.709
369,000
375.009
386.200
392.000

399,000

406,000
411.090
427.000
435,000
aan,o0n
852.90n
459,000
465,000
471.92009
478,000
487.000
496,900
503.000
510.999
516,300
523,009
531,900
539.900
S47.000
554,709
561,000
570,970
577.2090
583,000
502.999
£04,300
£09,00N
617,300

622.000,

€31.230
640.000
646,000
A54,070
©59.1700
666,200
673,900
679,970
686,009
696,710
703.009
714,909
720,700
727.090
729.009
734,000
743,300
747,900
756,070
762,900
T770.019
176,35 0)

6. 000
6,010
11,090
3.000
7,000
6,900
11,300
6.700
7.980
7.000
5.992
16.000
7.099
10.000
£.300
7.7%00
6.2390
6.000
7.009
9.000
5.000
T.000
7.000
6.000
7.7%00
g AND0

-.J00

8.000
7.000
7.000

9,200

7.900
6.230
9.9949
12,9390
5.700
5,200
9.000
9.009
£.7300
8.000
5.009
7.000
7.200
6.000
7.2920
10.700
7.090
11,090
A, D000
7.300
2.709
5.009
9.91%90
4.700
9.2100
6,930
8,000
6, 300
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1N9
190
111
112
113

11y

115
116
117
118
119
120
121
122
123
124
- 125
126

782.900
786.300
754.200
802.009
208.9%00
R19,000
R27.200
£38.3920
848,000
856.1700
862.000
868.900
877.000
884.000
894,000
an1.900
909.090
916.300

6.000
4.200
8.000
3.9290
6.000
11,1799
8.009
11.900
19.900
3.000
f.000
€.000
'9.090
7.9%0
11.799
7.200
8.000
7.090
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Study P09/11:

Assemble Gear Train - Part Aside to
. Tray .

NO

DOV~ NEWN o

FLAPSED

3.1700
A,300
a.0nn
11.000
12.190
17.200
19,409
21.900
23.000
26,9219
29,910
311,390
313.910
36.770
49,000
414,009
46,1000
48,201
Er.000
83,709
54,090
56,710
59,301
£2.7°7
f0_00N
£7.990
70,000
77.3%0
20,010
82.0n0
4,300
a7.2M
9.8
92,300
Q4,009
9¢.,NCH
92,709
107,999
103,709
125,700
107,270
119,700
113.929
115,909
117,379
121,007
123.977
123,779

ACTUAL
1,100

- 3,000

3.700
2.900
1,000
5.000
2.000
2,000
2.090
7.900
3.000
2.700
2.790
3.000
4,700
4,700
2.000
2.200
2.701
3.7300
1.900
2.709
3.010
3.799
2.000
3.900
3,20n
7.700
3,109
2.309
.20
2.9090
3.000
2.3990
2,700
2.7200
2.100
2.700
3,100
2.00n0

2.00%

3,704
3.700
3.700
1.729
4,900
2,190
5,700

296



49
50
51
52
53
54
55
56
57
58
59
€9
61
62
f3
H Ll
65
66
67
68
69
70
71
72
73
74

130.909
134,300
137.000
140,109
142.900
145,190

‘1u8.910

151,209
154,200
158.0%00
160.900
172,030
165,990

167,000

170.700
173.9100
176.000
193.99)
185,709
188,000
191.109
163.0239
197.100
108,120
291,900

205.090

2.000
4,700
3.700

3.29%% .

2.000
3.900
2.000
3.900
2.1700
4.9390
2.N00
2.190
3.1709
2.090
3.200
3.700
3.1700
7.79N0
2.0909

3,200

3.990
2.000
4.209
2,900

2.000
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Study P10/1: Arming and Non-Arming Fuse - Remove the

Fuse

=
=]
.

b b e ok ud sd b ad b
WVWoOo-SNOUNEsaEWwNaoWOWR A NEWN

ISESESENESE SN SR
SO EWN OO

w NN
QW@

W Wiy
[FLI % R

£ Wl W W W
OoOwao~loau

£
-t

EREEEEFR
DN E Wk

ELAPSED
6.000
13.000
21.000
27.000
314,000
+«1.0Cy
48,000
56.000
63.000
70.000

73.000

78.000

85.000

91.000

$9.000
106.300
111.000
116.000
122.000
127.000
134.000
14C.000
148.000
153.000
169.000

176.000°

184.000
191.000
197.000
203.000
208.000

214,000

221.000
227.000
238,000
241.000
246.000
250.000
255.000
263.000
270.000
277.000
282.000
288.000
301.000
306,000
308.000
314,000

ACTUAL
6.000
7.000
8.000
6.000
7.000
“7.000
7.000
8.000
7.000
7.000
3.000
5.000
7.000
6.000
8.000
7.000
5.000
5.000
6.000
5.000

- 7.000

6.000
8.000
5.000
16. 000
7.000
8.000
7.000
6.000
6.000
5.000
6.000
7.000
6.000
7.000
7.000
5.000
4.000
5.000
8.000
7.000
7.000
5.000
6.000
13,000
5.000
2.000
6.000
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320.000
329.000
337.000
345.000
352.000
357.000
363.000
369.000
376.000
382.000
393.000
399.000
405.000
410.000
417.000
423.000
429.000
435.000
442.000
448.000
455.000
466.000
472.000
478.000
487.000
493.000
500.000
507.000
511.000
517.000
522.000
529.000
537.000
543.000
556.000
562.000

568.000 .

574.000
581.000
588.000
595.000
600.000
€07.000
613.000
621.000
629.000
635.000
641.000
647.000
655.000
661.000
669.000
674.000

6.000
9,000
8.000
8.000
7.000
5.300
6.000
6.000
7.000
6.000
11.000
6.000
6.000
5.000
7.000
6.000
6.000

6.000

7.000
6.000
7.000
11.000
6.000
6.000
9.000
6.000
7,000
7.000
4,000
6.000
5.000
7.000

8.000 -

6.000
13.000
6.000

6.000

6.000
7.000
7.000
7.000
5.000
7.000
6.000
8.000
8.000
6.000
6.000
6.000
8.000
6.000
8.000
5.000
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Study P10/2:

Arming and Non-Arming Fuse - Load the

Fuse

NO.

L R T I I T N S
WOSNAMANEWNNSODORJOUNEWN

NN
- O

NN
£ Wi

WroNNNN
OV RN

W W W
W N

P~ PRI VS VY I VY % Y]
[ Vs o  JPS, WT, I ~

PR~ - - - B -
@~ W -

ELAPSED
7.000
17.000
25.000

36.000 .

43.000
51.000
60.000
70.000
79.000
88.000
96.000
105.000
113.000
122.000
130.000
138.000
146.000
153.000
163.000
171,000
178.000

187.000

196.000
212,000

220.000

228.000
236.000
245,000
253.000
261,000
269.000

©277.000
2R5.000

296.000
305.000
312.000
320.000

327.000

336. 000
344,000
353,000
360.000
369,000
380.000
384,000

- 396,000
405,000

413.000

ACTUAL
7.000
10.000
8,000
11.000
7.000
8.000
9.000
10.000
9.000
9.000
8.000
9.000
8.000
9.000
8.000
8.200

" 8.000

7.000
10.000
8.000
7.000
9.000
9,000
16.300
8.000
8,000
8.000
9.000
8.000
8.000
8.000
8.000
3.000
11.000
9.000
7.000
8,000
7.000
9,000
8.000
9.000
7.000
9.000
11.000
4,000
12.000
9.000
8.000

zéoo



423.000
434,000
441.000
450.000
463.090
472.000
477.000
487.000
498.000
507.000
512.000
519.000
526.000
532.000
541.000
549.000
557.000
565.000
574.000
585.000
592.000
597.000
608.000
617,000
623.000
632.000
640.000
649.000
659.000
666.000
675.000
682.000
694.000
698.000
708.000
717.000
725.000
739.000
747.000
755.000
765.000
773.000
782.000
790.000
797.000
806.000
815.000
821.000
830.000

- 838.000

B46.000
853.000

10.000
11.000
7.000
9.000
13.000
9.000
5.000

.10.000

11.000
9.000
5.200
7.000
7.000
6.000
9,000
8.000

. 8.000

8.000
5.000
11.000
7.000
5.000

11.000 -

9.000
6.000
9.000
8.000
9.000
10.000
7.000
9.009
7.000
12.000
“. 000
10.000
9.000
8.000
14.000
8§.000
8.000
10.000
8.000
9.000
8.000
7.000
9.000
9.000
6.000
9.000
8.000
3.000
7.000
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.Study PI1/1: - Insert Retaining Ring - Load the Fuse

into the Fixture

NO

WD NOVA S WN e

[]
PR I T Y Y
D E WK O

— ol ok b
[N Jbo . IS Blo S0

20

N J N
W Ny —

-

24
25
26
.27
28
29
30
31
32
12
34
35
36
37
3B
39
4o
g1
42
43
44
45
L6
u7y
u4s

ELAPSTD
6.000
10,000
15,200
16.000
19,000
25.000
28,900
25,000
33.000
38.000
42,900

49,000 -

55.090
58.1700
67,010
70.000
73.00N0
77.000
82.000
92.900
93.000
95.100
93.190
195,000
112.009
116,000
120.1700
124,900
126,900
129,900
132,990
135.9090
139.300
143,900
T4£,.290

145,000

152.000
154.1700
159.000
160,000
164,900
168,900

-170.909

173.900
176.9700
192,999
185.30n0
129,300

ACTNAL
6.000
4.000
5,000
1.000
3.900
6.000
3.900
2.000
3.000
5,000
4.090
7.000
6.000
3.000
9.700
3.909
3.000
4.900
5.000

19,100
2,100
1.109
4.009
6.200
7.990
4.900
4.900
4.900
2.000
3.000
3.100
3.100
4.900
4,000
1,900
2.000
5.700
2.090
5.000
1.000
5.700
4,000
2.000
1.700
3.900
4.900
5,000
4.500
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49
50
51
52
53
54

55

56
57
58
59
60
Al
62
63
64
£5
£6
67
68
69
70
71
72
73
74
4
76
77
78
79
an
a1
a2
23

191,000
196.110
189.900
204,700
209.000
214,700
218,210
221.000

. 223.100

128,000
232.000
235.900
240.200
245,019

250.000

252.000
257.990
261.090
264,000
267.290
269.900
278.000
282,000
285.000
2R6.000
2R28.300
291.900
296,790
30%.000
306.900
I1nN9.n720
313.179
317.990
323.900
326.100

2.000
5.190
3.n00
5.1700
5.700
5.1920
4.000
3.900
2.909
5.700
4.1000
3.009

5,000

5.000
5.000
2,090

5.000.

4,000
3,900
3,000
2.000
5.000
8.700
3.100
1.000
2.100
2,900
5.000
5.0
5.079
3.040
4,709
4,700
£.700
3.000
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Study P12/1:

Stake Ring - Load Fuse into the Fixture

¥O.

c

NN )
N = O

NN
& W

W B o N
(o IV Js IR Bs RNV

49

[ I T " e sy
DN W A0 DD NE WR -

ELAPS™D
4,900
8.900

13.002
19.989
23.29D
27.000
33.9010
37.000
43,900
48.000
51.00n0
57.270
£2.000
£7.000
72.200
78.092
82,300
28,700
73,7030
ShH,.INN

130,000

125,200

113,209

115.000

120,900

125,000

127.9092
133.900

140,720
145,300
149,009
154,000
158,200
16€.009
174,309
178.900
184,290
129,200
124,700
197.000
235.009
238,200
213.199)
218.200
223.009
236.290
243,709
248.1000

. ACTNOAL

4.300

4.009.

5.209
6.000
4,000
4,000
6. 700
4.000
6.000
5.000
-3.000
6.000
5.200
5.700
5.200
6.700
4,109
6.000
5.210
3.000
4.009
5.210
5,900
5.290
5.1700
5.700
2.7090
6.700
7.29090
5.000
4.000
5.000
4,300
8.900
8.099

4.700

6.700
5.000
5.100
3.199
8.000
3.2509
5.729
5.000
5.309
13.209
7.000
5.000
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49

51
52
53
54
55
56
57
58
59
60
61
62

64
65
66
67
68
69
70
71
72
73
T4
75
76
77
78
79
80
81
82
83
8y
85
86
87
88
89
90
91
92
93
94
95
96
97
98
39
© 100
101
102
103
104
105
106
107
108

252.000
257.000
261.000
267.000
272.000
277.000
282.000
290,000
295,000
299.4800
303.000
308.000
315.000
320.000
327.000
332.000
338.000
342.000
347.000
351.000
356.000
360.000
365.000
371.000
377.000
383.000
390.000
395,000
399.000
404,000
809.000
414,000
420.000
423.000
428.000
433,000
438.000
442.100
347.000
452,000
458.000
464.000
469,000
473.000
478.000
484.000
490,000
495,000
500.000
503.000
508.000
513.000
518.000
523.000
527.000
532.990
539.000
549,000
555.1%00
559.000

4.000
5.000
4.000
6.000
5.000
5.000
5.000
3.000
5.000
4.000
4.000
5.000
7.000
5.000
7.000
5.000
6,000
4.000
5.000
4.000
5.000
4.000
5.000
6.000
6.000
6.1700
7.000
5.009
4.000
5.000
5.000
5.000
6.000
3.1700
5.000
5.000
5.000
4.000
5.000
5.000
6.000
6.000
5.000
4.000
5.000
6.000
6.000
5.000
5.000
3.000
5.000
5.000
5.000
5.000
4.000
5.000
7.000
10.000
6.000
4.200
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109
110
111
112
113
ERAE

115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
122
133
134
135
136
137
138
139
140
149
142

143

144
145
146
147
148
149
150
151

152
153
154
155
156
157
158
159
160

562,000
568,000
574,000
578,000
587,000
592,910
566,000
£01.000
606,000
612,000
619,990
£24,000
£30.000
625.090
£41,)00
646,700
651,700
656.000
663,700
£70.000
€76,100
679,900
683,700
689,070
€94,000
701,009
707,000
712.990
718,000
724,700
728.900
732,200
736.009
740,000
746,700
753.000
761,900
768.000
774.300
778.000
803.900
810.990
R16,000
826,000

825,910

830.070
335.900
8u4C.000
845,270
850.090
R55.N00
867.190

31.200
5.000
€.000
4.000
9,300
3.900
4.000

5,200

5.070
€.900
7.000
5.,n100
6,000
5,000
6,000
5.000
£.000
5.090
7.200
7.000
€.000
3.000
4.000
6..000
5.000
7.000
5,109
5.000
€,000
6.100
4.209
4.030
4.0990
4,200
6.003
7.900
8.300
7.00N0
6,700
4.000
25.000
7.250
6,920
4,000
5.100
5.000
5.9%0
5.700
5.7200
5.000
5.700
12.000
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Study P12/2: Stake Ring - Remove Fuse from the

Fixture

O/ AN T W) s

FLAPSED

5.900
12,900
17,020
22.000
27.090
32.00n0
37.099
Ur,N09
51,300
58,3210
60.00N0
64,300
T £9,.0909
74,000
30,009
26,200
91,099
97,300
102,300
109.701
114,009
119,999
124,909
1310.700
136,000
142,001
150,290
154,900
158,300
163.7720
169,009
174,900
179,710
133,999
160,790
195,270
232,970
207,709
212,000
218.9299

223,030

227.300
231.993
235.332
241,079
2u6,239N
253.00%

258,979

ACTHAL
5.009
7.000
5.990
5.000

- 85,000

5.3100
5.1000
a,an9
5.N090
4,000
5.900
4.n00
£.00n0
5.000
6,700
£.O00
5.04d90
6£.000
5.090
7.230
5.000
5,000
5.909
6,00
.30
6,009
8,700
4,700
4,709
5.7100
6.720
5.709
5.200
4,709
7.700
5. 0090
7.71090
5.009
5.000
6.000
5.200
4,700
4,300
4,n20
5.009

5.000

7.7170
5.72048
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u9
50
51
52
53
54
55
56
57
:
59
50
61
62
63
64
65
6h
€7
68
69
70
71
72
73
74
75
76
77
78
79

80
21
a2
A3
84
85
26
87
’8
8BS
ag
91
a2
a3
54
Qs
96
97
98
a9
190
191
192
123
10y
1ns
196
107
108

263.990
268,300
272.000
278.300
283.909
287.0990
71324707
236,272
304,009
307.090
311.00°0
315.910
319,900
324.000
329.910
334,039
338,000
383.000
348.000
353.200
358.070
363,009
269.000
374,904
379.000
384,900
388,000
393.299
397.0509
492,202
406,000
412,370
416,209
419,909
423,907
424,000
431.020
436,00)
449,200
444,779

usn,3 Y

454,029
4€1.200
466,000
471,900
475,240
480.009
485,700
431,000
494,009
502.9290
510,970
S14,.030
5270.000
526,000
530,000
535.999
539.27
Sa4,0n00
Su449,n000

5.970
5.000
4.100
6,100
5.000
4.900
5.00N0
4,000
8. DOO
3.1700
4,000
4,000
4.000
5.9237
5.1700
5.001
4,309
5.7200
5.100
5.0%0
5.000
5.700
6.000
5. 700
5.0090
5.0990
4,.non
5.209
4.909
5.7090
4,0an
f.001
4,100
3.900
4.900
3.790
5.300
5.000
4.0920
4.109
H.NDD
6,793
5.700
5.7090
5.0C9
4,700
5.700
5.300
h.D00
7.09%0
4.000
3.0310
4,000
4,900
.70
4,099
5.799
4.709
5.490
5,320
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109
110
11
112
113
11y

116
"7
118
119
1290
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
139
139
1u0
141
142
143
144
145
146
147
148

149

150
151
152
153
154
155
136
157
158
159

553.000
558,100
563.009
567.000
573.009
E74.000
579,209
588,000
539,099
594,309
298,709

602,209

£98.900
613.0320
£19,003
624,200
£28.901
£32.3010
£37.000
641,200
651.1%00
658.000
£62.300
670,009
674,900
678,900

Rg’.’.‘“o :

635,000
£89,309
£93,00n0
£98,009
706,900
710,000
714,300
722,900
727,000
734,2%)
738,000
743,000
T47.07%)
751.7490
757.900
762,303
767,022

771,330

775.520
776,709
784,000
789.9500
8§30.799
10,719

4.000
5.7090
5.700
4.000
3.000
4.700
5.079
5.1090
5.100%
5.000
4.7300
4.000
6. 100
5.790
6. 300
5.7200
4,709
4,009
5.7110

4,000

10.300
7.000
4.200
8.700
4,000

4,000

C NN
+.N00
4.700
4,900
5.900
8.900
4.709
$.710

3,299

5.909

©7.0730

4,000
5.000
4.700
4.200
6,090
-5.029
5.7090

;4. 0’.)’) ’

4.000
4,100

5.000

5.093n0
11.3389
13,7990
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Study P13/1:

Stake Ring - Apply Silastic to Fuse
Assembly - Load Piece into the Fixture

o
o

SOV OSATNEWUNN

- -

—th =l b d amd md b b
Vo Nswhy

NN
-

[\ I W)
N

NN
o &=

[FWRVVE S SN ]
- O~

ELAPSED
4.000
7.000

14,000
18.000
- 27.000
30,000
36.000
42,000
45.000
51.000
58.000
63.000
69.000
74.000
79.000
86.000
89.000
94.000
99.000

106.000

109.000

113.000

118.000

127.000

130.000

134.000

146,000

153,00

157.000 °

163.000
169,000

ACTUAL
4.000
3.000
7.200
4.200
9.000
3.200
6.000
6.000
3.000
6.000
7.000
5.000
6.000
5.000
5.000
7.000
3.000
5.000
5.000
7.000
3.000
4.000
5.000
9.000
3.000
4.000
12.000
7.000
4.000
6.000
6.000
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Study P13/3: Apply Silastic to Fuse Assembly -
Unload Fuse from Fixture and Lay.

Aside

NC. ELAPSED ACTUAL
1 3.000 3.000
2 7.000 4,000
3 10.000 - 3.000
4 13.000 3.000
S 17.000 4.000
6 23.000 6.000
7 © 25,000 2.000
8 29.000 4.000
9 32.000 3.000
10 37.000 5.000
11 40.000 3.000
12 45.000 5.000
13 48.000 3.000
14 51.000 3.000
15 55.000 4.000
16 60.000 5.000
17 64.000 4.000
18 66,000 2.000
19 69.000 3.000
20 73.000 4.000
21 77.000 4.000
22 81.000 4,000
23 84.000 3.000
24 B88.000 4,000
25 91.000 3.000
26 95.000 4.000
27 100.000 5.000
28 104.000 4,000
29 107.000 3.000
30 109.000 2.000
K| 111.000 2.000

32 116.000 3.000



Task

C BN BN E LN

Appendix E: Distribution of MIM-1 Categories in the Field Data

Reference
R6C/D
RBC/D

Ni
RfA
MfA
MfB
MEC
R1A
RI1C/D
MI1A
M1B
MIC
R2A
M2a
M2B
M2C
R3A
R3C/D
M3A
M3c
R4C/D
MéA
= M4B
M4C
RSA
RSB
M54
M5C
R6A
R6B
M8A
MBB
M8C
R104
R10B
R10C
= M10B

M6A
M6C
== RBA

2}
(=]
=
S
w
w
=

o
Q
=
e
(¥, ]
= KN N
Bt BN

P09/8 1 1 1
F09/9 1 . 1 1
PO9/10 1 1

P09/11 . ' . 1
P10/1
P10/2

rii/1 2 . 11 1 1 . 1
r12/1 1
P12/2 1 1 1 1 _ )

P13/1
P13/2

N
—
-
Yt
[~
[
—
-
[
—

N

Continued on next page
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Task

(- = R R s

Reference

Number
R124

rol/1
PO1/3

PO6/1 1
PO6/2 1

po7/1 1
PO7/2

P07/3
P07 /4
PO9/1

P09/2
P0O9/3
P09/4

P09/5
P0%/6
PO9/7

P0%/8
P09/9
PO9/10

PO9/11
P10/1
P10/2

P11/1
P12/1
P12/2

r13/1
P13/2

M12A
M12B

—

Mi2c

R16A

R16B

M16C

M18C

]

M20C

M24B

Appendix E:

R30C/D
P1SE

P1SsD
P2SE

- M

-

P2SSE

PZNSE
P2SD

[N

—

(Continued)

P25s8D
P2NSD

-

P3NSD
GlA
G1B
G2

G3

I Y

- e e D

(¥ ]

Ll A

—

[T R

[l o

[Pl I

G4A

G4B

N e

G4C

G5

AP2

RL1

e R e N s

N Bt p e e e

[+

-

RL2

D1E
DZE
T75

Basic

8.9112
4.4832
2.5400

4.2290
10.4548
3.0586

2.7048
6.2895
3.5736

2.7352
2.8256
3.5720

4,7224
2.6440
2.5680

4.7872
3.3008
5.8160

2.2160
8.3412
10.2360

4.7136
4.1976
4.0752

4,3616
2.9224

MTH-1

6.9800
2.5200
3.2150

5.8900
8.2750
3.2450

3.9150

6.7550

4.0950

2.9500
3.1250
3.0950

3.0950
3.2300
3.0650

4.9450
3.1350
6.1450

3.5500
6.6450
1¢.1650

4.7100
4.4700
3.9250

3.2700

2.6150

£1e



Appendix F: Distribution of MIM-2 Categories in

the Field Data

s MTM-2 MOTION CATEGORY

gy ‘
- u . N . R RN E- - BASIC MTH-2
m Y v Y o Vi W [ ] ] ™M ™ D - 4 & «F - @ [ =BT,
: 58 s5psep 368 #EC 35 20583838 388 ..
1 POlfl 8 3 2 2 8.9112  7.8000
2 Po1/3 2 1 1 1 4.4832  2.7500
31 pos/l 2 1 11 1 2.5400  3.0500
4 POG/2 2 1 1 1 1 4.2290  6.1000
5  PO7/1 1 1 1 3 10,4548 10,5050
6 PO7/2 i 1 1 1 1 3.0586  3.5000
7 POT/3 1 11 1 : 22,7048 3.5000
5 PO7/4 2 2 2 1 1 1 1 6.2895  6,8500
9 P09/ 1 1 1 1 3.5736  3.7000
10  P09/2 1 i 1 1 2.7352 2.9000
11 po9/3 2 1 1 1 2.8256  3.1000
12 P09/4 2 2 3.5720 2.9000
13 Po9/S 2 2 4,7226  2.9000
14 P09/6 2 2 2.6440  2.9000
15 P09/? 3 1 1 2,5680  2.5000
16 Po9/8 2 1 1 1 1 3 47872 6.3000
17 P09/9 1 1 1 3.3008  2.9500
18 PO9/10 2 1 1 1 T 2 5,8160  4.000
19 Po9/1l 1 1 1 2.2160  3.2500
20 P10/1 2 2 1 2 1 1 4 2 3 8.3412  7.3000
21 PlO/2 2 311 2 1 1 1 1 1 1 4 10,2360 11,4500
2 nia 1 2 2 1 1 1 1 4.7136  4.4500
23 P12/1 i 1 1 1 4,1976  4.9000
24 P12/2 11 1 1 1 1 4,0752  4.1500
25 P13/1 1 1 1 1 1 4,3616  6.4000
26 p13/3 1 1 t 1 2.9224  13.4000

wIL



Appendix G: Distribution of MIM-3 Categories in the Field Data

Jon STUDY TEEO TA80 Ae80 HABO . TB15 TAS HE1S HA15 " BASIC NTH]
L PO1/1 0 1 0 0 3 9 0 k 8.9112 9.80
2 P01/} 0 1 0 o 1 2 0 ! h.4832 .45
3 P06/ 0 1. o 0 ] 0 0 k| 2.5400 "3.50

o P06/2 0 0 1 0 0 2 0 1 4.2290 4.900
5 po7/1 0 ¢ k] 1 0 0 0 0 10. 4548 8.90
6 P07/2 0 0 0 0 0 1 1 2 3.0586 3.85
7 P07/1 ¢ 0 0 0 0 1 1 2 2.70889 3.85
8 P07 /4 0 c 0 1 2 3 1 1 6. 2895 7.45
9 POg /1 0 0 1 0 t 0 0 0 3.5736 3.45

10 P09/2 ] 0 0 0 0 3 1 0 2.3152 2.75
T P09/} 0 0 -0 0 0 0 1 1 2.8256 2.60
12 r09/4 0 0 0 0 2 2 ¢ 0 3.5720 2.80
1] P0%/5 0 0 0 0 2 2 o 0 §.722% 2,80
t4 P0%/6 0 0 0 0 2 2 c 0 2.6440 2.80
15 rOY /7 0 ¢ 0 0 0 1 1 ? 2.5680 2,95
16 pP0O9/8 0 0 0 0 t 1 1 2 4.7872 4.90
17 r09/9 0 0 0 0 0 0 2 0 3. 3008 3.40
19 r09/10 0 0 1 0 0 l 0 k) 5.8160 6.15
19 PO9/ 1N 0 0 ] 0 1 0 0 a 2,2160 3,45
20 P10/ 0 1 0 0 0 6 1 k| 8.3412 8.10
21 pro/2 A 0 1 1 2 5 0 1 10. 2360 10.130
22 P11/1 2 0 0 0 1 4 0 1 §.7136 6.25
23 Pi2Z/1 1 0 t 0 0 1 H 0 4.1976 4.20
24 P12/2 1 0 0 0 2 1 0 1 49.0752 %.00
25 P13/% 0 Q 1 0 1 t 0 0 4.3616 3.80
26 P13/) 0 0 1 0 1 1 0 0 2.9224 3.80

SiE



APPENDIX H - HISTOGRAMS OF ACTUAL TIMES OF FIELD DATA JOBS

The actual times required by the operators to perform work
tasks classified as field data were collected using the methods
described in Chapter 3.0.0. The histograms for these times are
shown in the diagrams which follow.



Figure H-1: Histogram of- Work~-Times: Study PO1/1
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Figure H-2: Hist'ogram of Work-Times: Study P01/3
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Figure H-3: Histogram of Work-Times: Study P06/1
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Figure H-4:
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Histogram of Work-Times:
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Figure H-5: Histogram of Work-Times: Study P07/1
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Figure H-6: Histogram of Work-Times: Study P07/2
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Figure H-7: Histogram of Work-Times: Study P07/3
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Figure H-8: Histogram of Work-Times: Study P07/4'
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Figure H-9: Histogram of Work~-Times: Study P09/1
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Figure H-10: Histogram of Work-T:Lmes: Study P09/2
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Figure H-11: Histogram of Work-Times: Study P09/3

% o STUDY P0O9/3

20

10 -

2 4 6 8 10 12 14 16 18 20 22
DECIMAL MINS.

Figure H-12: Histogram of Work-Times: Study P09/4
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. Figure H-13: Histogram of Work-Times: Study P09/5 325
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Figure H-14: Histogram of Work-Times: Study P09/6
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Figure H-15: Histogram of Work-Times: Study P09/7
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Figure H-16: Histogram of Work-Times: Study P09/8
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Figure H~17: Histogram of Work-~Times: Study P09/9
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Figure H-18: Histogram of Work-Times: Study P09/10
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Figure H-19: Histogram of Work-Times: Study P09/11
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Figure H-20: Histogram of Work-Times: Study P10/1
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Figure H-21: Histogram of Work-Times: Study P10/2
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. Figure H-22: Histogram of Work-Times: Study Pl1l/1
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Figure H-23: 'Histogram of Work-Times: Study P12/1
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Figure H~24: Histogram of Work-Times: Study P12/2
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. Figure H-25: Histogram of Work-Times: Study P13/1
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Figure H-26: Histogram of Work-Times: Study P13/3
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APPENDIX J: ' CUMULATIVE FREQUENCY DISTRIBUTION OF
" "OBSERVED TIMES FOR FIELD DATA




CUMULATIVE %
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Figure J1:
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Cumulative Frequency Distribution: PQ1/1
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Figure J2: Cumulative Frequency Distribution: P01/3
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CUMULATIVE %
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CUMULATIVE

Figure J3:
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Cumulative Frequency Distribution: PO06/1
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Figure J4: Cumulative Frequency Distribution: P06/2
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Figure J5: Cumulative Frequency Distribution: PO7/1
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Figure J6: Cumulative Frequency Distribution: P07/2
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Figure J7: Cumulative Frequency Distribution: P07/3
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Figure J10: Cumulative Frequency Distribution: P09/2
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Figure J11: Cumulative Frequency Distribution: P09/3
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Figure J12: Cumulative Frequency Disbribution: P09/4
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Figure J13: Cumulative Frequency Distribution: P09/5
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Figure J16: Cumulative Frequency Distribution: P09/8
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Figure J17: Cumulative Frequency Distribution: P09/9
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Figure J18: Cumulative Frequency Distribution: P09/10
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Cumulative Frequency Distribution: P09/11
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Figure J21: Cumulative Frequency Distribution: P10/2
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Figure J23: Cumulative Frequéncy Distribution: P12/1
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Figure J24: Cumulative Frequency Distribution: P12/2
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Figure J26: Cumulative Frequency Distribution: P13/3
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APPENDIX K: A REVIEW OF MTM-1, MTM-2 AND MTM-3

The development of a family of PMTS under the general heading
of Methods - Time Measurement (MIM) began in 1940 due to the efforts
of a consulting company, the Methods Engineering Council, which was
located in Pennsylvania, USA. Details of the original system were
published in a textbook by Maynard, Stegemerton and Schwab (1948)
and the system entered the public domain. The originators of the
system trained both their competitors and the general public in
the use of the system, insisting, however, that a practitioher
qualification procedure should be adhered to by those reéeiving
training. Eventually, a user's association was set up in the USA
and Canada, known as the MTM Association for Standards and Research.
National MTM Associations have now been developed in twenty seven
other countriles, all of which subscribe to the development and
control of the MIM group of PMTS.

In the late 1960's, efforts were being made by many groups to
develop simplified PMIS. The MIM Associations produced two
-simplified, or higher level, data systems which became knowm as
MTM-2 and MTM-3. The original system at that time became identi-
fied as MIM-1. -

For a full description of the MIM-1 system, the reader is
referred to Antis, et al (1963) and for a description of MIM-2 and
MTM-3, to Knott and Goodall (1970, 1970). This appendix summarizes
some of t@e characteristics of MIM-1, MTM-2 and MIM-3.

K.0.1 Definition of Methods-Time Measurement

The definition of MIM by the originators of the system,
Maynard et al (1949) is equally applicable to.MIM-1, MIM-2 and
MTM-3, It is as follows: . o

"A procedure which analyses any manual motion or method
into the basic motions required to perform it, and
‘assigns to each motion a predetermined time standard
which is determined by the nature of the motion and the

conditions‘under which it is made."
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- All elements in an operation are either manually or process .

controlled. Examples of process controlled elements are painting

a surface which has to be coﬁered completely, drinking a glass of
water, the time involved in cutting in a machinery operation. This
type of element cannot be measured with MIM. It is the only
manually controlled motions with which MIM is concerned. These are
called Basic Manual Motions.

K.1.0 THE TIME UNITS AND PERFORMANCE LEVEL

K.1.1 The Time Units

The ofiginal MIM data is based upon a frame by frame film
analysis of a motion fiim photographed at 16 frames per second, thus
the times between frames was 0.00001736 hours. Using a decisicn
model for selecting breakpoints and rounding off times, a more
practical time unit of 0.00001 hours was chosen. This unit of
time in MTM became known as the "Time Measurement Unit" and was
abbreviated to TMU.

K.1l.2 The Performance Level

All of the films used for amalysis in developing the MIM
system, and the subsequent research carried out by the MIM Associa-
tion were "levelled" according to the LMS performance rating system,
Thﬁs, the times are expressed at a level which represents the time
to be expected from an average operator who, when suitably motivated,
could work at a performance of 120. Thus, one TMU is 0.00001 hour

at a performance level of 100 on the LMS rating scale.

K.1.3 Conversion to BSI

It has been.shown by several authors, including Knott and
Goodall (1970), that TMU wvalues can be converted to minutes on the
BSI scale as follows: '

Minutes at - ™U
100 BSI 2000

(Eq. K-1)
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'K.2.0 A BRIEF DESCRIPTION OF THE MTM-1 SYSTEM .

The MIM-1 data card consists of ten separate tables. This data

card is shown as Figures K-l and X-2,

K.2.1 The Basic Manual Motions

The Basic Manual Motions used in MIM-1, together with their

respective code letters are listed below:

"Basic Manual Motions Code Letter

! REACH
MOVE
GRASP
RELEASE
TURN
APPLY PRESSURE
POSITION
DISENGAGE

o B H B e R w

K.2.2 The Basic Manual Motion Reach '

The Basic Manual Motion Reach is defined as

"The manual basic motion performed with the predominant
purpose of transpbrting the hand or fingers to a
destination."

This Basic Manual Motion 4is subject to three variables as follows:
1. Distance moved in inches. (Actual path of travel of

hand or fingers is measured in inches,)

2. Type of Motion. Whether the hand is at rest or in

motion at Beginning and/or end of movement.

3. "Cagse of Reach". There are five cases of Reach, which

are described on the MIM-1 data card,
The symbol used to describe a Reach Motion is shown in Figure K-3.



Figure K~1: Table 1 to J of the MIM-1 Data Card
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Figure K-2: Tables 6 to

TABLE VII-DISENGAGE-D

TABLE VI-RELEASE-RL
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Figure K-3: MIM-1 Symbol for Reach 12" to an Object
the location of which may vary slightly
from eycle to cycle

Description Symbol

"R 12 B

Symbol for Reach ' -

Distance

. Case of Reach

K.2.3 The Basic Manual Motion Move

The Basic Manual Motion Move is defined as:

"The manual basic motion performed with the predominant

purpose of tranSpofting an object to a destination."

This Basic Maﬁual Motion has had its wvariables delineated as
follows:

"1. Distance Moved. (Actual path of travel of hand or

fingers is measured in inches.)

2, Type of Motion. Whether the hand is at rest or in

motion at the beginning and/or end of movement.

3. Weight of Object., Measured as iﬁs resistance to
movement per hand.

4, "case of Move". There are three.cases of Move as

defined on the data card.

When making the appropriate allowance to the time for handling
a.weight, or overcoming a resistance to motion, the time for the
motion, neglecting the weight, 1s multiplied by a factor and then a
constant time is added. This multiplication factor and constant

time is dependent upon the resistance to motion per hand.
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The symbol used to describe a Move 1s given in Figure K-4.

Figure K=4: MIM-]l Symbol for Moving an Object
12" to an Approximate Location,
against a Resistance of 20 1b.

Per Hand.
; Description Symbol
M 12° B 20
Move T . |
Distance
Case

Weight or resistance
in 1bs.

K.2.4 The Basic Manual Motion Grasp

The Basic Manual Motion Grasp 1is défined as:

."The manual basic motion perfomed to gain control of an
object."

There are eleven different types of Grasp recognized in the MIM-1
system., These Grasps can be further classified in five groups

which are illustrated in Figures K-5 to K-9, inclusive.



Figure K-5: MTM-1 "Pick-Up" Grasps"

.GlA:

GI1C:

W/

1

Small medium or large-
object, by itself,
easily grasped.

Very small object or
object lying close

against a flat surface.

Interference with graéb
on bottom and one side
of a nearly cylindrical
object.

Gl1Cl: Diameter larger

than %",

G1C2: Diameter ¥% to %'".

G1C3: Diameter legs than

Lall '

353
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Figure K=6: The MIM-1 "Regrasp"

G2

Sgart Finish

Start Finish
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Figure K-8: The MIM-1 "Jumbled Grasp™

Gé: ,
G4A: Larger than 1" x 1"
% 1“ .
G4B: ¥" x. %" x 1/8" to
1" x 1" x l"
C4C: Smaller than %" x %"
x 1/8"

~ Figure K-9: The MIM-1 "Contact, Sliding
or Hood Grasp
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K.2.5 The Basic Manual Motion ''Release"

The Baslic Manual Motion Release is defined as:

"The manual basic motion performed to relinquish control

of an object.”
There are only two cases of Release:

RL1 - where the fingers open. This case of release is

associated with all types of Grasp except G5.

RL2 - the release where contact is broken and is usually
associated with GS5.

K.2.6 The Basic Manual Motion "Turn"

Ihis 1s defined as follows:

"The manual basic motion performed when rotating the

empty or loaded hand about the long axis of the forearm."

There are two variables recognised in this Basic Manual Motion,
namely .
1. Angle of turn measured in degrees. This is in the
range 30° to 180° in Steps of 15°.
2, Weight or Resistance to Motion. This is categorised
as Small (>0<2 1bs), Medium (>2.1<10 1bs), Large
(>10.1 to 35 1bs)

When the weight variable exceeds 35 1lbs motions other than a

Turn occur.

The symbol used to describe a turn is shown in Figure K-10.
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Figure K=10: A Turn Through 60° While Carrying an
' Object of Medium Weight

Description Symbol

T 60 M

Turn I o

60 degrees

medium 2.1 to 10 1lbs.
weight

K.2.7 The Basic Manual Motion "Apply Pressure"

This Basic Manual Motion is defined as

“An application of Muscular force to overcome resistance

accompanied by or no resistance.”

There is a limitation of <" on the movement which can occur in
an Apply Pressure. It is recognised by three force components
as it is being performed. These are

1. Increase of muscular force,

2, Reaction time for the reversal of muscular force.

3. Reversal of muscular force.

Apart from the distance limitation noted above, the reaction
time in (2) is limited to minimum reaction time for an Apply'

Pressure to occur. When this reaction time is exceeded, the

" motion is classified as a process time.
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Figure K-11: Symbol for the MTM-1 "Apply Pressure"

Description ' | Symbol

AP1

Apply Pressure |

Case

The MTM-1 Basic Manual Motion "Apply Pressure" has only one
variable, the Case, resulting in

APl - when it is necessary to re-orient the hand to avoid
loss of grip, or injury, or discomfort during force
application.

AP2 - when the body member is in position and requires no

resetting before force application.

K.2.8 The Basic Manual Motion "Position"

The definition of this Basic Manual Motion is:

"The manual basic motion perfomed to bring an object into

an exact, predetermined relationship with another object."

It is the most complex of all of the MIM-1 motions and can be
partially explained in terms of the other motions. A position would
typically occur when bringing a key to a lock, as shown in
Figure K-12, and if preceded by 2 move, the case of move would be

case C.
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Figure K~12: An Example of "Position"

The symbol used to identify the MTM-1 Basic Manual Motion
Position is shown in Figure K-13.

Figure K-13: The Symbol for "Position"

Description Symbol
Position l
Class of Fit :
Symmetry
Easy to Handle

There are three cases of the variable class of Fit. These
are described on the data card; however, they are somewhat
unclear and misleading. To use these descriptions correctly

requires careful training. The cases are
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Class 1 -~ loose or no pressure required
Class 2 - close or light pressure required

Class 3 - exact or heavy pressure required

There are three types of the variable referred to as Symmetry.
They'are:

Symmetrical - the objects can be mated in an infinite

number of ways about the axis of engagement.

Semi-Symmetrical - the objects can be mated in any one of
several ways about the axis of engagement. '

Non-Symmetrical - the objects can be positioned in only ome

way about the axis of engaéement.

K.2.9 'The Basic Manual Motion "Disengage"

This‘Basic Manual Motion is defined as

“"The manual basic motion perfomed to separate objects,
characterised by an involuntary movement occasioned by a

sudden ending of resistance."

The two variables recognised for this Basic Manual Motion are
1. ' Class of Fit
2. Ease or Difficulty of Handling

These are combined as 1llustrated in Figure K-14 to specify a

particular Disengage.

Figure K-14: Symbol for Disengage

Description Symbol

D 2 E

Symbol for Disengage l

Class of Fit

Ease of Handling




The class of fit in Disengage is judged on the length of
recoil which denotes the sudden ending of resistance. This is

demonstrated for the three classes in Figure K-15.

Figure K-15: Recognising the Class of "Disengage"

Case 1 - Loose - very light
effort - blends with subsequent
Move (0" - 2" recoil)

Case 2 - Close - normal effort -
slight recoil (2" - 5" recoil)

Case 3 - Tight - considerable
effort -~ hand recoils
markedly (5" 0 12" recoil)
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K.2.10 Other MIM=1 Motions

_ The other MIM-1 motions are used to a much lesser extent than
those outlined above. Therefore, it is proposed not to discuss

these, but to refer the interested reader to Antis et al {1963).

K.2,11 The Principle of Limiting Motion

Correct application of the Principle of Limiting Motions is
the key to correct application of MIM. While thé Principle is
quite simple, its correct application calls for careful guidance

and will only be outlined here. . It is stated as follows:

"When two motions are performed at the same time the time
required is the time consumed by the longer of the two

motions."”

When two motions are performed at the same time_by the body member
they are called combined motions. When the two motions are per-
formed by different body members they are called simultaneous
motions.

A combined motion can be illustrated by considering a Reach
and a Turn being performed at the same time. When the object is.
reached for, the hand 1is often turned during the Reach to bring
the fingers into position for grasping. This turning has some-
times been called prepositioning. Actually, it often is a Turn
combined with a Reach. Usually the Turn is limited out because
the Reach is the longer motion.

K.3.0 A BRIEF DESCRIPTION OF THE MTM-2 SYSTEM

The datd card for MIM-2 is given in Figure K=16. The time
values, as for the MIM=-1 data card, are expressed in TMU and are
exclusive of any allowances. The MIM-2 data card here is the
metric version, so that distances and weights are expressed in

centimetres and kilogrammes, respectively.



Figure K-16: The MIM-2 Data Card

MTM-2
(ODE| GA| GB| GC|PA | PB|PC
-S| 3 71 14 3|10 2
151 6| 10|19 |- 6 | 15 | 26
-30| 91141 23 | 11} 19| 30
-45 | 13 | 18 | 27 | 15 | 24 | 36

-801 17 |1 23 | 32 ] 20 | 30 | 41
GWi1-1 Kg. PW1-5 Kg.
A R | E c S F |'B

14| 6 17 | 15118 9 | &1

WARNING: Do not attempt to usa this data unless you have
bean trained and quatified under a schema approved by tha
International M T M Directorats.

© International MTM Directorate, Solna, Sweden

In an attempt to extend the utility of MIM to areas where the
sheer bulk of work involved in application tended to restrict its
use, saveral MIM based systems were developed. 1In October 1964,
the International Directorate of the MIM Assoclation initiated a
research project to develop a second general level of MIM which
would be the official second generation system of the MIM Associa-
tion and was to be known as MIM-2,

The definition of MIM=2 given in the MIM-2 Student Manual by
Evans and Magnusson is:

-

"MIM-2 is a system of synthesised MTM data and is the
second general level of MTM data. It is based exclusively

on MTM and consists of:
1. Single basic MIM motions. . .
2. Combinations of basic MIM motions. "

This is the official definitjon which has been adopted by the MTMA.

K.3.1 Construction of MIM-2

MIM-2 was constructed from MTM-1 motion patterns using an

extensive computer analysis. This analysis identified the following:
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That certain motions such as Reach, Move and Grasp
were predominant in Industrial operations while other
motions such as Turn and Disengage appeared with far
less frequency. .
That certain motion sequences such as Reach, Grasp,
Move, Position and Release seem to be ''preferred"

in a motion pattern.

The clear simplification of MIM-2 over MIM-1l was achieved by

the following to produce categories rather than Basic Manual

Motions.

1.

Technical Simplification - in that easy decision models
were produced so that ﬁhere identification is difficult,
it is achieved by exception. l

Statistical Simplfiication - motions from basic MIM are
combined, averaged, eliminated or substituted. In
addition to this, distances are estimated by classes
rather than actual measurements. The constructions are

shown under the discussion on the wvarious categories.

The motion categories obtained by these simplifications were
summrised by Knott and Goodall (1970) as shown in Figure K-17.

K.3.2 The Categories Get and Put

The model used for the categories Get and Put is based upon

the motion sequence and breakdown shown in Figure K-18. The

variables to these categories are obtained by means of a statisti-

cal weighting.

The symbols used to designate Get and Put are shown in

Figures K-19 and K-20, respectively. The variables for both of

these motion categories are Distance and Case. This distance

variable for both Get and Put is established in the same way.

The cases of Get and Put are determined differently.
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Figure K=17: The MTM-2 Motion Categories

.

NAME OF '
CATEGORY SYMBOL DESCRIPTION
GA An action of the hand or fingers, The hand reaches to the object,
GET GB grasps and subsequentily releanses it,
GC There are three "cases” of QET, A, B and C.
PA An actlon of the hand or fingers, The hand moves, or moves and
PUT PB poaitions, the object,
PC ‘There nre three "cases” of PUT, A, Band C,
The finite time necessary for the muscles of the hand and arm to
GET WEIGHT Gw take up the welght of an object prior to it befng moved,
The weight of an object affects the time neceseary {o perform a
PUT WEIGHT W PUT. PW is the adjustment for this difference,
APPLY PRESSUNE A Muscular force applied to an object to overcome a resistance,
accompanied by little or no motion,
REGRASP n The position of an object In the hand is changed, without releaning
eontrol, ‘
E may occur in either of two ways, (1) Recognising m readily
EYE ACTION E distingulshable characteristic of an object. (2} Shifting the aim
of the axis of vision to a new viewing ares, ,
An sctlon of the hand or fingers where an object is rotated more
CRANK ¢ than one half revolution,
FOOT A motion of the leg, 12" or less, or one in which the trunk is not
MOTION F intentionally moved, .
STEP s A motion of the leg, greater than 12", or one [n which the trunk
is Intentionally moved.
BEND AND ARISE B Lowering of the trunk, and subequently arising.

<9¢



Figure K-18:

The Basile Construction of GET and PUT

Category

Basic Motion

Category

GET

AN

Reach to the block

. Grasg the block

-

Move the block

Perhaps Position the'block

AN

Release th.e block

— PUT

aac



Figure K-19: The Symbol to Designate a Get

Description

Symbol

General symbol for GET
Case of Get

Distance Code

G B 15

Meaning: Case B GET with the length of the path of the-

motion over 5 ems, (2 inches) up to 15 cms. (6 inches)

Figure K-20: The Symbol to Designate a Put

Description

Symbol

General symbo] for PUT
Case of Put

Distance Code

PB 15
| |

Meaning: Case B PUT with the length of the path of the
motion over 5 ems. (2 inches) up to 15 ecms. (6 inches)
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The distance variables for these two motion categories are.
estimated, locating the length of the path of motion into one of
five distance ranges indicated in Figure K-21,

Figure K=21: The MIM~2 Digtance Codes

Distance Class
Code
Distance measured in Distance measured in
centimetres inches
5 -over Oto 5 over 0Oto 2
15 over 5 to 15 over 2to 6
30 over 15 to 30 . over 6 to 12
- 45 over 30 to 45 over 12 to 18 ‘
80 over 45 over 18
The conversion from centimetres to inches
2.5 centimetres = 1 inch

There are three cases of Get and three cases of Put,
Experience has shown that these are best recognised by simple
decision models. These decision models have been extended
slightly in Figures K-22 and K-23 to include illustrations of
actual observations. These are due to Knott and Goodall (1970).

K.3.3 The Categories Get Weight and Put Weight

The variable of Get Weight and Put Weight is the effective New
Weight (ENW). This ENW is the resistance to motion per hand
referred to in the discussion on MIM-l.

The concept of GW is that it is the Static Component that
occurs prior to the move. It is the time necessary for the muscles
of the hand and arms to build up sufficient tension to get the
component full& under control, ready to accelerate. Thé data card
TMU is 1 per kilogramme, excepting the first 2 kilogrammes.
Fractional values are raised to the next highest whoie number, up
to a maximum of 20 kilogrammes ENW. The symbol used for GW is
shown in Figure K-24.
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Figure K-22: The Decision Model for Get

MIM-2 | Example: Pusha small box
along a table top.

Ars thers any
- grasping motions G A
required?

Yes

MTM-2 Example: Pick up a small pin
from a table top.

Is only a simple

closing of hand or | No GC
fingers required?

Yes

MTM-2 Example: Pick up a tumbler
from a table top.




Figure K-23:

Ia the motion

Are the correcting

The Decision Model for Put

smooth and No > motlons easy No
continuous? ' to detect?
Fea ‘Yes
Case A Case C ‘Cane B

Total clearance over 0. 4"

I

Close fit, slight
pressure required
ta mate objects,

Total clearance 0. 4" or less but
no pressure required to mate the
. objects,

Insertion . J
\\ Loose 1it,
difficult to handle,
Over }" or to a stop Leas than 118" " to1/18"
target area
Surface

-

AN

ntHe
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Figure K-24: The Symbol for Get Weight

Description Symbol

GW 15

GET WEIGHT symbol l

Effective Net Weight

Meaning: GET WEIGHT with
Effective Net Weight of 15 kilogrammes

The difference in data card time for moving a heavy and light
weight, i.e. the Dynamic Component, is allowed for by the addition
of PW, The time value for PW is 1 TMU per 5 kilogrammes, up to a
maximum of 20 kilogrammes. The rounding off for fractional values
of ENW 1s the same as for GW. However, in this case, the symbolism
is slightly different. The actual ENW is not shown, but the value
is réunded off in steps of 5 kilogrammes, The symbol used to
designate Put Welght is shown in Figure K-25.

Figure K-25: The Symbol for Put Weight

Description Symbol

PW 15
] . )

PUT WEIGHT symbol

Effective Net Weight

Meaning: PUT WEIGHT with Effective Net Weight
over 10 and up to 15 kilogrammes
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For ENW of less than 3kg the resistance to motion is considered
" to be not significant and the way in which this is handled in MIM-2

is summarised in Figure K-26.

Figure K-26: The Get Weight and Put Weight
Values in MTM=2

ENW GET WEIGHT PUT WEIGHT

Kgs. | SYMBOL | TMU SYMBOL { TMmu

1

2

3 GW3 3

4 GwW4 4 PWS 1

5 - GWS 5

6 GW6 6

7 GW7 7

8 GwWs 8 PW10 2

g GW9 9

10 GW10 10

11 GW11 11

12 GW12 12

13 GW13 | 13 PW15 3

14 CW14 14

15 GW15 15

16 GW16 16

17 GW17 17

18 GW18 18 PW20 4
: 19 GW19 19

20max. | GW20 20
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K.3.4 The Categories Regrasp and Apply Pressure

The category Regrasp in MIM=2 is similar to the:G2 found in
MTM-1, and all of the rules applying to G2 apply to Regrasp, R.

The category Apply Pressure is designated by A. It is a
weighted average of the MIM-1 motions APl and AP2. The same rulés
governing APl and AP2 govern A, with the addition that A cannot be
preceded by R in MIM~2, This is so that the introduction of AP1
and AP2 into MIM-2 is avoided. ' .

K.3.5 The Category Eye Action

When all other motions cease while the eyes perform some task
the category Eye Action (E) is allowed. All other motions must

cease. Category Eye Action (E) is allowed in the following
instances: '

'1l. When the aim of the axls of vision of the eye moves
from one viewing area to another. '
2, VWhen the eye has to recognise an easily distinguishable

characteristic of an object.

- The normal area of vision, associated with E, is a 10 centimetres
(4 inches) diameter circle at 40 centimetres (16 inches) distance
from the eye. As the distance from the eye increases, the increase

in circle diameter is proportional.

R.3.6 The Category Crank

The category Crank (C), occurs when the hands or fingers are
used to move an object in a circular path of more than ¥ revolution.
If the motion is less than % revolution, the action is considered
to be P~.

The variables of C used in the MIM-2 system are

1. Number of Revolutions

2. Weight or Resistance to Movement

The Biameter of the crank is ignored, together with any consideration

of whether the crank is continuous or intermittent, a practice has
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,been justified by an analysis of the various basic motions over the
whole of the industry.

Where weight or resistance is significant, PW is applied to
each revolution, and where'the motion is Intermittent then GW is

added to each revolution. 'If the motion is continuous, only one
GW is necessary.

K.3.7 The Categories Foot Motion and Step

!
Since these two categories have to be differentiated from each
other by a decision model, in some cases’' it is appropriate to

consider them together. This decision model is shown in Figure K-27.

Figure K-27: The Decision Model for Step
and Foot Motion

Purpose N Leg movement
[»]
to displace =1  greater than | No
trunk? 30 cms, (12")7

Yes . Yes

The action S is the basis of walking. When considering walking,
the number of times the foot strikes the floor is the governing
factor. This time is based upon a 85cms. (34") pace, which is
shortened when significant weight is being handled.

K.3.8 The Category Bend and Arise

Both Bend and Arise are included in this Category. It is
recognised by the body being changed in its vertical position so



that the hands can, not necessarily do, reach below the knees.
' Typical of B is sitting in a chair and standing up again, kneeling
on one knee and standing up agéin. When an operator bends to both

knees and arises it is classed as 2B.

K.3.9 Simultaneous Motions in MTM=2

As in MIM-2, special rules apply relative to treating simul-
 taneous motions and they are summarised in Figure K-28, Where an X
appears in the intersection of a row and column,.-no additional
time is required. However, where a 5 appears, then a Code 5 motion
of either the colum or row category must be added so that the

maximum time results.

Figure K-28: MIM-2 Simultaneous Motions

* If the target areas are within
GA the area of normal vision.
If outside the area of normal
GB vision allow & PBS overlap,
GC5 | GC 5
PA
]
PBS | PB N
PCS | PC 5 5 ‘5
Body GA GB | GC | PA | PE PC

K.4.0 A BRIEF DESCRIPTION OF THE MIM-3 SYSTEM

X.4.1 The MIM-3 Data Card

The MTM-3 data card is shown in Figure K-29. As in MTM-1 and
MIM-2 the ten time values of the MIM-3 data card are in TMU and are

exclusive of any allowances.
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Figure K-29: Tﬁé MTM-3 Data Card

MTM-3

CODE HA HB | TA TB

A5 | 18 34 | 7 2

80 | 34 48 | 16 29
st 18 | B 6

© International MTM Directorate, Solna, Sweden

The four elements recognised in MTM=3 and their codes are

Step-Foot Motion:
Bend and Arise

Handle

Transport

SF

- K.4.2 1Identifying the Element STEP

When there 1is a purposeful action of the leg or foot in one

direction then the action would be analysed as SF. Several simple

examples will illustrate this..

As a first. example, consider a person walking across a room.

- Agssume that his foot strikes the floor six times, then the

analysis would be as shown in Figuré K-30.

Figure-K—BO: MIM-3 Analysis of Walking

DESLMPTION « LEFT MaRD

¢ . ! DESCMETION « MQMT manD

108

Walk
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In this example the leg movement was pivoted at the hip;
'howeve;,*providing tHe motion is purposefui it may also be pivoted
at the knee or heel. It should be noted that an SF covers the A
motion in one directiom only, where for example, an operator presses
and releases a foot switch. The action and thé associated analﬁsis
is shown in Figure K-31l.

Figure K=-31: MIM-3 Analysis of "Operate Foot Switch"

DERCRIPTION . RIGHT wAND

i _Switch down
. Switch up

K.4.3 Identifying the Element "Bend and Arise"

In this MIM-3 element both Bend and the subsequent Arise are
included. The element Bend and Arise is identified by a change in
the‘vertical position of the body so that the hands can, not
necessarily do, reach below the knees. Typical actions which
would be classified as B would be:

- Sit in a chair and Stand at some later time.
~ Kneel on One Knee and Stand at some later time.

— Stoop and Arise from Stoop at some later time.

A special case of B occurs when the action involves Kneeling on
Both Knees and Arising from this position at some later time. This

action is analysed as 2B,

K.4.4 The MIM-3 Hand Actions

All hand actions are grouped into one of the two MIM-3 elements:

— Handle

- Transport
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Perhaps the most convenient way of deplcting these two elements
is pictorially and by reference to the MIM-2 categories. |

Figure K-32: Illustration of the Element HANDLE

Put Get
s
/ v

IR il

Figure K-33: Illustration of the Element TRANSPORT

PUL/—_§

Comparing the actions illustrdted in Figures K-32 and K-33, it
will be seen that differentiation between the two MTM-3 Hand
Actions is:

- Héndle: The hand must gain coatrol of the object to be

moved.

- Transport: The hand already has control of the object

to be moved. ‘ .
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These MIM-3 Hand Actions, Handle and Transport, are affected by two
variables:

= The Case
= The Distance

The two cases of Handle and Transport are both judged by the
correcting actions required at the termination of the movement of

the object. Recognition of the two cases 1s relatively simple.

= Case A: a smooth continuous action with no correcting
motions. : o

Case B: an action invelving any correcting motions at
the terminal. '

There are two digtance codes in the actions Handle and Transport.
" These are shown in Figure K-34. This distance code is judged from

the distance moved by the object, not by the hand, as illustrated
in Figures K-35 and K-36., -

Figure K-34: The MIM-3 Distance Codes

Distance Code Distance Range
15 Over 0 to 15 cms.
80 Over 15 ems.

The symbols used to designate Handle and Transport are shown
in Figures K-37 and K-38, respectively.
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Figure K-35: The Distance Variable in HANDLE




Figure K-37: Symbol for Handle

Symbol for Handle . . ]
Case

Distance Code

Case A Handle, object moves up to 15 cms.

Figure K-38: Symbol for Transport

-\_.*-'q

Symbol for Transport

Distance Code

Case B Transport, object moves over 15 cms,
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K.4.5 Important Application Rules

Four important application rules relative to MIM-3 which must
be noted at this point.

The first is with respect to Appiication of Force. Where the

MIM=-3 element Handle, or Transport is performed and is terminated

by one or more applications of force, the first application of

force is included in the MIM-3 element. The subsequent force appli-
cations are analysed as HAl5 or TAl5, dependent upon whether it is
necessary to gain control of the object during each force appli-
cation. As an example, consider an operator seating a screw cap

on a bottle, in which at the end of the final of six turns there

is aﬁ‘application of force. The analysis would be as showm in
Figure K-39,

Figure K-39: MIM-3 Analysis of "Tighten Screw Cap"

| ] i
Ty ! an ‘e DIRCMOTON  MONT uanD

108 GHA1S, | Serew down and seat |

— ——— -

e — A e . ——— - —

e e —— a . mmem b e

~If the operation is changed slightly, so that the operator now

applies force a total of three times at the end of the screwing
action, without relinquishing control of the cap, the analysis

becomes that shown in Figure K-40.

Figure K-40: MIM-3 Analysis of "Tighten Screw Cap Firmly"

™Y L] Ne DESCHPTION + AIGHT NaND

108 BHA15. ' Screw down and seat |
14 2TA15! | Fina) seating of cap

122 Total ]
l |

The second application rule which we should consider is where

there is a high repetition of an MIM-3 element. If, for example,

an operator makes an action of turning down a nut on a bolt by a
series of Handles, providing the frequency does not exceed 10,

then MTM-3 can be used. When this frequency exceeds 10, the the
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analyst must revert to using MTM-2 or MIM-1. Failure to follow

| this application rule can have considerable effects on the consis-

tency of time standards established by MIM-3. ' _
The third application rule is with respect to analysis of Eye

Action, MIM-3 is not sufficiently sensitive to detect Eye Action

and in fact they are not recognised in fhe MTM-3 system. Where Eye

Actions are significant then a lower level of MIM data is necessary.

The fourth application rule is with respect to handling objects
which have significant weight. The theoretical construction of

the MIM-3 system is such that the weights of objects can be ignored .
in MTM-3 analyses. ‘ '
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Figure L-1:
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REGRESSION ANALYSES APPERTAINING TO THE

THREE GENERAL LEVELS OF MTM

Regression Analysis Data of MIM-1 on MTM-2

Source d.£f. Sum of Mean F PR > F
Squdres Squares

MIM-1 1 610.304 610.304 1361.07 0.0001

Error 25 11,210

Total 26

Parameter Estimate T for Ho: ‘PR > |T| Std. Error of

Parameter=( Estimate
Slope 0.9423 36.89 0.000. 0.0251°
R% = 0.9819  Std. Dev. = 0.6696  c.v. = 14.8774

Independent Variable =

MIM-2

Mean MTM-1 = 4,501
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Figure L-2: Regression Analyéis Data @f MIM=2 on MIM-1

Independent Variable - MTM-1

Figure L-3:

Source d.f. Sum of Mean F PR > F
‘ Squares Square
MIM-2 1. 701.437 701.437 1361.07 0.0001
Error 25 12.884 0.515
Total 26 714.321
Parameter Estimate T for Ho: PR > |T| Std. Error of
Parameter=0 Estimate
Slope 1.0624 36.89 0.0001 0.0288
R? = 0.9819  Std. Dev. cov. = 15.234

Mean MIM-2 = 4,713

Regression Analysis Data of MTM-1 on MTM-3

Mean MTM-1

Source d.f. Sum of Mean F ‘PR > F
Squares Square
MIM-1 1 604.977 604.977 914.55 0.0001
Error 25 16.538 0.661
Total 26
Parameter Estimate T for Ho: PR > |T| std. Error of
: Parameter=0 Estimate
Slope 0.9137 30.24 0.0001 0.0303
R? = 0.9734  Std. Dev. = 0.8133  c.v. = 18.0701
‘ independent Variable - MIM-3 =
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Figure L-4: Regression Analysis Data of MIM-3 on MIM-1
Source d.f. Sum of Mean F PR > F
Squares Square

MTM=-3 1. 705.334 705.334 914.55 0.0001
Error 25 19.281 0.771

Total 26 724,615

Parameter Estimate T for Ho: PR > |T| Std. Error of

Parameter=0 _ Estimate
Slope 1.0653 30.24 0.0001 0.0352
R? = 0.9734  Std. Dev. = 0.8782  c.v. = 18.3991
Independent Variable = MIM-1 Mean MTM-3 = 4,7731
Figure L-~5: Regression Analysis Data of MIM-2 on MTM-3
Source d.f. Sum of Mean F PR > Fi
Squares Square

MTM=-2 1 691.109 691,109 744,36 0.0001
Error 25 23,212 0.928

Total 26 714.321

Parameter Estimate T for Ho: PR > |T| Std. Error of

Parameter=0 Estimate

Slope 0.9766 27.28 0.0001 0.0358
R? = 0.9675  Std. Dev. = 0.9636  c.v. = 20,4471

Independent

Variable = MTM-3

Mean MTM~2 = 4.7125
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Figure L-6: Regression Analysis Data of MIM-3 on MIM-2
Source d.f. Sum of Mean F PR > F
Squares Square
MTM-3 1 701.069 701,069 744,36 0.0001
Error 25 23.546 0.9418
Total 26 724.615
Parameter Estimate T for Ho: PR > |T| S5td. Error of
Parameter=( Estimate
Slope 0.9907 27.28 0.0001 0.0363
R2 = 0.9675 Std. Dev. = 0.9705 c.v. = 20,3325

Independent Variable = MTM-2

Mean MTM-3 = 4.7731

Figure L-7: Regression Analysis Data of Basic Time on MTM-1

Source d.f. Sum of Mean F PR > F
Squares Square
Basic 1 668,558 688.588 624,32 0.0001
Error 25 26.772
Total 26 695.330
Parameters Estimate T for Ho: PR > |T| std. Error of
Parameter=0 Estimate
Slope 1.0372 24.99 0.0001 0.0415
R2 = 0,961 Std. Dev. = 1.035 c.v. 22,436

Independent Variable = MTM-1

Mean Basic = 4.6123
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Figure L-8: Regression Analysis Data of MIM-l on Basic Time

Source d.f. Sum of Mean F PR > F
Squares Square
MTM-1 1 597.585 597.585 624.32 0.0001
Error 25 23.930 0.957
Total 26 621,515
Parameter Estimate T for Ho: PR > |T| Std. Error of
Parameter=0 Estimate a
Slope 24.99 | 0.0001 0.0415

R% = 0.9615 Std. Dev. = 0.9784 cov. = 21.7366

Independent Variable = Basic Time Mean MTM-1 = 4,5010

Figure L-9: Regression Analysis Data of MIM-2 on Basic Time

Source d.f. Sum of Mean F PR > F
Squares Square '
MIM-2 1 690.675 690.675 730.23 0.0001°
Error 25 23.646 0.946
Total 26 714.321
Parameter Estimate T for Ho: PR > |T| Std. Error of
Parameter=0 Estimate
Slope ~ 0.9966 27.02 0.0001 0.0369
2

R™ = 0,.9669 Std. Dev. = 0.9725 c.v. = 20,6374

Independent Variable = Basic Mean MIM-2 = 4,730
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389

Regression Analysis Data of Basic Time on MIM-2

Source d.f. Sum of Mean- F PR > F
Squares Square .

Basic Time 1 672.313 672.313 730.23 0.0001
Error 25 23,017 0.9207

Total 26 695. 330

Parameter Estimate T for Ho: PR> |T| .Std, Error of

' Parameter=0 ‘

Slope 0.9702 27.02 0.9001 0.0359
R? = 0.9669  Std. Dev. = 0.9595  c.v. = 2018036

Independent Variable = MTM-2

Mean Basic = 4.613

Figure 1-11: Regression Analysis Data of Basic Time on_MTM-B

Source d.f. Sum of Mean F PR > F
Squares "Square s

Basic Time 1 677.238 677.238 935.83 0.0001

Error 25 18:092 0.7234

Total 26 695.330

Parameter Estimate T for Ho: PR > |T| std, -Error of
Parameter=0 ' Estimate

R2 = 0,9740 std. Dev. = 0.8507 c.v. = 18.4440

Independent Variable = MTM-3

Mean Basic Time = 4.6123
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Figure L-12: Regression Analysis of MIM-3 on Basic Time

Source d.f.- Sum of Mean F PR > F
Squares Square

MTM=-3 1 705.761 705.761 935.83 0.0001

Error 25 18.854 0.754

Total 26 724,615

‘Parameter Estimate T for Ho: PR -> |T| .Std. Error of
: Parameter=0 " Estimate
Slope 1.0075 |- 30.59 0.,0001 0.0329
R? = 0.9740  Std. Dev. = 0.8684  c.v. = 18.1491

Independent Variable = Basic Time Mean MTM-3 = 4.7731

Figure L-13: Regression Analysis Data of MTM~-1l on Average
‘ Observed Time

Source d.f. Sum of Mean . PR > F
Squares Square
MTM=-1 1 577.619 577.619 328.98 0.0001
Error 25 43.895 1.756
Total 26 621.514 -
Parameter Estimate T for Hl: - PR > |T| Std. Error of
Parameter=0 Estimate
Slope 0.8552 18.14 0.0001 0.0471
.R2 = 0,9294 Std. Dev. = 1.3251 c.v. = 29,4397

Independent Variable = Average Observed Time Mean MIM-1 = 4,5010
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Figure L-14: [Regression Analysis of Average Observed Time

on MIM=1
Source d.f. Sum of Mean F PR > F
Squares Square

Average 1 734.057 734,651 328.98 .0.0001
Error 25 55.783 2.231
Total 26 789.840 ‘
Parameter Estimate T for Ho: PR > |T| Std. Error of

Parameter=0 Egstimate =
Slope 1.0868 18,14 0.0001 0.0471
R% = 0.9294  Std. Dev. = 1.4938  c.v. = 29.5287
Independent Variable = MIM-1 Mean Average Observed Time = 5.0587

Figure L-15: Regression Analysis Data of Average Observed
Time on MIM-2

Source d.f. Sum of Mean F PR > F
Squares Square
MIM-2 1 659.369 659.367 299.96 0.000.
Error 25 54,954 2,198
Total 26 714.321
Parameter Estimate T for Ho: PR > |T| Std. Error of
Parameter=0 .Estimate '
Slope ' 0.9138 17,32 0.0001 0.0528
2

R™ = 0.9231 Std. Dev. = 1.4826 c.v. = 31,4614

Independent Variable: Average Observed Time Mean MIM-2 - 4.7125



Figure L-16:

Regression Analysis Data of
Observed Time
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_MIM-2 on Average

Source d.£f. Sum of Mean F PR > F
Squares Square

Average 1 729.076 729.076 299,96 0.0001

Error 25 60.764 2,431

Tqtal 26 789.840

Parameter Estimate T for Ho: PR.> |T| Std. Error of
Parameter=0 ‘Estimate

Slope 1.0103 17.32 0.0001 0.0583

% = 0.9231  Std. Dev. = 1.5590  c.v. = 30.8187

Independent Variable = MIM-2

Figure L-17:

Observed Time

Mean Average Observed Time = 5.0587

Regression Analysis of MIM-3 on Aéerage

Source d.f. Sum of Mean F PR > F
Squares Square

Average 1 744,227 744,227 407.90 0.0001

Error 25 45,613 1.825

Total 26 789,840

Parameter Estimate T for Ho: PR > |T| Std. Error of

Parameter=0 Estimate

Slope 1.0134 20.20 0,0001 0.0502

2 ' -
R™ = 0.9423 Std. Dev. = 1.,3508 c.v. = 26,7016

Independent Variable = MIM-3

Mean Average Observed Time = 5,0587




Figure L-18:

Observed Time on MTM=3

Regression Analysis Data of Average
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Source d.f. Sum of Mean F PR > F
Squares Square -
MIM=-3 1 782.769 782.769 407.90 0.0001
Error 25 41.864 1.674
Total 26 724.615 _
Parameter Estimate T for Ho: PR > |T| std. Error of
Parameter=0 Estimate
Slope 0.9298 20.20 0.0001 0.0460
R% = 0.9423  Std. Dev. = 1.2938  c.v. = 27.106

Independent Variable = Average Observed Time

Mean MTM-3 = 4.7731




APPENDIX M: MTM=-1 ANALYSIS OF PROVING DATA

FROM TEST SITE
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The following is a summary of the times of the tasks used for

proving the simplified data sdystems. These time values have been

Heveloped using MIM-1, and then transformed to 0.01 minutes at 100

B, S. I. performance level.

Task Description 0.01

. Minutes
T1-1 Load Springs into Magazines 6.740
T2-1 Hand Load Detcnators to Magazine 5.465
T3-1 Insert S=A Retainer into Fuse Body 13.895
T4-1 Handle Fuses 4,450
T5-1 Assemble and Stamp Torque Module 4,145
T6-1 Apply Tape Seal to S-A 8.400
T7-1 Assemble Body and Washer to Fuse 12,640
T8-1 Assemble and Crimp Detonator Support 8.655
T9-1 Assemble Timer, Spacers and Retainer 19,315
T10-1 Assemble and Stake Trigger Assembly 63.005
Til-1 Torque (3) Pésts 16.050
Ti2-1 Assemble Starting Spring Pin 25.025
T13-1 Burnish Slot 9.770
T14-1| Assemble Option Pin Arm 38.030
Tl5-1 Assemble. and Form Key Assembly 8.780
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Sym.| Ref. Description Elem.| g oq |Total
™U | "% TMu
Tl-1 | LOAD 4PRINGS INTO MAGAZINES (MTM-1)
A Obtain and Place Magazines 70.3 70.3
B Load Springs and Aside Work 64.5 1 64.5
Total 134.8
T2-1 | HAND [OAD DETONATOR TO MAGAZINE (MTM-1)
D Detonator Boxes to Dog House 646.1| 1/500 1.3
E Magazine Tray to Work Fixture 77.2% 1/100 0.8
F Detonator Box to Work Fixture 184.31 1/10 18.4
G Empty Magazineé onto Platform 50.3| 1/5 10.1
‘H Detonator in Magazine 38.7 1 38.7
N | Expose Detonator Rim 13.6 1 13.6
I ¥ Full Magazine in Work Fixture 33.8]| 1/5 6.8
M Completed Magazine to Locker 98.1| 1/5 19.6
Total 109.3
TB-i INSER] S-A RETAINER INTO FUSE BODY (MTM-]L)
P Assemble, Press and Gauge 176.1 1 176.1
R Obtain Tray of Fuses: 100%
Inspection Closing Screws 104.2| 1/8 13.0
d Aside Tray of Modules 57.0] 1/20 2.9
Start Module Threads 84,4 1 84.4
U Obtain Tray of Modules 30.6f 1/20 1.5
Total 277.9
T4-1 HANDLH FUSES (MTM-1)
v Obtain and Aside Fuses 65.4 1 65.4
W Aside Completed Tray 48.5| 1/4 12,1
X Obtain New Tray 45.81 1/4 11.5
Total - 89.0
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Sym.| Ref. Description Elem. | rqq, | Total
y T™U | % | Tmu
T5-~1 ASSEMBLE AND STAMP TORQUE MODULE (MTM=-1)
AA Insert Fuse Into Train 41,2 41.2
AB Aside Completed Fuse to Tray 41.7 41,7
Total 82,9
T6=-1 APPLY |TAPE SEAL TO S-A (MTM~1)
AD Apply Seal 96.5 96.5
AE Actuate Press 10.4 10.4
AF | Remove ‘Fuse from Press and " '
Check Seal 56.6 1 56.6
AG | Obtain Tray of Fuses 21.81 1/8 2.7
AH ] Tray of Fuses Aside 14.2) 1/8 1.8
Total 168,0
T7=1 ASSEMHLE BODY AND WASHER TO FUSE (MTM-1)
AJ | Finished Unit from Fixture 42.9 42.9
AL’ | Assemble Body, Washer and Fuse 196.8 196.8
AM Assemble Body to Limit 13.1 13.1
Total 252.8
T8-1 ASSEMALE AND CRIMP DETQNATOR SUPPORT (MTM{1)
AP Aside Finished Unit, Assemble :
Spring to Detonator Fuse 154.2 1 154.2
AR . ] Heat Stake and (Obtain Detonator
Holder 18.5 1 18.2
AG | Obtain Tray 21.8} 1/50 0.4
AH Tray Aside 14.2§ 1/50 0.3
Total | 173.1
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Sym.| Ref. Description Elem.| preq, | Total
™U | % T™MU
T9-1 | ASSEMBLE TIMER, SPACERS AND RETAINER (MIM-1)
AS . | Assemble Spacer to Unit 58.3 1 58.3
AT Load Retainer Ring 148.2 148,2
AU Assemble Housing and Retainer
to Timer . 131.3 1 131.3
AV Press Retainer, Agide Unit 46.7 1 46.7
AG | obtain Tray 21.8| 1/24 | 0.9
AH Aside Tray 14.2| 1/24 0.6
Total 386.3
T10-1| ASSEMBLE AND STAKE TRIGGER ASSEMBLY {MTM-1)
AW Assemble Trigger Assémbly and
Top Plate ' 128.1 1 128.1
"~ AX Assemble Rivits, Place Unit on
Block, Assemble Inserts 308.2 1l 308.2
AY Assemble Firing Pin and Spring
to Unit 97.3 1 97.3
AZ Assemble Safety Plate, S$SD
Release, Firing Arm and Bottom
Plate ) 409.7 1 409.7
BA Check Springs. Inspect Shaft,
Stake Unit and Recycle 261.2 1 261.2
BB Open Clamp and Remove from
Fixture 54.1 1 54.1
AG | Aside Tray 14.2] 1/24 0.6
AH | Obtain Tray 21.8] 1/24 0.9
- Total 1260.1
T11-1} TORQUE (3) POSTS (MIM-1)
BD | Unit to Fixture 49.3 49.3
BE Torque (3) Posts 164.9 - 164.9
BF Check Dropleaf, Dropleaf Rod,
Gauge 106.8 1 106.8
Total 321.0
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Sym.| Ref. Description Elem. | proq |Total
y P T™U | ¢ | TMU
Tl12=-1 ASSEMBLE STARTING PIN SPRING {MTM=-1)
G Housing into Fixture 56,4 1 56.4
BH Assemble Washer, '0' Ring, Start-
ing Pin and Spring 304.9 1 304.9
B3 Assemble Retainer 113.1 1 113.1
BL Housing Aside: Dump Out Pin
- Guide 26.1 1 26.1
Total 500.5
T13-1} BURNI$H SLOT (MTM~1)
BM Load Fixture 96.4 96.4
BP 7 Burnish Slot 40.7 40.7
BR Unload Fixture 58.3 58.3
Total 195.4
T14-1] ASSEMBLE OPTION PIN (MTM=1)
BS | Assemble Spring 152.3 1 152.3
BT | Assemble Option Pin, Washer and
'0' Ring 193,5 1 193.5
BU Check Unit for End Shake 84.9 1 84,9
BV | Assemble Large or Small 'E' Rihg | 127.3 2 254.6
BW | Assemble Crank 75.3 ‘1 75.3
Total | 760.6
T15-1| ASSEMHLE AND FORM KEY ASSEMBLY (MTM~-1)
BX | Assemble and Form Elements 175.6 1 - 175.6
Total

175.6
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DESCRIPTION R DESCRIPTION
-LEFT HAND No.] LH TMU RH 1 No. = RIGHT HAND
A - OBTAIN AND PLAJE MAGAZINES [MTM-1)
21,2 R22C
7.3 | G4A Magazine to
20,6 M24B Work Area
2.0 RLI
4,0 R2B
2,0 GlA
11.2 2 |2 Orientate
2.0 RLI_
Total 70.3 T™U
B - LOAD SPRINGS T({ MA(JAZINE, ABIDE WORK (MIM-]1)
P.U. Springs & 1741 RGC 2'3
to Magazine 1/4} Gac 3.
1/4 | M8B 2.7
Unpalm (1) Spring |1/2] G2 5.6 R-
5.6 G3 Spring from LH
9.5 M5C
21.8 - P2SD Insert
2.0 RL1 :
1/2q R8B 0.5 R8B 1/24
1/2¢ G5 - G5 1/2(
Aside Work 1/2q m20c  |11.1 | M20c |1/24 [ Aside Work
1/2¢4 RrR12 - RL2 1/2(
64,5 ™U

Total
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DESCRIPTION . " DESCRIPTIO
-LEFT HAND No.| LH | TMU RH 1 No, ZRIGHT HAND
D - DETONATOR BOXES{TO )OGﬁOUSE {MIM=1) |
9.6 | R12a
2.0 | Gla
3.9 | sc10 y Open Locker
Door
28,3 | M28Al0
2.0 RL1 /
R32A 29.5 | R34D
7.3 | G4A
| Assist R. H. T 7.3 Open Lid
22,9 | D3E
RL1 24.3 | M30B } L1d Aside
2.0 | RL1 :
147.5°1 R34D 5
17.5 G1B 5 Remove Box of
Detonators and
20.0 | D1E 5 to LH _
5| R~ 112,0 | M24A 5
From RH 51]1G3 28.0
"Box in Work Area 5 | M30B 121.5 -
RL1 10.0
27.8 | R34B
\
2.0 | GlA Toss Empty
18.4 (MZABm ' Box Aside
- Bt J
17.5 | R30A )
2.0 | Gl1A |
3.9 SC10 y Close Locker
28,3 | M28B10
2.0 RL1
/
Total 646,1 TMU
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DESCRIPTION . DESCRIPTION
-~LEFT HAND No.y LH T™U RH | No. —RIGHT HAND
E - OBTAIN AND POSIIION| EMPTY MAGAZINE |TRAY TO MWORK FIXTURE (MTM-1)
( R20B 18.6
GlA 2.0
P.U, Tray and M28C 24.4 | R- N
to Fixture
G..
M- \ Assist LH
L P2SSE 19.7 | P2SSE
‘ MOA 10.5 | M9A
| Insert RL1 2.0 | RLL /
Total | 77.2 | ™MU
F - OPEN DETONATOR BOX AND TRANSFER TO |[FIXTURE |(MTM-1)
18.6 R29B N\
2.0 | Gla
( R~ 13.5 [/M10C
Assist RH G- IQG? Box of Detona-
M- \ tors onto
! ) Platform
T903.
L PISE 5.6 PISE
RL1 2.0 | RL1 /
( RfB 2.0 | REB )
G5 - G5
Assist RH < AP2 10.6 | AP2 » Open Lid
M3B 5.7 { M3B
. RL1 2.0 | RL]1 J
2.0 RfA } Detonator Box
2.0 | 61a ° Lid
Detonator Box: { RED 2.0
G1B 3.5
RL1 2.0 | M6B Remove Lid
Carqgy Fwd. 73.5
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DESCRIPTION .
=LEFT HAND No, L.H .TMU RH No, EE%&%PJL%%
F - Continued
Brdqught Fuwd. 73.5
R- 6.1 M4A 1.id to LH
From LH G3 5.6
. M18Bm 14.2
Toss Lid Aside RL1 2,0
mR2E 2.7
R18D 18.4
Cardboard Pad G1B 3.5
from Box and M10B 11.5
Aside RL1 2.0
( R7D 10.8 | R7D )
Gl1B 3.5 '
{ 3.5 GlB ? Box of
Assist R.H. . M8C 11.8 M8C Dgtonators
to Fixture
PISE 5.6 PISE
\
RL1 2.0 | RL1 ’
2.0 | RfA )
- G5 b Slide into
6.1 | M4A Fixture
- RL2
r. P
Total |184.3
G - ORTAIN AND PLAGE ENPTY MAGAZINES OF WORK PLATF(RM (MTM-1)
R14C 15,6
Magazines
to Platform GAA 7.3
M16B 15.8
lst Magazine RL1 2.0
ort sed G2 5.6
rientate 2n
Magazine MEB _2'0‘
RL1 2.0
Totai 50.3 ™U
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DESCRIPTION . DESCRIPTION
~LEFT HAND Ne.l LH | TMU RH | No.|  —RIGHT HAND
H - POSITION DETONATOR [N MAGAZINE (MIM-1)
10.3 M6C Tool to P.U.
5.6 PISE Detonator
15.2 | Mi2c } Position
5.6 PISE Detonator
2.0 MEA Seat
Total 38.7
J - EXPOSE DETONATOR RIM (MTM-1)
2.5 | R1A
- G5
11.1 | M7¢ Expose Rim
- RL2 |
Total 13.6 T™U
L - POSITION FULL MAGAZIINE IN WQRK FIXTURE (MIM-1)
\
( R6D 10.1 | R6D
GlA 2.0 | Gla
I
N M2C 5.2 | M2C Work to
S8is PISE 5.6 | PISE Fixture
L RL1 2.0 | RLL )
2.0 | REA )
- G5 > Slide into
6.9 M4B Position
. ] - R1L.2 )
| Total 33.8 | ™U
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 DESCRIPTION ) DESCRIPTION
-LEFT HAND Ne.l LH [ TMU RH 1 No.l . =RIGHT HAND

M - COMPLETED MAGAZINE|INTO LOCKER (MTM-1)

R14B 14.4
Wire Guard to
Work Area GlA 2.0
MlOB) 12.2
4
6.1 ] R4A
5.0 GlA . Wire Guard
- M4C 8.0 | Mac 3
R ) P25SE | 19.7 | P2SSE | vire Goard into
M1A 2.5 | MiA Slot in Tray
. RL1 2.0 | rRL1 ‘
f RED 2.0 | RED )
G1B 3.5
Assist RH ‘ 3.5 GIB ’ Magazine Tray
M20B 18.2 | M20B From Fixture
and Aside
\ RL1 2.0 | RL1 )

Total 98.1 TMU
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SEEFTAND | ve| wH | MU RH I No.|  ZRie Ay
P - ASSEMBLE, PRESS|AND|GAUGE: JASIDE TO TRAY (}MTM-L)
- R16C | 17.0 |R-C )
Retainer to S-A GLA 7.3 | c1a
M10A 16.9 | Ml4C | Assemble S-A
' 21.0 P2NSE
2.0 | ru1 )
M6C 10.3 R8A
tosition S-A PINSE | 10.4 | GlA } Handle
RL1 2,0
8.7 | M10A } Clamp
16,2 APl
( R- 8.7 | ML0A } Handle Up
| Gla 2.0 | RL1 |
Gauge S-A ¢ M4C 8.0
M2B 12.9
L RL1 2,0
' , R1B 2.5
GlA 2,0
Assemble to M10C ) 13.5
Fuse i ws ‘
P2SE 11.2
- RL1 2.0
Total . 176.6
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DESCRIPTION . DESCRIPTION
-LEFT HAND No.| - LH T™U RH | No. = RIGHT HAND
R - OBTAIN TRAY OF FUSEB: 10% INSPECTION CLOSING SECREWS (MTM-1)
R20B 18.6 R20B
Assist RH Gla 2.0 Gla Trays to Bench
SC4 2.2 SC4
M20B4 19.3 | M20B4
58.4 | EF } Inspect
20.3 2/12ET
RL1 2.0 RL1
Total 104.2 TMO
S - ASIDE TRAY (MTME1)
7
R12B 12.9 | r- )
GlA 2,0 | G-
'gmy to { SC4 2.2 | sc4 L Assist LH
onveyor
M20B4 19.3 M-
R2A 4,0
Slide Dowmn G5 _
Conveyor
M14B 14.6
RL2 -
Total - | 57.0 | T™™MU
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DESCRIPTION . DESCRIPTION
~LEFT HAND No.| LR | TMU RH | No. = RIGHT HAND
T - START MODULE THREADE (MTM—ﬂ '
(| 1/¢] reB 1.3
Module Turner ¢ 1/8} G1A 0.3
to Fuse 1/8f M6C .13
L P2SSE 19.7
(| 5 |mM2 23.0
4 | rRL1 8.0
{
Turn Down 4 | r2B 16.0
| 4|c1a 8.0
Next Fuse M2C 5.2
1/8 M8B 1.3
Aside Tool 174 ru1 0.3
Total | 84.4 | TMU
U - OBTAIN TRAY OF E-A MODULES {MTM-1)
R14B 14.4 | R14B
Assist RH GlA ' 2.0 GlA g.g. and Move
M10B 12.2 | Mi0B ray.
RL1 2.0 | rRL1
) 30.6 | ™U

Total
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DESCRIPTION X DESCRIPTION
~LEFT HAND No.| LH | TMU RH | No. ~ RIGHT HAND
V - ASIDE AND OBTAIN FUSES (MTM}1)
' ( R6A 7.0 | rea )
Finished Fusge . Finished Fuse
Aside { GiA 2.0 } Gla , Aside
M18C 20.4 | M18C
L RL1 2.0 | rRLL )
( R2B 4.0 | R2B )
GlA 2,0 Gla
Obtain Fuse J M18C 20.4 M18C } Obtain Fuse
PISE 5.6 | PISE
L RL1 2.0 | rRL1 )
Total 65.4 TMU
W - ASIDE COMPLETEI TRAY (MTM-1
( R18B 17.2 } Ri8B A
| GlA 2.0 | c1a
Tray to { {1 2,2 SC4 } Assist RH
Conveyor
M10B4 12.9 | M10B4
L RL1 2.0 | RL1 J
¢ R34 5.3
Slide Along ¢ G5 -
Conveyor M4B 6.9
v RL2 -
Total 48,5 | ™U
X - OBTAIN NEW TRAY OF |[WORK (MTH~1)
( R26B 22.9 | R26B }
GlA 2.0 | G1a
Tray to New
Work Area ¢ SC4 2.2 | scC4 ) Assist LH .
M16B4 16.7 | M16B4
L RL1 | 2,0 | RL1 ]
Total 45.8 ™U
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DESCRIPTION - DESCRIPTION
-LEFT HAND No.| LH MY RH 1 No. — RIGHT HAND
AA - INSERT FUSE INFO PPSITION IN TRAIN (MTM-1)
12.9 | rR12B }
Fuse
2.0 | G1A
18.7 | Mi6C
5.6 | PISE To Train
2,0 | RL1
Total 41,2 T™U
AB - ASIDE COMPLETEpD FUSE TO TR4Y (MTM1l)
R10A 8.7
P. U. Fuse Gla z.0
and Aside M28C . 29.0
RL1 2.0
Total 41.7 T™U
AD - APPLY SEAL (MIM-1)
R10B 11.5 | R-
Pull Tape Out GlA 2.0
M2B 4.6
6.8 | R4D )
3.5 | G1B
15.2 (MIZC
$&86§ L Seal to Fixture
16.2 | P2SE
( R12B 12.9 | G2
GlA 2.0 | RL2 /
Fuse to Fixture Miac 14.2
) T
PISE 5.6
\ RLl 200 -
Total 96.5 ™U
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DESCRIPTION . DESCRIPTION ~
-LEFT HAND No.| LH | TMU RH I No.[  —RIGHT HAND
AE - ACTUATE PRESS KMTM-1)
. R8A 7.9 RBA
Actuate Button G5 - G5 Actuate Button
No. (1) No. (2)
M1lA 2.5 | M1A
Total -10.4 ™U
Remaining motions ip Elpment LT {limited out by Prockss Time.
Process Time not inkluded in thg study. ‘
AF - REMOVE FUSE FRDM ARESS ANDICHECK 4EAL (MTM-1)
R14B 14.4
Remove from .GlA 2.0
Press MlOB) 12.2
Check Seal EF 7.3
To Tray M16C 18.7 i
RL1 2.0
Total 56.6 | TMU
AG - OBTAIN TRAY OF FUSES (MTM-1)
R12B. 12.9
Slide From G> -
Conveyor M6B 8.9
RL2 -
Total | 21.8 | TMU
AH' - TRAY OF FUSES ASIDE (MTM-1
R3B 5.3
Slide to 6> -
Conveyor M6B - 8.9
RL2 -
Total .| 14.2 ™U
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DESCRIPTION . DESCRIPTION
-LEFT HAND No.l LH | TMU RH | No. — RIGHT HAND
AJ - FINISHED UNIT FROMi FIXTURE |AND ASTDE (MIM-)
( R14A 10.5 | R14A )
Gla 2.0 1G5 Open Clamp
Fuse from 4 4.0 | DIE (
Fixture 4.6 | M2B
and Aside M23B 4.6 RL2 J
\ M12C 15.2
RL1 2.0
Total 42.9 TﬁU
Al, - ASSEMBLE BODY,| WASHER AND BUSE (MIM-1)
17.2 | R18B A
2.0 | 61a
20.4 | M18C Body into Fixture
25,3 P2SSD ) :
16.2 AP]
2.9 MI1B
2.0 | RL1
( R8C 15.8 R16B
G4B 4.1 GlA
M- 18.7 | M16C Fuse Asembly
25.3 | P2SSD into Fixture
Assemble (1)
| washer \ 2.5 | Mla
: 2.0 RL1
M2C 5.2
PISE 5.6
L RL1 6.4 R4A
- G5
4.0 | M2A ¥ Clamp
16.2 APl
- RL2
Total 196.8 T™U
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DESCRIPTION ) DESCRIPTION
-LEFT HAND Ne. L.H ‘TMU R_H N.o. ~ RIGHT HAND
AM - ASSEMBLE BODY {r0 UNIT (MTM+1)
R14A 10.6 | R14A
G5 - G5
Button (1) M1A 2.5 | ma Button (2)
RL2 - RL2
Total |_13.1 | T™™MU
AP — ASIDE FINISHED] UNII, ASSEMBLE SPRING TO DHTONATOR -HOLDER (MTM-1)
( R4D 8.4 | r- )
Remove Finished G1B 3.5 t6-
Unit from Fix- 3 D1E 4.0
;‘::;: Aside to M16C 18,7 Detonator
? Holder to
\ RLL 2.0 Finish
8.0 | M4C
26.6 P2NSD
( R10C 12.9 | RL1 J .
G4C 12.9
Spring to 3 |62 16.8
Detonator { '
Holder M8C 11.8
P2NSD 26.6
L RL1 2.0
Total |154.2 | T™™U
AR - HEAT STAKE UNIT AND OBTAIN]DETONATOR HOLDAR {MIM-1)
R8A 7.9 | R8A
Operate G5 - G5 Operate
AP2 10.6 | A2
Total 18.5 T™U
Detonator Holder 19 obtjained duting Pr¢cess Tige. |Process Time
is not shown in the stydy. '
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SRR ] o [ [ w [ weims
AS - ASSEMBLE SPACER TO[UNIT (MIM-1)
P.U. Supply 1./24 R16C 0.7
pbf Spacers 1/24 G4B 0.4
/24 G2 0.5
To Work Area 1/24 M14B 0.6
Unpalm (1) Spacer 2 | G2 11.2  |R- }(1)‘ Spacer
5.6 le3 from LH
. 9.2 |M5¢C
21.8 P2SD Spacer to
4,6 |M2B Assembly
2.0 |RL1
1/24 M14B 0.6
{ 1/24 rL1 1.1
Total {58.3 |TMU
AT - LOAD RETAINER RING |(MTM~1)
Jig { R14B 15.6 [RI4C }Retaine.r Ring
GlA 9.1 C4B
11.6 |M1B 4 Shake - Untangle
6.7 lmsys |i/2 and Orientate
18.7 |Mi6C _ Retainer Ring .
16.0 PINSD to Jig
2.0 JRL1
| 8.6 |RéB )
Hold 2.0 |cla
10.1 |MéC f Weight into Jig
16.2 |P2SE
2.5 |M1a )
10.6 | AP2 Seat in Jig
5.6 |G2 :
o fom | || e
Jig RL1 8.9 |M6B- Aside
2.0 |RL1l )
Total [L48.2 |TMU
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DESCRIPTION ' DESCRIPTION
-LEFT HAND No.[ LA TMU RH ] No. —RIGHT HAND .
AU - ASSEMBLE HOUSIING AND RETAINER TO TIMER (MIM-1)
~
R14B 22.1] R20C
G1B 3.5
)
P.U Timer and 7.3 G4A 22;2in§n30
to Work Area M16B < 22.11 M20C
. Assemble
21.0| panse| [
4.0] MfB 2 Seat
Assembly from RH G3 5.6
\
8.6] R6B
2.0 Gla Assemble Fixture
10.1 (HGC ! with Retainer
: Ring to Timer
1180% Assembly
5.6/ P2SE )
Assist RH MsC 11.8| M8C . Whole Assembly
S8 P2SE 5.6] P2SE to Fixture
RL1 2.0] RL1
Total 131.3] T™MU
AV - PRESS RETAINEH ANT} ASIDE FENISHED|UNIT (PROCEYS TIME EXCLUDED)
MIM~1 R
RBA 7.0] R6A
Operate G5 - G5 Operate
AP2 10.6] AP2
From Fixture M2B 4.6 M2B From Fixture
Assembly to M14C 16.9] M6B
Tray P1SE 5.6] RL1 Top to Bench
RIJl 2.0
Total 46,7 TMU
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DESCRIPTION ' . DESCRIPTIO
-LEFT HAND No.pf LH | TMU RH | No.|  —RIGHT HAND
AW - ASIDE FINISHEN UNIT TO TRAY, ASSENELE TRI(-GER ASSEMBLY AND TOP
PLATE (MIM-1)
Finished Unit M20C 22.1
to Tray
RLl 18.6 R208B Trigger Assy. to
2.0 GlA Work Area
17.0] M18B
( R10C 12.9
G4B 9,1
| Top Plate to ) M8C 11.8
Trigger Assy. 92’)
1/2} T1808 4.7
\ P2NSE 21.0
RL1 6.9 M4B } To Bench
2.0 RL1
Total 128.1 ™U
AX - ASSEMBLE RIVETS, BLACE UNIIT ON BLDCK, ASSEMBLE INSERTS (MIM-1)
( RL4C 15.6] R10C 3
9.1 G4B
G4B 9.1 |
Rivet to M1i0B 15.2 M12C Rivet to
Trigger Assy. 1 21.8 P2SD Trigger Assy.
M4C 8.4 RL1 /
P2SD 21.8
\ RL1 2.0
Trigger Assembly { RiB 8.9 ReB } Block
GlA 2.0 GlA
4.0 D1E Remove from
Fixture
Carty Fwd. 117.9
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segpiiis el o [ow [ e Ja]  CHERE
AX - Continued _
Brpught Fwd. 117.9
M4B 10.3] MeC
. 21.0}] P2NSE Assemble
G2 5.6] G2 '
Change Hold. { T1808S 9.4
5.6] G3 Assy. from LH
Clamp Fixture R&B 10.1 |
} to Work Area GlA 2.0
M6B 8.9
8.0 M4cC
21.0] P2nsE E;:f;ezs ..
2,0 RE1 '
10.1] RSB
2,01 GlA
11.8 (MBC P.U Insert with
;Zf 12 Tweezers
14,7) P1SSD
2.0F MfA
11.8f MS8C
7.3] EF Insert to Hole
21.8} .P2sD
2.0 MfB Open Twéezers
RL1 2.9} MI1B Tweezers from
Assy.
Total 308.2|
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oo [ o [ [ e ] SRR
AY - OBTAIN FIRING PIN JAND SPRING ASSENBLE TO UNIT |[(MTM-1)
( R16C 17.0| /R14C
(9{ 9 P.U Firing Pin
& Unpalm
Spring to G4B 9.1 Tweezers
EZ;Eiziy | 9.11 G4B . 4
M16C 18.7} MI1O0B
P2SE 16.2
. RL1 8.0 mic ' i:;iﬁgl?“ to
16.2| P2SE
2.0 RuL1 J
Total 97.3] T™MU
AZ - ASSEMBLE, SAFHTY BLATE, SSP RELEAJE, .FIRIIG AHM AND BOTTOM PLATE
{MTM-1
( R14C 15.6] G2 2 Unpalm Tweezers
G1B 3.5 :
Safety Plate M12B 13.4] M8C Tweezers ta
to Work Area ‘ 14.7] Pissp } Safety Plate
2.0 Mfa Close Tweezers
\ RL1 2.0 .
8.0 M4cC } Safety Plate to
16.2! P2SE Trigger Assembly
2.0] MfB Open Tweezers
- R14C 15.6] MiC '
3§2ktirea G4B 8.1 gggeizigagg
M12B 13.4
14.7| ©P1SSD _
2.0] MfA Close Tweezers
RL1 8.2 mM4cC } 'SSD to
16.2] 7P2sE Trigger Assy.
2.0 MfB Open Tweezers
10.6] MS8B
2.0 mL1 } Tweezers Aside
Caryy Fwd. 171.2




418

“CeFrHano Mol LR | TMuf o Re e ZRIGHTEAND
AZ - Continued
Brought Fwd. | 171.2
_ R14C 15.6] R4B
ririns e,
M12B - 13,4 M12B :
G2 5.6{ G2
2.0 MEC Grasp Firing
9.1{ P1SSE Arm Pin with
2.0l mMea Pliers
Firing Pin RL1 2,0
. R2B 4.0
Spring with G5
Thumbs
' AP2 10.6
M2C 5.2
Pliers RL2 -
8.0| Mac’ } Firing Pin Arm
21.0] P2NSD in Trigger Assy.
2.0] MfB Open Pliers
11.5] M10B
2.0l r1 } Pliers to Table
R3A | 12.9] R1OC ]
G1A 9.1 4B Bottom Plate to
13.5] M10C ! Trigger Assy.
Clamp 9.4] T180S
5.6] PlSE J
M3A 4.9
AP2 10.6
RL1 2.0
5.4 G2
2.d wMEC Plate onto Pins
21.0Q P2NSE
10.4 AP2
. 2.0 RL1
Total | 425.3 TMU
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sy [oe] o [ [ o] iR
BA - CHECK SPRINGS,|INSPECT SHAHT, STAKE UNIT AVD.RECYCLE (MTM-1)
P.U Unit R4B 10.1 | RSB )
From Table GlA 2.0| GlA
M4B 11.8 M8C
(J}Z, 2 \ Release Contact
Using Tweezers
- G5
5.6 | PI1SE
- RL2 )
2.0} MC Tweezers to Firing
14.7 | P15SD Pin Arm Shaft
2.0 MfA Close Tweezers
2.0} MfC
5.61 p2sE Shaft to Hole
2,0 | MfB Open Tweezers
4,6 M2B Aside
Turn Unit 2| M2B 9.2
14.6] EF 2 Inspect
4.0] mc |1/2]
2.8| PI1SE |1/2
- G5 1/2| ¢ Adjust
1.0} MfC 1/2
- RL2 1/2] )
( M14C 16.9( M8B
Clamped Unit ) 180" RL1 Aslde Tweezers
to Fixture P2SSE 19.7
. RL1 2.0
r R14A 10.6 ] R14A
G5 - G5
Operate \ AP? 10.6 | ap2 Operate
. RL2 - RL2
Carfy Fwd. 153.8
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- DESCRIPTION . DESCRIPTIO
=LEFT HAND No.| LH [ TMU RH 7} No, “RIGHT HAND
BA - Continued
Bfought Fwd. 153.8
( R14A 10.6 1 PT Process Time
GlA 2.0 R10A
Clamp. From D1E 4.0
Press to J Ml&C) 16.9
Recycling
Fixture ;96§ :
P2SSE 19.7
\ RL1 2.0
( R5A 6.5
G5 - G5
Operate
1st Lever $ 2] M2A 7.2 M2A 2 Operate
, 2nd Lever
AP2 10.6 ] AP2
\ RL2 - RL2
6.1| R4A
" 2.0| 61a
‘ Operate
. MZ2A 2
7.2 3rd Lever
10.6| Ap2
2.0| ®rRL1
Total 261,2 T™U
BB - OPEN CLAMP AND| REMPVE FROM |FIXTURH (MTM~-1)
| {1l | rém 8.6
GlA 2.0
Open Clamp { AP2 10.6
M3B 5.2
a2y RL1 2.0
( R6A 7.0
Remove from Gla 2.0
Fixture ﬁ M6B g 8.9
;lSﬂ '
LN
7.3} EF Inspect
Total 54.11 TMU
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sy [wo] e [ow [ ae Tne] e
BD -~ OBTAIN UNIT AN] E PLL\CE IN FIXTURE {(MIM-1
R- 14,41 R14B
G5 2.0] GlA
16.9| ,M14C P.U Unit
(;Leo’s |
G2~
10.4] PINSE Into Fixture
2,01 RL1
{ Close M2A 3.6
RL2 -
Total 49,31 ™U
BE - TORQUE (3) POS&S (pM-1)
10.8] "R9B
2.0] Gla Torque defice to
12.7| M9c Unit
59.1| P2SSE| 3
8.7 Mi1B 3
16.8] G2 3 Torque
31.8] APr2 3
16.4| M2C 2 To Next Post
10.6] M3B Device Agide
2.0] RL1
Total | 164.9| TMU




422

DESCRIPTION 4 DESCRIPTIO
~LEFT HAND No.l LH | TMU RH '} No. ~RIGHT HAND
BF - CHECK DROPLEAF| DRDPLEAF RQD, GAUQE UNIT AND ASIDE (MTM-1)
( R7A 9.4| R5D }
GlA 3.5{ C1B Gauge
Unit to W. A. { M6B 8.9
g Ge”
To White Disc REA 2.0
G5 -
4.0| DI1E Pull Gauge Out
9.7] MiB Gauge Aside
2.0 RL1
M1B 7.4 R7A h
Move Unit 62 2.0 GlA |
8.0| MfA 4 Check End Shake
2.0 ru1 | {/
Adjust Unit M1B 4,0 R2A 3
- G5 > Check Spring
10.6 AP2 '
- RL2 ’
2.01 RfA A |
- G3 ? Check Dropleaf
10.6 AP2
- RL2 d
M16C) 18.7
Unit Aside G2~
to Tray RL1 2.0
Total 106.8 T™U
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ey e o [ow [ T  Seewms
BG = PLACE HOUSING,| INTD FIXTURA (MTM-1)
( R~ 20.1) R22B } P.U Housing
G- 3.5 G1B
‘ » { M18C ) 20.4 (MlSC
festst Ri )86 q;BBS Into Fixture
P1NSE 10.4 PINSE '
\ RLI 2.0 Rrul '
Total 56.4. T™U
BH - OBTAIN AND ASSEMBLE '0' RING, WASHER STARTJING PIN AND SPRING
(MTM-1) -
16.8| G2 3 Guide Pin (Held
~ in Hand)
( R7C 10.8| M4B ‘Move to WA
Washer to G4C 12.9
Guide Pin M7C 11.1
P2SE 16.2
L RL1 2.0
( R8C 11.5
G4C 12.8
'0' Ring to J M8C 11.8
Guide Pin : P2SE 16.2
L RL1 2.0
8.0| ,Muc )
. (1;18'05
16.2| P2SE L To Hole
2,0| MfB
2.0] RL1 J
Caryly Fud, 152.3
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s o] o [ | o] e
BH - Continued
Brpughit Fuwd. 152.3
14.2| Ri2C
7'3. G4A nginirzz
r R10C 12,9{ Msa
G4A 7.3
8.01 Mic
fraztizg vin 215 psp | |} desemie on
13.5} RL1
M10C 12.9|
P2SD 21.8
L AP2 10.6 .
6.1] R&4A
2.0} GlA
M10B 12.2| /M10B | Housing
ﬁ:;::ng T180% T1807S Aside
RL1 2.0] RL1 y,
Total | 304.9| TMU
BJ -~ ASSEMBLE RETAINER |(MTM-1)
11.5| R10B )
2.0] GiA
8.0 8.0 M4C ?
_ 16.2 | 16.2] p2sE o asner Tool
10.6 10.6] AP2 J
15.2 15.2] Ml2C
16.2 16.2] P2SE Retainer to Pin
‘10,6 10.6} AP2
4.0 4.0 D1E Disengage Tool
_ 13.4 13.4| M12B } Tool Aside
Turn Housing T90S 5.4 RL1
Total | 113.1| TMU
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DESCRIPTION A DESCRIPTIO
=LEFT HAND No.| LH | TMU RH | No, —RIGHT HAND
BL -~ HOUSING ASIDE AND pUMP OUT JPIN GUIDE (MTM-L)
( M6B ) 8.9 MyB Hand to Housing
Housing T S
J M12C ) 15.2 G2 Palm Guide
118065
‘ L RL1 2.0
Total 26,1 T™MU
IBM = LOAD FIXTURE (JTM-})
9.2 M5C Tweezers to Leverg
12.0| MfB 6 Separate and
12,0 M£B 6 Orientate
2.0] Mfc
P.U Lever
25.3| PISSD with Tweezers
2.0 MfA
REA 5.3] M3C
Help Orientate G5 26.6| P2NSD Lever to Fixture
Lever
FL2 2.0 MfB
Total 96.4 ™™U
BP = BURNISH SLOT (MTM-L)
R5A 6.5 (R&A Burnish Handle
Start Machine G5 ,Qi’  Palm Tweezers
' AP2 10.2
R-E 2.0 ‘G1A } Handle to
Hand Clear 2.0 M£fA Burnisher
20.0 M£EA 10 Burnish Slot
Total 40.7| T™MU
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DESCRIPTION ) DESCRIPTION
~LEFT HAND No.p LH | TMU RH [ No.|  —RIGHT HAND
BR - UNLOAD FIXTURE| (MTM-1)
R34 6.5] MfA } Handle from
Stop Machine G5 5.6} RL1 Burnisher
AP2 10.2| G2 Unpalm Tweezers
6.7 M3c
P.U Lever
14.7| P1SSD with Tweezer
2.0 MfaA :
10.6 MS8B To Pan
) 2.0 MfA Open Tweezers
Total 58.3 TMU
BS - OBTAIN HOUSING| AND|{ ASSEMBLH SPRING (MTM-1) \
' 21.5} R24B
2,0} GlA Housing to Table
20.6 (Mzan f
B 2.0 RLl J
R9C 12.2
P.U Spring { G4B 9.11.
9.3| R7B
2.0 GlA P.U Tweezers &
_ to Spring
Orientate M ) . 11.8] M8C . .
2L 9.1{ P1SSE
) 2.0 MfA Close Tweezers
Spring RL1 2.0
Hou; tng R- 8.4| Ma4c }
{ G- 26.6 PINSD Spring to Hole
2,01 MfA Open Tweezers
9.7| M7B } Tweezers Aside
2.0 RL1°
Total | 152.3| TMU




427

sz el o [ [ ow o] e
BT - ASSEMBLE OPTION PIN, WASHEi AND 'q' RING IN HOUSING ({MTM-1)
( R- 14,2 R12C
o e ||| optionpin
Ass, Washer G4A 12.9
to Option Pin M12C 15.2] M-
P25E 16.2
\ RL1 2.0
( R6C 10.1
| Assemble 'Q° GAQ 12.9
Ring to M6C 10.3
Option Pin P2SD 21.8
L RL1 2.0
( R4B 8.0| / M4C Pin to Housing
Housing to { /G{
Work Area GlA 2,0
L M4B 6.9 )
8,01 MfC 4 Align Pin
26.6 P2NSD
2,51 MlA Ass, Pin
2,0l RrL1
2.0 RfA -
- G5 Seat on Spring
10.6; AP2 -
- RL2
Total | 193.5| TMU
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DESCRIPTION . DES
DESERIETION No.| LH | Thu RH [ No.|  ZRIGHT AN
BU - CHECK UNIT FOR|END|SHAKE (MTM-1)
10.1 | R3B
2.0] Gla Screw Driver
11.8 M8C to Slot
25,3 | P2ssh
8.5 T90M Turn
14,6 | EF 2 Check Holes
10.6| M8B } Driver Aside
2.0] RL1
Total 84.9 ™U
BV -~ ASSEMBLE LARGEj OR BMALL 'E] RING (MTM-1)
Housing { 2] G2 11.2
' R- 12,9| R1OC
G5 7.3| Ga4A E Ring Tool
8.0 M4C to Fixture
16.2 P2SE
10.6] AP2 Tool onto E Ring
15.2] Mi2C
21.8] P2SD Assemble E Ring
10.6 AP2
o RL2 11.5| M10B }
Pin Housing G2 2.0 RL1 Tool Aside
Total 127.3] TMU
BW - ASSEMLBE CRANK (MIM-1) ‘ \
12.9] Rl0C
9.1| G4B .
13.5 M10C Crank to Option
(92, Pin Unit
26.6 P2NSD
10.2| AP2 }
2.0 RL1 Seat
Total 75.3 T™U
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DESCRIPTION ' X " DESCRIPTI
-LEFT HAND No.t LH | TMU RH | Ne. —RIGHT HAND

BX -~ ASSEMBLE AND FORM FLEMENTS |(MTM-1)I

R8A 8.7 | R10A
Finished GlA 2,0| GlA
Unit Aside mioB | 12.2|,62 2 | { Back Unit to
RL1 2.0 ()QC r Fixture
21.8 P2SD
2.0 RL1 J/
rR7c. | 10.8] Rr7C )
1p.U Setfing Key G4B 9.1
and Lubricate ' 9.1| G4B
M4B 6.9 . Ass, Unit to
Key to Crush { (MSB 9.2 (MSC - | Setting Key
Elements 1965 Jﬁﬂg
5.6 P1SE
2.0] RL1 P,
7.3 =r3c )
9.1y G4B %2::?21:g Plug
7.3] M3C 4 ’
11,2} P1sD
2.0 RLY .y
M8C 13.5
Ass. in Die P2SD - 21.8
RLL 2.0

Total 175.6 ™U




APPENDIX N: MTM=-2 ANALYSIS OF PROVING DATA FROM TEST SITE

The following is a summary of the times of the tasks used for

proving the simplified data systems.

These time values have been

developed using MTM-2, and then transformed to 0.0l minutes at

100 B.S.I. performance level.

Task Description 0,01

Minutes
Ti-2 Load Springs into Magazines 6.200
T2-2 Hand Load Detonators to Magazines 7.115
T3-2 Insert S~A Retainer into Fuse Body 13.510
T4-2 Handle Fuses . 5.475
T5~2 Assemble and Stamp Torque Module 5.250
T6-2 Apply Tape Seal to S-A 9.270
T7-2 Assemble Body and Washer to.Fuse 12,100
T8-2 Assemble and Crimp Detonator Support 8.725
T9-2 Assemble Timer, Spacers and Retainer 21.725
T10-2 Asgsemble and Stake Trigger Assembly 63.760
T1l=-2 Torque (3) Posts 15.950
T12-2 Assemble Starting Spring Pin - 25,150
T13-2 Burnish Slot 11.200
T1l4-2 Assemble Option Pin Arm 4 36.150
T15-2 Assemble and Form Key Assembly 19.950
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Sym. Ref. Description Elem.| zpoq |Total
™u [ [ T™MU
T1-21 LOAD SPRINCS INTO MAGAZINES (MTM-2)
A Obtain and Place Magazine 71.0 1 71.5
B Load Springs and Aside Work 52.5 1 52.5
Total |124.0
T2-2] HAND LOAD DETONATOR TO MAGAZINE (MTM-2)
D Detonator Boxes to Dog House 657 1/500 1.3
E Magazine Tray to Work Fixture 75 1/100 0.8
F Detonator Box to Work Fixture | 286 . | 1/10 28.6
G Empty Magazine on Platform 51 1/5 10.2 |
H Detonator in Magazine 55 . 1 55.0
J Expose Detonator Rim 22 1 22.0
L Full Magazine in Work Fixture 49 1/5 9.8
M Completed Magazine to Locker 73 1/5 14.6
| Total [142.3
T3-2| INSERT S-A' RETAINER INTO FUSE BODY (MIM-P)
P Assemble, Press and Gauge 194.0 1 194.0
R Obtain Tray of Fuses: 10Q0% _
Inspection Closing Screws 155.0 | 1/8 19.4
Aside Tray of Modules 56.0 { 1/20 2.8
Start Module Threads 70.5 1 70.5
Obtain Tray of Modules 29,0 | 1/20 1.5
Total |[270.2
T4-2| - HANDLE FUSES (MTM-2)
v Obtain and Aside Fuses 89 1 89
W Aside Completed Tray bb 1/4 11
X Obtain New Tray 38 1/4 9.5
Total 109.5
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Sym.| Ref. Description Elem.| proq i Total
y TMU 1 Tmu
T5-2] ASSEMHLE AND STAMP TORQUE MODULE (MTM-2)

AA Insert Fuse into Train 50 - 50
AB Aside Completed Fuse to Tray 55 55
Total 105
T6-2} APPLY |TAPE SEAL TO S-A (MIM-2)
AD Apply Seal 110 110.0
AE Actuate Press 12 1 ;2.0
AF Remove Fuse from Press and
Check Seal 60 1 60.0
AG Obtain Tray of Fuses 15 1/8 1.9
AH Tray of Sues Aside 12 1/8 1.5
Total | 185.4
T7-2] ASSEMRLE BODY AND WASHER TO FUSE {MTM-2)
AJ Finished Unit from Fixture 51 1 51
AL Assemble Body, Washer and Fuse 175 175
AM Assemble Body to Unit 16 1 16
Total 242
T8~2} ASSEMBLE AND CRIMP DETONATOR SUPPORT (MTH-2)
AP Aside Finished Unit, Assemble . :
Spring to Detonator Fuse 151 i 151
AR ‘ Stake Unit and Obtain Detonator 23 1 23
AG Obtain Tray 15 1/50 0.3
AH Aside Tray 12 1/50 0.2
Total ‘174.5
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Sym.| Ref. Description Elem.| £req, [ Total
T™MU |0 | TMU
T9-2} ASSEMBLE TIMER, SPACERS AND RETAINER (MTM=-2) u
AS Assemble Spacer to Unit 64.8 64.8
AT Load Retainer Ring 148 148.0
AU Assemble Housing and Retainer |
to Timer 162 1 162.0
AV Press Retainer, Aside Unit 59 1 59.0
AG Obtain Tray 15 1/24 0.2
AH Aside Tray 12 1/24 0.5
Total 434.5
T10-2{ ASSEMHLE AND STAKE TRIGGER ASSEMBLY (MTM{-2)
AW Assemble Trigger Assembly and
AX Assemble Rivets, Place Unit on
Block, Assemble Insert 271 1 271
AY Assemble Firing Pin and Spring
to Unit 98 1 98
BA - Check Springs, Inspect Shaft,
Stake Unit and Recycle 321 1 321
AZ Assemble Safety Plate, SSD
Release, Firing Arm and
Bottom Plate ' 446 1 446
BB Open Clamp and Remove from
Fixture 40 1 40
AG Aside Tray 12 1/24 0.2
AH Obtain Tray 15 1/24 0.5
Total |1275.2
T11-2] TORQUH (3) POSTS (MTM-2)
BD Unit to Fixture 57 1 57
BE Torque (3) Posts 149 1 149
BF Check Dropleaf, Dropleaf Rod, '
- Gauge 113 1 113
Total 319 .
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Sym.| Ref. Description Elem. | preq, | Total
y T™MU T™U
T12-2| ASSEMHLE STARTING PIN SPRING (MTM-2) ) )
' BG Housing Into Fixture l 59 1 59
BH Assemble Washer, 'O’ Ring, Startlng
Pin and Spring 296 296
BJ Assemble Retainer 123 1 123
BL Housing Aside: Dump OQut Pin
Guide 25 1 25
Total 503
T13-2 BURNIISH SLOT (MIM-2
BM Load Fixture 101 101
RP Burnish Slot 60 60
BR Unload Fixture 63 63
Total 224
Tl4~2 ASSEMBLE OPTION PIN (MIM-2)
BS Assemble Spring 138 1 138
BT Assemble Option Pin, Washer
and '0' Ring 214 1 214
BU Check Unit for End Shake 68 1 68
BV Assemble Large or Small 'E' Ring| 118 2 236
BW Assemble Crank 67 1 67
Total 723
T13-2 ASSEMBLE AND FORM KEY ASSEMBLY (MIM-2)
BX Assemble and Form Elements 199 1 199
Total 199
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DESCRIPTION

' . DESCRIPTION
-LEFT HAND No.|  LH MY RH ] No. = RIGHT HAND
A - OBTAIN AND PLACE MAGAZINE (MTM-2)
32 GC80 } Magazine to
20 PASO : Work Area
7 | cBs }
12 2R Orientate
Total 71 T™U
B - LOAD SPRINGS TG MAGQAZINE, AFIDE WORK (MTM-1)
1/4| GC15 4.8
P-U Springs 1/4| pa3o 2.8
Unpalm (1) Spring |1/2| R 2.8] G-
Obtain Spring
14.0f GC5 and Assemble
26.6} PC1s
I/Zﬁ GA30 " 0.5] GA3D |1/24
Aside Work 1/2d pBso 1.0| pes 1724 Aside Work
Total - 52.5|] ™U

D - DETONATOR BOXE{ TO |DOGHOUSE| (MTM=-2})

18 GB45
> GW3 ¢ Open Locker
20 PA8O Door
1 PWS {
G- 32 | 6C80
3 GW3 ? Open Lid and
PAS Aside
20 PABO y
160 GC80 |5 )
25 GW5 5 L Remove Box of
15 PAS 5 Estzgators and
G- 100 | PA8O |5 |,
From RH 5 GBS 35
Box in Work Area {5 PASO 100

Carty TFwd. 559
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DESCRIPTION

DESERIRTION No.| LH | Tmu R [ Ne|  DESSRIPTION
D - Continued
Brodght Fwd.| 559
.23 GB80O } Toss Empty
20 PASO Box Aside
23 | GB8O
.10 GW10 Close Locker
20 | paso |
2 PW10
Total 657 T™MU
E - OBTAIN AND POSITION EMPTY MRAGAZINE
Ge80 | 23 | G- )
Tray to Fixture {. PC80 41 P- Assist RH
PA30 11 P-
Total 75 T™U
F - OPEN DETONATOR |BOX|AND TRANSFER TO| FIXTURE] (MTH-2)
( G 23 6880 } Box of Detomatorg
P 41 PC80 to Platform
Assist RH { G- 3 GAS
A 14 A . Open Lid
L P- 11 PAlS
7 GB35 Lid
' Bok GC5 14 |
| PA1S Remove Lid
. G- PA1S "To LH
1id from LH GBS
Toss Lid Aside PA4S 15
. Cardboard Pad GC45 | 27
From Box PA30 11
Carrly Fud. 185
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_DESCRIPTION N DESCRIPTIO
~LEFT HAND No.[ ~LH | TMU RH [ No.| . ZRIGHT HAND
F - Continued
Broyght Fwd.] 195
Detonators GC30 23 Box of Detonators
14 GC5 to Fixture
Assist RH PC30 30 | PC30
GAS Slide into
PALS Fixture
Total 286 TMU
G - OBTAIN AND PLAJE ENPTY MAGARLINES OF WORK PRATF( (MTM-2)
Magazines to GC43 27
Platform PA4LS 15
Orientate 2nd R
Magazine PAS
Total 51 ™U
H - POSITION DETONATOR|IN MAGAZINE (MTM=2)
26 | GCl15 P-U Detonator
26 PC15 Locate
3 PAS Insert
Total 55 T™MU
J - EXPOSE DETONAT¢R RIM (MTM-2)
) - 3 GA5
19 PB30 Expose Rim
Total 22 T™MU
L = POSITION FULL MAGARINE IN WORK FIXTURE (MTM-=2)
G- 19 _ GCl5 Work in
P- 21 PCS Fixture
Assist RH
G- GAS Insert
P- 6 PAlS
Total 49 T™MU
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DESCRIPTION ‘ . DESCR
~LEFT HAND No.p LH | TMU RH | No. “RIGHT HAND
M - COMPLETED MAGAZINE |INTO LOCKER (MT¥-2)
Wire Guard to { GB45
Work Area PA30
G 10 GB15 _
Wire Guard into
Assist RH D '26 PC15 Slot in Tray
P 3 PAS
Y (N I Nl Boo ol B e
Aside
Total 73 T™MU
P - ASSEMBLE, PRESY ANI) GAGE: RASIDE TD TRAY ( -
Retainer to S-A 6C45 27 G- ‘} Assemble S-A
P~ 36 PC45
S-A in Fixture PC15 26 G-
11 PA30 Clamp
14 A
' G- 11 PABO Release
Gauge S-A PC15 26
PAlS
Assemble to Fuse { GBS
PC30 30
Total 194 | TMU
R = OBTAIN TRAY OF|FUSES: 1007 INSPECQTION CLOSING| SCREWS (MTMl—Z)
Assist RH . GB30 23 GBSO } Tray té Bench
PASO 20 PABO .
36 E } Inspect
56 E
Total 155 ™U
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DESCRIPTION X
-LEFT HAND No.f  LH TMU RH " No. DRIGHT WA
S - ASIDE TRAY (MTM-2) |
Tray to { GB30 14 | G-
Comveyor pag0 [ 20 | e-
siide on { GAS 7
Conveyor _ PALS 15
Total 56 ™U
T - START MODULE THREALS (MTM-2
1 Module Turner 1/8{ GB30 1.8
to Fuse 1/8] Ppcis 3.3
Turn Down { 5 PAS 15.0
4 GBS 28.0
Next Fuse PC5 21.0
Aside Tool 1/8] PA30 1.4
Total 70.5] T™™U
U - OBTAIN TRAY OF |MODULES {(MTM-2)
Assist RH { GB43 18 GBAS PU and Move Tray
PA30 11 PA30 - :
Total 29 T™U
V - ASIDE AND OBTAIN FPSES (MTM-2)
Finished Fuse { GB15 10 | ¢B15 Finished Fuse
Aside pc4s | 36 | pess Aside
Obtain Fuse { GB3 7 GBS Obfain Fuse
PC4S 36 PC45
Total 89 ™U
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DESCRIPTION : . ' DESCRIPTION
-LEFT HAND [ No.| LH | TMU RH | No. = RIGHT HAND

W -~ ASIDE COMPLETEN TRAY (MTM-2]

Tray to Conveyor { GB45 18 GB4S Assist LH
PA30 11 PA30
Slide Along { GALS 9 } Obtain Fuse
Conveyor PAlS 6
Total 44 TMU

X - OBTAIN NEW TRAY OF|WORK (viM-2)
To work Area GB80 23 GBS0 } Assist LH
PA4S 15 PA4S

Total 38 ™U

AA - INSERT FUSE INTO POSITION JIN TRAIN (MTM-2)

14 GB30 } Assemble
36 PC45 -
Total 50 ™U

AB - ASIDE COMPLET

| 52

D FUSE TO THAY {(MTM-2)

GB30 14
Aside | PC80 41
Total . 55 T™U
AD - APPLY SEAL (MM-2) .
Pull Tape Out ) GB30 14
PAS 3
19 GCL5 Seal to Fixture
30 PC30
Seal to Fixture GB30 -14
PC30 30

Total | 110 | TMU
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DESCRIPTION i " DESCRIPTI
=L EFT HAND ) No. LH T™MU ‘RH No. - RIGHT HAONND

AE - ACTUATE PRESS [(MTM-2)

Actuate Button { GA30 9 GA30 Actuate Button
No. (1) PAS 3 PAS No. (2)
Total 12 T™U

Remaining motions in ellement 1ifited ot by Prdcesq Time. Process

Time not included in tHe study.

} AF - REMOVE FUSE FﬂOM HRESS AND| CHECK $EAL (MTN-2)

Remove from { GB45 18
Press PA30 11
Inspect E 7
To Tray PB45 24
Total 60 T™MU

AG - OBTAIN TRAY OF FU$ES (MIM-R)

Slide from { GA30 9
Conveyor PALS 16
Total 25 T™MU

AH - TRAY OF FUSES|ASIDE (MTM-2D

slide to | { GALS
Conveyor PAlLS
Total 12 ™U
AJ -~ FINISHED UNIT|FROY FIXTURE AND ASIDE (MTM-2)
~ GB45 18 GA4S5 Clamp
. (GWS } Release
Clamp from Fuse 3 PAS
and Aside PAS Open
PAS
L PB30 | 19

Total 51 ™U
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DESCRIPTION ‘ . DESC
~LEFT HAND No.| LH | Tmu RH | No. ZRIGHT HAND
AL - A'SSEMBLE BODY, WAS&{ER AND FUSE (MIM-2)
18 | cB4s )
36 PC45 }
14 A Body into Fixture
3 | pas )
G- 18 | cB4s )
Assemble (1) Fuse Assembly
Washer P- 36 PCAS ' into Fixture
3 PAS )
PC5 21
GA15 )
PA1S5 » Clamp
. - 14 A
_ y,
Total 175 | T™MU .
AM - ASSEMBLE BODY [TO UNIT (MTM{-2) _
Button (1) { GAA4S 13 GA4S Button (2)
PAS 3 PAS
Total 16 T™U
AP -~ ASIDE FINISHlEI UNIT, ASSEMBLE SPRING TO DETONATOR HOLDER (MIM-2)
( GC15 19 | - )
Finished Unit GWS Detonator Holder
From Fixture: { to Fixture
Aside to Tray PAS >
L PB45S 24
26 | PC15 )
| ( 6c30 | 23
Spring to
Detonator Holder § 3 R 21
PC30 30
.
Total 151 | TMU
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DESCRIPTION - 1}
- LEFT HAND Ne.| LH L RH | No. DRI HAND
AR - HEAT STAKE UNI[ ANb OBTAIN|DETONATOR (MIM42)
Operator { GA30 ? GA30 } Operator
A 14 A
- {Total 23 T™MU
Detonator holder id obtlained dufing Pr¢cess Tige. |[Process Time is
not shown in the study/
| AS - ASSEMBLE SPACHR T UNIT (MM-2)
£
P-U Supply of 1/24 GBA5 0.8
Spacers 1/24 R 0.3
1/24 PA4S 0.7
Unpalm (1) Spacer | 2 R 12.0 | G- }‘ Spacer from LH
7.0 1 GB5
26.0 | PC15 } Spacer to
3.0 | pas . Assembly
Extra Spacers
Aside 1/24 PA4S 15.0
Total 64.8 1 TMU
AT - LOAD RETAINER|RING (MTM~2)
Jig GB- . 27 GC45 Retainer Ring
T 12 | pas 4 Shake Out
36 PC45 To Jig
10 | B1S )
26 PC15 y Weight to Jig
Hold 3 | PAS ) .
14 A Seat
6 R )
5| W \ Remove Weight‘
3 PAS From Jig
6 PAlS
-l J
Total - 148 T™U
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PESCRIPTION . DES
e ARy No.| LW | TMU RH [ No.|  RioHT HAND
AU - ASSEMBLE HOUSING AND RETAIFER TO TIMER (MIM-2)
GC 32 GCSO Assemble Timer
GC5 14 _ to Housing
P= 41 PC80
_ PAS 2 Seal
Assembly from RH GB5 7
10 GB15 } Assemble Fixture
With Retainer
26 PC15 Ring to Timer
. Assembly
Assist RH PC15 26 | pcis Whole Assembly
i to Fixture
Total . 162 T™MU
AV - PRESS RETAINER ANI} ASIDE FINISHED]|UNIT (PROCE4S TIME EXCLUDED)
(MIM-2)
Operate GALS 6 GALS Operate
A 14 A .
From Fixture PAS 3 PAS From Fixture
Assembly to Tray PC45 36 PA4S Top to Bench
Total 59 T™U
AW - ASIDE FINISHED UNIT TO TRAFK, ASSEMBLE TRIEGER|ASSEMBLY AND TOP
PLATE (MTM-2) )
23.0{ GB80 Trigger Assembly
_ 15.0] PA45 ko WA
Top Plate to GC30 23.0
Trigger Assembly PC30 30.0
1/2] PAS 1.5
6.0] PAlS To Bench
Total 98.5 TMU
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DESCRIRTION No.] LH T™U RH | Ne |  DEPERIFTION
AX - ASSEMBLE RIVETS, HLACE UNIT ON BLQCK, ASSHMBLH INSERTS (MTM-2)
( Geas | 27 | G- )
Rivet to Trigger { - oo h i:::rib]t.o Trigeer
Assembly 5 36 PC45 J 7
\ PC5 21 \
tesgper sasenty || | 00| g g | [} Seeemek
L PAS ) |
26 PC15 Assembly to
R 6 R Fixture
Change Hold { PALS
_ . 7 GBS Assembly' from LH
Clamp Fixture GB30 10 :
to W. A { PALS 6
21 PC15 © Trigger to
Clamp Assembly
14 GB30 } Tweezers to
30 PC30 Insert
3 PAS Close Tweezers
11 PA30
7 E } Insert to Hole
21 PCH
PAS Open Tweezers
3 PAS Tweezers Away
from Assembly
Total | 271 T™U
AY - OBTAIN FIRING|PIN|AND SPRING ASSEMBLY TO PNIT (ﬂTM—Z)
Spring to GC45 27 G- N
Trigger Assembly 14 GC5 Firing Pin to
PC4S 36 Pm Assembly
21 PC5
Total a8 ™U
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DESCRIPTION

=LEFT HAND No.| LH | TMU RH | No, 2RIGHT RAND
AZ - ASSEMBLE SA-FET'{ PLATE, SSD|RELEASH, FIRING| ARM| AND BOTTOM
PLATE (MIM-2)
Safety Plate to GC45 27 | R 2 Unpalm Tweezers
Work Area P- 30 | PC30 Tweezers to Platp
3 | PAS Close Tweezers
26 | PC15 Plate to Assembly
3 | PAS . Open Tweezers
SSD Release GC45 27 | P~
to Work Area {. PA30 11 Tweezers to
21 | pcs gigtzelease
3 | PAS
26 | PC1l5 55D to Trigger
3 | PAS Open Tweezers
11 | P30 and Away
iirézikAzzezin GC45 27 | GB4S Plers to Work
PA30 11 | PA3D Area
21 | PCS Grasp Firing Arm
PAS ' Pin with Pliers
Spring With { GAS 3
Thumb | A 14
spring onte s |
: 21 | PC5 Firing Pin Arm
to Trigger Assy.
- G- 3 | pas Pliers to |
| 11 | Pa30 Table
Clamp 4 23 | 6C30 Bottom Plate to
30 | pe3o Trigger Assemb;y
PA15 6
\_ A 14
6 R Plate Onto
21 | PC5 Pins
14 A
Total 446
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/ .

DESCRIPTION . " DESCRIPT
~LEFT HAND No.| LH MU RH 1 No. ~'RIGHT HAND

BA -~ CHECK SPRINGS,| INSPECT SHAFT, STAHE UNTT AND RECYCLE (MTM-2)

P-U Unit GB15 14 GB30 Release Contact
From Table P 30 PC30 with Tweezers
(x N
21 PC5 - Tweezer to Pin
3 PA5 Close Tweezers
21 PC5 Shaft to Hole
PAS
PAS } Open & Aside
Turn Unit _ 2 PAS
. 14 E 2 Inspect
13 PC15 [1/2 } Adjust
10 PC5 1/2
Clamp Unit . PC45 36 PA30 Tweezers Aside
Operate { GA4S | 13 GA43 }. Operate
A 14 A
GB45 | 18 | G- h
S - s -
?iizzitng PAS >0perate 2nd
PC45 © 36 Lever
GA15 )
jperate 1st 2 | PAS 6 | pas | 2
A 14 A /
GAlS -
PAS 2 Operate 2nd
14 A Lever

Total 321 ™U
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R v [ | e Toe] iR
BB - OPEN CLAMP AND| REMOVE FROM|FIXTURYE (MTM-2)
GB15 10
Open Clamp A 14
PAS 3
Remove from GB15 10
Fixture { PAS 3
A E Inspect
Total 40 | T™MU
BD ~ OBTAIN UNIT AN IACE IN FIXTURE (MIM-2)
18 | GB45
36 QZFAS Unit into Fixtun
Close PAS 3
Total 57
BE — TORQUE (3) PO4TS (MTI;{-Z) ‘
' 14 GB30 Torgue Device
30 | PC30
18 | R -
42 | A Torque
42 | PC5
3] PAS Aside Device
Total 149 | T™U
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DESCRIPTION DESCRIPTIO
~LEFT HAND No.l LH Thu RH 1 No. —RIGHT HAND
BF - CHECK DROPLEAF) DRQPLEAF ROP, GAUGE UNIT A¥D AS$IDE (MTM-2)
' GB15 19 |GC15 Gauge
Unit to Work Area PAlS) 6
r
GAS 3
5 6w } Pull Gauge Out
-3 |PAS
6 | PAlS Gauge Aside
10 GB15 Check End Shake
12 | ras 4
3 |cGas Check Spring
14 |a
3 |6As Check Dropleaf
14 A
Unit Aside PA4S 15
Total 113 | ™U
BGC - PLACE HOUSING INTO|FIXTURE |[(MTM-2)
Assist R { G- 23 | GBSO
PCAS 36 | RC45 To Fixture
Total 59 | TMU
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DESCRIPTION . DESCRIPTION
-LEFT HAND No.i LH “f Thu RH 1 No.|  —RIGHT HAND
BH - OBTAIN AND ASSHEMBLY 'Q! RINE, WASHER, STARTING|PIN AND SPRING
gH’I‘M—2! )
18 R 3 } Guide Pin to
Washer to Cuide GC30 23 PAlS Work Area
Pin PC30 30
'0' Ring to ce3o 23
Guard Pin PC30 30
26 |PCl5
3 PAS To hole
23 [ec30 } Spring to Work
6 |PAlS Area
GC30 23
Starting Pin 26 |PC15 Assemble to Guid?
to Guide PC30 30 .
A ' 14
: 10 GB15 Housing Aside
Housing Aside PA30 11 | PA3C .
Total 296 T™U
BJ - ASSEMBLE RETAINER {MTM-2)
14 GB30
Retainer Tool
26 | PCL5 to Assembly
14 ta
30 PC;O Retainer to Pin
14 | A
W5 } Disengage Tool
PAS .
11 PA30 Tool Aside
Turn Housing PAlS 6
Total 123 T™U
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DESCRIPTION B¢ DESCRIPTION
—LEFT HAND No.| LH vy RH | No. ~ RIGHT HAND
BL - HOUSING ASIDE JAND |DUMP OUT| PIN GUIDE (MTM{$2)
PA1S 6 PAlS Hand to Housing
Housing PB30 | 19 | R Palm Guide
' Total 25 T™MU
BM - LOAD FIXTURE {MTM$2)
15 PBl15 Tweezers to Levers
18 PAS Separate and
‘ 18 PAS Orientate
Assist RH GAS 21 PC5
: 3 PAS P. U. Lever
26 PC15 Lever to Fixture
Total . 101 ™U
BP — BURNISH SLOT (MTM{2)
Start Machine { GAl5 6 _ R Palm Tweezers
A 14
GBS Handle to
3 PAS Burnisher
30 PAS 10 Burnish Lever
Total 60 T™U
BR - UNLOAD FIXTURE (MIM-2)
Handle from
Stop Machine { GALS 6 P- Burnisher
A 14 R Unpalm Tweezers
26 PC15 P.U. Lever
3 PAS with Tweezers
11 PA30 To Pan
3 PAS Open Tweezers
Total 63 ™D
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sy o] Jow | e ] eI
BS - OBTAIN HOUSINQ AND ASSEMBLE SPRING (MTM-2]
18 GB45 Housing to
15 | PA4s } Table
GC30 23
Orientate Spring PA- 14 GB30 Tweezers to
30 | »c30 } Spring
3 PAS Close Tweezers
26 PC15 Spring to Hole
PAS Open Tweezers
PA30 Tweezers Aside
Total 138 | T™MU
BT - ASSEMBLE 0PTI$N PEN, WASHHR AND '0O' RING [[N HPUSING (MTM—?)
23 | ec30 | Option Pin
Assemble Washer { GC5 14
to Option Pin_ PC30 30
Assemble '0; Ring GC15 19
to Option Pin { PC15 26
15 PE15 Pin to Housing
Housing to Work PAL1S 6
Area % | pBs |4
21 PC5 Assemble Pin
3 PAS
GAS
14 A Seat on Spring
Total 214 T™U
BU - CHECK UNIT FOR END SHAKE (MTM-2)
14 GB30
30 PC30 } Driver to Slot
6 PAlS Turn
12 E 2 Check Holes
6 PA30 Driver Aside
Total 68 TMU
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R[] o [ow | e w]  SweWESS
BV - ASSEMBLE LARGH OR [SMALL 'E{ RING {MTM-2)
23 GC30 E Ring Tool to
26 PC15 } Fixture
14 A Tool ;n E Ring
30 | PC30 } Assemble E Ring
4 | A |
11 PA30 Tool Aside
Total 118 | T™MU
BW - ASSEMBLE CR.ANiL (MIM-2)
23 GC30 . Crank to Option
30 PC30 } Pin Unit
14 A Seat
Total 67 TMU
BX - ASSEMBLE AND FORM|ELEMENTS (MTM-2 \
GB- 14 GB30
PA- 12 R 2 ’ Back Unit to
21 PC5 ) Fixture
GC30 23 | 6- )
P.U. Setting Key 14 ccs Assembly Unit
and Lubricate \ to Setting Key
PAS 3 '
Key to Crush - P- 26 | PC15 )
Element . 10 GB15 Assemble
. 26 PC15 } Retaining Plug
Assembly in Die PC30 30
Total 199 ™U
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APPENDIX 0: MIM-3 ANALYSIS OF PROVING DATA FROM TEST SITE

The following is a summary of the times of the tasks used for
proving the simplified data systems. These time values have been
developed.using MIM-3, and then transformed to 0.0]1 minutes at
100 B.S.I. performance. |

Task Description - 0.01

: Minutes
Ti-3 Load Springs into Magazine  5.370
T2-3 Hand Load Detonators to Magazine 8.760
T3-3 Insert S—A Retainer into Fuse Body 7 17.490
T4-3 Handle Fuses 6.050
T5-3 -|{ Assemble and Stamp Torque Module 4,800
T6-3 Apply Tape Seal to S5-A 9.530
T7-3 Assemble Body and Washer to Fuse 12.250
T8-3 Assemble and Crimp Detonator Support 7.420
T9-3 - Assemble Timer, Spacers and Retainer 17.015
T10-3 Assemble and Stake Trigger Assembly 64.590
T1l1l-3 Torque (3) Posts 13.900
T12-3 Assemble Starting Spring Pin 20.000
T13-3 Burnish Slot ' 7 16.650
T14-3 | Assemble Option Pin Arm | 30.050
T15-3 Assemble and Form Key Assembly 9.300
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Sym.| Ref. Description Elem. | preq, | Total
™U | % TMU
T1-3 [LOAD SPRINGS INTO MAGAZINE (MIM-3)
A Obtain and Place Magazines 59.0 59.0
B Load Springs and Aside Work 48.4 1 48.4
Total | 107.4
T2-3 HAND LOAD DEE?NATOR TO MAGAZINE (MTM-3)
D Detonator Boxes to Doghouse 476 1/500 1.0
E Magazine Work Tray to Fixture 64 1/100 .6
F Detonator Box to Work Fixture 236 1/10 23.6
G Empty Magazine on Platform 41 1/5 8.2
H Detonator on Magazine 57 1 57.0
J Expose Detonator Rim 48 1 48.0
L Full Magazine in Work Fixture 52 1/5 10.4
M Completed Magazine to Locker 132 1/5 26.4
Total 175.2
T3-3 INSERT E-A RETAINER INTO FUSE BODY (MTM-3)
P Assemble, Press and Gauge 230 1 230.1
R Obtain Tray of Fuses: 100% 146 1/8 18.3
Inspection, Closing Sc;ews
S Aside Tray of Modules 68 1/20 3.4
Start Module Threads 96.3 |1/20 96.3
Obtain Tray of Modules 34 1/20 1.7
Total 349.8
T4-3 [HANDLE FUSES (MTM-~3)
v Obtain and Aside Fuses 96 1 96
W Aside Completed Tray 52 1/4 13
X Obtain New Tray 48 1/4 12
Total 121
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Sym. | Ref. Description Elem. | proq, |Total
: - TMU % | Tmu
T5-3 [ASSEMBLE AND STAMP TORQUE MODULE (MTM-3)
AA Insert Fuse into Train 48 48
AB Aside Completed Fuse in Tray 48 48
Total 96
T6-3 |APPLY TAPE SEAL TO S-A (MIM-3) )
AD Apply Seal 114 114.0
AE Actuate Press 18 18.0
AF Remove Fuse from Press and
_ Check Seal 50 1 50.0
AG Obtain Tray of Fuses 34 1/8 4.3
AH Tray of Fuses Aside 34 1/8 4.3
Total. | 190.6
T7~-3 |ASSEMBIE BODY AND WASHER TQ FUSE (MTM-3)
AJ Finished Unit from Fixture 65 1 65
AL Assemble Body, Washer and Fuse 162 162
AM Assemble Body to Unit 18 1 18
Total 245
T8-3 |ASSEMBIIE AND CRIMP DETONATOR SUPPORT (MTM13)
AP Aside Finished Unit, Assemble
Spring to Deontator Fuse 129 1 129
AR Stake Unit and Obtain Detonators 18 1 18
AG Obtain Tray 34 1/50 . ]
AH Aside Tray 34 1/50 0.7
Total 148.4
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Sym.| Ref. Description Elem. { proq, | Total
™Y | % | TMU
T9-3 |ASSEMBLE TIMER, SPACERS AND RETAINER (mJ-B
AS Assemble Spacer to Unit | 57.0 1 57.0
AG Load Retainer Ring 126.5 126.5
AU Assemble Housing and Retainer
to Timer 100 1 100.0
AV Press Retainer, Aside Unit 54 1 54.0
AG Obtain Tray 34 1/24 1.4
AH Aside Tray 34 1/24 1.4
Total 340.3
T10-3| ASSEMHBLE AND STAKE TRIGGER ASSEMBLY (MTM$3)
AW Assemble Trigger Assembly and
Top Plate 75 1 75
AX Assemble Rivets. Place Unit on
Block. Assemble Inserts 304 1 304
AY Assemble Firing Pin and Spring
to Unit 69 1 69
AZ Assemble Safety Plate SSD
Release, Firing Pin and o
Bottom Plate ‘ 556 1 556
BA Check Springs, Inspect Shaft,
, Stake Unit and Recycle 242 1 242
BB Open Clamp and Remove from
Fixture 43 1 43
AG Obtain Tray 34 1/24 1.4
AH Aside Tray 34 1/24 1.4
Total |1291.8
T11-3| TORQUE (3) POSTS (MTM-3)
BD Unit to Fixture 55 55
BE Torque (3) Posts 85 1 85
BF Check Dropleaf, Dropleaf Rod,
Gauge 138 1 138
Total 278
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Sym. | Ref. Description Elem.| proq, | Total
eserp ™U | %% | Tmu
T12-3| ASSEMBLE STARTING PIN SPRING (MIM-3)
BG Housing into Fixturg 48 1 48
BH Assemble Washer, '0' Ring,
Starting Pin and Spring 243 1l 243
BJ Assemble Retainer 86 86
BL Housing Aside: Dump Qut Pin ) _
Guide : 23 '; 23
Total 400
T13-3| BURNISH SLOT
BM Load Fixture 160 160
BP Burnish Slot 106 106
BR Unload Fixture 69 69
Total 333
T14-3| ASSEMHLE OPTION PIN {MTM-3) _
BS Assemble Spring ' 120 1 120
BT Assemble Washer, Option Pin
and '0' Ring 190 1 190
BU . Check Unit for End Shazake 71 1 71
BV Assemble Large or Small 'E' Ringj 86 2 172
BW Assemble Crank 48 1 48
Total 601
T15-3| ASSEMBLE AND FORM KEY ASSEMBLY (MTM-3)
' BX Assemble and Form Elements 186 1 186
Total 186
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DESCRIPTION . DESCRIPTION
~LEFT HAND No.| LH L RH | No. = RIGHT HAND
A - OBTAIN AND PLACEE MAGAZINES |(MTM-3)
34 HB&0 To Work Area
18 HALS } Orientaté
7 TAlS
Total 59 ™U
B - LOAD SPRINGS T¢ MACAZINE, -ASTDE WORK
P. U. Springs 1/4] HAS80 8.5
Unpalm (1) Spring 11/2| TAlS 3.5
34.0 | HB1S Assemble (1) Spripg
Aside Work 1/20 HBBO 2.4 ] HB80 /20| Aside Work
Total 48.4 1 T™U
D - DETONATOR BbXE5 TO} DOGHOUSH (MTM-3
34 HAB0 Open Locker
18 HA1S5 } Open Lid &
16 TA80 Aside
90 HAL1S5 } Remove Box &
. 80 TA80 To L
Box in Work Area 5 | HA80 170
34 HAS80 Empty Box Aside
34 HAS80 Close Locker
Total 476 TMU
E — OBTAIN AND POSITION EMPTY WORK TRAY TO WORK FIKTURE (MTM~3)
Tray to Fixture HB8O 48 H-  Assist LH
Insert TA80D 16 T-
Total 64 T™U
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DESCRIPTION . DESCRIPTION
~LEFT, HAND No.| LH | TMU RH | No.|  —~RIGHT HAND
¥ - OPEN DETQONATOR |BOX |AND TRANEFER TO] FIXTURE| (MTN-3)
B- 48 HBSO Box to Platform
18 HALS Open Lid
18 HAL1S Remove Lid
7 TA15 To LH
Toss Lid Aside HABO 34
Cardboard Pad HAB0 34
48 HB80 Slide into
29 TAS0 Fixture
Total 236 T™U
G - OBTAIN AND PLAQE EMPTY MAGAZINES O'N_ WORK PLATFORM (MIM-3)
To Platform HA80 34
Orientate TAlS5 7
Topal 41. T™U
H - POSITION DETONATOR| IN MAGAZAINE (MIM-3)
21 TB15 Tool to Part
29 TB&0O Move Part
7 TAlS5 Insert
| Total 57 T™U
J = EXPOSE DETONAT )R REM (MTM=3)
' 48 HBS0
Total 48 ™U
L - POSITION FULL ]-:‘IAGAZ.INE IN WORK FIRTURE (MIM-2)
Assist RH H- 34 HB15 Work to Fixture
18 HA1S5 Locate
Total 52 ™U

-
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DESCRIPTION . DESCRIPTION
=LEFT HAND No.|  LH Ty RH | No. ~RIGHT HAND
M - COMPLETE MAGAZINE INTO LOCKER {(MTM:3)
Wireguard to W.A. HAS0 34
T- T34 HE15 Guard to Slot
Assist RH H~ 34 HABO Tray Aside
Total 132 ™U
P - ASSEMBLE, PRES§ AND GAUGE:_ ASIDE [0 TRAY [MTM43)
Retainer to S-A H- 48 HEB80 Assemble S-A
S-A to Fixture HB15 34
16 TABO } Clamp & Release
16 TA80
Gauge S-A HB15 34
- HAlS 34
Assemble Fuse HBSO 48
Total 230 ™U
R = OBTAIN TRAY OF |FUSES: 1007 INSPECIION CLOBING|SCREWS (MIM-3)
Assist RH HAB0 34 HABD Tray to Bench
112 E 16 Inspect
Total | 146 T™U
S — ASIDE TRAY (MTH¥-3)
To Conveyor HAS0 34
Slide HAB0 34
Total 68
T -~ START MODULE THREADS (MTM-3)
Tool to Fuse 1/81 HB15 4.3
Screw Down 5 { HAlS 890.0
Aside Tool 1/8| TAS80 2.0
Total 96.3 ™U
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DESCRIPTION ' . DESCRIPTION
-LEFT HAND No.[ LH | TMU RH | No.|  —RIGHT HAND
U - OBTAIN TRAY OF|S-A|MODULES {(MTM-3)
Assist RH HABO 34 HA80 Obtain Tray
Total 34 T™U
V - OBTAIN AND ASIPE FYSES (MTM-3)
Part Aside HE80 48 HE80 Part Aside
Obtain Fuse HB8O 48 HB80 Obtain Fuse
Total 96 ™U
W - ASIDE COMPLETED TRRAY (MTM-1)
To Conveyor HAS80 34 HAS0 To Conveyor
Slide HALS 18 HALS Slide
Total 52 T™U
X — OBTAIN NEW TRAY OF] D}ORK {MIM=-3)
Tray to Work Area HB8O - 48 HBEO -Assist LH
Total 48 T™U
AA - IﬁSERT FUSE INTO POSITION|IN TRAIN (MTM-3
48 HEB0 Insert
Total 48 T™MU
AB - ASTDE COMPLETED FUSE TO TRAY (MTN-3)
Aside HE80 48
Total 48 ™U
AD - APPLY SEAL (MI'M-3)
Pull Tape OQut HA15 18
. 48 HB8O Seal to Fixture
Fuse to Fixture HBBO 48
Total 114 T™U
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DESCRIPTION : ' . DESCRIPTI
-LEFT HAND LH ALl RH ] No, - RIGHT HA?«';':
'AE - ACTUATE PRESS J(MTM-3)
Button (1) HAlS 18 HAlS Button (2)
Total 18 ™U
Remaining motions in ellement AE|limiteq out by |Prodess Time.
Process Time not included in the¢ study '
AF - REMOVE FUSE FROM HRESS AND|CHECK $EAL (MTN-3)
Remove &VCheck HAB0 34
To Tray TA80 16
Total 50 T™U
AG - OBTAIN TRAY OH FUJES (MTM-B)
Obtain HAB80 34
Total 34 T™U
AH - ASIDE TRAY OF |FUSES (MTM-3)
Aside HA80 34
Total 34 ™Y
‘AJ «~ FINISHED UNIT |FROM FIXTUR.IJ AND ASIDE (MTM}{3)
18 HALS Open Clamp
Fuse From Fixture{ HALS 18
and Aside TBEO 29
Total 65 T™U
Al - ASSEMBLE BODY BHER & FUSE (MTM-3)
48 | HB80 } Body into
7 TAL5 Fix:ure
48 HBSO } Fuse Assembly
7 ?AlS into Fixture
Assemble Washer HB15 34
18 HAL1S Clamp
Total 162 ™U
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- DESCRIPTION DES
=LEFT HAND No.] LH | TMU RH | No.|  ZRiGHT HAND
AM - ASSEMBLE BODY L1'0 LLNIT (MIM$3)
Button (1) HA1S5 is HA1S Button (2)
Total 18 T™U
AP -~ ASIDE FINISHEI] UNJIT, ASSEMBLE SPRING TO DRTbNATOR HOLDER (MTM-3)
Unit From Fixture HALS 18
to Tray 7880 | 29
21 TB15 Detonator Holder
HALS .18 to Fixture
Spring to
Detonator Holder 2 TALS 14
TB80 29
Total 129 T™U
AR = HEAT STAXE UN]T A¥D OBTAIN DETONA['OR HOLDER (J¥IM-3)
Operate HALS ~ 18 HA1S Operate
Total 18 T™™O
AS - ASSEMBLE SPACER TP UNIT (MIM-3)
P.U. Spacers 1/24 HA80 1.4
Unpalm (1) 2 TAS 14.0
34.0] HB15 Spacer to
7.0 TAL5 Assembly
Extra Spacers 1/2f TA80 0.6
Aside
Total 57.0
AT - LOAD RETAINER{ RING (MTM-3)
18.0{ HA15 } Untangle
21.0 TALS 3 Retainer Ring
3.5 TAl5 |1/2 Orientate
29.0 TBBO Ring to Jig
34,0 HB9O Weight to Jig
7.0 TAl5 Seat -
7.0] TAl5 } Remove Weight
2.0 HALS From Jig
Total 126.5 ™U
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oesemrmon Tl e [ o | DEscnrioN
AU - ASSEMBLE HOUSI¥G AND RETAINER TO TIMER (MTM-3)
Timer to Work Area H- 34 HB80O Housing to Timer
14 TA1S Seat
18 HB15 Assemble Fixture
to Timer Assembly
Whole Assembly HB8O 36 T [
to Fixture
Total 100 | T™U
j AV - PRESS RETATINER ANDI ASIDE FINISHED |UNRIT (PIJOCESS TIME EXCLUDED)
- (MTM-3)
Operate HA1S5 18 HA13 Operate
From Fixture TA15 7 TAlS - From Fixture
Assembly to Tray TB80 29 T- Top to Bench
Total 54 ™U
AW - ASIDE FINISHED UNIT TO TRAY, ASSENBLE TRI&GER ASSEMBLY AND TOP
PLATE (MTM-3)
34 HABO0 . Trigger to W.A.
Plate.tp Assembly HB8O 34
7 TAlS To Bench
Total 75 T™U
AX - ASSEMBLE RIVENS, BLACE UNIT ON BLOCK, ASSEMBLE INSERTS (MIM-3)
Rivet to Assembly HBBO 48
29 TB8O Rivet to Assy.
18 HA15 Block from Fixt.
21 TB15 Assemble
Change Hold 2 TAl5 14
18 HA1S5 From LH
ClamplFixture HALS 18 -
21 TB15 Trigger to Clamp
Assembly
48 HB80 } P.U, Insert
7 TA15 With Tweezers
Carfyy Fuwd. 242
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sgvemion D] i Lowe | owe fwe|  ZEscheon
AX - Continued
Brought Fwd {| 242
48 | HB8O Insert
7 TAlS } Open Tweezers
7 TA15 and‘Aside
Total 304 T™U
AY - OBTAIN FIRING [PIN |AND SPRING, ASSIMBLE TO JUNI® (MIM-3)
| Spring to HB8O 48 HAB0 Firing Pin to
Trigger Assembly 21 TB1S } Assembly
Total 69 T™MU
AZ - ASSEMBLE SAFETY PHATE, SSD|RELEASE, FIRING PIN AND BOTTOM PLATE
(MTM-3) '
Safety Pl. to W.A. HABO 48 HBSO Tweezers to Pl.
7 TAlS Close Tweezers
21 TB15 To Trigger Assy.
7 TAl5 Open Tweezers
SSD to Work Area HABO 34 .
21 | TB15 } P. U. SSD Releasq
2 TA15 With Tweezers
21 TB15 } SSD to Trigger
2 TA15 Assy. & Release
Firing Arm Pin to{ HABO 34 HAS0 } Pliers to Work
gzgiaigea and TALS > TALS érea & Regrasp
21 TB15 P.U. Firing Pin
7 TA1S } With Pliers
Spring onto Pliers
UginggThumb TBlS_ 21 TBLS } Firing Pin Arm
. into Trigger Assy.
7 TALS and Release
16 TAS80  Aside Pliers
48 HB8O Rim Pl, to Assy.
Carfied Fwd | 373
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SIS we| o | | m Q] CHnIm
AZ ~ Continued
Brodeht Fwd.| 373
Clamp TAlS 7
7 TAlS } Plate onto
21 | TB1S Pins
21 | TB15 Pin to'Tr.igger
Arm
7 TAlS5 Open Pliers
16 TA8C Pliers Aside
48 HB8O } Bottom Plate to
. Trigger Assembly
Clamp TAlS5
7 | Tals } Plate Onto
21 | 15 Pins
Total 556 T™MU
BA - CHECK SPRINGS| INS$PECT Si-IAE‘T, STAKE UNIT AND BECYCLE (MTM-1)
P. U. Unit HA1S5 - 48 HB8O Release Contact
21 TB15 Tweezers to Pin
7 TA15 and P, U,
21 TB15 To Hole
7 TAl5 ‘} Open Tweezers
7 TALS and Aside
Turn Unit 2 TAlS 14
10.5 TB1S [1/2 }
10.4 TB15 Ji/2 |J Addust
Clamp Unit TE80 29 T- Aside Tweezers
to Fixture
Operate HALS 18 HA1S5 Operate
Clamp From Press{ HA1S 18
' TB8O 29
Operate 1st Leveq{ HALlS 18 TALS } Operate 2nd Levef
TA15 7 TAlS
18 HA15 Operate 3rd
7 | TA1S } Lever
Total 242 T™MU
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DESCRIPTION . DESCRIPT
~LEFT HAND No.f LH | TMU R [ No|  ZRIGHT HAND
BB - OPEN CLAMP AND| REMDVE FROM |[FIXTURH {(MTM-3)
Open Clamp HALS 18
TAl15 7
Remove from Fixture HALS 18
Total 43 TMU
BD - OBTAIN UNIT AND PUACE IN FIXTURE {(MTM-3)
' 48 HB8O Unit to Fixture
1 Close TA1S 7
Total 55 TMU
BE -~ TORQUE (3) pogrs (MITM-3)
48 HB80 Torque Device
to Unit
21 TB15 3 Torque
16 TAS0O " Aside Device
Total 85 T™MU
BF - CHECK DROPLEAH, DHOPLEAF ROD, GAUGE UNIT AND ASIDE (MIM-3)
Unit to Work Area HAS0 34
7 TA1S Pull Gauge Out
7 TA1S Gauge Aside
18 HALS } Check End Shake
7 HA1S 3
18 HAl1S Check Spring
18 HALS Check Dropleaf
Unit Aside TB8O 29
Total 138 T™U
GB - PLACE HOUSING |INT$ FIXTURE| (MTM-3)
Assist RH H- 48 HBBO Assemble
Total 48 T™U
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DESCRIPTION
-LEFT HAND No. LH T™MU RH | No, EER?(?E'}PJL%%
BH - OBTAIN AND ASSEMBLE '0' RING, WASHER, STARTIﬁG PIN AND SPRING
(MTM=-3)
21 | TAlS 3 } Guide Pin to
Washer to Guide Pin HB8O 48 T-
tn?t .
0' Ring to Guide HBSO 48
Pin .
21 TB15 } To Hole
7 TAlS
48 HB8O Assemble on Grid
| Starting Pin to TA80 16
Spring
Assist RH T- 34 HAB0 Housing Aside
Total 243 ™U -
BJ - ASSEMBLE RETAINER {(MIM-3)
34 HB1S5 Retainer Tool
. to Assembly
29 TB80 Retainer to Pin
7 TAl5 Disengage Tool
Turn Housing TA- 16 TA80 Tool Aside
Total 86 | TMU
BL -~ ROUSING ASIDE|AND|DUMP- OUT PIN
TAlS5 7 TAlS5 Hand to Housing
Housing Aside TASO 16 [ TA15 Palm Cuide
Total 23 T™™U
'BM - LOAD FIXTURE (MIM-3)
21 TB15 Tweezers to Leve
42 . TALS 6 Separate Qut
42 TALS 6
21 | TBI5 P.U. with Tweez.
7 TAl5
21 TB15 Lever to Fixture
7 TAlS
Total 160 T™U
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DESCRIPTION ) " DE
R S No.] LH | TMU RH | Na|  PEISHMPTION

BP - BURNISH SLOT (MTM-3)

Start Machine | HALS 18
18 HALS Handle to
Burnisher
70 TAl5 |10 Burnish
Total 106 T™U
BR - UNLOAD FIXTURH (MIM-3)
Stop Machine B HAl1S 18
| 21 | TB15 P.U. Lever with
7 TALS } Tweezers
16 TA80 To Pan
-7 TAlS5 _ Open Tweezers
Total 69 TMU
BS - OBTAIN HOUSING AND ASSEMBLE SPRING (MTM-3) .
34 HABO Housing to Table
3¢ | HBSO PU Spring-Tweez.
29 TB8O Spring to Hole
7 TA1S Close Tweezers
16 TABO Tweezers Aside

Total 120 T™MU

BT - ASSEMBLE OPTIQN PEN, WASHHR AND ‘D' RING TN HPUSING (MIM-3)

Ass., Washer to Pin HB8O 48
'0' Ring to Pin HB80 48 .

34 | HB15 Pin to.Housing
Housing to W.A. TAlS 7

TAl5 4 Alipn Pin

21 TBL5 } Assemble Pin

7 TA15 '

18 HALS Seat on Spring

Total 190 ™U
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DESCRIPTION" . DES
~LEFT HAND No.f LH | TMU RH ] No. ZRIGHT HAND
BU = CHECK UNIT FOR| ENH SHAKE (HTM-3)
48 HERB0 Driver to Slot
7 TAlS Turn
16 TA80 Driver Aside
Total 71 ™U
BV - ASSEMBLE LARGH OR |{SMALL 'E! RING [MTM-3)
Regrasp Housing TA15 7
' 34 HB15 Tool onto - 'E'Ring
29 TB80 Assemble Ring
16 +TA80 Tool Aside
Total 86 T™MU
BW -~ ASSEMBLE CRANK (MIM-3)
‘ 48 | HB8O
Total 48 T™U
BX - ASSEMBLE AND TORM|ELEMENTY (MTM=3
Aside Finished
Unit HAB0 34
21 TB15 Back Unit to
Fixture
Lub, Setting Key HA80 34
' 34 | HB15 Assembly to
Setting Key
. 34 HB15 - Assemble Retain-
ing Plut
Assembly in Die TB8O 29
Total 186 T™U
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APPENDIX P: ANALYSIS OF PROVING DATA FROM TEST
SITE USING SYSTEM II
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Elem.|  |Total
Sym.| Ref. Description 0.0l | Freq.| 0.0l
mins. mins.
T1-I1 | LOAD SPRINGS INTO MAGAZINES
A Obtain and Place Magazine 1.5943 1.5943
B Load Springs and Aside Work 1.0313 1.0313
Total | 2.6256
1T2-11| HAND ﬂOAD DETONATOR TO MAGAZINE
D Detonator Boxes to Doghouse 15.026% 1/500} .0300
E Magazine Tray to Wire Fixture 2.8703 1/100| .0287
F Detonator Box to Work Fixture 7.6622 1/10 .7622
G Empty Magazines onto Platform 1.9439 1/5 .3888
H Detonator in Magazine 2.6073 1 2.6073
J Expose Detonator Rim 2.4116 1 2,4116
L Full Magazine into Work Fixture 2.9794 1/5 .5959
M Completed Magazine to Locker 3.547% 1/5 .7094
, | Total] 7.5339
T3-II] INSERY S-A RETAINER .INTO FUSE BODY
P Assemble, Press and Gauge 10,9164 1 |10.9164
R Obtain Tray of Fuses. 100%
Inspection Closing Screws .576I 1/8 0721
S Aside Tray of Modules 1.135¢ 1/20 .0568
- Start Module Threads 3.2747 1 3.2747
U Obtain Tray of Modules .5768 1/20 .0284
Total |14.3488
T4-1I1 HAN'DL'E FUSES
v Obtain New Tray of Work .5678 1/4 L1420
W Obtain and Aside Fuses 4,823 1 4.8233
X Aside Completed Tray 1.135p 1/4 2839
| Total| 5.2491
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. . Elem. Total
Sym.| Ref. Description 0.0! | Freg.| 0.0l
mins. mins.
T5-11 ASSENBLE AND STAMP TORQUE MODULE
AA Insert Fuse into Train 2.411¢ 1 2,4114
AB Aside Completed Fuse Tray 2.411¢ 2.4116
Totall 4.2823
T6-11 APPLY TAPE SEAL TO S-A
AD Apply Seal 5.391? 5.391(¢
AE Actuate Press - 5678 .576§
AF Remove Fuse from Press 1.026p 1 1,026
AG Obtain Tray of Fuses .5678 1/8 .0721
AH Aside Tray of Fuses .5678 1/8 0721
Total] 7.138]
et
T7-11 ASSEMLEE BODY AND WASHER TO FUSE
AJ Finished Unit fromFixture 2.209p 2.,209¢
AL Assemble Body; Washer and Fuse 8.720p 8.702¢
AM Assemble Body to Unit and _
Operate the Press 5678 1 + 567!
Total]ll.4804
T8-1T ASSEMBLE AND CRIMP DETONATOR SUPPORT
AP Aside Finished Unit, Assemble
Spring and Detonator Fuse 5.275p 1 5,276
AR | Stake Unit and Obtain Detonator 5768 1 .576
AG - | Obtain Tray .567B 1/50 .011%
AH Aside Tray .5678 1/50 L0115
Total| 5.876}
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- Elem. Total
Sym.| Ref. Description 0.01 | Freq.| 0.0l
mins. mins,
T9-TI| ASSENBLE TIMER, SPACERS AND RETAINER
AS Assemble Spacer to Unit *5.6751 5.6756
AT Load Retainer Ring - 6.960 1 6.9604
AU Assemble Housing and Retainer to
Unit 9.383% 1 9.3834
AV Press Retainer, Aside Unit 2.1001 1} 2.1004
AG Obtain Tray 5768 1/24 .024(
AH Aside Tray 5768 1/24 0244
Total [24.1687
T10-1I ASSENBLE AND STAKE TRIGGER ASSEMBLY
AW Assemble Trigger Assembly and Top
Plate 3.438; 1 3.438{
AX Assemble Rivets, Place Unit on
Block, Assemble Inserts 14,4540 1 |14.4546
AY Assemble Firing Pin and Spring
to Unit 3.485p 1. -} 3.485¢
AZ Assemble Safety Plate, SS5D Releasel
Firing Arm and Bottom Plate 25.644F 1 25,6441
BA Check Springs, Inspect Shaft, ‘
Stake Unit and Recycle 12,6974 1 ]12.6974
BB Open Clamp and Remove from
Fixture 1.135p 1 1.1354
AG Aside Tray 5768 1/24 .024(
AH Obtain Tray 5768 1/24 .024(
Total |60.9039
T11-II} TORQUE (3) POSTS
BD Unit to Fixture 2.870p 1 2.807:
BE Torque (3) Posts 6.093p 6.093%
BF Check Dropleaf, Dropleaf Rod,
Gauge 3.345p 1 3.3455
- Total]12.246(.
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Elem. Total
Sym.} Ref. Description 0.0l | Freq.| 0.01
mins. mins.
T12-I1 ASSENBLE STARTING PIN SPRING
BG Housing into Fixture 2.411¢ 1 22,4114
BH Assemble Washer, '0' Ring, Start- o
ing Pin and Spring 3.345] 1 3.3455
BJ Assemble Retainer 4.403] 1 44,4033
BL Housing Aside, Dump Out Pin Guide- .9174 1 9174
| Total [11,0778
T13-I1 BURNIXSH SLOT
BM Load Fixture 9,644] 9,6447
BP | Burnish Slot 5.7226 5.7226
BR Unload Fixture 3.018] 3.0182
Total j18,3855
T14-I1 ASSEMELE OPTION ARM
BS Assemble Spring 4,971 1 4.9711
BT Assemble Option Pin, Washer and o
. '0' Ring 11.629] 1 J11.6291
BU | Check Unit for End Shake 3.3290¢ 1 | 3.3290
BV Assemble Large or Small 'E' Ring 4,403 2 8,8066
BW Assemble Crank 2.4114 1 2,4114
Total 31.1479
T15-I] ASSEMBLE AND FORM KEY ASSEMBLY
BX Assemble and Form 2,.4114 1 2.4116
. Total | 2.4116




ANALYSIS SHEET: SYSTEM IL

477

| Q;\ oo A% \\Q’
BLOCK TIME 0.0l MINS N 3 «© )
. o N ov fb'
EL. DESCRIPTION DA ]=] CA CB
A OBTAIN AND PLACE MAGAZINE
Magazine to Work Area ’
Orientate
1-
n Freq. 1 2
Time = 1.5943
B LOAD SPRINGS TO MAGAZINE AND ASIDE [WORK
Springs to Magazine .25
| .5
Change Hands 1
Insert 1
Aside Work .05
Freq. 5 1 1.2 .05
Time = 1.0313
D DETONATOR BOXES TO DOGHOUSE
Open Locker Door '
Open Lid and Aside 1l
1
Remove Detonators and to LH . 3
5
Empty Box Aside 1
Close Locker 1
Freq. i 14
Time 15.0265




. ANALYSIS SHEET: SYSTEM IL
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S| 2 AR L
BLOCK TIME 0.0! MINS N S «© o
. O N o v
EL. DESCRIPTION DA DB cA | CB
E POSITION EMPTY MAGAZINE TRAY TO FIXTURE
Tray to Fixture 1
Insert 1
Freq. 1 ) 1
Time 2.8763
F OPEN DETONATOR BOX AND TRANSFER TO FIXTURE
Detonators to Platform 1
Open Lid 1
Remove Box Lid 1
Lid Change Hands 1
Cardboard Pack from Box 1
Box of Detonators to Fixture 1
Slide into Fixture 1
Freq. 5 2
Time 7.66022
G OBRTAIN AND PLACE EMPTY MAGAZINES ON WORK HLATFORM
Magazines to Platform 1
Orientate 3
Freq. 3 1
Time 1.9439




ANALYSIS SHEET: SYSTEM IL

479

| | AN IR BN B
BLOCK TIME 0.0 MINS o 0“ © o
O Ne 4 v
EL. DESCRIPTION DA pB | cA | CB
H POSITION DETONATOR IN MAGAZINE
Tool to Part
Move Part
Insert 1l
Freq. 1l 2
Time .2,60p3
J EXPOSE DETONATOR RIM
Expose Rim 1
Freq. 1
Time . . 2.41016
L POSITION FULL MAGAZINE IN WORK FIXTURE
Work to Fixture 1
Locate 1
Freq. 1 1
Time 2.9794
M COMPLETE MAGAZINE INTO LOCKER
Wire Guard to Work Area l
Guard to Slot 1
Tray Aside | 1
Fregq. 2 1
Time 3.5472




ANALYSIS SHEET: SYSTEM IT
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| é b?’ '\Q’ e
BLOCK TIME 0.0i MINS 2| T e |
0. \o Qo fb'
EL.| DESCRIPTION DA DB{ cA | cB
P ASSEMBLE PRESS AND GAUGE
Retainer to SA
Position on Fixture
Clamp and Unclamp Fixture - 2
Gauge S-A 1
1
Assemble Fuse 1
Freq. 1 3 3
Time 10,9164
R OBTAIN FUSES: 100% INSPECTION CLOSING SCREWS
Obtain and Inspect 1
Freq. 1
Time 0.56[78
S "ASIDE TRAY
To Conveyor
Slide
Freq. 2
Time 1.1356
T START MODULE THREADS
Tool to Fuse ..125
Screw Dowm 5
_Aside Tool .125
Freq. 125 5 «125
Time 3.2147

- . e — s e b —— - ——



ANALYSIS SHEET: SYSTEM IT
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& Rl B IR
BLOCK TIME 0.0 MINS >
0? \.0 Qf) t‘b‘
EL. DESCRIPTION DA D8 CA CB
U OBTAIN TRAY OF S-A MODULES
Obtain Tray 1
Freq. 1
Time 0.56¢8
Vv OBTAIN NEW TRAY OF WORK
Tray 1
Freq.- 1
Time 0.56¢8
W OBTAIN AND ASIDE FUSES
Part Aside
Obtain Fuse
Freq. 2
Time 4.82B2
X ASIDE COMPLETED TRAY
To Conveyor
Slide
Freq. 2
Time 1.13P6
AA INSERT FUSE INTO POSITION IN TRAIN
Insert 1
Freq. 1
Time 2.4116




ANALYSIS SHEET: SYSTEM IL .
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' Q;\ b?’ '\Q’ N\
BLOCK: TIME 0.0t MINS o 0"\ «° N
o N\ oy %
EL. DESCRIPTION DA DB cA | cB
AB ASTIDE COMPLETED FUSE TRAY
Aside l
Freq. ‘1
Time 2.41}6
AD APPLY SEAL
Pull Tape Out 1
Seal to Fixture
Fuse to Fixture
Freq. 1 2
Time 5.3910
AE |- ACTUATE PRESS
Actuate 1
Freq. 1
Time 0.5478
AF | REMOVE FUSE FROM PRESS
Remove and Check 1
To Tray 1
Freq. 1 1
Time 1.0%265
AG | OBTAIN TRAY OF FUSES
Obtain 1
Freq. 1
Time .56)8
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ANALYSIS SHEET: SYSTEM IL

S| | A P
BLOCK TIME 0.01 MINS ) S o ™
_' on [N o7 &
EL. DESCRIPTION - DA DB CA | CB
AH ASIDE TRAY OF FUSES
Aside 1
Freq. ) 1
Time .5678
AJ FINISHED UNIT FROM FIXTURE AND ASIDE
Open Clamp
Fuse From Fixture 1
Aside 1
Freq. 1 2
Time 2.20p9
AL ASSEMBLE BODY, WASHER AND FUSE
Body into Fixture 1
1
Fuse Assembly to Fixture 1
1
Assemble Washer 1
Clamp 1
Freq. 2 1 3
Time 1 8.72p9
AM ASSEMBLE BODY TO UNIT )
Operate Press 1
Freq. , 1
Time .5678
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ANALYSIS SHEET: SYSTEM IL

: A ) > ©
BLOCK TIME 0.01 MINS 0| W
| o |\® [o® e
EL. DESCRIPTION DA DB CA | CB

AP ASIDE FINISHED UNIT, ASSEMBLE SPRINEG TO DE+0NATOR HOLDER
Unit from Fixture to Tray 1

Detenator Holder to Fixture

Spring to Detonator Holder 1
2
1
Freq. 2 3 2
Time 5.2759

AR HEAT STAKE UNIT AND ORTAIN DETONATO& HOLDER
Operate Machine : 1

Freq. 1

Time o .567pB

AS ASSEMBLE SPACER TO UNIT

P.U. Spacers 04
Unpalm ' 2
Spacers to Assembly . 1
1
Extra Spacers Aside 04
Freq., 04 3 04 1

" Time ' 5.6756




ANALYSIS SHEET: SYSTEM IL -

485

S| a2 O
BLOCK TIME 0.0l MINS N 3 o ™
oY N\ o v
EL. DESCRIPTION DA DB CA CcB
AT LOAD RETAINER RING
Untangle Retainer Ring 1
Orientate .
Ring to Jig 1
Weight to Jig 1
Seat 1
Remove Weight from Jig
1
Freq. 5.5 1 2 1
Time 6.9609
AU ASSEMELE HOUSINGKAND RETAINER TO UNIT
Assemble Timer and Housing 1
Seat 2
Assemble Fixture to Timer
Wholg Assembly to Fixture
Freq. 2 3
Time 9.38B4
AV PRESS RETAINER AND ASIDE FINISHED UNIT
Operate Press 1
Part from Fixture 1
Assembly to Tray 1
Freq. 1 1 1
Time 2.1008




ANALYSIS SHEET: SYSTEM IL

486

& o A o
BLOCK TIME 0.0l MINS o2 | oV | «° N
o [ o7 e
EL. DESCRIPTION DA | DB | CA | CB
AW ASIDE FINISHED UNIT TO TRAY, ASSEMBLE TRIGEER ASSEMBLY
TOP PLATE
Trigger to Work Area 1
Plate to Assembley 1
To Bench 1
Freq. 1 1 1
Time 3.43B1
AX ASSEMBLE RIVETS, PLACE UNIT ON BLOCK, ASSEMBLE INBERTS
Rivet to Assembly 1
Rivet to Assembly 1
Block From Fixture 1
Assemble 1
Change Hold 2
Change Hands '
Clamp Fixture
Trigger to Clamp Assembly 1
P.U. Insert With Tweezers 1
1
Insert . 1
Open Tweezers and Aside 2
Freq. 5 3 3 3
Time 14,4546
AY OBTAIN FIRING PIN AND SPRING ASSEMBLE TO UYNIT
Assemble 1
1
Freq. 1 1
Time 3.4859




ANALYSIS SHEET: SYSTEM IT
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6\ o A? N\
BLOCK TIME 0.0l MINS o S «° N
o [\ o7 e
EL. DESCRIPTION DA DB cA | ¢B
AZ ASSEMBLE SAFETY PLATE, SSD RELEASE, |FIRING [PIN ANI} BOTTOM PLATE
P.U..Safety Plate with Tweezers 1
1
Safety Plate to Trigger‘Assembly - 1
_ 1
SSD to Work Area 1
P.U. SSD With Tweezers 1
. 1
SSD to Trigger Assembly ' 1
1
Firing Arm Pin, Hold with Pliers 1
1
1
1 .
Spring onto Pliers, Using Thumb 1
Firing Pin onto Trigger Arm
1
Aside Pliers .
Bottom Plate to Assembly 1l
Clamp
Plate onto Pins 1
1
Pin to Trigger Arm 1
1
Pliers Aside
Bottom Plate to Trigger Assembly 1
1
Clamp 1l
Plate onto Pins
1
Freq. 13 10 3 3
B T T TTEme - T —25.6443




ANALYSIS SHEET: SYSTEM IL
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‘ éﬁ ‘p A2 <§b
BLOCK TIME 0.0l MINS o2 SV | P ™
o Y o %
EL. DESCRIPTION DA DB CA | CB
BA CHECK SPRINGS, INSPECT SHAFT, STAKH UNIT AND RECYCLE
P.U, Pin with Tweezers and to Hole 1
1
1
1
Open Tweezers and Aside.
Turn Unit
Adjust .
Clamp Unit to Fixture
Operate 1
Clamp From Press
1
Operate Levers 1
1
Freq. 7 5 3 1
Time 12.€974
BB OPEN CLAMP AND REMOVE FROM FIXTURE
Open Clamp 1
1
1 Remove from Fixture i
Ffeq. 1 2
Time 1.1356
BD OBTAIN UNIT AND PLACE IN FIXTURE
Unit to Fixture 1
Close .
Freq. 1 1
Time 2.8703




ANALYSIS SHEET: SYSTEM IT

489

3 o2 A° g
BLOCK TIME 0.01 MINS o St o B -
' o N\ O v
EL.| DESCRIPTION DA | DB | cA | CB
BE TORQUE (3) POSTS
Torque Device to Unit 1
Torque {(3) Posts 3
Aside Device 1°
Freq. 1 3 1
Time 6.09p2
BF. CHECK DROPLEAF, DROPLEAF ROD, GAUGH UNIT AND ASIDE
Unit to Work Area 1
Pull Out Gauge 1
Gauge Aside
Check End Shake 1
3
Check Spring
Check Dropleaf 1
Nut Aside 1
Fregq. 5 1 4
Time 3.3455
BG PLACE HOUSING INTO FIXTURE
Assemble 1
Freq. 1
Time 2.4116




ANALYSIS SHEET: SYSTEM IL

490

%“ =2 A? s
BLOCK TIME 0.0l MINS KO P Al P N
o N o v
EL. DESCRIPTION DA OB cA. | cB
BH OBTAIN AND ASSEMBLE '0' RING, WASHER, STARTING PIN AND SFRING
Assemble Washer and Guide Pin 3 '
1
'0' Ring to Guide Pin :
Assemble to Hole and onto Guide
1l
Starting Pin to Spring 1 |
1
Freq. 4 2 1 3
- Time 11.7B6
BJ ASSEMBLE RETAINER
Retainer Tool to Pin 1
1l
Disengage Tool and Aside
Freq. 2 1 1
Time 4.4033
BL HOUSING ASIDE AND DUMP OUT PIN GUIRE
Housing Aside and Palm Guide '
Freq. 2
Time 0.9374
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ANALYSIS SHEET: SYSTEM IT

' Q:'\ li” | A% i
BLOCK TIME 0.01 MINS - | o2 | & [ x>
. (o} N o’ Vv
EL.| DESCRIPTION pA | o8B | ca | cB
BM LOAD FIXTURE
Tweezers to Lever 1
Separate Out
P. U, with Tweezers 1l
1
Lever to Fixture 1
1
Freq. 14 3
Time 9.6447
BP BURNISH SLOT
Start Machine
Handle to Burnisher
Burnish ' ) 10
Freq. 10 2
Time 5.72P26
BR UNLOAD FIXTURE
Stop Machine . 1
P. U. Lever with Tweezers . 1
To Pan
Open Tweezers
Freq. 3 1 1
Time 3.0382




- ANALYSIS SHEET: SYSTEM IL

492

Q;\ &2 A N\
BLOCK TIME 0.01 MINS o2 g'\ «° o
| o° [N o7 |
EL.| DESCRIPTION pa | o8| ca !l cB
BS OBTAIN HOUSING AND ASSEMBLE SPRING
Housing to Table ' 1
P, U. Spring with Tweezers 1
Spring to Hole 1
Close Tweezers
Tweezers Aside
Freq. 2 1 1l 1
Time 4.9711
BT ASSEMBLE OPTION PIN, WASHER AND 'O'f RING IN HOUSING
Assemble Washer to Pin
'0' Ring to Pin
Pin to Housing
Housing to Work Area
Align Pin
Assemble Pin 1
’ 1
Seat on Spriné 1
Freq. 6 1 1 3
Time 11.4291
BU CHECK UNIT FOR END SHAKE
Driver to Slot 1
Turn and Set 1
Aside Driver
Freq. 2 1
Time 3.3290




ANALYSIS SHEET: SYSTEM IL

493

y & ] A° e
BLOCK TIME 0.0l MINS w2 | & e =
O Ne o Vv
EL. DESCRIPTION DA oB | ca | ¢cB
BV 'ASSEMBLE LARGE OR SMALL 'E' RING
Regrasp Housing 1
Tool Onto 'E' Ring l
Assemble Ring > 1
Tool Aside 1
Freq. 2 1 1
Time 4,40B3
BW ASSEMBLE CRANK
Assemble 1
Freq. 1
Time 2,416
BX ASSEMBLE AND FORM ELEMENTS
Aside Finished Unit 1
Back Unit to Fixture 1
Lubricate Setting Key 1
Assemble Unit to Setting Key
Assemble Retaining Plut 1
Assemble in Die 1
Freq. 2 2 2
Time 8,1¢474
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APPENDIX Q: ANALYSIS OF PROVING DATA FROM TEST
SITE USING SYSTEM IV
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SYNTHESIS
_ Elem. Total
Sym. | Ref. Description 0.01 | Freq.| 0.0l
.mins. mins.
T1-IV] . LOAD|SPRINGS INTO MAGAZINES .
A Obtain and Place Magazines 1.8951 1 1.8951
B Load Springs and Aside Work 2.3588] 1 2.3588
Total 4,2539
T2-IV| HAND|LOAD DETONATOR TO MAGAZINE
D Detonator Boxes to Doghouse 12.543111/500 | .0251
E Magazine Tray to Work Fixture 2,2268/ 1/100 | .0223
F Detonator Box to Work Fixture 9,4545 1/10 . 9455
G Empty Magazines Onto Platform 1.4714/ 1/5 .2943
H Detonator in Magazine 2,299 1 2.2992
J Expose Detonator Rim .653% 1 .6539
L FullrMagazine into Work Fixture 2.5574 1/5 .5115
M Completed Magazine to Locker 3.7984 1/5 .7598
Total 5.5116
T3-IV . INSHRT S—A RETAINER INTO FUSE BODY
P Assemble Press and Géuge 8§.583%F 1 8.5831
R Obtain Tray of Fuses: 100%
Inspection Closing Screws .7484 1/8 .0936
s Aside Tray of Modules 1.007¢ 1/20 .0504
T Start Module Threads 5.0767% 1 5.0767
u Obtain Tray of Modules .7488 1/20 .0374
| Total 13,8413
T4-IY HANILE FUSES
v Obtain New Tray of Work .819% 1/4 . 2049
W Obtain and Aside Fuses 3.083% 1 3.083ﬁ
X Aside Completed Tray 1.332] 1/4 -3334
Total 3.6213
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. Elem. Total
Sym.| Ref. Description 0.0l | Freq.| 0.0l
mins. mins.
T5-IV] ASSEMBLE AND STAMP TORQUE MODULE
AA Insert Fuse into Train 1.9017 1.9017
AB Aside Completed Fuse Tray 1.9017, 1.9017
Total 3.8034
T6-1V APPLY TAPE SEAL TO S-A
AD Apply Seal 4.6245 4.6245
AE Actuate Press 58331 1 .5833
AF Remove Fuse From Press 1.144 1 1.1445
AG Obtain Tray of Fuses .58331/8 .0729
AH Aside Tray of Fuses .58331 1/8 .0729
Total 6.498]1
T7-IV ASSEMBLE BODY AND WASHER TO FILE
AJ | Finished Unit from Fixture 1.4696 1.4697
AL Assemble Body, Washer and Fuse 6.965% 6.9658
AM Assemble Body to Unit and Operate
the Press . 5831 1 .5833
Total 9.0184
T8~1Y ASSEMBLE AND CRIMP DETONATOR SUPPORT
AP Aside Fi-ished Unit, Assemble
Spring and Detonator Fuse 5.6443 1 5.6443
AR Stake Unit and Obtain Detonatoer 1,034 1 1.0347
AG { Obtain Tray .583p 1/50 0117
AH Aside Tray .583p 1/50 L0117
Total 6.7014
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Elem. Total
Sym.| Ref. Description 0.0l | Freq.] 0.0l
mins, mins.
T9=TV] ASSEMBLE TIMER, SPACERS AND RETAINER _
AS Assemble Spacer to Unit 2.92000 1 2.9200
AT | Load Retainer Ring 6.9275 1 6.9275
AU Assemble Houéing and Retainer
to Unit 6.4277] 1 6.4277
AV Press Retainer, Aside Unit 12.8373 .1 2.8373
AG Obtain Tray .5833% 1/24 .0243
AH Aside Tray .5833 1/24 L0243
Total 19,1611
T10-IV ASSEMBLE AND STAKE TRIGGER ASSEMBLY
AW Assemble Trigger Assembly and
Top Plate 2.9208 1 2.9208
AX Assemble Rivets, Place Unit on
Blcok Assemble Inserts 14,5533 1 J14.5533
AY Assemble Firing Pin and Spring
to Unit _ 3.452) 1 3.4521
BA Assemble Safety Plate, SSD ‘
: Release, Firing Arm and Bottom
Plate 20.1823 1 [20.1823
AZ Check Springs, Inspect Shaft,
Stake Unit and Recycle 14.066¢ 1 [14.0666
BB Open Clamp and Remove from Fixture 2.273f 1 2.2736
AG | Obtain Tray .567¢ 1/24 | .0243
AH | Aside Tray 567§ 1/24 .0243
Total 57.4973
T11-Iy TORQUE (3) POSTS
BD Unit to Fixture 2.2268 2.226é )
BE Torque (3) Posts 8.486] 8.4861
BF Check Dropleaf, Dropleaf Rod,
Gauge 5.5890 1 5.589(
Total 16.3019
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Elem. Total
Sym.| Ref. Description 0.0l | Freg.| 0.0l
mins. mins.
T12-I{ ASSHEMBLE STARGING SPRING PIN
BG Housing into Fixture 1.9017 1 1,9017
BH Assemble Washer, '0'-Ring, Start-
Starting Pin and Spring 11.703] 1 11,7035
BJ Assemble Retainer 6.683( 1 6.683
BL Housing Aside, Dump QOut Pin Guide| .6507 1 . 6502
Total 20,9384
T13-I{  BURNISH SLOT
BM Load Fixture 7.578¢ 7.578(
EP Burnish Slot 5.,034( 5,0340
BR Unload Fixture 3.487] 3;4874
Total -16.6995
T14-I¥ ASSEMBLE OPTION ARM
' BS Assemble Spring 5,9999 1 5.9999
BT Assemble Option Pin, Washer and
'0' Ring 8.181] 1 8.18132
BU Check Unit for End- Shake 2.5514 1 2.5519
BV | Assemble Large or Small 'E' Ring | 5.3297 2 [10.6584
BW Assemble Crank 2.750] 1 2;750J
Total [30.1415
T15-1I¢ ASSEMBLE AND FORM KEY ASSEMELY _
BX Assemble and Form 8.276% 1 8.2769
Total 8.2769
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ANALYSIS SHEET: SYSTEM I\

BLOCK TIME 00l MINS. | @ B la |5 (6|88
N || NN~
I I T T B B
=] =] o o o - Q
EL.| DESCRIPTION OCA|OB|OC|LA|LB|LC] S
A OBTAIN AND PLACE MAGAZINES
Magazine to Work Area 1
. 1
Orientate 1
-2
Freq. 111 3
Time 1.$951
B LOAD SPRINGS TO MAGAZINE AND A$IDE WORK
P. U. Springs and Palm .25
+25
l5
Obtain Spring and Assemble 1
1
Aside Work {.05
| ' .05
Freq. |.05 1.25(.75 |.01| 1
Time 2.p588




ANALYSIS SHEET: SYSTEM IV

500

. o -
BLOCK TIME 00l MINS. [ (bl la!|BI81]8
o latloeo|laleals]| s
NI |mim|<|N
=) o O o Q - O
EL. DESCRIPTION CA|OB|OCiLA|LB|LC! S
D DETONATOR BOXES TO DOGHOUSE ‘
Open Locker Door 1 .
1
Open Lid and Aside .1
1
Remove Box of Detonators 5
Change Hands 5
Box to Work Area 5
Empty Box Aside 1
_ 1
Close Locker 1
1
Freq. 8 6 |19
Time 121 543Y -
E OBTAIN AND POSITION EMPTY MAGAIINE TRAY [TO FIXTURE
Tray to Fixture 1
1
Insert
Freq, 1 1
Time 2.R268




ANALYSIS SHEET: SYSTEM

LA

Cy g

RN

501

BLOCK TIME 00l MINS. | @ik |2 (o |B]8 |8
SRR EERE IR
SClolololol~-]o
EL.] DESCRIPTION OA |OB|OC|LA|LB|LC]| S
F OPEN DETONATOR BOX AND TRANSFEH TO FIXT
Box of Detonators to Platform 1
1
Open Lid 1
1
1
Lid 1
Box 1
Remove Lid
To Other Hand
Lid From Other Hand 1
Tosé Aside 1
Cardboard Pad From Box 1
1
Box of Detonators to Fixture 1
1
1
Slide into Fixture 1
1
Freq. 2¢{ 3 4 6 - 2 1
Time 9.6545
G OBTAIN AND PLACE EMPTY MAGAZINES ONTO PJATFORM
Magazines to Platform ' 1
Orientate 2nd Magazine
Freq. 1 3
Time 1.J4714




ANALYSIS SHEET: SYSTEM IV

502,

o -— —
BLOCK TIME 00l MINS. | @ | B lalig|5|818
: Bl il |~ s
N o |m|m|e]|N
o o] o O (=] - Q
EL. DESCRIPTION OA|OB|OC|LA{LB]|LC]| S
H POSITION DETONATOR IN MAGAZINE
Pick Up Detonator 1
Locate 1
Insert 1
Freq. 1 1l 1
Time 2.2992
3 | EXPoSE DETONATOR RIM
Expose Rim 1
1
Freq. 1 1
Time .6?39
L POSITION FULL MAGAZINE IN WORK|[FIXTVRE
Work to Fixture 1
1
Insert l
1l
Freq. 1 1 1 1
Time 2.p574




ANALYSIS SHEET: SYSTEM IV

503

N M =] .. - Q (=
BLOCK TIME OOl MINS. |o |m o |mjw|®|@
N 1| O N o~ ~
NS ™| <N
o =] o Q Q - o
EL.|{ DESCRIPTION OA |OB|[OC|LA|LB|LC]| S
M COMPLETED MAGAZINE INTO LOCKER
Wire Guard to Work Area 1
' 1
Wire Guard with Slot in Tray 1
1
1
Tray from Fixture and Aside 1
’ Freq. 2 | 14 3 1.
Time 3.¥7988
P ASSEMBLE, 'PRESS AND .GAUGE: ASIDE TO TRAY
| Assemble S-A 1
1
5-A into Fixture
Clamp 1
1
Release Clamp 1
Gauge S-A - 1
i
Assemble to Fuse 1l
1
Freq. 1 i 3 4 1
Time 8.5831
R OBTAIN TRAY OF FUSES: 1007 INSPECTION QLOSING SCREWS
Tray to Bench and Inspect 1
1
- Freq. 1 1
Time . . 7488
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BLOCK TIME OOt MINS. | 8|S |a|a 15|88
. T3] o D N o} ~ P~
NS | im MmN
o (=] O (o] o - o
EL. DESCRIPTION OA|OB|OC|LAILB|LC]| s
] ASIDE TRAY
Tray to Conveyor 1
1
Sl;de Tray onto Conveyor l
1
Freq. 1 1 2
Time 1.007
T START THREAD MODULES
Module Turner to Fuse .125
125
Turn Down 5
4
Next Fuse 1l
Aside Tool .125
Freg. §.125 5,12 125
Time 5.9767
H OBTAIN TRAY OF MODULES
Pick Up Tray and Move 1
1
Freq. 1 1
Time . 7488
v | oBTAIN NEW TRAY OF WORK
Obtain ' 1
1
Freq. 1 1
Time 8135 .
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™ - 1 - o] o
BLOCK TIME 00l MINS. |2 | B |l l|B|8 |8
Ts] o N o o) ~ ~
NI || |m ||~
o o =] o L] - Q
EL.| DESCRIPTION CA|OB|OC|LA|LB|LC]| S
W ASIDE AND OBTAIN FUSES
Finished Fuse Aside 1
1
Obtain Next Fuse 1
1
Freq. 2 2
Time 3,834
X ASTDE COMPLETED TRAY
Tray to Conveyor 1
1
Slide Alcong Conveyor 1
1
Freq. 1l 1 2
Time 1.8321
AA INSERT FUSE INTO POSITION IN TRAIN
Assemble 1l
1
Freqg. 1 1
Time 1.po17
AB | ASIDE COMPLETED FUSE TO TRAY
Aside 1
1
Freq. 1 1
Time 1.p017




wy

506
Ly - O o
BLOCK TIME 0.0l MINS. |2 | ol (B! 818
. : 0 |l o o N )] |~
NS |]eIm|miS|N
o o (=] (=] =] - Q
EL. DESCRIPTION . CA|OB|OC|LAILBILC| S
AD | APPLY SEAL |
Pull Out Tape 1
1
Seal to Fixture .1
_ 1
Fuse to Fixture 1l
1
Freq. 2 1 1 2
Time 4.4245
AE ACTUATE PRESS
Press Button 1
1
Freq. 1 1
Time 5§33
AF REMOVE FUSE FROM PRESS AND CHEQK
Remove and Inspect 1
. } 1
Aside 1
Freq, o1 1 1
Time 1.3445
AG OBTAIN TRAY OF FUSES, SLIDE FRQM CONVEYOR
Obtain 1
1
Freq. 1 1 |
Time ,5833




ANALYSIS SHEET: SYSTEM TV

507

BLOCK TIME 0.0l MINS. |2 |h | |a (6|88
‘ T Y N |lNlTO |~
| bl L B L B LT I B
o L= 1= o =] - Q
EL.| DESCRIPTION OA |OB|OC|LA|LB|LC| S
AR | TRAY OF FUSES ASIDE
Slide to Conveyor 1
1
Freq. 1 1
Time .5833
AJ FINISHED UNIT FROM FIXTURE AND|ASIDE
Clamp from Fuse and Aside 1
1
Freq. 1 21 1
’ Time 1.1696
AL | ASSEMBLE BODY, WASHER AND FUSE
Body into Fixture 1
1
1
Fuse Assembly into Fixture 1
1
1
Asseinble (1) Washer 1
Clamp 1
1
1
Freq. 1] 2 2 3 1
Time 6.12658
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- ANALYSIS SHEET: SYSTEM I\L

BLOCK TIME 0.0l MINS. | S |[Hlc|ls (5|88
) N 2] N [5)] = -
Nlg|afm |mo|S |~
. o | O =] =) O - QO
EL.| DESCRIPTION OA|CB|OC|LALB|LC| S
AM | ASSEMBLE BODY TOQ UNIT
Assemble 1
1
- Freq. 1 1
Time .5833
AP ASIDE FINISHED UNIT, ASSEMBLE SPRING TO DETONATOR HOLDER
Finished Unit from Fixture and 1
Aside to Tray 1
1
Detonator Holder to Fixture : 1
Spring to Detonator Holder 1
3
1
" Freq. 2 4 1] 2
Time 5.6443
AR | HEAT STAXE UNIT AND OBTAIN DETQNATOH
Operate 1
' 1
Freq. 1 1
Time 1.9342




ANALYSIS SHEET: SYSTEM IV

539

o - - o
BLOCK TIME 00l MINS. | 2 |b |2 (g ik |88
13 o o) o oM M~ ~
NS | |mim]|S |~
o O o o =] - o
EL.| DESCRIPTION. OA {OB|OC|LA|LB|LC| S
AS | ASSEMBLE SPACER TO UNIT
Pick up Supply of Spacers .04
- .04
Unpalnm 2
Spacer from Other Hand l
Assemble 1
1
Extra Spacers Aside .04
Freq. 1.04 3.08 1
Time 2.9200
AT | LOAD RETAINER RING
Retainer Ring - Shake Out and
to Jig 1
4
1
Weight to Jig 1
1
1
1
Remove Weight From Jig
1
Freq. 1 1 7 2 1
Time 6.9275




ANALYSIS SHEET: SYSTEM IV

510

N — -
BLOCK TIME 00l MINS. |2 |m |2 |5 |5 |3 |8
10 1N | ol R
N|g|o|n | m|9|n
o O =] o] O - =10
EL.| DESCRIPTION OA |OB{OC|LA|LB|LC| S
AU | ASSEMBLE HOUSING AND RETAINER T0 TINER
Assemble Housing to Timer 1
1
Seat 2
Change Hands 1
Assemble Retainer Ring to
Timer Assembly 1
Assembly to Fixture
Freq. 2 1 2 3
Time 6.4277
AV PRESS RETAINER AND ASIDE FINISHED UNIT
‘| Operate Press 1
1
Remove from Fixture 1
1
Freq. 1 1 1 1
Time 2.8373
AW ASIDE FINISHED UNIT TO TRAY, ASSEMBLE TRIGGEH ASSEMBLY| AND
TOP PLATE.
frigger Assembly to Work Area 1
' 1
Top Plate to Trigger Assembly 1 1
.5
To Bench 1
Freq. 1 1 1].5 1
Time 2,p208




ANALYSIS SHEET: SYSTEM IV

511

BLOCK TIME 0.0l MINS. |2 IR |8 |5 |6 |88
o 0 |« =2 30 Y O | M1~
NS |@|mim]T|N
o =] Q Q =] - O
EL.| DESCRIPTION OA |OB|OCiLA|LB|LC]|.S
AX | ASSEMBLE RIVETS, PLACE UNIT ON|BLOCK, ASSEMBLE IN$ERTS
Rivets to Trigger Assembly 1
' 1
Blecok and Fixture 1
1
1
Change Hold
1
Change Hands )
Clamb Fixture to Work Area 1
1
Trigger to Clamp Assembly 1
Tweezers to Insert 1
1
Insert into Hole 1
1
Open and Aside Tweezers 1
1
Freq. 31 3 9 6
Time 14,5531
AY | OBTIAN FIRING PIN AND SPRING ASSEMBLE T0 UNIT
Spring to Trigger Assembly 1
Firing Pin to Assembly 1
Freq. 1 2
Time 3.Ja521




ANALYSIS SHEET: SYSTEM IV

512

BLOCK TIME 00l MINS. | Ik |o|m|B |88
| SRS RERE RS
o Q o o =) - =]
EL.} DESCRIPTION OA OB|OCILA|LB|LC| S
AZ | CHECK SPRING, INSPECT SHAFT, STAKE ﬁNIT AND RECYCLE
Release Contact with Tweezers 1
Shaft to Hole with Tweezers .
| 1
1
Tweezers Aside
Turn Unit Over
Adjust Unit .
.5
Clamp Unit
Operate 1
Clamp From Press to Recycling
Fixture 1
1
Operate lst & ind Lévers_ 1
1
1
1
Operate 3rd Lever 1
1
1
Freq. 2 8 51 4
Time 14]. 0664




ANALYSIS SHEET: SYSTEM IL

513

BLOCK TIME 0.0l MINS. | @ | |oi® |6 |88
- S EAEAE R AR
‘  lc|lo |coloc]=10
EL.| DESCRIPTION CA |0OB|OC|LALB|LC] S
BA | ASSEMBLE SAFETY PLATE, SSD RELHASE, |FIRING ARM AN BOTTOM
PLATE
Safety Plate to Work Area 1
Plate to Assembly with Tweezerd 1
1
1
SSD.Release to Work Area - 1
1
SSD Release to Trigger Using . 1
Tweezers 1
1
Tweezers Aside
Firing Arm Pin to Work Area 1
Grasp Pin With Pliers 1
1
Spring Using Thumb 1
1.
Spring Onto Pliers 1
Firing Pin to Trigger Arm
Pliers to Table 1
1
Bottom Plate to Trigger Assembly 1
X
" Clamp - 1
1
Plate onto Pins 1
1
Freq. 5 31 10 8
Time 203,182




ANALYSIS SHEET: SYSTEM IV

514

\ N - - Q Q
BLOCK TIME 00! MINS. | D B |ola B |83
0 | a Ol |~~~
NS | 2 gmm TN
o o Lo o o - Q
EL.| DESCRIPTION OA [oB|OC|LA|LB|LC]| S
BB QPEN CLAMP AND REMOVE FROM FIXTURE
Open Clamp 1
l
l
Remove from Fixture 1
1l
Freq. 2 2 1
Time .2736
BD OBTAIN UNIT AND PLACE IN FIXTURE
Open Clamp 1 .
1
1
Remove from Fixture 1
1
Freq. 2 2 1
Time 2,2736
BD QBTAIN UNIT AND PLACE IN FIXTURE
Unit to Fixture 1
1
Close 1
Freq. i 1 1
Time 2.2268




ANALYSIS SHEET: SYSTEM IV

515

BLOCK TIME 00l MINS. | @ |8 |o|l®m || 8|8
il |[alN~s]|~
NS |loim|m|s|r
o o o o =] - O
EL.| DESCRIPTION OA |OB|OCILA|LB|LC| S
EE TORQUE (3) POSTS
Torque Device 1
Torque 1
X 3
' 3
2
Aside Device 1
Freq. 1 4 3 3
Time 8.4861
EF CHECK DROPLEAF, DROPLEAF ROD, GAUGE|UNIT| AND hSIDF
Gauge 1
Unit to Work Area
Pull Out Gauge
Gauge Aside
Check End Shake 1
4
Check Spring 1
1
Check Dropleaf 1
1
Aside Unit 1
Freq. 211 1 8 2
Time 1.p017
BG HOUSING INTO FIXTURE
Into Fixture 1
1
Freq. 1 1
Time 1.8017




ANALYSIS SHEET: SYSTEM IV

516

o - - o
BLOCK TIME 0.0l MINS. |2 [m |8 |a |6 |88
0 | o o | o aol~] s
Nl |mImiS|N
o o O Q o - o
EL.} DESCRIPTION OCA|OB}OC|LAILBILC]| S
BH OBTAIN AND ASSEMBLE '0' RING , |WASHER, STARTING Pi.N AND SPHRING
Guide Pin to Work Area 3
Washer to Guide Pin 1
. 1
'0' Ring to Guide Pin 1
Assembly to Hole
' 1
Starting Pin to Guide 1
1l
Housing Aside 1
1
Freq. 1 3 5 S 1
- Time 1117035
BJ ASSEMBLE RETAINER
Retainer Tool to Assémbly 1
1
1
Retianer to Pin 1
1
Disengage Tool
Tool Aside
Turn Housing
Freq. 1 3 2 3
Time 6.b830




ANALYSIS SHEET: SYSTEM IV

517

. N - -
BLOCK TIME 0.0l MINS. | 2 B | |s|B]| 8183
0 | o Ol |~
NS |a|m|m|Sin
o Q Q =] Q — o
EL.| DESCRIPTION OA [OB|OC|LA|LB{LC]| S
BL | HOUSING ASIDE AND DUMP OUT PIN GUIDﬂ
Housing Over and Guide to Hand
Housing Aside
Freq. 2
Time .6402
BEM | LOAD FIXTURE .
Tweezers to Lever 1
Separate and Orientate
P. U. Lever 1
1
Lever to Fixture 1
Freq. 13 1] 2
Time 7.$780
BP | BURNISH SLOT
Start Machine , 1
_ 1
Handle tc Burnisher 1
1
Burnish Lever 10
Freq. 1 1 11 1
Time 5.9340




ANALYSIS SHEET: SYSTEM I\

518

. o - -—
BLOCK TIME 00l MINS. | R |B |2 |a|5]818
s N | P o m P~ ~
NS @ |m ™| S|~
o =] =] =) O - o
EL.| DESCRIPTION OA |OB|OC|LA|LB|LC]| S
BR | UNLOAD FIXTURE
Stop Machine . 1
1
Pick Up lever with Tweezers - 1
To Pan
OPen Tweezers
Freq. 1 3 1 1
Time 3.4875
BS OBTAIN HOUSING AND ASSEMBLE SPRING
Housing to Table 1
1
Orientate Spring 1
Tweezers to Spring 1
1
Close Tweezers 1
Spring to Hole 1
Open Tweezers and Aside
Freq. 2 1 4 2
Time 5.p999




ANALYSIS SHEET: SYSTEM IV

519

N - -
BLOCK TIME 0.0l MINS. |3 K |2 o |5 ]88
0 | & o1} o o ~ |~
N[ |m ™, T |~
o O o =] =) - o
EL.| DESCRIPTION OA|OB|OC|LAILB|LC]| S
BT ASSEMBLE OPTION PIN, 'O' RING AND WASHER| IN HDPUSING
Assemble Washer and Option Pin 1
1
1
Assemble 'O' Ring 1
1
Pin to Housing 1
Housing to Work Area 1
Assemble Pin 4
1
) 1
Seat on Spring 1
1
Freq. 1 3 2 5 1 3
Time 8.1812
BU CHECK UNIT FOR END SHAKE
Driver to Slot 1
1l
Turn 1
Driver Aside 1
Freq. 1 2 1
Time 2.%319




ANALYSIS SHEET: SYSTEM I\

520

, ry N
BLOCK TIME 0.0l MINS. | @ B |lo o |5 |88
0 jo | ol o o |~ s
NSl |mim|[s |~
=] O L] o =] - O
EL.| DESCRIPTION OA |0B|OC(LAJLB}LC| S
BV ASSEMBLE LARGE OR SMALL 'E' RING
'E' Ring Tool to Fixture 1
' 1
1
Assemble 'E' Ring 1
1
Tool Aside 1
Freq. 1 1 2 2
Time 5.3292
BW | ASSEMBLE CRANK
Crank to Option Pin Unit 1
' 1
Seat 1
Freq. 1 l 1
Time 2.F501
BX ASSEMBLE AND FORM ELEMENTS
Back Unit to Fixture 1
2
1
LubricatelSetting Key and
Assemble to Unit
l -
1
Assemble Retaining Plug . 1
Agsemble in Die
Freq. 2 2 3
Time 8.]2769
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APPENDIX R: MTM-1 ANALYSIS OF PROVING TASKS
FROM OUTSIDE OF TEST SITE

There follows the development of standard data, based upon
MIM-1, of work tasks which were obtained away from the test site.
The times were initially established in TMU and then converted to
0.01 minutes at 100 B.S.I. performance level.
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TOOL OPERATION.AND DESCRIPTION SYMBGL | 0.01 Min,
- Small Easy to
Handle Part or T1l6-1 20.630
Vice Assemble | Pipe '
(Bench, Pipe £ 6'-0" long ,
and Wood) and
Large or Heavy
Remove Part or Part T17-1 25.000
> 6'-0" long
SPRING CLAMP ASSEMBLE AND REMOVE T1801 3.540
VICE GRIP PLIER | ASSEMBLE AND REMOVE T19-1" 18.315
Easy to
Place,
Little or | T20-1 24,880
no Align~
< 6" ment
Difficult .
to Place,
More Exact T21-1 31.960
ing Align.
C-Clamp Assemble
Easy to
Place, . :
Little or | T22-1 30,715
no Align-
ment
> 6"
Difficult
to Place,
More Exact- T23-1 39.335
ing Align.
Remove All Classifica- T24-1 9.020
tions
Wood Hand- Assemble T25-1 22.525
Screw Clamp Remove T26-1 8.815
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TOOL OPERATION AND DESCRIPTION SYMBOL ™U
Small Easy to
Handle Part or
Assemble | Pipe T16-1 412'6_
Vice < 6'-0" long
(Bench, Pipe and -
and Wood) Large or Heavy :
Remove Part or Part T17-1 500.0
> 6'-0" long '
SPRING CLAMP ASSEMBLE AND REMOVE T18-1 70.8
VICE GRIP PLIER | ASSEMBLE AND REMOVE T19~1 366.3
Basy to
Place,
Little or | T20-1 497.6
no Align-
ment
< 6"
- Difficult
to Place, _
More Exact T21-1 639.2
ing Align.
C-Clamp Assemble Easy to
Place,
Little or | T22-1 614.3
no Align-
ment
> 6"
Difficult
to Place, -
More Exact T23-1 786.7
ing Aldign.
Remove All Classifica- T24-1 180.4
tions :
Wood Hand— Assemble T25-1 450.5
Screw Clémp Remove T26-1 176.3
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Sym.| Ref. Description Elem.| proq, [Totol
| ™u | ol TMu
T16-1 VICE |AND REMOVE SMALL EASY TO HANDLE PART FROM{BENCH V[CE,
OR PIPE < 6'-0" LONG
Kl Vice and Remove Small Easy to
Handle Part 470.2 1/2 |235.1
K3 Vice and Remove Small Section
of Pipe (£ 6'-0" long) 354.9 1/2 |177.5
Total [412.6
T17-1 VICE |AND REMOVE LARGE OR HEAVY PART FROM BENCH |VICE, OR
PIPE|> 6'-0" LONG
K2 Vice and Remove Large or Heavy )
Part from Vice " ]1625.8 1/2 |312.9
K4 Vice and Remove Large Section of
Pipe (> 6'-0" long) 374.1 1/2 |{187.1
Total |500.0
T18-1 ASSEMBLE AND REMOVE SPRING CLAMP
AF Assemble Spring Clamp 36.5
AG Remove Spring Clamp 34,3
Total 70.8
T19~1 ASSEMNBLE AND REMOVE VICE-GRIP PLIERS
AH Close Pliers for Gauging 66.7
AJ Adjust Screw: (2) Revolutions 52.8 2 105.6
AL Try Vice-Pliers Over Part 50.3
AJ Additional Adjustment 52.8
AL Move and Close Pliers 50.3
AM Remove Pliers 40.6
Total |366.3




SYNTHESIS
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Sym.| Ref. Description Elem.| praq. | Total
T™MU TMU
T20-~1 ASSEMBLE EASY TO PLACE C-CLAMP WITH SO&E ALTGNNENT
(2" ¢ 6" CLAMP)
T Adjust Clamp 1" 128.3
v Place Clamp and Align 54.8
T Take Up Slack in Clamp 128.3
B Tighten Clamp 82.2
Total | 497.6
T21-1 ASSERBLE DIFFICULT TO PLACE C-CLAMP WITH MORE EXACTING
ALIGNMENT (2" - 6" CLAMP)
T Adjust Clamp 128.3
W Place Clamp and Align 94,0
T Take up Slack in Clamp ; 128.3
B Tighten Clamp 86.2 3 258.6
Total | 639.2
T22-1 ASSEMBLE EASY TO PLACE CLAMP WITH SOME |ALIGNMERT
' (8" AND OVER CLAMP)
U Adjust C-Clamp 3" 321.5
¥ Place C-Clamp and Align 899.4
U Take up Slack 321.5 1/3 | 105.2
B Tighten 86,2
fotal 614.3
T23-1 ASSEMBLE DIFFICULT TO PLACE C-CLAMP WITH MORE EXACTING
ALIGNMENT (8'" AND OVER CLAMP
U Adjust C-Clamp 321.5
v Place C-Clamp and Align _ 99.4
U Take Up Slack 321.5 1/3 | 107.2
B Tighten Clamp and Loosen Once
to Complete Alignment 86.2 3 258.6
Total | 786.7
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Sym.| Ref. Description Elem.| prqq, | Total
T™U | % | TMU
124-1 | REMOVE C-CLAMP
B Loosen Clamp 86.2
T Run Screw Qut 1/2" Approx. 128.3 1/2 64.2
R Remove Clamp 30.0
Total |180.4
T25-1 ASSE}BLE_WOOD HAND=-SCREW CLAMP (TWIN SCREWDRIVHR TYPE HANDLES]
AA Adjust Wood Hand Screw Jack ‘ 123.0
AB Place Clamp to Part 50.9
AD Adjust (2) Hand Screws (3) Revs.
-] Each 25.2 6 151.2
AD Adjust (2) Hand Screws Approx.
(1) Rev. Each for Jaw Alignment 25.2 50.4
AE | Tighten Each Hand Screw 37.5 | 2 75.0
Total 450.5
T26-1 REMOYE WOOD HAND-SCREW CLAMP
AE Loosen Each Hand Screw 37.5 2 75.0
AD Open Each Hand Screw Approx.
1} Revs. 25.2 3 75.6
F Remove Clamp from Part 25.7
Total | 176.3




SYNTHESIS
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Sym.{ Ref. Description ?&'B' Freq. T,;?m}
K1 VICE]| AND REMOVE SMALL EASY TO HANDiE PART FROM| BENCH WICE
A Adjust Opening 181.4
D Place Small Part into Vice
B Tighten and Loosen Vice 86.2 2 172.4
A Adjust Vice Opening Beofre
Tightening and After Loosening | 181.4 1/2 90.7
F Remove Small Part from Vice ' 25,7
Total | 470.2
K2 VICE|AND REMOVE LARGE OR HEAVY PART FROM BENCH|VICE
A Adjust Vice Open 181.4
E Place Part into Vice 87.4
B Tighten and Later Loosen 86.2 2 172.4
A Adjust vice Opening Before :
Tightening and AFter Loosening 181.4 1/2 90.7
G Remove Large Part from Vice 93.9
Total 625.9
K3 VICE {AND REMOVE SMALL SECTION OF PIPE (K 6'-0"|LONG)
FROM|PIPE VICE
M Pipe into Vice 25.3
L Close Pipe Vice 31.4
H Adjust Jaws, Close and Later Open| 133.8
B Tighten and Later Loosen Vice 86.2
J Open Pipe Vice 48.2
R Remove Pipe 30.0
Total |354.9




- 528

SYNTHESIS

ey Elem. Total

Sym.| Ref. | Description TMU Freq. TMU

K4 VICE |AND REMOVE LARGE SECTION OF PIPE (P 6'-0" LONG) FROM

PIPE|VICE

P Large Section of Pipe into Vice 41.6

L Close Pipe Vice 31.4

H Adjust Jaws, Close, Open Later 133.8

B Tighten and Loosen Later _ 86.2

J Open Pipe Vice ] : .48,2

S Remove Pipe from Vice 32.9

Total 374.,1




529

DESCRIPTION | . " DESCRIPTIO
. =LEFT HAND No. LH .TMU RH No. ~ RIGHT Hid%

A - ADJUST BENCH VIGE OPENING: [2" APPRDX, (3/1p" PkR REVOLUTION)
15.8 | R16B :

2.0 c1a | } Handle

163.6 (11010 ’

92/ - - Open

1 RL2

Total -] 181.4| TMU

1B - TIGHTEN OR LOOSEN VECE

15.8 1 R16B
] 2.01 cla First Tighten
3.9 SC10
13.5| M10810
5.6 G2 Change Hold
32.4| APl 2
7.4 SC20 Final Tgihten
5.6 M2B20

Total 86.2] TMU

D — EASY TO HANDLE PART] INTO BERCH VICE

M1é6C 18.7
Move into Jaws P2SSE 19.5
MfC 2.0
P2SE 16.2
RL1 2.0

Total | 58.6| TMU .
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>TION . DESCRIPTION
SEEFT HARD No.| LH MU RH | No. = RIGHT HAND
E -~ PLACE LARGE OR HEAVY|PART INTD BENCQ VICE
/ SC10 8.6 SC10
M16C10 |.20.8 M16C10 Part into Vice
Assist RH < P2SSD 19.7 P2SSD
62 5.6 | c2 |
M4C10 8.9 M4C10
\ P2SD |21.8 | P2sSD Align
2.0 RL1
Total 87.4 MU
F - REMOVE SMALL EASY TO|HANDLE PART FROM THE BENCH VICE
R10B 11.5
Clear Vice GlA 2.0
M10B 12.2
Total 25.7 T™MU
G - REMOVE LARGE OR {HEAYY PART FROM THE|BENCH VICE
For Part After R18B 17.2
[Loosen GlA 2.0
15.8 ] R16B } Iafge Part
5.6 G3
R10B 11.5
New Hold Gla 2,0
G2 5.6 | 62
Assist RH A2 10.6 | AP2 Remove From
SCl10 8.6 SC10
M10C10 15.0 M10C10
Total 93.9 T™U
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DESCRIPTION j!
PR NS No LH | TMU RH | No|  DESERIPTION
H - ADJUST PIPE VICE, OPENING AHPROXIMATELY 1'" ¥1/8]' PER REVQLUTION)
15.8 RlﬁB Handle
2.0 GlA
114.4 8C8 }
2.0| ru1 Open
Total 133.8§ . TMU
J = OPEN PIPE VICE FRAME
15.8 R16B
2.0] Gla Obtain Dog
6.9 M14B
5.6 G2
2.2 SC5
13.7| M1245 Release Dog
2.0 RL1
Total 48.271 T™MU
L - CLOSE PIPE VICH FRAME
11.5| R10B Vice Frame
2.0 GlA
2.2 SC5
13.7] M12A5| Close
2.0 RL1
Total 31.4 T™U
M — PLACE SMALL SECQTION OF PIPE! (< 6'~9" LONG) {INTJQ PIPE VICE
To Vice M16C 18.7
Into Vice M2B 4.6
RL1 2.0
Total 25.3 ™U
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DESCRIPTION ) DES
~LEFT HAND No. L.H .TMU RH No. ‘ —R|GCHR'|I‘PJlA?¢%
‘P - PLACE LARGE SECTION|OF PIPE|(> 6'-(" LONG) [{INTO| PIPE VICE
SC3 2.2{ sc3
M16C3 19.8 M16C3 Into Vice
RL1 2.0| RL1
R4B 6.4 R4B i New Hold
GlA 2,0 GlA Slide Inm
2 M2B 9.2| M2B 2 |
Total 41,6 T™U
R - REMOVE SMALL SECTICIN OF PIPE (= 6'40™ LONGY FROM PIPE VICE
R16B 15.8
Remove GlA. 2.0
Mi0B 12.2
Total 30.0 T™U
§ -~ REMOVE LARGE SHCTIQN OF PIPE (> 6'{0" LONG] FRQM PIPE VICE
R16B 15.8| R16B } Pipe
Assist RH GiA '2.0 CGlA
sC3 2.2| sc3 }
M1083 | 12.9] M10B3 Clear Vice
Total 32.9 ™U
T — ADJUST C-CLAMP 1" {2" TO 6"| CLAMP } AVERAGE 4")
11.5 RlOB. } Form Crank
- G5 _
Hold {Clamp 106.8  8C6 } adfust
RI1.2
Total 128,3 T™MU
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DESCRIPTION . " DESCRIPTION
~=LEFT HAND No. FH .TMU RH No, . —RIGHT HAND

U - ADJUST C-CLAMP 3" (8" ‘CLAMP AND OVER - 12" AVERAGE)

11.5 | R10B
Hold| Clamp i B Adjust
: 310.0 | 24C6 .
- | mrL2

Total 321.5

V - PLACE C-CLAMP AWD ALIGN (2" }- 6" CLAMP EASY| TO PLACE)
‘ 18.7 | Mlé6C
9.1] PISSE
3.4 MIC
5.6 | P1SE

} 1st End of Clamp

2nd End of Clamp

2.0y GlA
2.0 MfC
5.6 P1SE
2.0} RL1

Relocate or
Align 2nd End

6.4 | RAB } Clamp Frame

Total_ 54.8 T™U

W = PLACE C~CLAMP AND ALIGN (2"|to 6" GLAMPY DIFFIQULT TO PLACE

18.7| M16C |
9.1} PISSE ' %g?t;ﬁésCIamb
3.4 MiC

5.6| P1SE )

12.8] r4B |2 |)

4.0 c1a |2 2

0l Mec |2 |} ;iiﬁg Clamp
32.4| P2SE | 2

4.0 mru1 |2

Total 94.0] TMU
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DESCRIPTION ]
~LEFT HAND Ne. LH T™MU RH No. 'PEEEE¥PJ§¥%
X - REMOVE 2" - 6" 3LAM£ FROM PART
11.5]| Rios } Clamp
2.0 Gla
11.8| D2p }
Remove
12.2]| M10B
Total 37.5 T™MU
Y - PLACE C-CLAMP AND ALIGN (8"|CLAMP AND OVER)| EASY TO PLACE .
1 11.5| R10B )
2.0 Gla
Place lst End
SC5 2.2| SC5 ' of Clamp
Assist EH M16C5 19.8| M16C5
9.1] P1SSE )
M4C5 8.5| M4cs ond End of
5.6| P1SE Clamp
11.5| R10B }
Frame
2.0] G1a
; 5.6] G2
L0 L6 10.6| AP2
3.4 MlC Align and
5.6 P1SE Locate 2nd End
2.0l Rul
Total 99.4 T™U
7 — PLACE C-CLAMP AND ALIGN (8'\ CLAMP BND OVER) DIFFICULT TO PLACE
11.5 R10B N
2.0 Gla
SC5 2.2 scs & Tnitial Place
mecs| 19.4 Miecs (2) Ends
9.1] PILSSE
M4C5 8.9 M4c5 Y
Carky Fwd. 53.1
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DESCRIPTION ' )
~LEFT HAND No.{  LH TMU RH | No. DRI WAND
Z = Continued ’
Bropght Fwdd 53.1
5.6 P1SE
23.0) r10B |2 |-
4,01 Gla .2
11.2]| G2 2
21.2| AP2 2 > Align and
6.8| mic |2 Locate
32.4 P2SE 2
4.0| RL1. 2 1./
Total | 163.5 T™U
AA - ADJUST WOOD HAND—SEREW CLAﬂP, APPHOXIMATEILY 1'l (1/16" PER
REVOLUTION)
Driver Handle ‘ R- 12'2_ M103
GlA 2.0 Clamp
8C6 106.8f 8Cé6
RL1 2.0
Total | 123.0|] T™U
AB - PLACE WOOD HAND--S(OREW CLAMP
M16C 18.7} Ml16C Clamp to Part
Assist RH 35.3 P2SSD
M4B 6.9} MiB Into Clamp
Total 50.9 ™Y
AD - ADJUST ONE SINE OF WOOD HAND-SCREH CLAMP [ONE|REVOLUTION)
' ' 9.2 M2B 2
4,00 RL1 2 Turn Screw
8.0 R2A 9 Driver Handle,
4,0 GlA 2-
Total 25.2 ™U
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DESCRIPTION ) DESCRIPTION
-LEFT HAND No.| .LH TMU RH No. — RIGHT HAND
AE - LOOSEN OR TIGHTEN ONE HANDASCREW
5.6 G2
10.2 | AP2 Initial Tighten
5.5 T45M
16.2 AP] Set
Total 37.5 T™U
AF - ATTACH SPRING CLAMP
' 15.8 | M16B :
To Part and
2.2 865 Open Clamp
2.1| Mfa5
5.2| M2 ' } Locate on
9.1] P1SSE Part
2.1 MfAS
Total 36.5
AG -~ REMOVE SPRING [PLAMP
15.8| R16B } Clamp
2.0 GlA
2.2 scs } open
2.1 MEAS
12,2 M10B Remove
Total 34.3 T™U
AH - CLOSE VICE-GRIP PLIER FOR GAUGING |OPENING
Pliers to RH M10B 12.2 R- ’
Handle
2.0 GlA
2.0 mea }
10.6 AP2 Close Pliers
M18C 20.4 M18C
To Part for
9.1{ PISSE Gauging Opening
2.0 RL1 .
Cardy Fwd. " 58.3
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DESCRIPTION . " pES
~LEFT HAND No.}  LH MU RH | No. ZRIGHT HAND
AH - Continued
Trou;ht Fwd. | 58.3
6.4 R4B
2.01 c1a Adjusting Screw
Total 66.7 |- T™™U
AJ = TURN ADJUSTING! SCREW ONE RHEVOLUTION
20.4] T1205 {3 } Move Screw
6.01 RL1 3 Co
20,41 T120 |3 } Reach Serew
6.0 Gla 3
Total 52.8 ™U
Al. - PLACE VICE GRIP PLIER TO PART AND |CLOSE
6.4] R4B } Handle
2.0] " Gla ‘
AP2 10.2] AP2 Open Pliers
8.0§ MAC } Pliers to Part
9.1 P1SSE
2.0| MfA } Close Pliers
10.6 AP2
2.0 RL1
‘Total 50.3 ™U
AM - OPEN AND REMOVE VJICE GRIP PLIERS
R16B 15.8 R16B
Assist RH GlA 2.0 GlA Open
AP2 10.6] AP2
12,2( MI10B Tool Away
Total 40.6 T™MU




APPENDIX S: MTIM-2 ANALYSIS OF PROVING TASKS
FROM OUTSIDE OF TEST SITE

There follows the development of standard data, based upon
_MTM-2, of work tasks where obtained away from the test site. The
times were initially established in T.M.UM and then converted to
(.01 minutes at 100 B.S.I. performance level.
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Tool Operation and Description Symbol | 0.01 Min.
Small Easy to
Handle Part or .
| | Assemble | Pipe T16-2 1 21.165
Vice (Bench, < 6'-0" Long
Pipe and and
Wood) Large or Heavy
Remove Part or Part T17-2 23.515
> 6'-0" Long
SPRING CLAMP ASSEMBLE AND REMOVE T18-2 4.150
VICE GRIP PLIER | ASSEMBLE AND REMOVE. T19-2 | 23.800-
Easy to
Place
Little or T20-2 21.500
no Align,
< 6"
- Difficult
to Place,
More Exact- T21-2 31.450
C~Clamp Assemble ing Align.
Easy to
Place
Little .or T22-2 35.600
> gt | MO Align.
Difficult
to Place, -
More Fxact- T22-2 44,000
ing Aldign.
Remove All Classifica- T264-2 8.875
tions
Wood Hand- Assemble T25-2 20.600
Screw Clamp Remove T26-2 8.250
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Tool Operation and Description Symbol | TMU
Small Easy to
Handle Part or
Assemble |} Pipe ' T16-2 423.3
. |_ 11
Vice (Bench, ) £ 6'-0" Long
and -
Pipe and
Wood) Large or Heavy
Remove Part or Part T17-2 470.3
' > 6'=0" Long
SPRING CLAMP ASSEMLBE AND REMOVE T18-2 83.0
VICE GRIP PLIER | ASSEMBLE AND REMOVE T19-2 476.0
Easy to
Place
Little or T20~2 430.0
< 6" No Align.
Difficult
to Place,
More Exact T21-2 629.0
ing Align.
C-Clamp Assemble
Easy to
Place
Little or T22-2 712.0
No Align.
> 6"
Difficult
to Place,
More ExactJ T23-2 880.0
ing Align,
Remove All Classifica- T24-2 177.5
tion
Wood Hand— Assemble T25-2 413.0
Screw Clamp Remove T26-2 165.0
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|Sym.| Ref. Description Elem. | ppqq |Total
y P TMU TMU
T16~2 § VICE AND REMOVE SMALL EASY TO HANDLE PARI FROM RENCH VI[E,
OR PIHE < 6'=-0" LONG
K1 Vice and Remove Small Easy to
Handle Part 524,5 | 1/2 262.3
K3 Vice and Remove Small Section of .
Pipe (< 6'=0" Long) 322.0 | 1/2 161.0
Total { 423.3
T17-2 | VICE AND REMOVE LARGE OR HEAVY PART FROM| BENCH VICE, OR
PIPE % 6'-0" LONG
K2 Vice and Remove Large or Heavy ,
Part from Vice 608.5 | 1/2 304.3
K4 Vice and Remove Large Section
of Pipe (> 6'-0" Long) 332.0 | 1/2 166.0
Total |470.3
T18-2 | ASSEMELE AND REMOVE SPRING CLAMP
AF Assemble Spring Clamp 47
AG Remove Spring Clamp 36
Total 83
r19-2 ASSEMBLE AND REMOVE VICE-GRIP PLIERS
AH Close Pliers for Gauging 74.0
AJ Adjust Screw: (2) Revolutions 75,0 2 150.0
AL Try Vice-Pliers Over Part 67.0
AJ Additional Adjustment 75.0
AL Move and Close Pliers 67.0
AM Remove Pliers 43.0
Total |476.0
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Sym.| Ref. Description Elem.| greq, | Total
- ™ | MU
© |T20~2 ASSEMBRLE EASY TO PLACE C-CLAMP WITH SOME] ALIGNMENT
(2" - |6" CLAMP)
T Adjust Clamp 1" , 129.0
v Place Clamp and Align 88.0
T Take Up Slack in Clamp 129.0
B Tighten Clamp 84.0
Total | 430.0
T21-2 | ASSEMBLE DIFFICULT TO PLACE C-CLAMP WITH| MORE EXACTING
ALTGNNENT (2" - 6" CLAMP)
T Adjust Clamp 129.0
W Place Clamp and Align 119.0
T Take Up Slack in Clamp 129.0
B Tighten Clamp 84.0 3 252.0
Total | 629.0
T22-2 | ASSEMHLE EASY TO PLACE CLAMP WITH SOME ALIGNMENT (8" AND
OVER (LAMP)
U Adjust C-Clamp 3" 369.0
Y Place C-Clamp and Align 136.0
jif Take up Slack - 369.0 | 1/3 123.0
B Tighten 84.0
Total | 712.0
T23-2 ASSEMBLE DIFFICULT TO PLACE C-CLAMP WITH| MORE EJACTING ALIGN-
MENT (8" AND OVER CLAMP) )
U Adjust C-Clamp . 369.0
Y Place C-Clamp and Afign 136.0
U Take Up Slack 369.0 | 1/3 123.0
B Tighten Clamp and Loosen Once .
to Complete Alignment B4.0 3 252.0
Total | 880.0
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Sym.| Ref. Description Elem.} £req, | Total
™u | % | TMU
T24~2 REMOVYH C-CLAMP
B Loosen Clamp 84.0
T Run Screw Out 1/2" Approx. 129.0 | 1/2 64.5
R Remove Clamp 29.0
Total }177.5
T25-2 ASSEMHLE WOOD HAND-SCREW CLAMP (TWIN SCREWDRIVER TYPE HANDLES)
AA Adjust Wood Hand Screw Jack ' 131.0
AB Place Clamp to Part 42.0
AD Adjust (2) Hand Screws (3) Revs.
' Each 20.0 6 120.0
AD Adjust (2) Hand Screw Approx.
(1) Rev., Each for Jaw Alignment 20.0 40.0
AE Tighten Each Hand Screw 40.0 80.0
Total {413.0
T26-2 REMOVH WOOD HAND-SCREW CLAMP
AE Loosen Each Hand Screw 40,0 2 80.0
AD Open Each Hand Screw Approx.
1-1/2 Revs. 20.0 3 60.0
F Remove Clamp‘from Part 25.0
Total |165.0
Kl [ FROM HENCH VICE

VICE AND REMOVE SMALL EASY TQO HANDLE PAR

A

D
B
A

Adjust Opening
Place Small Part into Vice

Tighten and Loosen Vice

Adjust Vice Opening Before
Tightening and AFter Loosening

Remove Small Part from Vice

84

183

183.0
57.0
2 168.0
1/2 91.5
25.0

Total '} 524.5
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SYNTHESIS
Sym.| Ref. Description Elem.| ppoq | Total
. T™U T T™MU
K2 VICE AND REMOVE LARGE OR HEAVY PART FROM BENCH VICE
A Adjust Vice OPen 183.0
E Place Part into Vice 75.0
B Tighten and Later Loosen 84.0 2 168.0
A Adjust Vice Opening Before '
Tightening and AFter Loosening 183.0 | 1/2 91.5
G Remove Large Part from Vice T 91.0
Total | 608.5
K3 VICE AND REMOVE SMAtL SECTION OF PIPE (] 6'-0" LONG) FROM
PIPE VICE
M Pipe into Vice 18.0
L Close Pipe Vice 29.0
i | Adjust Jaws, Close and Later Open 108.0
B Tighten and Later Loosen 84.0
J Open Pipe Vice 54.0
R Remove Pipe 29.0
Total | 322.0
K4 VICE aAND REMOVE LARGE SECTION OF PIPE (3 6'-0" LONG) FROM °
PIPE JICE
P Large Section of Pipe into Vice 28,0
L Close Pipe Vice 29.0
H Adjust Jaws, Close, Open Later 108.0
B Tighten and Loosen Later B84.0
J Open Pipe Vice 54.0
5 Remove Pipe from Vice- 29.0
Total | 332.0
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DESCRIPTION

. DESCRIPTION
~LEFT HAND No.| LH | TMU RH 1 No.b  —RIGHT HAND
A - ADJUST BENCH VICE OPENING: |2" APPROX. (_3:/16" PER REVOLUTION)
18 GB4S Handle
165 (llC
Open
K~
Total 183 ™U
B - TIGHTEN AND LOO$EN VICE \
. 18 GB45
2 | GWS ) First Tighten
11 PA30
PW5 /
R Change Hold
\
28 A 2
10 GW10 y Final Tighten
PAS
2 PW10 )
Total 84 T™U
D - EASY TO HANDLE PART| INTO BENCH VICH
Part to Jaws PC45 36
Into Jaws PCS 21
Total 57 T™U
E - PLACE LARGE OR HEAVY PART INTO BENGH VICE
( GW5 5 GWS
PC4LS 36 PC45 Part into Vice
Assist RH < PW5 1 PW5
R R
PC15 |} 26 PC15 Align
\ PW5 1 PW5
Total | 75 TMU
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DESCRIPTION . DESCRIPTION
-LEFT HAND No.[ LH ™Y RH | No. ~ RIGHT HAND
F - REMOVE SMAL'L EA$Y TQ HANDLE {[PART FROM THE BENCH{ VICE
Obtain GB30 14
Aside PA30 11
Total | 25 T™U
G -~ REMOVE LARGE OR|HEAYY PART JROM THH BENCH VILCE
Part After Loosen GB45 18
18 GB45 Large Part
1New Hold GR30 14
' R 6 R
A 14 A
Assist RH W3 3 G5 Remove
~ PB30 15 PR30
PW5 1 PW5
Total 91 T™MU
H - ADJUST PIPE VICE OPENING APHROXIMAZELY 1" (1L" PER REVOLUTION)
| 18 GB4S Handle
90 8C Open
Total (| 108 T™U
J - OPEN PIPE VICE FRAME
18 CB43 Obtaiﬁ Dog
15 PA4S
R
3 "GUW3
11 PA30 Release Dog
1 PWS
Total 54 ™U
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DESCRIPTION . DESCRIPTION
-LEFT HAND No. L.H ITMU RH N'o. —RIGHT HAND
L - CLOSE PIPE VICE|FRAKE
14 GB30 Vice Frame
3 GW3 '
11 PA30 Close
1 PUW5
Total 29 ™U
M - PLACE SMALL SECTION|OF PIPE {(< 6'-O}" LONG) {4TO|PIPE VICE
[To Vice PA4S 15
Into Vice PAS 3
Total 18 ™U
P - PLACE LARGE SECTION|OF PIPE ( >6'-0"" LONG) [NTO|PIPE VICE
PA4S 15 PALS Into Vice
Assist RH GB15 10 GB15 New Hole
PAS 3 PAS 2 Slide In
Total 28 T™MU
R - REMOVE SMALL SECTIOR OF PIPH (< 6'~0" LONG)| FROM PIPE
Remove Pij:e { 'GBAS 18
PA30 11
Total 29 ™U
S -~ REMOVE LARGE SECTION OF PIPH (> 6'—-10" LONG)| FROK PIPE
‘ { GB45 | 18 GB45 }
Assist RH PA30 11 PA30 Remove
Total 29 T™U
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DESCRIPTION ' ~ DESCRIPTION
~LEFT HAND No.) LH | TMU RH | No.]  —RIGHT HAND

T - ADJUST C-CLAMP " (P" to 6'"|CLAMP - AVERAGH 4&")
9 GA30
120 &c

Total | 129 ™U

U - ADJUST C-CLAMP B'" (B" CLAMP |AND OVHR - 12" [AVERAGE)

o | ca3o
360 | 24C . Adjust

Total 369 T™U

V - PLACE C-CLAMP AND ALIGN (2" {- 6" CIAMP) EAQY TO PLACE

36 PC45 . 1st Clamp

2] PCS 2nd Clamp

10 GB15 Clamp Frame

21 PC5 Set 2nd Clamp
Total | 88 ™U

W ~ PLACE C-~CLAMP AND ALIGN (2"|to 6" QLAMP) DIFFIQULT TO PLACE

36 PC45 } Initial Clamp
21 PC5 (2) Ends
20 GB15 2 Align Clamp
22 | »cs 2 } Frame

Total | 119 T™MU

X = REMOVE 2" to 6'| CLAMP FROM PART

14 GB30
5 GW5 Remove
11 PA30

Total 30 ™U
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DESCRIPTION . DESCRIPTION
-LEFT HAND - No. L'H .TMU RH NP. = RIGHT HAND
Y - PLACE C-CLAMP -AND ALIGN (8" CLAMP AND OVER] EAéY TO PLACE
14 GB30
g
w3 3 GW3 Place 1lst End
PC45 36 PC45 _ of Clamp
Assist RH { PW5 1l PUW5 )
PC15 26 PC15 } 2nd End of
PW5 1l PWS Clamp
\
14 GB30 Frame
6 R
14 A } Align and Locate
21 PCS 2nd End

Total 136 T™MU

Z - PLACE C-CLAMP AND ALIGN (8"|CLAMP AND OVER] DIJFICULT TO PLACE

14 GB30 A
GW3 3 | ows
PC45 | 36 PC45 Initial Place
PW5 1 PW5 > (2) Ends
PC15 | 21 PC15
PW5 1 - | PWs /

28 GB3o |2 [] .

12 R 2 Align and

28 A ) Locate

42 PC5 2

Total 186 T™U

AA - ADJUST WOOD HAND-4CREW CLAMP APPRDX. i"‘(L/16' PER REVOLUTION)
Driver Handle _ GB- 11 PA30
Clamp 8C 120 8C Clamp

Total |131 | ™
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DESCRIPTION . DESCRIPTION
-~ LEFT HAND Ne. LH T™MY RH | No. — RIGHT HAND
AB -~ PLACE WOOD HAND-SCREW CLAMM _ .
Assist RH { P- 36 PC45 Clamp to Part
P- 6 PAl1S Into Clamp
Total 42 TMU
AD - ADJUST ONE SIDE OF WOOD HAND SCREY CLAMP (JONE [REVOLUTION)
' 6 PAS
14 GBS
Total 20 T™U
AE - LOOSEN OR TIGHITEN PNE HAND|SCREW
) R
14 A Initial Tighten
6 | PAlS
14 A Set
Total | 40 TMU
AF — ATTACH SPRING [CLAMP
15 PA4S
3 GW3 To Part and
3 PAS Open Clamp
1l PW5
21 PC5 On Part
3 PAS )
1 PW5 Close
Total 47 T™U |
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DESCRIPTION

DES
~LEFT HAND No.f LH . | TMU RH 1 No. ZRIGHT HAND
AG - REMOVE SPRING ¢LAMP .
18 GB45 Clamp
GW3
PAS Open
PW5
11 PA30 Remove
Total 36 ™U
JAH - CLOSE VICE GRIP PLLERS FOR |GAUGING OPENING
Pliers to RH PA30 11 GB- Handle
3 PAS Close Pliers
14 A
P- 36 PCLS To Part”for
Gauging ,
10 GB15 Adjusting Screw
Total 74 ™U
AJ — TURN ADJUSTING| SCREW ONE REVOLUTIQN
33 PA20
42 GB30
Total | 75 T™U i
Al, - PLACE VICE GRIP PLIERS TO PART ANY) CLOSE
10 GB15 Handle
14 A Open Pliers
26 PC15 To Part
3 PAS Close Pliers
14 A
Total 67 - T™U
AM - OPEN AND REMOVE VICE GRIP PLIERS _
18 GB45
Open
14 A
11 PA30 Tool Away
Total 43 T™U




APPENDIX T: MIM-3 ANALYSIS OF PROVING TASKS:FkOM'
OUTSIDE OF WORK SITE

There. follows the development of standard data, based upon

MIM-3, of work tasks which were obtained away from the test site,

The times were initially established in T.M.U. and then conﬁerted
to 0.01 minutes at 100 B.S.I. performance level.
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(.01 Min.

Tool Operafion and Description Symbol
Small Easy to
Handle Part or
‘ T16-3 21,250
Assemble | Pipe 3
< 6'-0" Long
Vice and —
§2§n§2;d§ipe Large or Heavy
Remove Part or Part T17-3 22,075
> 6'-0" Long :
SPRING CLAMP ASSEMBLE AND REMOVE T'T18-3 *5.150
VICE GRIP PLIER  ASSEMBLE AND REMOVE T19-3 23.950
Easy to
Place
Little or T2Q-3 20.900
No Align.
< 6"
- Difficult
to Place, .
More Exact-] 30.150
ing Align.
C-Clamp Assemble -
Easy to
Place
Little or T21-3
No Align.
> 6“
Difficult
to Place,
More Exact-] T22-3 ?3.915
ing Align.
Remove All Classifica- T24=3 8.100
pion
Wood Hand- Assemble T25-3 26,000
Serew Clamp Remove 26-3 9.600
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Tool Operation and Description Symbol | TMU
Small Easy to
Assemble | handle Part.or | g 3 | 4350
Pipe
Vice and < 6'-0" Long
(Bench, Pipe :
and Wood) Large or Heavy
| Remove | part or Part | T17-3 | 441.5
> 6'=0" Long
SPRING CLAMP ASSEMBLE AND REMOVE T18-3 103.0
VICE GRIP PLIER ASSEMBLE AND. REMOVE T19-3 479.0
Easy to
Place
Little or T20-3 418.0
< " No Align.
Difficult
to Place, :
More Exactd T21-3 603.0
ing Align.
C-Clamp Assemble
Easy to
Place
Little or T22-3 678.3
: No ‘Align,
> " .
Difficult
to Place,
More Exact- T23-3 788.3
ing Align.
Remove Al]l Classifica- T24=3 162.0
tions '
Wood Hand- Assemble T25-3 520.0
Screw Clamp Remove T26-3 | 192.0
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Sym.| Ref. Description Elem.| proq | Total
: TMU |- - | TMU
Ir16-3 VICE hND REMOVE SMALL EASY TO HANDLE PART FROM |BENCH V[CE,
-OR PIPE < 6'-0" LONG
Kl Vice and Remove Small Easy to
' Handle Part ' 485,0 1/2 ]242.5
K3 Vice and Remove Small Section
of PIPE (< 6'-0" Long) 365.0 | 1/2 |182.5
Total |425.0
T17-3 VICE |AND REMOVE LARGE 'OR HEAVY PART FROM BENCHIVICE, OR
PIPE |[> 6'-0" LONG
K2 Vice and Remove Large or Heévy :
Part from Vice 537.0 1/2 §268,5
K4 Vice and Remove Large Section of
Pipe (> 6'-0" Long) 346.0 i/2 |173.0
Total { 441.5
T18-3 | ASSENBLE AND REMOVE SPRING CLAMP
AF Assemble Spring Clamp 51.0
AG Remove'Spring Clamp 52.0
Total [03.0
T19~3 ASSEYBLE AND REMOVE VICE-GRIP PLIERS
AH Close Pliers for Gauging 47.0
AJ Adjust Screw: (2) Revolutions 102.0 2 204.0
AL Try Vice-Pliers Over Part 46.0
AJ Additional Adjustment 102.0
AL Move and Close Pleirs 46.0
AM Remove Pliers 34.0
Total | 479.0
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Sym.| Ref. Description Elem.| £roq | Total
T™U | ] TMU
T20-3 ASSEYBLE EASY TO PLACE C-CLAMP WITH SOME ALIGNYENT
(2" ¢ 6" CLAMP)
T Adjust. Clamp 1" 146.,0
v Place Clamp and Align 71.0
T Take up Slack in Clamp 146.0
B Tighten Clamp 55.0
Total | 418.0
T21-3 ASSEMBLE DIFFICULT TO PLACE C-CLAMP WITH MORE EXACTING
: ALIGRMENT (2" - 6" CLAMP) '
T Adjust Clamp 146.0
W Place Clamp and Align 146.0
T Take up Slack in Clamp 146.0
B Tighten Clamp ] 55.0 3 165.0
Total 603.0
T22=-3 ASSEMBLE EASY TO PLACE CLAMP WITH SOME IALIGNMENT (8" AND
QVER{| CLAMP) o
U Adjust C-Clamp 3" 379.0
Y Place C-Clamp and Align 118.0
U Take Up Slack 379.0 § 1/3 126.3
B Tighten 55.0
Total 678.3
T23=3 ASSEMBLE DIFFICULT TO PLACE C-CLAMP WITH MORE EXACTIN(
ALIGNMENT (8" AND OVER CLAMP)
U Adjust C-Clamp 379.0
Y Place C-Clamp and Align 118.0
U Take Up Slack 379.0} 1/3 126.3
B Tighten Clamp and Loosen Once .
to Complete Alignment 55.0 3 165.0
Total | 788.3
\
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Sym.| Ref. Description Elem.| preq, | Total
T™U | e | TMU
T24~3 REMOJE C-CLAMP
B Loosen Clamp 55.0
T Run Screw Qut 1/2" Approx. 146.0 1/2 73.0
R Remove Clamp '34.0
Total | 162.0
T25-3 ASSENBLE WOOD HAND-SCREW CLAMP (TWIN SCREWDRIVER TYPE HANDLES)]
AA Adjust Wood Hand Screw Jack 146,0
AB ‘Place Clamp to Part 36.0
AD. Adjust (2) Hand Screws (3) Revs.
Each 36.0 6 216.0
AD Adjust (2) Hand Screws Approx.
(1) Rev. Each for Jaw Alignment | 36.0 72.0
AE Tighten Each Hand Screw 25.0 50.0
Total |520,0
T26~3 REMONE WOOD HAND-SCREW CLAMP
AE Loosen Each Hand Screw 25.0 2 50.0
AD Open Each Hand Screw Approx.
1-1/2 Revs. 36.0 3 108.0
F Remove Clamp From Part 34.0
Total 192.0 |
Kl VICE |AND REMOVE SMALL EASY TO HANDLE PART FROM|BENCH VhCE
A Adjust Opening 194.0
D Place Small Part into Vice 50.0
B Tighten and Loosen Vice 55.0 2 110.0
A Adjust Vice Opening Before
Tightening and AFter Loosening |194.0 | 1/2 97.0
F Remove Small Part from Vice 34.0
Total | 485.0
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SYNTHESIS
Sym.| Ref, Description Elem. | preq, | Total
TMU T™MU
2 VICE |AND REMOVE LARGE OR HEAVY PART FROM BENCH [VICE
A Adjust Vice Open 194.0
E Place Part into Vice §9.0
B Tighten and Later Loosen 55.0 2 110.0
A Adjust Vice Opening Before
Tightening and After Loosening }194.0 1/2 97.0
G Remove Large Part from Vice ) ) 47.0
Total §537.0
K3 VICE AND REMOVE SMALL SECTION OF PIPE (K 6'-0"{LONG) FROM
- | EzEEpvICE
M . Pipe into Vice 23.0
L Close Pipe Vice 34.0
H Adjust Jaws, Close and Later
Open 162.0
B Tighten and Later Loosen Vice 55.0
Open Pipe Vice 57.0
Remove Pipe 34.0
Total | 365.0
K4 VICE|AND REMOVE LARGE SECTION OF PIPE (> 6'-0"|LONG) HROM
PIPE|VICE
P Large Section of Pipe into Vice 59.0
L Close Pipe Vice 34,0
H Adjust Jaws, Close, Open Later 162,0
B Tighten and Loosen Later 55.0
J Open Pipe Vice 57.0
s Remove Pipe from Vice 34.0
Total | 401.0




359

DESCRIPTION
= RIGHT HAND

Y (3&16" PER_REVOLUTION)

DESCRIPTION .
~LEFT HAND No, LH . T™MU RH No.
A - ADJUST BENCH VI{E OPENINGﬁ 2" APPROXIMATEL
34 HA80
160 10TA8(
Total 194 TMU
B - TIGHTEN AND LOOEEN VICE
34 HAB0
7 TAlS
TAl15
7 TAlS
Total 55 T™U
D = EASY TO HANDLE JPART INTO VICE
To Jaws TB8O ‘29
Into Jaws TB15 21
Total 50 T™U
E = PLACE LARGE OR |[HEA\Y PART IFNTO BENCH VICE
-} HB8O 48 HE80
Assist RH TA15 7 TAL5
HB15 34 HB15-
Total 89 T™MU
F - REMOVE SMALL EASY TO HANDLE PART FROM BENCH VI
Clear Vice HAS80 34
Total 34 T™MU

Handle
Open

First Tighten
Change Hold

Part into Vice
Change Hold
Align ’
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DESCRIPTION .
~LEFT HAND No| th [ tmu b Re me  DRIGHAAND
G - REMOVE LARGE OR|HEAVY PART HROM THH BENCH VIICE
18 HALS Into Vice
29 TB80 '
Total | 47 T™U
H - ADJUST PIPE VICE OPENING APHROXIMATELY 1" (JL/8"] PER REVOLUTION)
) 34 HABO Handle
128 8TAB0O Open
Total 162 T™U
J = OPEN PIPE VICE .
34 HA80 Obtain Dog
7 TAlS5
16 TA80 Release Dog
Total 57 T™MU
L - CLOSE PIPE VICH FRAME
34 HA80 Close
Total 34 T™MU
M - PLACE SMALL SEQTION OF PIPE_&;_G'—J" LONG) | INTG PIPE VICE
To Vice TA80 16
Into Vice TA1S 7
Total 23 ™U
P - PLACE LARGE SE(QTIO¥ OF PIPE (> 6'-D" LONG)|INT¢ PIPE VICE
HA80 34 HA80
Assist RH HAL1S 18 HALS Into Vice
TAlS 7 TAlS
Total 59 TMU
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DESCRIPTION DES '
~LEFT HAND No.| LH | TMU RH | No.|  ZRIGHT HAND
R - REMOVE SMALL SECTION OF PIPH (< 6'-0" LONG) FROM PIPE VICE
Remove HAS0 34
Total 35 T™MU
S - REMOVE LARGE SECTION OF PIPH (> 6'40" LONG)| FROM PIPE VICE
Assist RH HABO 34 HARO Remove ‘
Total 34 T™MU
T - ADJUST C-CLAMP " (" To 6" |cLAMP 4 AVERAGH 4")
' 34 HAS0
- 112 TTAS80
Total 146 ™U
U - ADJUST C-CLAMP B" (B'" CLAMP|AND OVHR - 12" |AVERAGE)
34 HAB0 } Addust
345 23C
Total 379 ™U
V_- PLACE C-CLAMP AND ALIGN (2"|- 6" CLAMP EASY TO |PLACE)
29 TBSO lst Clamp
21 TB15 2nd Clamp
21 TB15 Realign & Clamp
Total 71 ™U
W - PLACE C~CLAMP AND ALIGN (2"]TO 6" {LAMP, DJFFIQULT TO PLACE)
29 TB8O } Initial Clamp
21 | 1815 (2) Ends
96 " HB15 | 2 Align
Total 146 TMU
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DESCRIPTION , " DESCRIPT
=LEFT HAND No.} ~LH | TMU RH | No. ZRIGHT HAND

X -~ REMOVE 2" TO 6"|CLAMP FROM HART

18 HA80
Renmove
7 TABD
Total 25 ™U

Y - PLACE C-CLAMP AFND ALIGN (8" |CLAMP AND OVER)| EASF TO PLACE

48 HB8O 1st Clamp
21 TB15 2nd Clamp
18 | HAlS

} Locate 2nd End
34 HB15

Total 118 T™U

Z - PLACE C-CLAMP AND ALIGN (8" |CLAMP AND OVER)| DIHFICULT TO PLACE

48 HB8O | lst Clamp
21 TB15 2nd Clamp
36 HB15 Locate 2nd End
68 HB15
Total 173 T™O

AA ~ ADJUST WOOD HAND-HCREW CLAMP A?PR@XIMATELS L" J(1/16" PER

REVOLUTION _
HABO . 34
7TABO 112
Total 146 ) T™U

AB - PLACE WOOD HAND-SGREW CLAMP
T~ 29 TB80 Clamp to Part
T- 7 TA1S5 Into Clamp

Assist RH

Total 36 T™U
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DESCRIPTION ,
=LEFT HAND No.| LH ™Y R | No| DRI WAND
AD - ADJUST ONE SIDE OF| 00D HAND-SCREH (ONE RENOLUFTON)

36 2HA1S
Total 36 T™U
AE = LOOSEN AND TIGHTEN ONE HAND SCREW
18 HAIS
7 TA15
Total 25 ™U
AF ~ ATTACH SPRING [CLAMP
16 TASB0
7 TALS
21 TB15
7 TA1S
Total 51 ™U
AG - REMOVE SPRING |CLANP
18 HAS
34 BASO
_ Total 52 TMU
AH - CLOSE VICE GRIP PLIERS FOR GAUGING OPENING
18 HAL1S
29 TBSO
Total 47 T™U
AJ - TURN ADJUSTING SCREW ONE REVOLUTION
102 HA80F 3
Total 102 ™U

Initial Tighten
Set

To Part and Open
Clamp

Locate

Close

Open

Remove

Clese Pliers
To Part
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DESCRIPTION . DESCRI
-LEFT HAND No.|  LH MU RH | Ne. ~RIGHT HAND
AL - PLACE VICE GRIP PLLER TO PART AND {CLOSE
18 HA1S5 Open Pliers
21 TB15 To Part
7 TAl5 Close Pliers
Total 46 . . TMU
AM = OPEN AND REMOVE VILCE GRIP HLIERS
Assist RH 18 HAL1S Open
16 TA80 Aside
Total 34 T™U
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APPENDIX U:  ANALYSIS OF WORK TASKS OBTAINED AWAY
* FROM TEST SITE USING SYSTEM 11

There follows the development of standard data, based upon
the simplified data system descfibgd eaflier and identified as
System II, for work tasks obtained away from the test site. The
times are expressed in 0.0l minutes at 100 B.S.I. performance

level.
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Tool Operaiion and Description . | Symbel |0.01 Min.

Small Easy to-
Handle Part or

Assemble | Pipe T16-IT |[13.088

Vice | < 6'-0" Long
and
gsn;lc:;dr),ipe Large or Heavy

Remove Part or Part T17-I1 (14.471
> 6"«0" Long

SPRING CLAMP ASSEMBLE AND REMOVE . T18-11 -3.586
VICE GRIP PLIER | ASSEMBLE AND- REMOVE . T19-1I1 -111.980
Easy to
Place _
Little or T20=1II |12.725
No Align.
< 6" - o
- Difficult
to Place,
More Exact T21-II |14.417
ing Align,
C-Clamp Assemble :
Easy to
Place
Little or T22-III 23.233
Ko Align.
Difficult
to Place,
More Exact- T23-I1 |27.121
ing Align.
Remove All Classifica- T24-T1 4.402
tion
Wood Hand- Assemble T25-I1 |16.454
Screw Clamp Remove : . T26-11 7.878
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SYNTHESIS

Sym. | Ref. Description Elem.{ graq. | Total
| g ™U | % | TMu

T16-11| VICE |JAND REMOVE SMALL EASY TO HANDLE PART FROM [BENCH V[CE,
OR PIPE < 6'-0" LONG

K1l Vice and Remove Small Easy to

Handle Part ) 16.456] 1/2 8.228
K3 Vice and Remove Small Section of

Pipe (< 6'-0" Long) 9.719| 1/2 4,860

Total |13.088

T17-11 VICE |AND REMOVE LARGE .OR HEAVY PART FROM BENCH |VICE, OR
PIPE[> 6'-0" Long

K2 Vice and Remove Large or Heavy

Part from Vice 18.545| 1/2 9,273
¥4 Vice and Remove Large Section

of Pipe (> 6'-0" long) 10.396| 1/2 5.198

Total ]| 14.471

T18-11 ASSENBLE AND REMOVE SPRING CLAMP
AF Assemble Spring Clamp 2,450
AG | Remove Spring Clamp 1.136

Total | 3.586

T19-11] ASSENMBLE AND REMOVE VICE-GRIP PLIERS

AH { Close Pliers for Gauging 1.642
AJ Adjust Screw: (2) Revolutions .1.703] 2 3.406
AL Try Vice-Pliers Over Part _ _ 2.101
AJ Additional Adjustment . : 1.703
. AL Move and Close Pliers 2,101
AM Remove Pliers ' 1.027

Total | 11.980
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Sym.| Ref. Description Elem.: preq, | Total
T™MU T™MU
T20-1I1 ASSEJBLE EASY TO PLACE C-CLAMP WITH SOME ALIGNNENT
(2" 4 6" CLAMP)
T Adjust Clamp 1" 3.779
A Place Clamp and Align 3.223
T Take up Slack in Clamp 3.779
B Tighten Clamp 1.944
Total | 12,725
T21-IIj ASSENBLE DIFFICULT TO PLACE C-CLAMP WITH MORE IXACTING|
ALTIGNMENT (2" - 6" CLAMP) )
T Adjust Clamp 3.779
W Place Clamp and Align' 1.027
T Take up Slack in Clamp 3,779
B Tighten Clamp 3 5.832
Total | 14.417
T22-II1] ASSENBLE EASY TO PLACE CLAMP WITH SOME ALIGNMENT (8" AND
OVER |CLAMP)
U Adjust Cl-Clamp 3" 11.118
Y Place C-Clamp and Align 6.465
U Take up Slack 1/3 3.706
B Tighten 1.944
Total } 23.233
T23-I1 ASSENBLE DIFFICULT TQ PLACE C-CLAMP WITH MORE HXACTING
ALIGNMENT (8" AND OVER CLAMP)
U Adjust C-Clamp 11.118
Y Place C~Clamp and Align 6.465
U Take up Slack | 1/3 3.706
B Tighten Clamp and Loosen Once
to Complete Alignment 1.944| 3 5.832
| Total ] 27.121
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SYNTHESIS
Sym.| Ref. Description Elem. | £roq, (Total
TMU T™MU
T24-~II| REMOUE C-CLAMP
B Loosen ‘Clamp 1.944
T Run Screw Out 1/2" Approx. 3.7791 1/2 1.890
R Remove Clamp 0.568
Total | 4.402
T25-II| ASSENBLE WOOD HAND-SCREW CLAMP (TWIN SCREWDRIVHER TYPE
HANDIES) .
- AA Adjust Wood Hand Screw Jack 3.779
AB Place Clamp to Part ’ 1.533
AD Adjust (2) Hand Screws.(3) Revs
Each 1.136] 6 6.816
AD Adjust (2) Hand Screws Approx :
{1) Rev. Each for Jaw Alignment 1,136 2 2.272
AE Tighten Each Hand Screw 1.027 2.054
Total | 16.454
T26-11 REMOVE WOOD HAND-SCREW CLAMP
AE | Loosen Each Hand Screw 1.027] 2 2,054
AD Open Each Hand Screw Approx.
1-1/2 Revs. 1.136f .3 3.408
F Remove Clamp from Part 2,416
Total | 7.87H
Kl VICE| AND REMOVE SMALL EASYl TO HANDLE PART FROM| BENCH VICE
A Adjust Opening 5.155
D Pléce Small Part into Vice 2.419
B Tighgen and Loosen Vice 1.944] 2 3.888
A Adjust Vice Opening Before
Tightening and After lLoosening 5.155| 1/2 2.578
F Remove Small Part from Vice 2,416
Total| 16.456
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SYNTHESIS
Sym.| Ref. Description ?&’G Freq. 1_}?;"".:
X2 VICE{"AND REMOVE LARGE OR HEAVY PART FR(M BENCH| VICE
A Adjust Vice Open ' 5.155
E Place Part into Vice 5.282
B Tighten and Later Loosen 1.944] 2 3.888
A Adjust Vice Opening Before
Tightening and AFter Loosening | 5.155| 1/2 2,578
G Remove Large Part from Vice ‘ ) 1.642
Total | 18,545
1K3. VICE{ AND REMOVE SMALL SECTION OF PIPE (< 6'-0"|LONG) HROM
PIPE[VICE |
M Pipe into Vice 0.917
L Close Pipe Vice 0.568
H Adjust Jaws, Close and Later 4.237
Open
B Tighten and Later Loosen Vice 1.%44
Open Pipe Vice 1.485
R Remove Pipe 0,568
Total { 9.719
K& VICE|AND REMOVE LARGE SECTION.OF PIPE (> 6'-0"|LONG) FROM
PIPE[VICE ‘ -
P Large Section of Pipe into Vice 1.594
L Close Pipe Vice 0.568
H Adjust Jaws, Close, Open Later 4,237
B Tighten and Loosen Later 1,944
J Open Pipe Vice 1,485
S Remove Pipe from Vice .0.568
Total | 10.396
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| Q;\ o> A% Nz
BLOCK TIME 0.0l MINS o | & | & N
o- \c Q' m'
EL.| DESCRIPTION DA | bB | cA | ¢cB
A ADJUST BENCH VICE OPENING: 2" APPRbX. {3/16" PER|REVOLUTION)
Handle 1
Open 10
Freq. 10 1
Time 5.1548.
B TIGHTEN AND LOOSEN VICE
First Tighten: 1
Change Hold
Loosen
Freq. 3 1
Time 1,94B9
D EASY TO HANDLE PART INTQ VICE
To Jaws
Into Jaws
Freq. 2
Time 2.4486
E PLACE LARGE OR HEAVY PART INTO BENQGH VICE
Part into Vice 1
Change Hold 1
Align 1
Freq. 1 2
Time 5.2819

[ . - - =
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ANALYSIS SHEET: SYSTEM IL

' | P A2 0
BLOCK TIME 0.0l MINS = | & | & | & |
o \ o’ %
EL. DESCRIPTION DA DB CA | cB
F REMOVE SMALL EASY TO HANDLE PART FﬁDM BENCH VICE
Clear Vice 1
Freq. 1
Time 2.41p
G REMOVE LARGE OR HEAVY PART FROM THH BENCH NICE
' 1
1
Freq. 1 1
Time 1.6421
H ADJUST PIPE VICE OPENING APPROXIMATELY 1" |[(1/8" PER REV.)
' Handle . 1
Open 8
Freq. 8 ’ 1
—_
Time 4,2374
J OPEN PIPE VICE FRAME ;
Obtain Dog 1
Release Dog
Freq. 2 | 1
Time |  1.4452
L CLOSE PIPE VICE FRAME.
Close ' o 1
Freq. 1
Time 0.5p78
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| &
BLOCK TIME 0.0l MINS N S o o
0- _\. O' m'
EL. DESCRIPTION DA | DB CA | CB
M PLACE SMALL SECTION OF PIPE (< 6'-0f LONG) |INTO PIPE VIC
To Vice ' 1l
Into Vice 1
Freq. 2 7
Time 0.9174
P PLACE LARGE SECTION OF PIPE (> 6'-0[ LONG)|INTO PIPE VICE
1
1
1L
Freq. 1 2
Time 1.5943
R REMOVE SMALL SECTION OF PIPE (£ 6'-0" LONG) FROM PIPE
Remove 1
Freq. 1
Time 0.56?8
S REMOVE LARGE SECTION OF PIPE (> 6'40" LON@) FROM PIPE VILE
Remove - ’ 1
Freq. 1
Time 0.5678
T ADJUST C-CLAMP 1" (2" - 6" CLAMP -|AVERAGH 4')
1
7
Freq. 7 1
_Time 3,.7187
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-
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| | L P
BLOCK TIME 0.0l MINS Il B A IS
| ob |\ o7 e
EL.| DESCRIPTION pA | pB | ca | cB
U ADJUST C~-CLAMP 3" (8" CLAMP AND OVER - 12" AVERAG%)
Adjust 1
23
Freq. 23 -~ .1
Time 11,179
v PLACE C-CLAMP AND ALIGN (2" - 6" CIAMP: EFASY TO PLACE)
1st Clamp 1
2nd Clamp 1
Realign 2nd Clamp 1
Freq. 3
Time 3.2229
X REMOVE 2" TO 6" CLAMP FROM PART
Remove 1
1
Fregqg. 1 1
Time 1.0365
Y "PLACE C-CLAMP AND ALIGN (8" CLAMP AND OVEﬁ») EASY {TO PLAQE
ist élamp 1
" 2nd Clamp 1
Locate 2nd End 1
1
Freq. 1 1 2
Time’ 6.4653
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‘5\ = A% g
BLOCK TIME 0.0! MINS KO Pl AN S
| o (o7 e
EL. DESCRIPTION DA pB | cA | ¢cB
Z PLACE C-CLAMP AND ALIGN (8" CLAMP AND OVER) DIFFI¢ULT TO
PLACE
1st Clamp 1
2nd Clamp 1
Locate 2nd End 2
2
Freq. 1 2 3
Time 9.4407
AA ADJUST WOOD HAND-SCREW CLAMP APPROXIMATELY| 1" (1/L6" PER|REV.)
1
7
Freq. 7 1
Time 3.7787
AB PLACE WOOD HAND-SCREW CLAMP
Clamp to Part 1
Into Clamp 1
Freq. 1 1
o Time 1.533
AD |- ADJUST ONE SIDE OF WOOD HAND-~SCREW|(ONE RﬂVOLUTICN)
Adjust 2
| Freq. 2
Time 1.1356
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) 0| A °
BLOCK TIME 0.0l MINS KO e | W
o N o a
EL. DESCRIPTION DA p8 | ca | cB
AE LOOSEN AND TIGHTEN HAND-SCREWS
Initial Tighten 1
Set 1
_Freq. 1 "1
Time 1.02p5
AF ATTACH SPRING CLAMP
To Part and Open Clamp 1
Locate 1
Close 1
Freq. 3 1
Time ° 2.4504
AG REMOVE SPRING CLAMP
Open
Remove 1
Freq. 2
Time 1.1356
AH CLOSE VICE GRIP PLIERS FOR GAUGING|OPENING
Close Pliers ' 1
To Part 1
Freq. 1 1
Time 1.6421
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BLOCK TIME 0.0l MINS b
SN R F EX
EL. DESCRIPTION DA DB cA cB
AJ TUﬁN ADJUSTING SCREW ONE REVOLUTION
Turn 3
Freq., ) 3
Time 1.70?4
AL PLACE VICE GRIP PLIER TO PART AND (JLOSE
Open Pliers ' 1
To Part 1
Close Pliers 1l
Freq. 1 1 1
Time 2.10p8
AM | OPEN AND REMOVE VICE GRiP PLIERS
’ Open | 1
Aside 1
Freq. 1 1
Time 1.0265
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APPENDIX v: ANALYSIS OF WORK TASKS OBTAINED AWAY
FROM THE TEST SITE USING SYSTEM IV

There follows the development of standard data, based upon
the simplified data system described earlier and identified as
System IV, for work tasks obtained away from the test site, The
times are expressed in 0.0l minutes at 100 B,.S.I. performance

lavel.



TOOL | OPERATION AND DESCRIPTION SYMBOL | 0.01 MIN
Vice Assemble | Small Easy to handle .
(Bench, Pipe and part on or tube T16-IV | 12,128
and Wood) Remove < 6'-0" Long
Large or Heavy Part N
or Part > 6'~0" Long Ti7-1v | 13.187
Spring Clamp | Assemble and Remove T18-IV 3.527
Vice Grip Aésemble and Remove T19-IV | 14.658
Plier .
Easy to place
little or no T20-IV | 12.381
alignment
< 6"
- bifficult to .
place, more T21-IV | 20.687
exacting align
Assemble
C-Clamp Easy to place
little or no T22-1V | 19.431
alipgnment
> 6"
Difficult to
place, more T23-IV | 24.683
exacting align :
Remove A1l Classifications T24=1IV 4,888
Wood Hand- Assemble . T25-IV | 19,039
screw Clamp | ponove T26-IV | 9.845

" 579
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: . Elem. Total
Sym.| Ref. Description 0.0l | Freq.| 0.01
mins. mins,
T16~IV] Vice apd Remove Small Easy to Handle Part
From Bench Vice, or Pipe < 6'-0" Long
Kl Vice and Remove Small Easy to
Handle Part : 14,957 % 1/2 {7.479
K3 Vice and Remove Small Section '
of Pipe (56'-0" long) 9,297 1 1/2 | 4.649
Total 12.128
T17-IY Vice and Remove Large or Heavy Part From
Bench Vice, or Pipe > 6'-0" Long
X2 Vice and Remove Large or Heavy
_ Part from Vice 16.651| 1/2 | 8.326
K4 Vice and Remove Large Section
of Pipe (> 6'-0" long) 9.721] 1/2 |4.861
Total 13.187
T18-I4 Assemble and Remove Spring Clamp
' AF Assemble Spring Clamp 2,453
AG Remove Spring Clamp 1.074
Total 3.527
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SYNTHESIS
Sym.| Ref. Description ?:&TJ Freq. 1;?’:&}
T19-1V| Assem&le and Remove Vice-Grip Pliers
AH Close Pliers for Gauging 3.328
AT |Adjust Screw: (2) Revolutions 0.749 | 2 1.498
AL Try Vice-plefs Over Part 3.779
AJ Additional Adjustment 0.749
AL Move and Close Pliers 3.779
AM Remove Pliers 1.525
Total 14,658
T20-IV|] Assemdle Fasy to Place C-Clamp With Somd
Aligngent (2"-6" Clamp)
T Adjust Clamp 1" 3.025
v Place Clamp and Align 3.705
T Take up Slack in Clamp 3.025
B Tighten Clamp ' 2.626
Total 12 .381
T21-IV] Assemble Difficult to Place C-Clamp With
More Exacting Alighment (2'-6" Clamp)
T Adjust Clamp 3.025
1Y Place Clamp and Align 67759
T Take up Slack in Clamp 3.025
B Tighten Clamp 2,626 3 7.878
Total 20.687
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SYNTHESIS
Sym.| Ref. Description 'Erl:!lnl} Freq. -l'-l?;ﬂqul
T22-1IV AAssenﬁle Easy to Place Clamp With Some
Alignnent (8" and Over Clamp)
u Adjust C-Clamp 3" 8.061
Y Place C—-Clamp and Align 6,057
U Take up Slack 8.061 1/3 | 2.687
B Tighten A 2.626
Total 19.431
T23-1V| Assemile Difficult to Place C-Clamp With
More Hxacting Alignment (8' and Over Clapmp)
U Adjust C-Clamp 8.061
Y Place C-Clamp and Align 6.057
U Take up Slack 8.061 1/3 | 2.687
B Tighten Clamp and Loosen Once :
to Complete Alignment 2.626 3 7.878
Total | 24,683
T24-IV] Remov¢ C-Clamp
B Loosen Clamp 2.626
T Run Screw Out 1/2" Approx. _} 3.025 1/2 | 1.513
R . Remove Clamp 0.749
Total 4,888
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Sym.| Ref. Description Elem. | graq, |Total
T™™MU T™MU
T25-1V| Assemble Wood Hand-Screw Clamp. (Twin
Screwdriver Type Handset)
AA Adjust Wood Hand Screw Jack 0.650
AB Place Clamp to Part 1.803
AD Adjust (2) Hand Screws 1.498 6 8.988
(3) Rev. each )
AD Adjust (2) Hand Screw Approx. (1) .
Rev., each for Jaw Alignment 1.498 2.996
AE Tighten Each Hand Screw 2.301 4,602
Total 19.039
T26-1v] Removd Wood Hand-Screw Clamp
AE Loosen Each Hand Screw . 2.301 2 4.602
AD Open Each Hand Screw Approx.
1! Revs. 1.498 3 4.494
F Remove Clamp from Part 70.749
- Total 9.845




584

SYNTHESIS
Sym. | Ref. Description "?l\eﬂﬂ Freq. 1;?'::1}
Kl Vice and Remove Small Easy to Handle Part
From Bench Vice .
A Adjust Opening 4,000
D Place Small Part into Vice 2.956
B Tighten and Loosen Vice 2.626 2 | s.252
A Adjust Vice Opening before N
Tightening and After Loosening 4,000 | '1/2 2.000
F Remove Small Part from Vice 0.749
Total 14,957
K2 Vice apd Remove Large or Heavy Part
From Be¢nch Vice
A Adjust Vice Open 4.000
E Place Part into Vice 3.380
B Tighten and Later Loosen 2.626 2 5.252
A Adjust Vice 6pening Before
Tightening and After Loosening 4.000 1/2 2.000
G Remove Large Part from Vice ' 2,019
Total 16.651




585

SYNTHESIS
Sym.| Ref. Description ?&’3 Freaq. 1_}?;;’[}
K3 Vice apd Remove Small Section of Pipe
(< 6"-¢" Long) from Pipe Vice
M Pipe into Vice 0.650
L Close Pipe Vice 0.749
H Adjust Jaws, Close and Later
Open 3,025
Tighten and Later Loosen Vice 2.626
Open Pipe Vice 1.498
Remove Pipe 0.749
Total 9.297
K4 Vice agd Remove Large Section of Pipe
(> 6’07 Long) from Pipe Vice N
P Large Section of Pipe into Vice 1,074
L Close Pipe Vice 0.749
H Adjust Jaws, Close, Open Later 3.025
B Tighten and Loosen later 2,626
J Open Pipe Vice .1.498
s Remove Pipe from Vice 0.749
Total 9.721




ANALYSIS SHEET: SYSTEM IV

586

o - :
BLOCK TIME 001 MINS. | @ IR | |® |6 |8 |3
0 i N Ol ||~~~
NyjS | @™ | =~
o =] o =] =] - O
EL.| DESCRIPTION OA {jOB|OC|LA|LB|LC]| s
A Adjust Bench Vice Opening
Approx. 1" (3/16" per rev.)
Handle 1l
Crank Open 11
Freq. 1 11
Time - 3,998
B Tighten and Loosen Vice
lst Tighten 1
1l
Final Tighten ) 2
1
Freq. 1 2 2
Time 2.6259
D. Easy to Handle Part Nuts
Bench Via
Part to Jaws 1
Into Jaws 1
Freq, . 2
Time 2.95p0




'ANALYSIS SHEET: SYSTEM IV

587

N M~ - - Q O
BLOCK TIME 00l MINS. | @ |k |[a|a|5!8 |83
Ty) o L) o M ~ ~
Nlslo|m in|S|N
o o o o o - O
EL. DESCRIPTION CA|OB|OCILA|LB|LC]| S
E Place Large or Heavy Part into
Bench Vice
Part into Vice 1
Change Hold 1
Align ' 1
Freq. 1 2
Time 3.37$7
F Remove Small, Easy to Handle
Part from Bench Vice
Obtain 1
Aside 1
Freq. 1 1
Time 00,7488
G Remove Large or Heavy Part
from Bench Vice
Obtain Correct Holds 1
1
1
1
Remove from Vice 1
1
Freq. 4 1 1
Tine 2,01p1




TEM IV

588

‘ 7 ™~ —
BLOCK TIME 00! MINS. | @ [B |3 | |58 |8
wilana|lo | la|lo|~]|~
N[ [@|m[m]T|n~
o o =] =] =) - (o)
EL.| DESCRIPTION QA |OB!OC|LA|{LB|LC| S
H Adjust Pipe Vice Opening
Approx. 1". (1/8" per rev.)
Handle ' 1
Crank Open 8
Freq. 1 8
Time 3.0345
J Open Pipe Vicé Frame
Obtain Dog 1
1
1
Release Dog 1
Freq. 2 2
Time 1.4%976
L. Close Pipe Vice Ffame
Close 1
1
Freq. 1 1
Time 0.7488
M Place Small Section of Pipe
(< 6'-0" long) into Pipe Vice
Freq. 2
Time 0.6p02




ANALYSIS SHEET: SYSTEM

AV

589

BLOCK TIME 00! MINS, | @ B |lo|n[5]|8|8
R SRR AN
N|S|am|m|sin
clolojclo|~|0o
EL.| DESCRIPTION OCA|CB|OC|LALB|LC| S
P Place Large Section of Pipe
(> 6'-0" long) Into Pipe Vice
Into Vice 1
Slide in 1]
Freq. 1 2
Time 1.0%39
R Remove Small Section of Pipe
(< 6'-0" long)
Remove 1
1
Freq. 1 1
Time 0.7488
S Remove Large Section of Pipe
(> 6'-0" long)
Remove 1
1
Freq. 1 1
Time 0.7488
T | Adjust C-Clamp (2" to.6"
Clamp - Average 4")
' 1
8
Freq, 1 8
Time 3.0p45




ANALYSIS SHEET: SYSTEM IV

590

N — -
BLOCK TIME 0Ol MINS. |2 B |3 |5 |5 |3 |8
0 o [+1] o o = P~
Sl |(elm|rls|n
=] o o Qo Q - o
EL.| DESCRIPTION CA|OBIOC|LA|LB|LC]| S
U Adjust C-Clamp 3" (8" Clamp
and Qver - 12" Averapge)
Adjust 1
24
Fregq. 1 24
Time 8.0406
v Place C-Clamp and Align (2" -
6'" Clamp) Easy to Place
l1st Clamp 1l
2nd Clamp ' 1
Set 2nd Clamp 1
' 1
Freq. 1 1 2
Time 3.7048
W Place C- Clamp and Align
(2" to 6" Clamp) Difficult to
Place
1st Clamp
2nd Clamp 1
Set 2nd Clamp 2
2
Freq. 2 4
Time 6.7bh94




' ANALYSIS SHEET: SYSTEM IV

591 -

ol -—
BLOCK TIME 00l MINS. [ @ | |o |5 |[B| 818
0 o 9)] N [s1] M~ M~
NS |alm|®| |~
Sjojojolol|l-]|0o
EL.] DESCRIPTION CA |OB|OC|LA|LB{LC]| S
X Remove 2" to 6" Clamp From Part
Remove 1
1
Freq. l 1
e e e ——— ——
Time 0.7488
Y Place C= Clamp and Align
(8" Clamp and Over) Easy to
Align
ist Clamp 1
2nd Clamp
Set 2nd Clamp and Align 1
1
1
Freqo 2 3 ‘1
Time 6.0%74
Z Place C-Clamp and Align
{8" Clamp and Over) Difficult
to Place
Initial Place - (2) Ends 1
Align and Locate
2
2
Eﬁeq. 5 4 2
Time 9.5825




ANALYSIS SHEET: SYSTEM IV

592

N -— -
BLOCK TIME 00l MINS. | Im (o |5 (B[S }8
0 N D o (o)) oy M~
NjTioim|mi |~
o O =] O 1= - =
EL.| DESCRIPTION OA|0BjOC|LA|LB|LC]| S
AA | Adjust Wood Hand=Screw Clamp
Approx. 1" (1/16" per rev.)
Adjust
Freq. 2
Time 0.6302
AB |Place.Wood Hand-Screw Clamp
Clamp to Part 1l
Into Clamp ] 1
Freq,. 1 1
Time 1.8431
AD | Adjust One Side of Wood Hand-
Screw Clamp (One Revolution)
Adjust ~ Screw 2
2
Freq. 2 2
Time 1.4976
| AE | Loosen or Tighten One Hand
Screw
1
1
Freq. 1 1 2
Time 2.3008




ANALYSIS SHEET: SYSTEM IV

593

N - -
BLOCK TIME 0.0l MINS. | B |[B !l |5 (5|88
o} o e;] Y] D [
NS |2im im N~
Q o o o o - o
EL.| DESCRIPTION CA |OB|OC|LA|LB|LC| S
AF | Attach Spring Clamp
To Part: Open Clamp 1
1
Clamp onto Part 1
Close 1
Freq. . 3 1
Time 2.4%33
AG | Remove Spring Clamp
Open Clamp 1
Remove Clmap
Freq. 1 2
Time 1.0739
AH | Close Vice Grip Piers for
Gauging Opening
Pliers to RH
Close Pliers
1
Pliers to Part 1
Adjusting Screw 1
Freq, 1 2 1 1
Time . 3.3p79




ANALYSIS SHEET: SYSTEM IV

594

o — -
BLOCK TIME 00l MINS. | @ B lois|[B| 8|8
o] N o)) o (023 ]
NiT|a|m|m|S|n~
o =] (=] =] O - | O
EL.| DESCRIPTION OCAlOB|OC|LA|LB|LC]| S
AJ | Turn Adjusting Screw One
Revolution
Turn 1
1
Freq. 1 1
Time 0.7488
AL, | Place Vice Grip Plier to Part
and Close -
Open Pliers 1l
1
Close Pliers 1
1
1
Freq. , 1 1 1 2
~ Time 3.7188
AM | Open and Remove Vice Grip
Pliers
Open 1
1
Tool Away 1
Freq. 1 1 1
Time 1.5348







