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APPENDIX A: FURTHER ANALYSIS ON THE REPRODUCIBILITY 
OF MTM-l ~A 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 in this Appendix. 
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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-l and 

A-3 respectively. The MTM data card values are also reproduced in 

these tables as appropriate. A single factor analysis of variance 

was carried out on the data in each of these tables and the ANOVA 
'. 

tableaux are given as Figures A-2 andA-4. The null hypothesis in 

these analyses 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 MTM data was re­

producible. 

White (1950) carried out a further comparison of the original 

and reproduced data. This comparison consisted of determining a 

percentage difference between the two items of data, such that: 

MTM Data Check Study 
% Difference = ~C~a~r~d_T~MU~ ________ ~T~MU~___ x 100 

Data Card TMU 

• 

. This com?~rison was restricted to a certain distance range and 

no mention was made of R-D. The distance range 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 comparison is only 

given in the form of a histogram and is shown here as Figure A-6. 

The values given in FigureA-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. 



Fi~ure A-1: 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 

2 3.9 4.3 

3 5.4 5.9 

4 6.6 7.1 

5 7.6 7.8 

6 8.5 8.6 

7 9.3 9.3 

8 10.1 10.1 

9 10.8 10.8 

10 11.6 11.6 

12 13.0 12.9 

14 14.5 14.4 

16 16.0 15.8 

18 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: . S.ing1e Factor Analysis of Variance of Data given in 
Table A-1: ANOVA Tableau 

Source 

B~tween 

Error 

Total 

d.f. 

1 
38 

39 

5.5. 

0.081 
1932.798 

1932.·879 

M.S 

0.81 
50.86 

Fexp. 

Not Sig 
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Fillure A-3: Comparison of Elemental Motion Times from a Check Study 
for M-C: Extracted from Table II of White t s Data (1950) 

Distance Check Study MTM Data 
(Inches) (TMU) Card (TMU) 

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 25.5 

26 27.9 27.3 

28 29.7 29.0 

30 31.6 30.7 

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

Source 

Between 
Error 

Total. 

d.f. 

1 
38 

39 

5.5. 

0.1 
2928.264 

2928.364 

M.S.· Fexp, 

0.1 Not Sig. 
77 .06 



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

data was less than 1% tight. 

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

Figure A-6: 

% Difference Frequency 
d f 

-20 2 

-15 5 

-10 14 

-5 36 

0 38 

5 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) 

-20 -llS -10 -ls 0 ls lOllS 20 2lS 30 

% DIFFERENCE 

178 



179 

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 MTM-l 

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 fill this gap, Hancock (1970) 

proposed an analytic approach which has since been used either in 

its original or some modified form by a number of other authors, 

the most notable of whom is Brinkloe (1975, 1975, 1975, 1978, 1979, 

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 

basis to the discussion. 

While the same reasoning given here can be extended· to all of 

the MTM-l motions, for the sake of brevity, the analysis pre­

sented here will be restricted to the Basic Manual Motion Reach. 

B.l.O ELEMENTS OF VARIANCE IN TIME DATA SYSTEMS 

Two principal components can be recognized in making up the 

total variance of a PMTS. These are: 

1. The Applicator Variance. This is attributable to the 

errors made by the person carrying out the MTM analysis 

in establishing distances, weights and cases incorrectly; 

in reading values from the data card incorrectly, etc. 

2. TOe System Variance. This is due to the distribution 

of the actual time values around the data card value 

Thus: 

and to the limited number of choices offered by the data 

card. 

2 2. 
2 0SYSTEM + 0APPLIC. (Eq. B-1) 



Where: 

2 
0TOTAL = Total Variance 

2 
0SYSTEM = System Variance 

2 
0APPLIC. = Applicator Variance 

Only the system variance will be considered here. 

B.2.0 ANALYTIC DETERMINATION OF THE VARIANCE OF REACH 

The system variance for the Basic Manual Motion Reach also 

has two components, as follows: 

1. The variance due to Distance. 

2. The variance due to Case. 

The MTM-1 data card values for Type I Reaches and their 

associa,ted 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 ~tter of convenience, Hancock 

(1970) chose to consider these curves as a step function, where 

the steps were between two neighbouring data card values. To 

illustrate this point, consider 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 

~ .. variance about' the midpoi.nt 
x 
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Figure B-1: Data Card Values and Curves for Type I 
Basic Manual Motion Reach 
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~ -x 

-h 
2: 

(Eq. B-2) 

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

r-- RANGE --1 
I Mea~ = 5.2 I 

4.0 
R2B 

: 
I 

I 

5.3 
R3B 

6.4 TMU 
R4B 

The variance calculated about this assumed mean, based upon 

Eq. B-2 would be: 

Variance a [~(6.4 - 4.0]2 - 0.120 
12 

Brink10e (1975), while a~cepting the general principle pro­

posed by Hancock (1970) adapted a slightly different approach in 

two ways. T~~ 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: 
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Figure B-3: Distribution Associated with the Distance Variable 
for R3B: Brinkloe (1975) 

• 

Mean = 5.25 
I 

4.65 I 5.85 

I 
; 

I I I 

4.0 5.3 6.4 TMU 
R28 R38 R4B 

RANGE 

Brinkloe (1975) differed from Hancock (1970) in one other 

respect, in that Brinkloe considered the effect o.f 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 .:::. E(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 

0
2 = variance of the distribution in the generalized case 

2 .. jh;Ph h2 [ 2 J 
o = x. f(x) dx = li 3p - p + 1 

-ph 

(Eq. B-5) 

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 question. 

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, vhich can be seen by referring to the data card 

values in Figure B-1. For example: 

R6A < R6E < R6B < R6C/D 

7.0 < 8.0 < 8/6 < 10.1 
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Figure B-4: Variance Component o'f the Basic Manual Motion 
, Reach due to Distance Based upon Hancock (1970) 
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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 determine the case of 

Reach is shown in Figure B-6, which is a simplification of that 

. which was published by the MTM Association for Standards and 

Research (1970). The first question in this algorithm establishes 

very ~learly that R-E has a completely different character. 
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Since the purpose of the motion is 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 TIlE PURPOSE TO GAIN No 
,R - E) CONTROL OF AN OBJECT? 

Ye. 

IS VISUAL ATTENTION No 
a - A REQUIRED? 

Ye. 

IIAS TIlE VISUAL A'I'IEII'IION No REQUIREU AT TIlE TERMINAL ,a-B) 
POINT OF THE MOTION? 

Ye. 

IIAS TIlE MOVEMENT TO A No 
a - c ') SINGLE OBJECT? 

Yes 

(a - D) 



Figure B-7 has been derived based. upon this ranking of the 

case of Reach. The same basis was used to compute the variance as 

before, the rapge of R-B being the halfway distance between the 

neighbouring cases. The range of R-A and R-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 logical 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 MTM practitioners, To emphasize the relationship 

between the distance of the motion and the cases of Reac~ Figure 

B-9 has been constructed from the total variance values in 

Figure B-S. 

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

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

(1970, 1973, 1974) and Brinkloe (1975, 1975, 1975, 1975, 1979, 

1979) it is surprising that neither author considered it important 

to. bring this rel~tionship to the attention of the readers. It 

must be assumed 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 ~he distance was accommodated in Hancock's (1970) 

calculator by" ••• averaging long and short distance values". 
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() 

~ g 
III 

26 15.8 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 24.4 20.55 24.85 14 .431 25.3 24.85 25.75 .067 21.7 If 

rt 
30 17.5 13.35 21.65 5.741 25.8 21.65 26.25 5.186 26.7 26.25 27.15 .067 22.9 ..... 

0 
::l 

.... 
00 
'D 
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Figure B-8: Total Variance of the Basic Manual Motion Reach 

CASE A CASE B CASE CIO CASE E 

"'~ u. z. 
<.0 01S- 01S- 01S- DlS-.... u "'. CASE TANCE TOTAL CASE ~ANCE TOTAL CASE ANCE TOTAL CASl:: 'fANCE TOTAL --,,~ 
f - .021 .021 - .021 .021 - .213 .213 - .013 .ou 
1 - .146 .146 - .146 .146 .101 .l47 .448 - .130 .130 

2 - .166 .166 - .166 .166 .lOl .l36 .6l7 - .176 .176 

l - .107 .107 - .122 .122 .333 .136 .469 I - .187 .187 

4 .008 .040 .048 .291 .136 .427 .333 .092 .425 - .142 .142 

5 .053 .017 .070 .243 .123 .366 .213 .066 .279 - .030 .030 

6 .213 .017 .230 .201 .047 .248 .187 .041 .228 - .036 .Ol6 

7 .300 .017 .317 .251 .047 .298 .187 .041 .228 - .036 .036 

8 .403 .017 .420 .310 .047 .357 .163 .041 .204 - .030 .0lO 

9 .521 .013 .534 .392 .041 .433 .163 .041 .204 - .030 .030 

la .653 .051 .674 .503 .122 .625 .243 .106 .349 - .106 .106 

12 .907 .067 .974 .691 .176 .867 .141 .152 ·.293 - .131 .131 

14 1'-.267 .067 1.334 .997 .176 1.173 .120 .163 .283 - .120 .120 
• 

16 1.613 .067 1.680 .293 .163 1.456 .120 .163 .283 - .131 • 131 

18 2.001 .086 2.087 .631 .163 1. 794 .120 .163 .283 - .131 .131 

20 2.521 .076 2.597 .091 .176 2.267 .120 .163 .283 - .131 .131 

22 j.101 .052 3.153 .642 .176 2.818 .101 .152 .253 - .131 .131 

24 3.630 .067 3.697 3.163 .163 3.326 .083 .152 .235 - .120 .120 

26 4.201 .067 4.268 3.692 .176 3.868 .070 .163 .233 - .131 .131 

28 4.941 .061 5.002 4.431 .176 4.607 .067 .163 .230 - .131 .131 

la 5.741 .053 5.794 5.186 .163 5.349 .067 .163 .230 - .120 .120 
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Figure B-9: Curves of Total Variance for the Basic Manual Motion 
Reach 

... 0 

3-0 

2·0 

loO 

a·s 

z 4 ea ~ 12 ~ ~ .~ ~ n ~ H H ~ 

DISTANCE CINCHES) 

R-A 

R-B 



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 values 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 MTM systems paid serious attention to 

this when developing accuracy concepts for ~ITM based data 

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

This Appendix contains the MTM-l 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 shown. 

METHODS ANALYSIS 

Title: _...:G::.:R!,!I;:;N,;:.D..;B:.:A:::LAN=,;:.C::.E...:S:.,;T:,:;A::.F.:..F..;AN=D:.....:,.P::.IN:;,...:AS=S::.E:.:MB=LY - Ref. No. _P_Ol_l_l __ 
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LOAD PART TO MACHINE Sheet No.~of_2_Sheets 

Predicted Time: Decimal Minutes @) 100 BSI 

MTM -1 6•9SO MTM-2 7.S00 MTM - 3 9.800 C-M 47.4 

Description No. LH TMU RH No. Description 

DD-LOAD COMPONENT 1 NTO MACHINE (MTM-l . 
6.4 M4B Tweeze to next pc. 

17.4 MlB 6 and search 
2.0 Mfc }Locate part 

14.7 PlSSD 
2.0 MfA Close tweezers 

12.2 &ill To LH 
From RH and Orien-{ G3 5.6 MfA Open tweezers 
tate. G2 5.6 

14.7 PlSSD fake with 
2.0 MfA tweezers 

Part RLl 2.0 
R2A 4.0 

Open ejector GlA 2.0 
MfA 2.0 

5.2 M2C 
}part to chuck 26.6 P2NSD 

{ RLl 2·.0 RLl 
Spindle lever .. 

(R2A) 11.2 ~ 2 Tweezers 
GlA 

\""'" 
2.0 GlA to back 
2.0 MfA 
2.0 RLl 
7.9 RSA Wheels lever 
2.0 GlA 
2.0 RLl After el 2 

TOTAL 139.6 



DESCRIPTION 
No. LH -LEFT HAND 

DE-LOAD COMPONENT INTO MACHINE 

From RH and { GBS 
orientate R 

Open ej ector { GBS 
PAS 

EJ 
. 

TOTAL 

OF-LOAD COMPONENT NTO MACHINE 

From RH: Orien- HAlS 
tate 

Open ej ector HAlS 

- -
TOTAL 

I 

TMU RH No. 

(MTM-2 

6 PAlS 
18 PAS 6 
21 PCS 

3 PAS 
11 PA30 

7 
6 

21 PCS 
3 PAS 
7 
3 

21 PCS 
12 (~ 2 

3 PAS 
14 GB 30 

1S6 

MTM-3) . 

7 TAlS 
42 TAlS 6 
21 TB1S 

7 TAlS 
16 TASO 
18 

7 TAlS 
21 TB1S 
18 
21 TB1S 
18 HAlS· 

196 
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Ref. No. P0111 

Sheet.1..of ..LSheets 

DESCRIPTION 
- RIGHT HAND 

~locate part 

}P. U. with tweezers 

To LH 

Take part with 
tweezers 

Part to chuck 
Tweezers 
Spring back 

Wheel lever 

Locate par 

Pick up with 
tweezers 
To LH 

Take part with 
tweezer 

Part to chuck 
Spring back 
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METHODS ANALYSIS 

Title: MILL SLOT IN PAWL: UNLOAD SIX PAWLS 

FROM THE MACHINE 

Predicted T,me' Decimal Minutes @) 100 BSI 

Ref. No. POl/3 

Sheet· No.-.l...of .LSheets 

MTM -I ·2.520 MTM- 2 2.750 MTM -3 3.450 C-M 11.2 

Description No. LH TMU RH No. Description 

DA: UNLOAD PIN FRO MA r.HINE (If M-I) 

7.9 RSA 
lopen clamp 2.0 GlA 

2.0 MfA j 2.0 RLl 
Eject finished part ~ 5.6 ~ Tweezers 

RL2 To component 
14.7 PlSSD } Grasp with 

2.0 MfA tweezers . 12.2 MlOB To catch pan 
2.0 MfA Open tweezers 

TOTAL 50.4 

DB: UNLOAD PIN FRO MA PIINE (M M-2) 

14 GB 30 }open clamp 

E) 
3 PAS 

Eject finished part 26 (;C15 Component with 
tweezers 

9 PAJO To catch pan , 
3 PAS Release 

TOTAL 55 

DC: UNLOAD PIN FRO MA ::!lINE (M M-3) 

. - IS HAl5 Open clamp 
Eject finished part 

(RA-) 21 TB15 Tweezers to part 
7 TAl5 Close tweezers 

16 TASO to catch pan 
7 TAl 5 release part 

TOTAL 69 

.. 
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METHODS ANALYSIS 

Title: COUNTERBORE AND CHAMFER HAIRSPRING 

TIMER TUBE - UNLOAD HAIRSPRING TUBE 

FROM MACHINE 

Predicted Time: Oecimal Minutes @ 100 BSI 

Ref. No. P06/1 

Sheet Na.-.!..af LSheets 

MTM-13.215 MTM-2 3.050 MTM-3 3.500 C-M 11.5 

Description No. LH TMU RH No. Description 

DY: UNLOAD PART (l trM- ) 

{ R4A 6.1 R- To work area 
Stop machine G5 -

M2B 4.6 
RL2 -

t 
R12A 9.6 

Open chuck G5 -
M3A 4.9 

11.5 R10B 
2.0 G1A } Remove from 
3.6 M2A Chuck ' 

20.6 M24B } Aside to pan 
2.0 RL1 

TOTAL 64.9 

DZ: UNLOAD PART (, h'M- ) 

Stop machine { GAlS ·6 EJ Work area 
PAS 3 

Open chuck { GA30 9 
PAlS 6 

14 GB30 r Remove from 
3 PAS chuck and 

20 PA80 aside 

TOTAL 61 • 

." 

EA: UNLOAD PART (I h'M-

Stop machine HAl5 18 
Open chuck HAl5 18 

18 HAl5 Remove from ,chuck 
16 TA80 Aside 

TOTAL 70 
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METHODS ANALYSIS 

Title: COUNTERBORE AND CHAMFER HAIRSPRING 

TIMER TUBE - UNLOAD" HAIRSPRING TUBE 

FROM MACHINE 
Predicted Time: Decimol Minutes @) 100 BSI 

Ref. No. P06/2 

Sheet No.-l.of_1_Slieets 

MTM -I 5.B90 MTM-2 6.100 MTM -3 4.000 C-M 16.9 

Description No. LH TMU RH No. Description 

EB: LOAD PART INTC THE MACHINE (MTM-1 

17.0 R16C '\ P. U. part 
9.1 G4B I 

. 

1B.7 M16C 
} Into machine 19.7 P2SSE 

2.5 MlA 
10.6 AP2 } Seat 

- RL2 
Close chuck and { M3A 4.9 R-E Clear from work 
seat AP2 10.6 area 

{ 
R12A 9.6 
G1A 2.0 

Start machine DIE 7.5 
M2A 3.6 
RL1 2.0 

TOTAL 117.B 

. 
ED: LOAD PART INT( MA( aINE (MT -2) 

27 GC45 
\ Oa« ,.,. ,h.'k 36 PC45 

3 PAS 
14 A 

Close chuck { PAIS 6 

D A 14 

{ GB30 14 
S tart machine.. GW5 S 

PA5 3 

TOTAL 122 

EE: LOAD PART INTC THE MACHINE (MTM-3 . 
4B HBBO Part into machine 

7 TA1S Insert 
Close chuck TA1S 7 
Start machine HA1S 1B 

TOTAL 80 ;'. 

.. 
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METHODS ANALYSIS 

Title: ASSEMBLE AND PRESS: PLATE AND SPACER 

ASSEMBLY - PRESSED PART TO BIN AND 

ASSEMBLE THREE PINS 

Predicted T,me: Decimal Minutes @) 100 BSI 

Ref. No. _.::.;PO::..:7~/-=1 __ 

Sheet No.Lot _I_Sheets 

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 ASI E AND AS JlEMBLE rnREE PI'S ( n-M-7) 

P. u. (3) Pins \ R8C 11.5 (RiOA) ~ Remove from fix-G4B 9.1 G1A 
Pins to Work area (M4il) 13.4 Ml2B ) ture and aside 

C§:) 
2.0 RL1 

(1) Pin forward 9.6 Rl2A To pin 
16.8 G3 3 Pin from LH 
28.2 MSC 3 

} Pin to f1xtur~ 65.4 P2SD 3 

@) 
6.0 RLl 3 

(1) Pin forward 2 6.5 RSA 2 To next pin 

TOTAL 165.5 

EG: FINISHED PART ..sI' E AND AS EMBLE rnREE PI S (, TM-2) 

P.U. (3) Pins GC30 23 ( GB 2V Finished part 
Pins to Work area 8;? 15 PA 5 aside 
Feed (1) pin for- 27 GC4S Pin from LH 
ward 

cO 
90 PC30 3 Pin to fixture 

Feed (1) pin for- 2 46 GC30 2 Pin from LH 
ward 

TOTAL 201 

EH: FINISHED PART IAsIl E AND AS EMBLE mREE PI (, i'rM-2) 

P. U·. (3) Pins-- (iiAl0 34 HA80 Finished part 
aside 

144 HB80 3 (3) Pins to fix-
ture 

TOTAL 178 

c. 
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METHODS ANALYSIS 

Title: ASSEMBLE AND PRESS: PLATE AND SPACER Ref. No. P07/2 

ASSEMBLY - PLATE AND SPACER ASSEMBLY Sheet No • ...l-of -LSheets 
INTO'POSITION 

Predicted T,me: Decimal Minutes @ 100 BSI 

MTM-f 3•24s MTM-2 3.200 MTM-3 3.500 
. 

C-M 16 9 

Description No. LH TMU RH No. Description 

EJ: PLATE AND SPA ER f,gSEMBLY INTO P( ITION ( 1TM- ) 

{ RSC 9.4 
P. U. plate and G4A 7.3 

D to RH ~) 7.3 To LH 

5.6 G3 From Ul 
5.6 G2 Orientate 
6.7 M3C 

} Into 21.0 P2NSE fixture 
2.0 RL1 

-
TOTAL 64.9 

EK: PLATE AND SPA ER ~SEMBLY mo PO ITION ( IrrM- ) 

Plate to RH GClS 19 
c£) PAlS 6 

7 GBs 
6 R Plate to fixture 

26 PCls 

TOTAL 64 

EL: PLATE AND SPA ER SSEMBLY NTO PO ITION ( ~- ) 

P.U. plate to RH HA1s 18 
.. 18 HAlS Orientate 

34 HBlS Plate into fix-
ture 

. TOTAL 70 



200 

METHODS ANALYSIS· 

Ref. No. P07/3· Title: ASSEMBLE AND PRESS PLATE AND SPACER 

ASSEMBLY - POSITION LOWER PLATE AND 

SHAFT ASSEMBLY 
Sheet No.-Lof _l_Sheets 

Predicted Tlmel Decimal Minutes @ fOO BSI 

MTM-I 3.91S . MTM-2 3.S00 MTM-3 3.8S0 C-M 20.3 

Description No. LH TMU RH No. Description 

EM: POSITION LOWE pT k\TE AND HAFT A SEMBLY ( Ii!'M- ) 

P. U. Plate t R4C 8.4 
G4A 7.3 

To RH (' ~) 6.1 cp i To LH 
S.6 Part from LH 

11.2 G2 2 Orientate 
6.7 M3C : 

21.0 P2NSE ~Part into fixture 
2.0 RL1 U 

TOTAL 78.3 

EN: POSITION PLAT M bLOWER HAFTJ.! SEMBLY ( Ii!'M- [2) 

f GC1S 19 

~ PAlS 6 

l 7 
12 R 2 
26 PC1S f 

TOTAL 70 

EP: POSITION PLAT M- P LOWER HAFT A! SEMBLY ( .... ) 

P.U. plate to RH HAlS 18 
18 HAlS I}orientate - - 7 TAlS 
34 HB1S Into fixture 

TOTAL 77 

", 



201 

METHODS ANALYSIS· 

Title I ASSEMBLE AND PRESS: PLATE AND SPACER Ref. No. P07 (4 

ASSEMBLY - ASSEMBLE LOCK PIN AND BOTTOM Sheet No.-Lof .2..Sheets 

PLATE 

Predicted Time' Decimal Minutes @ 100 BSI 

MTM -I 6.755 MTM- 2 6.850 MTM -3 6.300 C-M 32.4 

.. 
Description No. LH TMU RH No. Description 

ER: ASSEMBLE ROTO LO K PIN PJ D BOTTC k PLATE MTM 1) 

S 5.6 ~ Regrasp tweezers 

3.4 MlC JP. U. Rotor Lock 
. 25.3 P2SSD Pin 

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 at) 6.7 M3C 

tpart into 
part G5 fixture 

21.0 P2NSE 

ill1J 2.0 RL1 

{ R14A 11.4 R16A D. Operate G5 - G5 'toperate 
AP2 10.6 AP2 

TOTAL 135.3 

ES: ASSEMBLE ROTO LO IK PIN AN D BOTTO PLATE MTM 2) 

6 R Tweezers 
21 PC5 }P.u. Part 

3 PA5 
Bottom plate' - GB5 7 

26 PC15 }part to fixture 
3 PAS 

To right hand PA30 11 
7 GB5 From LH 

26 PC15 To fixture 
Operate f GA45 13 GA45 I~operate 

1 A 14 A ~ 
TOTAL 137 



DESCRIPTION 
No. LH TMU - LEFT HAND 

ET: ASSEMBLE ROTOI LO ~ PIN AN BOTTO 

7 
21 

7 
21 

7 
Bottom plate to RH HA80 34 

21 
Operate HAlS 18 

TOTAL 126 

.. 

RH No. 

PLATE MTM 

TAlS 
TB1S 
TAlS 
TB1S 
TAlS 

HB1S 
HAlS 

I 
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Ref. No. p07l4 

Sheet2..of ...LSheets 

DESCRIPTION 
- RIGHT .HAND 

3) 

Regrasp tweezers 
} P.U. Rotor lock 

pin 
To fixture 
Open tweezers 

Part into fixture 
Operate 
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METHODS ANALYSIS 

Title: ASSEMBLE GEAR TRAIN - ASSEMBLE SPACER Ref. No. P09/1 

Sheet No._1_of ...L.Sheets 

Predicted Time: Decimol Minutes @ 100 BSI 

MTM -I 4.095 MTM-2 3.700 MTM-3 3.B50 C-M 1B.9 

Description No. LH 'TMU RH No. Description 

EX: ASSEMBLE SPACI R ( 1'm-1) 

P.U. part from box RBC 11.5 RBC l G4A 7.3 
7.3 G4A J 

{ ~) 11.B (MBC 
pt, 

To fixture P2NSE 21.0 To fixture 
21.0 P2NSE 

RL1 2.0 RL1 

TOTAL B1.9 

EY: ASSEMBLE SPACE RO [oM-2) 

GC30 23 ~ 
cO PC30 30 P-

21 PCS 

TOTAL 74 

.. 
EZ: ASSEMBLE SPACI RO TM-3) 

HBBO 4B la- '> 
29 THIS 

.. TOTAL 77 
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METHODS ANALYSIS 

Title: ASSEMBLE GEAR TRAIN - ASSEMBLE 

INTERLOCK DETENT 

Predicted Time: Decimal Minufes @) 100 BSI 

Re f. No. ...P""0,,,-9 /..-', 2=--__ 

Sheet No._l_of _l_Sheets 

MTM -I 2.950 MTM-2 2.900 MTM ~:3 2.750 C-M 15.8 

Description No. LH 'TMU RH No. Description 

FA: ASSEMBLE INTER OCl< DETENT MTM-l) 

To BH G:!) 16.8 ' G2 3 Feed part forward 
Part from LH G3 5.6 

M4C 8.0 
Part to assembly' P2NSD 26.6 

RLl 2.0 

TOTAL 59.0 

FB: ASSEMBLE INTEF LOCI< DETENT M'l'M-2) . 

Part to assembly S ~ 18 R 3 Feed part forward 
14 

l PC1S 26 

TOTAL 58 

FD: ASSEMBLE INTEF ",00 DETENT MTM-3) 

21 TAl 5 3 Feed,part forward 
Part to assembly HB15 ,34 

TOrAL 55 

.. 
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METHODS ANALYSIS 

Title I ASSEMBLE GEAR TRAIN - ASSEMBLE 

INTERLOCK INDENT . 

Predicted T,me' Decimal Minutes @l 100 BSI 

Ref. No.P !:..!0~9;L../3,,--__ 

Sheet No . ...1:..of _l_Sheets 

MTM-f 3.125 MTM.:2 3.100 MTM - 3 2.600 C-M 12.5 

... 

Description No. LH TMU RH No. Description 

FE: ASSEMBLE SPIN DET NT (MTM- ) 

10.1 R6D ~.U. Part .. 3.5 G1B 
4.8 T75S 

From RH G3 5.6 
lTo·part 4.5 T75 

2.0 G1A J 

{ M4C 8.0 M4C 
Part to assembly P2NSE 21.0 P2NSE Assist LH 

RL1 2.0 RLl 

TOTAL 62.5 

FF: ASSEMBLE SPIN DET NT (MTM-12) 

19 GC15 ~P. U. Part 
3 PAS 

Part from RH GB5 7 
7 GB5 Part 

Assemble part PC15 26 PC15 Assist LH 

TOTAL 62 

FG: ASSEMBLE SPIN DET NT (MTM 3) 

18 HAl5 P. U·. part and 
transfer 

Assemble part 
- . 

HB15 34 HB15 Assist LH 

TOTAL 52 

,. 
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METHODS ANALYSIS 

Title: ASSEMBLE GEAR TRAIN - ASSEMBLE 

ESCAPE GEAR 

Predicted TIme: Decimol Minutes @) fOO BSI 

Ref. No. _P~O~9!..,;/4~_ 

Sheet No.lof -LSheets 

MTM -I 3.095 MTM- 2 2.900 MTM -3 2.800 C-M 13.4 

... 
Description No. LH TMLJ RH No. Description 

. 

FIl: ASSEMBLE ESCAP GE R (MTM- ) 

8.4 M4C 
16.2 P2SE IF. U. part - tweezer, 
2.0 MfA 
8.0 M4C 

25.3 P2SSD \Assemble part 
2.0 MfA 

TOTAL 61.9 

. 
FF: ASSEMBLE ESCAP GE \R (MTM-~) 

26 PC15 fU. gear 
3 PAS 

26 PC15 Assemble gear 
3 PAS 

TOTAL 58 

FG: ASSEMBLE ESCAP GE R (MTM- ) 

21 TB15 P. U. gear 
. 7 TA15 
21 TB15 ~Assemble gear 

7 TA15 

. - TOTAL 56 

.. 
;'. 
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METHODS ANALYSIS 

Title I ASSEMBLE GEAR TRAIN - ASSEMBLE GEAR 

AND PINION 

Predicted TIme: Decimal Minutes @ 100 BSI 

Ref. No • .:..P.:,.:09:..;./.:..5 __ 

Sheet No • ....!....of_1_Sheets 

MTM -f 3.095 MTM-2 2.900 MTM -:-3 2.800 C-M 13.4 

Description No. LH 'TMU RH No. Description 

FH: ASSEMBLE GEAR ND IPINION ( ITM-l) 

8.4 M4C 
lp.u. part- tweezer 16.2 P2SE 

2.0 MfA 
8.0 M4c n 

25.3 P2SSD 'jAsSemb1e part 
2.0 MfA 

TOTAL 61. 9 

FF: ASSEMBLE GEAR r.ND PINION ( ~-2) 

26 PC15 fp. U. part 
3 PA5 

26 PC15 jAssemb1e part 
3 PAS 

-

TOTAL 58 

FG: ASSEMBLE GEAR iwD PINION ( ITM-3) 

21 TB15 } 7 TAl 5 
'21 TB15 } 7 TAl 5 

.. TOTAL 56 .. 

,-
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METHODS ANALYSIS 

Ref. No. P09/6 Title I ASSEMBLE GEAR TRAIN - ASSEMBLE 

LEVER ASSEMBLY Sheet No._1_of lSheets 

Predicted Tlmel Decimal Mi,nutes @ fOO BSI 

MTM-I 3.230 MTM-2 2.900 MTM -3 2.800 C-M 13.7 

... 
Description No. LH 'TMU RH No. Description 

FH: ASSEMBLE LEVE AS' EMBLY (1' rn-1) 

8.4 M4c 

lP'U' part 16.2 P2SE 
2.0 MfA 
8.4 M4C 

rsemble part 
'. 

26.6 P2NSD -
2.0 MfA 

TOTAL 62.6 

FJ: ASSEMBLE LEVE AS EMBLY (M IrM-2) 

26 PC1S }P.u. part 
3 PAS 

26 PC1S }ASSemble part 
3 PAS 

TOTAL 58 

FK: ASSEMBLE LEVE AS' EMBLY (M rn-3) 

21 TB1S ~P. U. part 
7 TA5 

,21 TB1S IAssemb1e part 
7 TA5 , 

TOTAL 56 
.- . 

!'-
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METHODS ANALYSIS 

f P09/7 Re . No. _..;..:. __ _ Title: ASSEMBLE GEAR TRAIN - ASSEMBLE 

ROTOR ASSEMBLY Sheet No.2-of_1_Sheets 

Predicted Time: Decimal Minutes @ 100 BSI 

MTM -I 3.06S MTM-2 2.S00 MTM-3 2.9S0 C-M 13.9 

Description No. LH 'TMU RH No. Description 

Ft: ASSEMBLE ROTO AS EMBLY (' frM-1) 

7.3 R3D 
1p.u. part -3.S G1B to LH 

2.0 MfA 
G3 S.6 

}Orientate 2.0 RfA 

(J 
S.6 G3 
6.7 M3C 

lAssemble part Feed part forward 26.6 P2NSD 
2.0 RLl 

TOTAL 61.3 

FM: ASSEMBLE ROTO AS EMBLY (l IrM-2) 

7 GBS 1part to LH 
3 PAS 

Part from RH (!J 7 
G2 7 GBS Orientate 

26 PClS Assemble 

TOTAL 50 

FP: ASSEMBLE ROTO AS EMBLY (J ITM-3) 

7 TAlS P. U. part 
Orientate HAlS 18 

- . 34 HB1S Assemble 

TOTAL S9 
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METHODS. ANALYSIS 

Ref. No. P09/8 Title I ASSEMBLE GEAR TRAIN - ASSEMBLE 

INTERLOCK SPRING Sheet No.Lof lSheets 

Predicted Time: Oecimol Minutes (ji) 100 BSI 

MTM -I 4.945 MTM-2 6.300 MTM-3 4.900 C-M 30.3 

Description No. LH .TMU RH No. Description 

FR: ASSEMBLE SPRI G ( !:rH-1) 

R6C 10.1 
G4C 12.9 

0 2 ~) 11.2 
P.U. spring and I Pick up spring 
orientate 5.6 G3 and orientate 

R- 5.6 G2 
G3 5.6 

(D Spring to assemb1Y{ M3C 6.7 
P2NSD 26.6 Seat 

2.0 MfC 
10.6 AJ'2 

RL1 2.0 @D 
TOTAL 98.9 

FS: ASSEMBLE SPRI! G (!:TM-2) . 

P.U. part GC15 19 . 
2R 12 
P-

Orientate spring 14 GC5 
}orientate 6 R spring 

GC5 14 
Spring to assembly PC15 26 

}Assemb1e . 21 PC5 
14 A 

.. TOTAL 126 

FT: ASSEMBLE SPRI G ( ~-3) 

t 
HA1S 18 

P.U. spring and TAt 5 7 
orientate 18 HAtS Orientate 
to assembly HB15 34 

21 TB15 Assemble . 

TOTAL 98 
,. 
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METHODS ANALYSIS 

Ref. No. P09/9 Title I ~.EMBLE GEAR TRAIN - ASSEMBLE 
SPRING TO SPIN DETENT Sheet No.--l.of ...L.Sheets 

Predicted Tlmel Decimol Minutes @ 100 BSI' 

MTM -I 3.135 MTM-2 2.950 MTM - 3 3.400 C-M 17.2 

Description No. LH TMU RH No. Description 

FU: ASSEMBLE SPRII G ( TM-l) 

CQ 11.5 MSC 
rssemble part 16.2 P2SE 

2.0 RLl 
RIC 3.6 

P.U. part - to LH ' G4C 12.9 
C M4A) 7.9 RSA P.U. part 

5.6 G3 

- 62.7 

FV: ASSEMBLE SPRII G ( TM-2) 

26 PC15 Assemble part 
P.u. part - to RH GC5 14 

(E) 19 GelS Part from LH 

TOTAL 59 

FW: ASSEMBLE SPRU G ( rrM-3) 

34 HB15 Assemble 
P.U. HB15 34 

TOTAL 68 

- -

. 

I 

", 
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METHODS ANALYSIS 

Ref. No. P09/10 Title: ASSEMBLE GEAR TRAIN - ASSEMBLE 

BOTTOM PLATE Sheet No.Lof_2_Sheets 

Predicted Time: Decimol Minutes @ 100 BSI 

MTM - f 6.145 MTM - 2 4.000 MTM - 3 6.150 C-M 29.1 

Description· No. LH 'TMU RH No. Description 

FX: ASSEMBLE BOT,!! ~P ATE (MTI 1-1) 

Feed part forward 2 G2 11.2 
( M~ ) 7.0 R6A 

5.6 G3 
4.8 T75S Orientate 

G3 5.6 
4.8 T75 
5.6 G3 

10.3 M6C 
}Position 53.4 P3NSD 

2.0 RL1 
2.0 RfA 

}Assemble - G5 
10.6 AP2 

- RL2 

TOTAL 122.9 

FY: ASSEMBLE BOT,!,! I!!P k\TE (MTM 2) 

Feed part forward 2R 12 
10 GB15 

\0".0,." 3 PAS 
GB5 7 

7 GB5 
26 PCl5 

rssemble 3 PAS 
- . 14 A 

TOTAL 82 



DESCRIPTION 
No. LH - LEFT HAND 

FZ: ASSEMBLE BOTT( M pT ATE (MTM 

. Feed part forward 2 TA15 

HA15 

TOTAL 

TMU RH 

3) 

14 
7 TA15 

18 
18 HA15 
48 HB80 
18 HA15 

123 

No. 
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Ref. No. P09/10 

Sheet-Lof ..LSheets 

DESCRIPTION 
- RIGHT HAND 

~rientate 
Assemble 
Seat 
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METHODS ANALYSIS 

R f P09/11. e. No . ...:....:~ __ _ Title' ASSEMBLE GEAR TRAIN - PARTS ASIDE 

'r0 TRAY Sheet No.-L.of ..l-Sheets 

Predicted Tlme l Decimal Minutes @ 100 BSI 

MTM-f 3.550 MTM-2 3.25 MTM -3 3.85 C-M 9.3 

Description No. LH TMU RH No. Description 

EU: REMOVE PARTS !ROM TRACK (I-: M-I) 

P. U. Assembly { RlOS 11.5 RlOS }P. U. assembly 
GlA 2.0 GlA 

{ MlOC 13.5 MlOC 

I To tray P2NSE 21.0 
21.0 P2NSE 

RLl 2.0 RLl 

TOTAL 71.0 

EV: . REMOVE PARTS !ROM TRACK n M-2) 

P.U. Assembly GB30 14 GB 30 P.U. assembly 
To tray { PC30 30 (p- ) LTo tray 

21 PCS ~ . 

TOTAL 65 

EW: REMOVE PARTS ROM TRACK (} M-3) .. 
To tray HB80 48 (H- J To tray 

29 IBIS 

TOTAL 77 

.. 

,. 
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METHODS ANALYSIS 

Ref. No. _.!:..:Pl~0!.L/-=l __ Title: ARMING AND NON-ARMING TEST: FUSE­

REMOVE PART FROM FIXTURE Sheet No . ..Lof_2_Sheets 

Predicted TIme: Decimal Minutes @) fOO BSI 

MTM-f 6.645 MTM-2 7.300 MTM-3 8.100 C-M 28.6 

Description No. LH 'TMU RH No. Description 

GE: REMOVE PART FR M F XTURE ( rrn-l) 

Move hood up MlZA 12.9 (~; ) ~~ .. , om 
7.3 

~ 
side 

RLl 2.0 RL2 

{ 
R- 8.7 R A 

~,~ <1=, 
G1A 2.0 G1A 

Open clamp 10.6 AP2 
2.0 MfA 

RLl 2.0 RLl 
R3A 5.3 R3A 

Release chips on G5 2.0 G1A Remove clanlp 
fixture AF 3.4 

7.5 D2E 
9.7 ' M8B r.Aside clamp 

RF 3.0 

® 
2.0 RLl 
7.0 R6A ~Remove G5 2.0 G1A fuse 

Release fixture 
• F 3.4 } , 

chips 7.5 D2E 

{ 
RF 3.0 

From RH @I) 8.1 M6A To LH 
G3 5.6 

Into tray 1 M6C 10.3 
M2A 3.6 
RLl 2.0 

TOTAL ,132.9 
- -

-

" 
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R f N P10/l e. O. 

S/1eet.2..of 2..Sheets 
. 

DESCRIPTION 
LH TMU RH No. 

DESCRIPTION 
- LEFT HAND No •. . - RIGHT HAND 

GF: REMOVE PART F ROM FIXTURE MTM-2) 

Hood up PA30 11 G- Swing arm 
6 PA15 aside 

Open clamp GB- 14 GB 30 
14 A Open clamp 

3 PA5 
GA5 7 GB5 
A 14 Remove clamp 

5 GW5 
6 PAl 5 

11 PA30 Aside clamp 
10 GB15 

A 14 Remove fuse 
5 GW5 
6 PA15 

G- 6 PAl 5 To LH 
From LH GB5 7 
Fuse into tray PB15 15 

PAS 3 

TOTAL 146 

GG: REMOVE PART F OM O'IXTURE MTM-3) 

Hood up TABO 16 
7 TAl5 Swing arm aside 

18 HA15 Open clamp 
7 TAlS 

Release chips HAl5 18 
7 TAl5 Remove clamp 

16 TA80 Aside 
Release chips TAl5 7 Remove fuse 

18 HA15 .. 7 TAl 5 To LH 
Fuse into tray HB15 34 

TAl5 7 

TOTAL 162 

.. 

, 
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METHODS ANALYSIS 

. Title' _A_RMI __ N_G_AN_D_N_O_N_A_RMI __ N_G_T_E_S_T_-_FU_S_E_: __ Ref. No. P10/2 

LOAD PART TO FIXTURE Sheet No.-l...of .LSheets 

Predicted Time: Decimol Minutes @l 100 BSI 

MTM-f 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 hx' luRE (MTM 1) 

, { GB 
8.6 -R6B lp.cr. part 

Open clips G1A 2.0 G1A 
AF 13.5 MlOC (TO fi~ture 

21.0 P2NSE 
2.0 MfC Seat down 

Release clips RLF 3.0 
RLl 2.0 RLl 

. }TO clamp R4A 7.9 R8A 
Move fixture G1A 2.0 G1A 
into position MfB 2.0 

RLl 2.0 
R1A 2.5 

I'Ml2C (GlA) 15.2 Clamp over fuse 
Open clips ",91 

AF 3.4 
~Position 21.0 P2NSE fuse 

Close clips { RLF 3.0 
RLl 2.0 RLl 

~Knob Clamp 
{ 

R6A 7.0 R6A· 
G1A 2.0 G1A 

2.0 MfA Push in 
2.0 MfA }LOCk 

10.2 AP2 
RLI 2.0 RL1 

Hood { R12A 9.6 R10A 
G1A 2.0 G1A lsw'" .= ,. 

o • 
7.3 MSA position 
2.0 RLl 

Hood down { Ml2A 12.9 
RLl 2.0 

4.0 R2A 
- G5 Reset button 

10.6 AP2 
- RL2 

4.0 R2A 
- Gs ~Start button 

10.6 AP2 
- RL2 

TOTAL 203.3 .... 



DESCRIPTION 
No. LH TMU -LEFT HAND 

GJ: LOAD PART TO XTI iRE (MTM- ) 

Open chips ([) 10 
30 

cD 
10 
14· 

Posit.ion fixture 

~ 
3 

24 
Open clips A 14 

21 
GB1S 10 

3 
3 

14 

{ GB4S 18 
Close hood 6 

PA4S 15 
3 

14 
3 

14 

TOTAL 229 

GK: LOAD PART TO ' ~XT !RE (MTM- ) 

48 
21 

Position fixture TAl 5 7 
29 
21 
18 

7 
7 

Close hood 
.. 

HA80 34 
7 
7 

TOTAL 206 

. 

RH No. 

GB1S 
PC30 
PBS 
GB30 

PB4S 

PCS 
GB1S 
PAS 
PAS 
A 

et-'"j 
PAlS 

GAS 
A 
GAS 
A 

HB80 
TBlS 

TB 80 
TBlS 
HAlS 
TAl 5 
TAl 5 

TAl 5 
TAl 5 
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Ref. No. P10/2 

Sheet..Lof ...LSheets 

DESCRIPTION 
-RIGHT HAND 

fpart. to fixt.ure 
insert 
To clamp 

Clamp over fuse 

Position fuse 
Knob 
Push in 

,Lock 

> Posit.ion swing 
arm 

}Reset. but.t.on 

Start button 

Part to fixture 
Insert 

Clamp over fuse 
Position fuse 
Push in 
Lock 
Position arm 

Reset button 
Start button 

;" 
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METHODS ANALYSIS 

Title: INSERT RETAINING RING - UNLOAD AND 

LOAD FUSE TO FIXTURE 

Predicted Time' Decimol Minutes @ 100 BSI 

Ref. No. .....:..P1;:.:1:.:,./;;;.1_..;.. 

Sheet No. ~of _I_Sheets 

MTM-f 4.710 MTM-2 . 4.550 MTM -3 6.250 C-M 15.8 

Description No. Lh TMU RH No. Description 

GA: UNLOAD AND La D USE (MTM 1) 

7.8 RSB 
2.0 GIA ]Remove part from 
4.0 DIE press 

18.7 M16C ro tray 
3.6 M2A Insert 
2.0 RLl 

r M8C 11.8 
Locate in fixture~ P2NSE 21.0 

Su' in 'bM' i M3C 6.7 
M4A 6.1 
M2A 3.6 
M3A 4.9 
RL1 2.0 

TOTAL 94.2 

-
GB: UNLOAD AND L( AD USE (~ 2) 

7 GBS 
S GWS }Remove from 
3 PAS press 

10 PB45 to tray 
3 PAS Insert 

t 
PC30 30 
PB15 IS 

. - 3 PA15 18 

TOTAL 91 

GD: UNLOAD AND L AD USE (MTl' -3) 

18 HAl5 Remove from press 
29 . TB80 to tray 

7 TAl 5 

{3 

TB 80 29 
TB15 21 
TA1S 21 

TOTAL 12S 

. 
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METHODS ANALYSIS 

Pl2/l: Ref. No. ___ _ Title: STAKE RING - LOAD FUSE INTO THE 

FIXTURE Sheet No.-Lof_1_Sheets 

Predicted Time: Decimol Minutes @) 100 BSI 

MTM -I 4.470 MTM-2 4.900 MTM -3 4.200 C-M 7.5 

Description No. LH TMU RH No. Description 

GL: FUSE INTO THE FIX' URE (MTM 1) 

Part from tray Rl6B 16.8 
G1A 8.0 

CD M16C 18.7 
{AsSist To fixture ill 

P2NSE 21.0 P2NSE ) Insert PlSE 5.6 P1SE 
RlOA 8.7 RlOA 

{ GS - GS 
}operate Operate start AP2 10;6 AP2 start 

RL2 - RL2 

TOTAL 89.4 

I 

GM: FUSE INTO THE FIX: URE (MTM 1-2) 

GB4S 18 
lAssist Assist RH ~ PC4S 36 PC4S RH 

PCS - 21 PCS r 
Operate start ( GA30· 9 GA30 }operate start 

~ A 14 A 

TOTAL 98 

GP: FUSE INTO FIX: URE (MTM-3) 

Fuse into fixture f HB80 48 
c£:) TB 80 29 Assist LH 

Operate start TA15 7 TA15 

TOTAL 84 

... 
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METHODS ANALYSIS 

Title: STAKE RING - REMOVE THE FUSE FROM 

THE FIXTURE AND ADJUST 

Predicted Time: Decimal Minutes @l 100 BSI 

Ref. No. --,P.;:1;::.2/:...;2=--_ 

Sheet No.-Lof _l_Sheets 

MTM -I 3.925 MTM-2 4.150 MTM-3 4.800 C-M 14.7 

Description No. LH 'TMU RH No. Description 

(PROCESS TIME LIMI" ED UT) 

(GR: REMOVE AND AI lrus (MTM-1) 

l RlOA 8.7 RlOA 
Assist RH G1A .. 2.0 G1A ~use from fixture 

M2A 3.6 M2A ) 

C~ ) 6.1 M4A 
~o work area 

2.0 RL1 f 
10.3 M6C Wriver to screw 
19.7 P2SSE 
2.0 MfC Adjust 

Aside part to traYt 
M20C 22.1 
RL1 2.0 

TOTAL 78.5 

GS: REMOVE AND AD UST (MTM-2) 

Assist RH GB 30 14 GB30 
PAS 3 PAS' '\Fuse from fixture 

@J 6 PAlS 
26 PC1S Adjust 
10 PBS 

Aside to tray PB4S 24 

- - TOTAL 83 

GT: REMOVE AND AD UST (MTM-3) 

18 4AlS 
(Fuse 7 TAlS from fixture 

21 TB1S 
21 TB1S Adjust 

Aside TB 80 29 

TOTAL 96 
;', 
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METHODS ANALYSIS 

Ref. No, Pl3/l Title: APPLY SILASTIC TO FUSE ASSEMBLY -
LOAD FUSE TO FIXTURE Sheet No._l_of_l_Sheets 

Predicted T,me: Decimal Minutes @ fOO BSI 

MTM -I 3.270 MTM-2 4.400 MTM - 3 . 4.200 C-M 8.5 

Description No, LH TMU RH No. Description 

GW: LOAD INTO FI TUR (MTM-l) 

P. U. part 

~ 
25.8 R30B ~P.U. part 

G1A 2.0 GlA 
M- 20.4 M18C 

To fixture • 5.6 PlSE To fixture 
PlSE 5.6 

Insert { M2A 4.0 M2A Insert 
RLl 2.0 RLl 

TOTAL 65.4 . 
GX: LOAD INTO FI JR (MTM-2) 

Part into fixture C8 23 GB80 }part into fixture 
41 PC80 

PCS 21 
Insert PAS 3 PAS Insert 

TOTAL 88 

GY: LOAn PART 1Nl b F lcrURE (M rn-3) 

48 HB80 Part into fixture 
Part into fixture IB1S 29 
Insert TAl 5 7 TA1S Insert - . 

TOTAL 84 

" 

;'. 



223 

METHODS ANALYSIS 

Title: _..:;A~P.:..;PL:::..:Y:...::S.!.IL:::!AS::::..!T.!.I.:.C ..:T:.:O:.....::..FU:.:S:.:E:.....:,:AS:.:S:.:E;:,;MB::.L::;Y=---_ 

. UNLOAD FUSE FROM FIXTURE 

Predicted T.me' Decimal Minutes @l 100 BSI 

Re f. No. -,P:..:l:.;:3.:....:/3=--_ 

Sheet No.lof _I_Sheets 

MTM -I 2.615 MTM-2 3.400 MTM-3 3.800 C-M 9.6 

Description No. LH TMU RH No, Description 

GZ: UNLOAD FUSE F OM FIXTURE MTM-l) 

P.U. part { R8A 7.9 R8A lP' U. part 
GIA 2.0 GIA J 

20.4 M18C 
5.6 PlSE 

{ M2C 5.2 ~nto tray 
Into tray PlSE 5.6 

M2A 3.6 M2A 
RLl 2.0 RLl 

TOTAL 52.3 

HA: UNLOAD FUSE F OM iFIXTURE MTM-2) 

~ 14 GB 30 }part to tray 
30 pc45 

Part to tray PC5 21 
Insert PAS 3 PA5 Insert 

TOTAL 68 

. 
HB: UNLOAD FUSE I ROM IFIXTURE MTM-3) 

48 HB80 Part to tray 
Part to tray TB15 21 
Insert - . , TAl5 7 TAl 5 Insert 

TOTAL 76 

.. 

, 
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Figure C-l: 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: Workp1ace 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: Workp1ace Layout fo r Wo r k Tasks 20 and 21 

Figure C-6: Workp1ace 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 



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 throughout 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. 

228 
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Study POl/l: Grind Pin - Load Pin into the Machine 

N0. :UP5':::l .; er 'J A L 
1 8.1)·,) 8. )'::11 
"2 20. ,),)0 12. lOO 
J 32.~1)1 '2.0~),) 
U 40.')')0 8. ·)1)0 
5 U9.1(L) 9.10:1 - . 
6 5'1.000 111.0·') 
7 6!'l.JOO ?'),~) 

8 76.00') 3.')0:) 
9 '35.~!) , '1.10'1 

11) 9U.OOO c • V10 
1 1 101.0~,) 7.')01 
12 1.19.01)11 '3.1M 
'3 122.)1~ 13. )():J 
14 D2.00 r, 10.100 
15 , !.I2.10n n. )11:) 
16 1'51.1)00 9. )'1.) 
17 ' 'g. )"0 '1.1'1'1 
18 1 f. 9.11)() 1'1. ')'J 

19 17 8. ) 1):1 9.;.)') 
2:) 1'11.0"0 13.');)0 
21 202.11)1) 11.00') 
22 208.'),)') !i.laJ 
23 217.000 9 •. ,~ ') 
24 225.)'11 Q.:,r1) 
25 233.')01) 8.1')') 
26 2'J2.-Jan 9.')1) 
27 ?5u. ')O:} 12.01'') 
2R 267.,)1)0 13.)00 
29 279.1')1) 12.,),)0 
30 294.1(1) 15.,)1') 
31 .11)6.001 12.)1)) • 

32 31'5.100 9.,)00 
.n '.D.')O,) 8.1'11) 
34 3J7.·')')11 14.1'10 
35 .,47.'100 1'1.001) 
lE 3f,2.aO'l 1:;.')·')0 
37 .17 E. () (l') 14.1)1)·) 
.38 383.')1)1) 7.100 
39 3'.12.')00 9.1'1') 
uO 403.00') 1'.1')') 
41 419.')1)0 16.')"0 
42 423.')')() 6. '''1') 
~3 437.:),1~ 12. ,0,) 
44 447.)00 1 O •. ) 11 <) 

45 tlfi3.:J,),) 1f. V') 
4b 471.1()O 9.·'1)') 
47 479.')1)'1 'l.~J') 
'JlJ 1190.)1)0 1 1 • " ') ,) 
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49 5,J'5.,)!H) 15.')'')0 
50 <;20.0,)0 15.1)01) 
51 530.<)1] 10. ,')01) 
52 535.000 5.'100 
5~ 544. ')')0 9. ·)()o 
sa 5<;6.):)) '2.101) 
S5 567.(')00 11.,1(ll) 
5t 581.1).')() 14.')00 
57 5Ql.000 10.11)0 
58 600.1)00 9.100 
59 607.000 7.100 
EO 615.00:) ~.')')I) 

(, 1 625.:)00 10.nno 
62 6]lI.JOO 9.(01) 
63 646.000 '2.1)0') 
64 6'57.000 ".000" 
65 67').01:) 13.')()O 
66 679.1)01) 9.)00 
f:-7 691.100 12.')00 
liP. 702.0no 11.')00 
69 715.:)0') 13.000 
70 :26.000 11.1)00 
71 738.000 12.')00 
72 749. I)'),) 11.,.,01) 
73 760.0!)O 11.""~ 
7a 7li9.0(l1) q.,):)O 
75 78<;.1)06 16. ·,00 
76 796.')0') 11."" 
77 810.1)'')1) 1ll.I)OO 
78 B2<;.100 '5. ')1)0 
79 Q35.)OI) l0.nOO 
80 g42.!JO,) 7. ,) 1 (') 
31 850.000 '3. I, ,,) 
'32 R6'. :}'l.' '1.,')')1) 
8:? 670.000 9.')1)) 
B4 890.0'1') 10. ,,00 
~5 894.0'1) 14.01)0 
% Cl 1)8.1 I),) 14.)1)!) 
67 919.)00 11. 'DO 
'18 031.)0·) 12.11)1) 
89 941.01)1) 10.00', 
qo 955.01)" 14.100 
91 "1)3.0')0 '1.')1):) 
02 974.')00 11.1)00 
93 ,}'l3. ')a:) 9.000 
94 QQ1.0,)O 'l.I).)') 
a5 '0;)8.001') 17. ')0') 
96 11')27.0no 19.'DO 
97 1 (') 3 Fl. )."\1) 11. ,),)') 
aa 1049 •. )1)1') 11.,))0 
99 1059.JO') 10. ')')0 

100 10(-8.00,) 9.00.) 
, j, 1,)76. )0i"l '3.')')') 

'a 2 1092.1'):10 16.'11'1') 
113 1112.101 '0.101) 
104 11 1 1 •. ,)'J., 9.,,;)1) 
'15 1 1 27. J 11.] H.no 
116 11'a.OO() 7. ,.) 
1') 7 11~5.)OO 1 1. 'D ') 
1~8 11I'il.~')O 1':l.('r'lO 
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1')9 lH9.~1)1) 8.000 
110 11'"l2.,)~fI 13.)00 
11 1 120~. 1 J,) 22.100 
1 1 2 1213.1:)1 'l.I,)O -113 172'4.)00 11.,1(1) 
1 14 1232.,')00 8.00') 
115 1243.,)·11 11.0(1) 
116 12'i5.)')0 12.:)-)0 
117 12fib. )OIJ 1'.0no 
11'l 1276.0(1) 10.)0') 
11q 1282.000 6.)00 
120 1295.000 13.')01) 
121 13us.,)nl) 10. ·)1)0 
122 1317.)1)0 12. ;)00. 
123 132E.OOO 'l.~)O" 

124 13J6.0'J0 10. ,1')0 
1"''' ~- 13<15.01)1l 9.1)1)0 
126 13 55. 0'01) 10.·' )0 
127 1361. ')0') 6.(1)0 
128 13'32.0)1') 21.01)0 
129 13'l'S. ')00 l].noo 
130 1407. ')1)') 12;11)0 
131 141'l.!)I)O 12.'00 
132 1112 5. ,') ,1 Il fo. )')0 
133 l~~S.OO,J 20.')00 
134 14.19.,)00 I. nOG 

, 13 '3 111ti4. )1)1) 15.)O!) 
136 14'30.')')0 'F.01,) 
137 lun.')!)O 12.1)1)') 
138 15nlj.'J00 12.JO,) 
13q 1523.')0') 19. ,100 
1l.j0 1 16. ')1)') 11.)1'11) 
141 ",' .. 6. 00,' 10.000 
142 1551.000 5 • ,) I) I) 
1113 1"7,,).,)0') l'l.10,) 
1il4 1583.Jnl) 13.100 
1115 HO].OOO 20.-)00 
1:)6 11:> 12. 1)1)'0 9.'100 
147 1621 •. )!)') ,Q .) O!) 
148 16 36. o Ill) 15.I)O!1 
111'1 1672.,')01) 3E.')OO 
150 1685.')I)J '3.1'') 
151 110"6.''):)0 11.1 :0 
152 17 ') 3. I) '):, 7.:):)') 

153 171 (1. OOIl 7.'lO,) 
lC;~ 171'l.')'l,) 'l.')')O 
155 1729.)1)1) 10.!):)1) 
156 17]'l.')OO 1,) .10 ') 
1,)7 1761.1'1') 22.)00 
158 1775. ),)0 14.'')01') 
15Q 1782.000 7.01)0 
HO 17'l2.,)~1,) 1').00) 
1 IS 1 1'3,) 1. GOO Q.'1,)1l 
1';2 1810.))1) 9. J I):') 
,., 3 1823. )'')0 1 I. :1)0 
1/;4 1P32.10') 9.'01) 
165 , R !j ': • ,'0 I) 13.,"100 
1 'i 6 1855. ):J'J 11). ')')1) 

1 r;7 1;>62.1)1)1) 7.')1)1) 
1';8 1R71.,):1J ".,)0,) 
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1 f, 0 

170 
171 
172 
173 

181)3.')00 
1897.1110' 
1<)07.101) 
1,?23.')():) 
1927.,)"1 

12.'.)')1) 

1~. 'liD 
10.~'l1 
1(, .~ () '). 

!I. 10',) 

232 
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Study POl/3: Grind Pin - Unload the Machi~e 

NO. ELAPSfn ftCIq~L 
1 'i. 1 ') ,) 'i. )00 
2 9.'10'1 'f. )1)1) 
3 13.1:1) u. 1')) 
u 20.100 7. ~):)O 
5 2q.}OO 4.1,,11 
6 ~3.I)OO 19. ,101 
7 49.D~)9 n.!)')' 
8 53.)')1} .q.Il!}:) 
0 S7.000 4 •. ):)1) 

10 61.')')0 4.'1('\1) 
1 , fi8."OO 7.)0') 
12 17.1')0 9.100 
13 ') 1 .')01) 4.') ')1 

HI oOJ.1)1) 9.J:) I') 
15 '14. )11) U.I"1 
16 98. ).~O 4. ,) J) 
17 102 .1') 0 4.('):")(') 

18 117. J~O 5.0()i') 
lq 112.11)() 5.100 
20 116.~OO 4. ,'H) '1 
21 122.')10 6.) " ':I 
22 129.100 7. "'0·) 
23 1,34.')0" 5.'00 
24 139 •. 1')0 5 •. ) I) I) 
25 142.0,)1} 3.100 
26 145.100 3.0(1) 
27 149.,)):) ••. )00 
2'1 1 '56. 'lOO 7."00 
2 0 If'2.01)0 6.')0') 
30 167.')'10 5. 01 '1 
3 1 17 !I •• ) ,') 0 7.1)')(1 
32 177.)110 3.'101) 
33 182.1.)') 'i.001) 
: 4 1"l 7 • :) !'I 0 5.100 
35 191.01)1 !J..O()O 
36 197.11)0 6.:)11) 
37 202. '10') 5 • .11):) 
]A ?r:9. '1)') 7.1'11) 
39 213. ),j, u. ,,., :)0 

~O .216.)1)1) l.,):):) 
U 1 222.110 6.1')1) 
42 22t:.')'1:) U.)~I) 

• 3 23J.l1,) !I. )) I) . 
~II 234.,11)') 4.')')) 

, 4 'i 239.,)(H) 4.1.10 
, , 

2!1~ •• )I),) 6.0()1) 
iJ7 '24~.):1) 4. '11)0 
uf) ~5 •• ')1)) 6.'1').) 
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49 258.'''0 tI."I)O 
50 265. )()r 7.1)00 

." 51 27().100 5.'1~'l 
52 27'1.00~ 4. 0) I) 
53 2A4.'l'),) 10."'1) 
54 207.()1)0 11.1)')" 
c;') 302.11'\:1 5.'l()() 
56 305.0)') 3.(0) 
57 320.00') 15.'l(lO 
58 324.0)(1,1 u.I)"1) 
c;q 329.(1)1) 5.')00 
60 336.0:)0 7. ·100 
61 ~43.I)I'\O 7.,100 
62 34fl.j0() 5.100 
63 353.()(l0 5.nOQ. 
64 no. )()t) 17.,iOO 
f.5 375.000 ,).·)·'10 
66 3~'.OOI') 6.000 
(;7 3fl8.)OO 7.0'10 
68 392.1;)0 4.1)1')1) 
6'.' 3(n. (1)') 5.1)()0 
"f' 403.')00 6.')·10) 
71 407.')')1) 4.:,1').') 
72 Q10.')()') 3.')')0 
73 '114.0'1() U • ,j 0"1 
7u tlZ1.J1oJ 7.01') 
75 u27. ')·)0 6.'1')1'\ 
76 432."~'1 5.:11)1) 
77 tI tlJ .') I) () e.,):l,) 
78 445.')')0 5.'))) 
79 4u9.0,)0 4.'1,)0 
'10 453.1-)') 4. ~n'l 
R1 u5'!.')"O 6.0')) 
32 U67. ""'J 3.0".) 
°3 !.I7a. i,)1 7.,)~':' 

34 4131.1'0 7.00') 
85 486. ').')') 5.')')0 
e6 u90.0·,)J u.'1QO 
81 496. J'10 6.001 
0.8 500.1)'.)1) 4.'11)0 
'19 5%. !)I'I!) 6.'11'1') 
90 512.010 6.'100 
91 ':'17.:11) ,).).) () 

92 :':>3. :lOO 6.0')1) 
93 <;28.001) 5."0:) 
c)4 514.0:1'1 6.'10,) 
C)5 'iuo. ')11) 6.'))1) 

% 5111' • .,1),) 6.)O() 
q7 550.1()~ 11.100 
'11" 554.0'11) 11.'100 
99 5')'3.01'0 4.11)1\ 

'00 <;(,3. ,)~:l 'i •. 1"1 
1) 1 ')F 9 •. )"." 6. ')()t1 

'n 573.},)~ 4. :) n ) 
1 ,) :1 r·7~.JI)I) 5. )"0 
1'J4 '> 8 ~ •. ) 0,) 1:-. :).)) 
, IJ 5 C,fl9. 0 ();j 5. '')(')0 

1 ·16 59U. ")~,1 5.;'11) 
107 'i19. !):~.) 5.~~1) 

'~A EJ'I.'»)') 5. :'\' "\ 
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11)q F-11).100 n.O!)/) 
110 f.16.JOO 6.1)0:1 

" 1 E20.000 4.,')00 
112 (24. )0:) 4 .1') 0 
113 629.'')00 5.')00 
114 t35.00,) 6.')00 
1 1 <; f.~3.0·10 il •. ')OO 
116 "48.]00 5. ':'00 
117 654.000 6.1)/)0 
1 1 8 ~58.)(l'1 4.000 
119 6'; 9.:>01) 11.·')0') 
120 n7S.'la,) 6.000 
121 I'~ 1. ')00 6.1)00 
122 fiS 7 .1·10 6.010 
1"~ -- (.91.:>'10 4.1)01) 
'24 697.'1')0 6.')00" 
125 71)2.000 5.'100 
126 7016.000 4.')00 
127 7".Jr)1) 5.')00 
128 715.000 4.000 
129 721.1')0,) 6.01)0 
130 726.,)ail .5. "'10 
, 3 1 741.')01) 15.1)1)0 
132 7!1 to)O,) 5 •. 1') ') 
133 750.)00 4.)1'):1 
134 756.')00 /i.JCO 
13!: 761.0')0 5.01)·') 
'31' 7~6. IDO 5.)01) 
137 771.·100 5.000 
n8 777.101) ';.'1 I) . ., 
13'] 7Q2.J:)1) 5.·1')0 
, !I 0 737.00'1 ",.100 
1!11 7<;3.000 6.101) 
1!12 797.)1)1) 4.')1')'l 
143 q,)1. ),)0 4.100 
1 u 11 131!:.'l00 1(1.')00 
'45 821.);)(3 6.100 
146 '126.01)0 5.)1\1) 
147 1J31. )J.,) 5.')00 
1 !l8· 617.100 6.::>00 
10.1<) 8uO.)OO 3.'1") 
150 3u5.1)1)<) 5.') 00 
1 <; , R53.:)0,) ~. ~f')'J 

'52 ':'57.')10 ~. : I) 0 
'53 M3.'»):) 6.J~'J 
1511 °67.000 u.I)O) 
155 i'71."JO 4.')')') 
156 P.7~. ·)01 5.000 
'57 'lQ3.·)I)/) 7./))!) 
156 oq7 • .JO,) 4.')00 
159 89'S.OOO d.11)0 
1(1) q ),,). )1\'1 5. ')')'1 
1 I'; 1 ~OC;.OOG 5.')')1) 

'''2 c'1.),)') 6.1'):") 
1 f' 3 <)13.011 7.)~!1 

'-'U q25.B:) 7. ')1)1 
H5 Cl 31. ,) ~:) 6.100 
H,b Q37.'l~1) f,.1')0 
167 Cij 1.') ~') !1.0(11 
lAR ':l~5.10:) ~ . , J 
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",' 1tir; 949. I).) 4.000 
'70 <)5j.I)')1) 4.1)0') 

171 Q58.,l00 5.'),')0 
172 %7.0')0 9.~~,) 

173 Q72. '}'lO C; •• ) ') 0 
174 . <;78.'))0 6.·'1'0 
'75 Q'37.-)10 n.!)').) 



"I 

Study p06/i: 

• 

Counter Bore and Chamfer Hairspring 
Tuner Tube - Unload Hairspring From the 
Machine 

~o . ELAPSED ~CTUAL 
1 2.000 2.1')1)0 
2 6.001) 11.000 
3 8.000 2.')00 
11 10.000 2.0no 
5 12.000 2.000._ 
6 111.000 2.000 
1 16.000 2.1)00 
8 18.001) 2.000 
9 21.(1)0 3.000 

10 211.000 3.000 
1 1 26.000 2.000 
12 28.000 2.000 
13 31.000 3.)00 
111 311.000 3.')00 
'5 31:000 3.~00 

16 39.000 2. '00 
11 111.000 2.)00 
, 8 1I11.0()0 1.000 
'9 116.001) 2.000 
20 50.001) 11.000 
21 52.000 2.000 
22 511.001) 2.000 
23 56.000 2.'100 
211 59.01)0 3.100 
25 61.000 2.00;) 
26 611.')00 3.000 
21 61.000 .000 
28 69.000 2.000 
29 11.000 2.000 
30 13.000 2.000 
31 16.000 3.000 
32 18.000 2. 1)1') 0 
33 81.000 3.000 
34 811.000 3.000 
35 87.000 3.000 
36 90.000 3.1)00 
37 92.000 2.1)00 
38 911.000 .2.0) 0 
39 <J6.000 2.000 
lIa 98.000 :.1)00 
1I 1 99.000 '.,)00 
112 101.000 2.0·')0 
113 '03.000 2.000 
till '05.000 2.1)00 
45 108.000 3.1)00 
!l6 '10.000 2.')00 
'11 1 113.000 3.101) 
ue '115.000 2.001) 
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49 117.000 2.')00 
50 120.000 3.')00 
51 123.000 3.000 
52 126.000 3.1)00 
53 , 28.000 2.001) 
54 130.000 2.1)00 
55 132.100 2.noo 
56 1311.000 '-. ')00 
57 137.000 3.000 
59 140.000 3.000 
59 142.000 2.000 
60 145.000 3.1)00 
61 1117.000 . 2.000 
62 149.000 2.'100 
63 152.000 3.000 
64 155.000 1.1)00" 
65 158.000 3.1)00 
66 161.000 3.000 
67 163.00.0 2.000 
68 165.000 2.000 
69 167.000 2.')00 
70 170.000' 3.000 
71 173.000 3.000 
72 175.000 2.')00 
73 177.000 2.1)00 
711 179.000 2.000 
75 181.000 2.')00 
76 183.000 2.000 
77 195.000 2.')00 
79 189.000 3.')00 
79 190.000 2. ') 0 0 
~o In.OOO 2.000 
81 195.0CO 3.000 
82 197.001) 2.')00 
fl3 200.000 3.000 
84 202.000 2.000 
85 204.000 2.000 
86 206.000 ' 2.000 
87 208.01)0 2.000 
88 211.000 3.000 
89 213.000 2.000 
qo 216.(01) 3.!)00 
91 218.000 2.000 
92 221.000 3.1)00 
93 223.000 2.000 
94 225.000 .2.000 
95 22'1.000 3.0JO 
96 230.000 2. ,)00 
97 232.000 2.000 
98 235.aoo 3.I)Oa 
99 238.000 3.000 

lOO 2110.000 2.1)00 
101 242.000 2.000 
102 245.001) 3.000 
1"3 247.000 2.')00 
104 250.000 3.000 
1')5 252.00') 2.')0') 
''16 254. ')01) 2.000 
'07 257.1)00 3.1)00 
1,) 8 259.·)00 2. ,) 0 0 



109 
110 
111 
112 
'13 
114 
, 1 5 
116 
, 17 
'18 
'19 
120 
, 21 
122 
123 
1211 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
115 
'36 
'37 
'38 
139 
140 
141 
142 
'43 
144 
145 
146 
147 
148 
149 
150 
151 
'52 
153 
'';4 
155 
156 
157 
15R 
159 

261.000 
2611.000 
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.)00 
334.~:OO 
3l6.000 
338.000 
341.000 
3113.000 
346.000 
347.000 
350.000 
352.000 
3511.01)0 
356.000 
359.000 
361.000 
363.000 
365.01)0 
368.000 
370.000 
372.000 
376.1)00 
379.000 
381.)00 
383.000 
385.01)0 

2.000 
3.000 
2.000 
3.1)00 
2.1)00 
3.000 
3.000 
2.000 
2.DOO 
2.000 
3.1)00'-
3.000 
2.000 
3.000 
3.000 
3.000 
2.000 
3.000 
2.1)00 
3.000 
3.:>00 
2.000 
2.000 
3.000 
2.000 
3.000 
11.000 
3.00,0 
2.1)00 
2.1)00 
2.000 
3.000 
2.000 
3.000 
1.1)00 
3.000 
2.000 
2.01)0 
2.000 
3.1)00 
2.1)00 
2.000 
2.)00 
3.1)00 
2.1)01) 
2.000 
4. -100 
3.01)') 
2.01)0 
2.1)00 
2.')00 
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Study P06/l: Counter Bore and Chamfer Hairspring 
Tuner Tube - Unload Hairspring From the 
Machine 

NO. ELAPSED lICTIlAL 
1 3.01)0 1.000 
2 6.000 3.001) 
3 9.000 3.000 
11 12.000 3.000 
5 15.000 ].000 
6 18.000 3.')00 
7 21.00Q 3.000 
8 211.000 3.1)00 
9 26.000 2.000 

10 28.001) 2.1)00 
11 30.000 2.000 
12 33.000 3.1)00 
13 35.000 2.000 
1 11 37.000 2.<')1)0 
15 110 .• 000 3.1)00 
16 43.1)00 3.001) 
17 45.001) 2.')00 
18 119.000 4.1)00 
19 51.000 2.000 
20 511.000 3.000 
21 57.1)00 3.000 
22 61.'100 11.100 
23 65.000 11.000 
2~ 67.000 2.000 
25 69.000 2.000 
26 71.000' 2.000 
27 711.001) .1.000 
28 77.000 3.000 
29 AO.OOO 3.000 
,0 83.000 3.000 
3·' 86.000 3.000 
32 89.000 ~.')OO 
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Study P09/6: Assemble Gear Train - Assemble Lever 
Assembly' 

)10. ELAPSED ACnlAL 
1 4.000 4.000 
2 8.000 4.000 
3 12.000 4.noo 
4 15.000 3.000 ., 
5 19.000 4.000 
6 23.000 4.000 
7 29.000 6.:>00 
8 3U.000 5.1)00 
9 39.000 5.0"0 

10 44.000 . 5.1)00 
1 1 48.000 4.000 
12 52.000 4.000 
1 3 55.000 3.1)00 
14 60.000 5.000 
15 64.001) :j.000 
16 69.000 :.000 
17 73.:>00 4.000 
18 77.000 4.000 
19 81.000 !I.OOO 
20 85.000 4.000 
21 8Q. 0 00 U.OO') 
22 9~.01)0 6.000 
23 100.000 5.000 
2!1 104.000 4.000 
25 108.000, 4.000 
26 112.:>00 4.000 

. 27 117.000 5.000 
28 122.000 5-.01)0 
29 126.000 4.001) 
:' J 132.000 6.000 
31 135.000 3.000 
32 139.000 4.1)00 
:n 142.000 3.1)00 
34 1u5.0nO 3.000 
35 1u8.000 3.000 
36 153.000 5.001) 
37 158.000 5.000 
38 162.(1)0 U.OOO 
39 166.000 ~.OOO 
40 169.000 3.000 
41 173.000 U.OOI) 
u2 176.(1)0 3. ')1)0 
43 180.01)0 4.')00 
4U 185.01)0 5.001} 
45 189.000 4.1)00 
46 193.000 4.000 
47 197.000 4.000 
48 202.1)00 5.:1:)0 
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119 208.000 6.000 
50 213.000 5.000 

. '," 51 219.000 6.000 
52 222.()00 3.000 
'53 2H.()00 5.000 
54 233.000 6.)()0 
55 238.000 5.000. 
56 2115.000 7.00') 
57 249.000 4.000 
"i8 256.000 7.000 
59 260.000 4.000 
60 265.100 5.000 
61 269.)00 4.000 
62 275.000 6.000 
63 277.000 2.000 
64 281.000 4.000--
65 284.000 3.1)00 
66 287.000 3.000 
67 291.00.0 4.000 
68 295.000 4.000 
69 299.000 4.00'') 
70 302.000 3.1)00 
71 306.000 4.000 
72 309.:)00 3.000 
73 313.000 4.(01) 
74 318.000 5.000 
75 324.000 6.000 
76 327.000 3.000 
77 331.000 4.(01) 
78 335.000 4.000 
79 339.1)00 4.'11)0 
80 345.000 6.000 
81 351. '00 6.000 
82 355,)00 4.000 
93 359.000 4.flOO 
84 31)4.0')0 5.1)1)0 
85 371.000 7.000 
86 375.000 4.000 
87 382.000 7.000 
R8 387.()00 5.')00 
A9 391.000 11.000 
90 394.000 3.')00 
9 1 398.000 4.000 
92 1102.000 4.,)()0 
93 1108.000 6.000 
911 411,000 3.000 
95 417.000 6.000 
96 421.000 4.')00 
97 u 25.00') 4.000 
99 ~~.0r)0 R.OOO 
99 439. -00 6.000 

100 4113.)00 4. ,)00 
q1 1148.000 5.'JOr) 
11)2 451.000 1.')01) 
103 454.01)0 3.'1')0 
1011 458.0;0 !I.OOO 
105 462.0,0 II.OOr) 
1% 466.0 11 0 lI,flOO 
107 1171.000 5.000 
11)8 477.000 6.00') 



11)9 482.')00 5.000 
"0 488.000 6.000 
111 492.000 4.!J00 
112 496.000 4.000 
113 501.000 5.000 
114 506.000 ').1)00 
1 15 511.000 5.')1)0 
116 515.000 4.000 
117 518.000 3.000 
118 .521.000 3.000. 
119 525.000 4.000 
120 529.000 4.1)00 
121 532.000 3.(1)0 
122 539.000 7.')00 
123 543.000 4.000 
124 546.000 3. ')00 
125 550.000 4.0(1) 
126 554.000 4.')OQ 
127 557.000 3.000 
128 562.000 5.000 
129 566.000 4.1)00 
130 570.000 4.000 
131 575.000 5.000 
132 579.000 4.000 
133 582.000 3.1)00 
134 586.000 4.')00 
135 589.000 3.GaO 
136 593.000 4.001) 
137 597.000 4.000 
138 601.000 4.0(') 
139 604.000 3.')~O 
lUO 60B.000 4.·)01) 
, !ll 612.000 4.')OG 
142 617.000 5.000 
1 u., 621.')00 4.000 
144 627.000 6.000 
145 '31.000 4.1)00 
lU6 634.000 3.000 
147 637.000 3.003 
148 643.0')0 6.01)0 
1!19 648.0,)0 5./)')0 
150 653.000 5.')00 
151 658.000 5.00!) 
152 662.00a 4. ')00 
153 665.000 3.000 
154 670.000 5.000 
1"5 674.000 4.')00 
156 678.0)0 4.JOO 



',.' 

Study P06/2: Counterbase and Chamfer Hairspring Tuner 
Tube - Load Hairspring Tuner Tube into 
the Machine .. 

NO. ELAPSED ~CT!1AL 
1 3.000 3. ,') 0'0' 
'2 7.000 11.000 
3 11.000 11.000 
4 14.000 3.1)00 
5 18.000 4.000 
6 22.000 4.000 
7 25.000 3.000 
8 28.000 3.000 
q 32.000 4.000 

10 36.000 11.000 
1 1 111.000 5.000 
12 115.000 4.000 
13 49.000 . 11.000 
14 53.000 lI.oao 
15 56.000 3.000 
16 58.000 2.000 
17 G1.0()O 3.0()O 
HI 64.000 3.000 
'9 67.1)00 3.000 
20 71.000 11.000 
21 75.000 4. ')00 
22 79.000 4.]00 
23 81.000 2.000 
24 87.000 6.1)00 
25 91.000, 4.000 
26 95.000 4.000 
27 101.000 6.1)00 
28 104.000 3.')00 
29 107.0')0 3.")00 
30 110.000 3.000 
31 114.01)0 11 •. ") 0 0 
32 117.1)00 3.000 

244 



. 'Study P07 /1: Assemble and Press Plate and Spacer 
Assembly - Finished Part to Pin and 
Assemble Three Pins 

NO. ELAPSED ACTUAL 
1 9.000 9.000 
1 18.000 9.000 
J 28.000 10.000 
4 36.000 8.000 
5 45.000 9.000 
6 54.000 9.000'-
7 62.000 8.000 
8 72.000 10.000 
9 90.000 18.000 

10 99.000 9.000 
1 1 106.000 7.000 
12 117.000 11.000 
13 126.000 9.000 
14 136.000 10.000 
15 1116.000 10.000 
16 157.000 11.000 
17 -68.000 '1.000 
18 i17.000 9.000 
19 184.000 7.000 
20 199.()00 15.000 
21 208.000 9.000 
22 217.000 9.000 
23 22.6.000 9.000 
24· 237.000 ".000 
25 250.000 , 13.000 
26 261.000 11.000 
27 269.')00 8.000 
28 279.1)00 10.000 
29 289.000 10.000 
30 298.000 9.000 
31 309.000 11.000 
32 325.000 16.000 
33 336.000 11.000 
34 343.000 7.000 
35 352.000 9.000 
36 362.000 10.000 
37 371.000 9.000 
313 379.000 8.000 
39 388.000 ).000 
40 1100.000 12.000 
11 1 410.000 10.000 
42 415.000 5.000 

.43 424.000 9.000 
44 433.000 9.000 
45 446.000 13.000 
46 456.000 10.000 
':7 466.000 10.000 
~a 475.000 9.000 
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49 484.000 9.000 
50 497.000 13.000 
51 501.000. '4.000 
52 512.000 11.000 
53 524.000 12 .• 000 
54 533.000 9.000 
55 541.000 8.000 
56 542.000. 1.000 
57 556.0.00 14.000 
58 565.000 9.000 
59 575.000 10.000 
60 579.000 11.000 
61 591.000 12.000 
62 599.000 8.000 
63 610.000 11.000 
64 614.000 4.000·· 
65 622.000 8.000 
66 632.000 10.000 
67 6113.000 11.000 
68 652.00'0 9.000 
69 662.000 10.-000 
70 671.000 9.000 
71 680.000 9.000 
72 693.000 13.000 
73 702.000 9.000 
711 710,000 8.000 
75 718.000 8.000 
76 727.000 9.000 
77 740.000 13.000 
78 743.000 3.000 
79 753.000 10.000 
80 762.000 9.000 
81 771.000 9.000 
82 781.000 10.000 
83 791.000 10.000 
84 803.000 12.000 
85 807.000, 11.000 
86 816.000 9.000 
87 8211.000 8.000 
88 834.000 10.000 
89 8114.000 10.000 
90 854.000 10.000 
91 869.000 15.000 
92 879.000 10.000 
93 888.000 9.000 
911 899.000 11.000 
95 908.000 9.000 
96 919.000· 11.000 
97 928.000 9.000 
,8 9110.000 12.000 
99 950.000 10.000 

lOO 960.000 10.000 
101 970.000 10.000 
102 Sdl.000 11.000 
103 990.000 9.000 
104 1000.0.00 10.000 
105 1008.000 8.000 
106 1016.000 8.000 
107 1025.000 9.000 
108 1036.000 11.000 



Study P07/1: Assemble and Press Plate and Spacer 
Assembly - Finished Part to Pin and 
Assemble Three Pins 

NO. ELAPSED ACTUAL 
~ 12.000 12.000 
2 24.000 12.000 
3 36.000 12.000 
4 45.000 9.000 
5 54.000 9.000 
6 67.000 13.000 
7 76.000 9.000 
8 86.000 10.000 .-
9 96.000 10.000 

10 104.000 8.000 
1 1 116.000 12.000 
12 126.000 10.000 
13 136.000 10.000 
14 145.000 9.000 
15 156.000 11.000 
16 159.000 3.000 
17 168.000 9.000 
18 178.000 10.000 
19 190.000 12.000 

"20 199.000 '1.000 
21 210.000 11.000 
22 221.000 11.000 
23 234.000 13.000 
24 251.000 17.:100 
25 259.000 8.UOO 
26 267.000 8.000 
27 274.000 7.000 
28 287.000 13.000 
29 291.000 4.000 
30 301.000 10.000 
3 1 310.000 9.000 
32 322.000 12.000 
33 334.000 12.000 
34 348.000 14.000 
35 358.000 10.000 
36 369.000 '1.000 
37 382.000 13.000 
38 392.000 10.000 
39 402.000 10.000 
40 411.000 " 9.000 
!j 1 422.000 11.000 
42 430.000 S.OOO 
43 441.000 '1.000 
44 450.000 9.000 
45 464.000 14.000 
46 473.000 9.000 
q7 484.000 11.000 
48 492.000 8.000 

......... 247 



119 
50 
51 
52 
53 
511 
55 
56 
57 
58 
59 
60 
61 
62 
63 
611 
65 
66 
67 
68 
69 
70 

,71 
72 
73 
74 
75, 
76 
77 
78 
7'J 
80 
81 
82 
83 

504.000 
5111.000 
522.000 
532.000 
543.000 
552.000 
562.00'0 
573.001) 
582.000 
59'1.000 
6011.00'0 
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 
7115.000 
755.000 
765.000 
779.000 
78B.000 
79 B. 000 
B07.000 
B16.000 
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 
9.000 
9.000 

11.000 

248 



. 'Study . P07 /2: Assemble and Press Plate and Spacet 
Assembly ~ Plate and Spacer Assembly 
into Position 

NO. ELAPSED ACTUAL 
1 3.000 3.000 
2 6.000 3.000 
3 8.000 2.000 
4 9.000 1.000 
5 13.000 4. OOo. . 
6 15.000 2.000 
7 17.000 2.000 
8 19.000 2.000 
9 21.000 2.000 

10 24.000 3.000 
11 27.000 3.000 
12 31.000 4.000 
13 33.:)00 2.000 
14 36.000 3.000 
15 38.000 2.000 
16 41.000 3.000 
17 44.000 3.000 
18 '46.000 2.000 
19 48.000 2.000 
20 51.000 3.000 
21 54.000 3.000 
22 57.000 3.0')0 
23 60.000 3.0VO 
24 63.000 3.000 
25 65.000 2.000 
26 66.000 1.000 
27 70.000 4.000 
28 72.000 2.000 
29 75.000 3.000 
30 78.000 3.000 
31 B 5.000 7.000 
32 88.000 3.000 
33 91.000 3.000 
34 93.000 2.000 
35 95.000 2.000 
36 97.000 2.000 
37 100.000 3.000 
38 103.000 3.000 
39 107.000 4.000 
40 110.000 3.000 
41 114.000 4.000 
42 116.000 2.000 
113 . 118.000 2.000 
44 125.000 7.000 
115 128.000 3.000 
116 130.000 2.000 
117 132.000 2.000 
118 135.000 3.000 
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· 250 
•• -> 

49 140.000 5.000 
50 142.000 2.000 
51 144.000 2.000 

".' 
52 145.000 1.000 
53 153.000 8.000 
54 155.000 2.000 
55 156.000 1.000 
56 158.000 2.000 
57 161.000 ,3.000 
58 173.000 12.000 
59 176.000 3.000 
60 178.000 2.000 
61 179.000 1.000 
62 188.000 9.000 
63 191.000 3.000 
64 '194.000 3.000' . 
65 197.000 3.000 
66 199.000 2.000 
67 202.000 3.000 
68 204.00'0 2.000 
69 207.000 3.000 
70 210.000 3.000 
71 212.000 2.000 
72 214.000 2.000 
73 217.000 3.000 
74 220.000 3.000 
75 224.000 4.000 
76 226.000 2.000 
77 229.000 3.000 
78 234.000 5.000 
79 236.000 2.000 
80 238.000 2.000 
81 246.000 8.000 
82 248.000 2.000 
83 250.000 2.000 
84 253.000 3.000 
85 256.000 3.000 
86 259.000 ' 3.000 
87 262.000 3.000 
88 264.000 2.000 
89 268.000 4.000 
90 271.000 3.000 
91 273.000 2.000 
92 275.000 2.000 
93 280.000 5.000 
94 282.000 2.000 
95 285.000 3.000 
96 287.000 2.000 
97 291.000 4.000 
98 294.000 3.000 
99 296.000 2.000 

100 301.000 5.000 
10 . 303.000 2.000 
102 306.00f) 3.000 
103 308.000 2.000 
104 311.000 3.000 
105 314.000 3.000 
106 316.000 2.'000 
107 319.000 3.000 
108 322.000 3.0e') 



",Study P07/2: Assemble and Press Plate and Spacer 
Assembly - Plate and Spacer Assembly 
into Position 

Ne. 
1 
2 
3 
11 
5 
E 
7 
B 
9 

10 
11 
12 
13 
111 
15 
16 
17 
18 
19 
20 
21 
22 
23 
211 
25 
26 
27 
28 
29 
30 
31 
32 
33 
311 
35 
36 
37 
38 
39 
40 
4 I 
42 
43 
44 
45 
4t: 
47 
48 

ELAPSED· 
3.000 
6.000 
9.000 

11.000 
17.000 
19.000 
22.000 
24.000 
26.000 
2B.000 
32.000 
34.000 
36.000 
38.000 
41.000 
113.000 
49.000 
5 0.000 
54.000 
57.JOO 
59.000 
62.000 
65.000 
6B.OOO 
71.000 
73.000' 
76.000 
79.0"0 
B 2. 0 00 
85.000 
95.000 
97.000 
99.000 

101.000 
104.000 
107.000 
110.000 
113.000 
114.000 
116.000 
119.000 
122.000 
124.000 
126.000 
12B.OOO 
129.000 
130.000 
132.000 

ACTlJ At 
3.000 
3.000 
3.000 
2.000 
6.000 
2.000 
3.000 
2.000 
2.000 
2.000 
4.000 
2.000 
2.000 
2.000 
3.000 

, 2.000 
6.0JO 
1.000 
4.000 
3.000 
2.000 
3.,000 
3.000 
3.000 
3.000 
2.000 
3.000 
3.000 
3.000 
3.000 

10.000 
2.000 
2.000 
2.000 
3.000 
3.000 
3.000 
3.000 
1.1)00 
2.000 
3.000 
3.000 
2.000 
2.000 
2.000 
1.000 
1.000 
2.000 

251, 
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"l 

49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

.61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 

134.000 
138.000 
141.000 
142.000 . 
144.000 
146.000 

·148.000 
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 

252 



Study P07/3: Assemble and Press Plate and Spacer - , 
Position Lower Plate and Shaft Assembly. 

NO. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

ELAPSED 
.1.000 
2.000 
4.000 
6.000 

10.000 
12.000 
15.000 
17.000 
20.000 
22.000 
2l1.000 
25.000 
27.000 
29.000 
31.000 
33.000 
3".000 
II 5.000 
49.000 
53.000 
56.000 
60.000 
6l1.000 
66.000 
70.000 
73.000' 
76.000 
78.000 
80.000 
92.000 
8l1.000 
86.000 
88.000 
91.000 
93. ) 00 
95.000 
-97.000 

• 99.000 
·102.000 

10ll.000 
107.000 
109.000 
"1.000 
1'2.000 
115.000 
120.000 
122.000 
124.000 

ACTUAL 
1.000 
'.000 
2.000 
2.000 
4.000 
2.000 
3.000 
2.000 
3.000 
2.000 
2.000 
1.000 
2.000 
2.000 
2.000 
2.000 
1.000 

11.000 
4.000 
4.000 
3.000 
4.000 
4.000 
2.000 
lI.OOO 
3.000 
3.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
3.000 
2.000 
2.000 
2.000 
2.000 
3.000 
2.000 
3.000 _ 
2.000 
l.OOO 
1.000 
3.000 
5.000 
2.000 
2.000 

253 



49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69-
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 

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 
170.000 
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 
2611.000 

6.000 
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 
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Study P07/3: Assemble and Press Plate and Spacer -
Position Lower Plate and Shaft Assembly 

NC. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
3C 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

ELAPSED 
2.000 

11.000 
14.000 
16.000 
19.000 
24.000 
26.000 
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 
13 1.000 

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 
2.000 
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 
3.000 
3.000 



119 
5'0 
51 
52 
53 
54 
55 
56 
57 
58 
59 
6'0 
61 
62 
63 
611 
65 
66 
67 
68 
69 
7'0 
71 
72 
73 
74 
75 
76 
77 
78 

·79 
8'0 
81 
82 
83 
84 
85 
86 

.133.000 
135.'000 
139.00'0 
1112.00'0 
1115.000 
1118.000 
151.'000 
153.000 
156.00'0 
158.00'0 
162.'000 
165.'00'0 
169.00'0 
171.000 
173.000 
176.000 
178.000 
"SC.OCO 
182.0'00 
186.000 
19~.000 
193.000 
195.000 
19B.000 
203.000 
206.000 
207.000 
210.0'00 
212.000 
2111.00'0 
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.'0'0'0 
3.000 
2.000 
3.000·; 
2.000 
II.{)DO 
3.'000 
11 .• 'ODD 
2.0'0'0 
2.'0'0'0 
3.'0'0'0 
2.000 
2.000 
2.'0'0'0 
11.'0'0'0 
11.'0'0'0 
3.0'0'0 
2 •. :>'0'0 
3.0'00 
5.0'0'0 
3.0'0'0 
1.0'00 
3.0'00 
2.000 
2.00'0 
2.'000 
1.0'0'0 
2.0'00 
2.'0'00 
2.0'0'0 
3.0'00 
3.'000 
2.00'0 
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.. ,Study P07 /4: Assemble and Press Plate and Spacer 
Assembly - Assemble Rotor Pins and 
Bottom Plate 

NO. 
1 
2 
3 

" 5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
112 
113 
Ll4 
45 
46 
47 
48 

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 
190.000 
196.000 
199.000 
204.000 
211.000 
21B.OOO 
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 

10.000 
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 
1:.000 
5.000 

10.000 
10.000 

5.000 
5.000 
7.000 
5.000 
8.000 

257 



258 

49 309.000 1.000 
50 317.000 8.000 
51 323.000 6.000 
52 330.000 7.000 
53 338.000 8.000 
54 346.000 8.000 
55 352.000 6.000 
56 359.000 7.000 
57 365.000 6.000 
58 370.000 5.000 
59 376.000 6.000 
60 383.000 7.000 
61 388.000 5.000 
62 393.000 5.000. ' 
63 397.000 4.000 
64 403.000 6.000 
65 408.000 5.000 
66 413.000 ,5.000 
67 419.000 6.000 
68 423.000 4.000 
69 429.000 6.000 
70 434.000 5.000 . 
71 440.000 6.000 
72 447.000 7.000 
73 452.000 5.000 
74 458.000 6.000 
75 464.000 6.000 
76 469.000 5.000 
77 477.000 8.000 
78 483.000 6.000 
79 487.000 4.000 
80 491.000 4.000 
81 499.000 8.000 
82 503.000 4.000 
83 508.000 5.000 
84 513.000 5.000 
85 519.000 6.000 
86 523.000 4.000 
87 529.000 6.000 
88 538.000 9.000 
89' 544.000 6.000 
90 548.000 4.000 
9 1 551.1.000 6.000 
92 559.000 5.000 
93 567.000 8.000 
94 572.000 5.000. 
95 576.000 4.000 
96 581.000 5.000 
97 586.000 5.000 
98 591.000 5.000 
99 597.000 6.000 

.100 . 601.000 1.1.000 
101 606.000 5.000 
102 610.000 11.000 
103 615.000 5.000 
104 623.000 8.000 



Study P07/4: Assemble and Press Plate and Spacer 
Assembly - Assemble Rotor Pins and 
Bottom Plate 

NO. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
14 
15 
1€ 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30. 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

ELAPSED 
5.000 

13.000 
17.000 
23.000 
31.000 
36.000 
4 0.000 
45.000 
4 B. 000 
55.000 
63.000 
67.000 
71.000 
80.000 
86.000 
92.000 
97.000 

101.000 
105.000 
109.000 
116.000 
121.000 
128.000 
139.000 
146.000 
153.000' 
159.000 
164.000 
171.000 
177.000 
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 
28B.OOO 

ACTUAL 
5.000 
8.000 
4.000 
6.000 
B.OOO 
5.000 
4.000 
5.000 
3.000 
7.000.­
B.OOO 
4.000 
4.000 
9.000 
6.000 
6.000 
5.000 
4.000 
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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49 293.000 5.000 
50 298.000 5.000 
51 305.000 7.000 
52 313.000 8.000 
53 319.000 6.000 
54 324. JOO 5.000 
55 329.000 5.000 
56 335.000 6.000' -
57 340.000 5.000 
58 351.000 11.000 
59 357.00,0 6.000 
60 363.000 6.000 
61 368.000 5.000 
62 374.000 6.000 
63 382.000 8.000 
64 388.000 6.000' 
65 390.000 2.000 
66 395.000 5.000 
67 400.000 5.000 
68 406.000 6.000 
69 414.000 8.000 
70 419.000 5.000 
71 425.000 6.000 
72 "3 O. 000 5.000 
"'3 436.000 6.000 
74 441.000 5.000 
75 446.000 5.000 
76 451.000 5.000 
77 452.000 1.000 
78 460.000 8.000 
79 465.000 5.000 
80 471.000 6.000 
81 486.000 15.000 
82 493.000 7.000 
83 498.000 5.000 
84 503.000 5.000 
85 508.000 5.000 
e6 513.000, 5.000 
87 521.000 8.000 
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.. Study P09/l:. Assemble Gear Train - Assemble Spacer 

':0. EL AP5'1"1) lCm'lAL 
1 I.I.J"O 1.1 • ''') I) 
2 9. ")110 5.1')0 
3 17.1)'\0 R.')"" 
4 22.)1)11 'i. '11)1) 
5 2"1.1)111) 5.noo 
6 31.1)('1) 4.nO~ 
7 15.')111) . 4.1I1)i) 
8 18.1)1)9 3.10" 
9 1.12.0'10 4 • ''l t) I) 

10 51.,)11') Q.,)O!l 
1 1 56.0 11 (l 'i. r)() ° 
12 1'2.1)1111 f).')~)I) 

13 6<;.01)1') , . ,') "" 
11.1 l; 9. 'l7'1 1.1.11);) 
15 7?'.,)~J 1."1)1) 
16 "15. '011 3.10:1 
17 !l!l.1'1'1 5.100 
18 ~4.V)1 4.0t'') 
19 q7.~n\1 3.10n 
20 9~.1)"') 3.1)01) 
21 1 ,) 1 • ~ rH) 11.,10' 
22 , Cl 5. ''''') i) 4. "')0 
23 11)8.1,)11 1.'11'0 
24 ,'12.1-J1) 4.'')0 
75 117.')'11) 5.100 
26 12/).')"') 3.')')') 

27 123.1'10' 'l.'l01) 
28 120.1"1 n.'l/)') 
20 '1:n.)I''1 U. '11)1) 
1O n6.1nl) 1."(1) 
31 14:1. ')CI) 1.1.'11)" 
J2 143.0"0 ,.11,)1) 
33 1t!7.0!1:' 4.'11)0 
11.1 1C:;I'!.01" 1."011 
35 151.1./)00 4.1')') 
16 158.,)1')0 !j •• , I) " 

37 1f,B. ')I)') ".1')1) 
3R 177.1)0') '1.'11')') 
39 ''36. 'P1 0.,)01) 
III'l 1QO.")()11 U.I)')') 
U 1 , 94.1 "" 4.1'1"') 
,~ 2 107.,)1) 3. '" "\!') 

'n 21'l2. '1'1,' :;. "J '1 
4t! 7 11 6.'1"° 4. ,,,, 
'15 71)9. ")0'1 3.'''') 
'lI; :>'2.')~:") 3.1'1'1 
'17 '15.1"0 3."0,) 
~q 217.,"!') 2. ,,')') 
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119 ??2 • ., (I ') 5.'11)1) 
50 225.)")1) 3.1)00 
5 1 ??9. ')1)1) u.,'lOO 
52 232.1,)J 3.'lOry 
"3 214.11'l"l 1.."1)1) 
511 238.1)(1') 1.1. '')1) 
55 ~U!l. nn~, fi.1"" 
56 2!i13. ·1"'1 I~. 1"') 
57 252. ,)')(1 1.1. '1')0 
5R 255.1)1)') 3.'I~1) • 
59 758. '1"'1 1.1)00 
60 2"2.11)'1 1.1;') Clf'l 
fi 1 '65.1"0 3.1)('0 
fi2 2(,9.1"1) 1.1. '11)') 
1;1 27 2.0,1,,) 1.1'1,)0 .-
5U 27fi. ,)(l') 4.1)(11) 
(is 279. " ('11) ~.I)I)(I 

(ifi 293.000 U.' 0 I) 
157 2?5;1)1)11 2.1l0" 
fiR 2A8.'l1l0 3. '10') 
159 2"S.I)('') 1".1)00 
'11) 3,,)1.000 3. '1'00 
71 "101.1.0')0 1.1)00 
'12 30'1.0('111 3.1'If)'I 
73 310.1'11'10 3.1)(11) 
74 315.n'l'l 5.(1)n 
75 319.<1(11) 1.1."00 
76 328.1)0f) 9.1)00 
77 ~1'."1)1) 1.000 
'18 :l35.11\') 4."00 
79 339.')!"'l 4.'11)'1 
00 3111.')(\') 2.,~1)0 
~ , ?U5. :1~.'" 4. ,1(1) 
'32 ::I t;1 • () ')!'1 6.1)'11) 
03 :l 5 tI • 11'\1') ~.O(\I) 
PU 3:;8. 'lOO 4. ''',1 
85 3Q.,)I)''l 3.1)"1) 
% 3Fi~ .0')1) , 4.,)(1"1 
~7 n'!. '1)1\ 5.011') 
'l8 ~73.')I)"1 3."~"I 

09 377.,)0'l 4.~'') 
9/) ?'l0.,)0(1 "1.111)') 
<:11 383.')01) ., .1)0') 
02 'R7. 'l"Q >.11)1) 
"'3 390.')0:) 3.:' 1)1) 
04 3Q7. 'lOO 7.no" 
Q5 !I ') ') .c) n ') 3. '1I'I"} 
<)6 4"16.1)(\1) 5."')') 
cn U.' I). 11) '1 4.")00 
Qg 013.(11)1) 3.')0) 
qq U1R.'1(1) 5."10" 

100 !J~3. 'l"" 5.i)'Jl) 
. 1 f) 1 027.i)l\() 4. ,,1\·1 

11\2 00')."1:1') ,.., • '1 (1) 
113 U!l5.')I\') 5. ,)() 'J 
l' £I ~a9.)"'l u.'l'll) 

'''5 !,152. ',"'0 1.')1\") 

106 u5'i.I)I)·'1 !1 • rH) '1 
1 '7 U5C!. '),'" 3.')1)1 
10B £163.1"10 4.0·11) 
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10'1 ~66.1)0"l 3.')01) 
110 469.01)() 3.1)1)1) 
1 1 1 U71.1)1)') . 2.1)"11) 
, 12 477.1)01) 6.'101) 
l' 3 481.,,)0"1 4.')1)0 
114 a,'I5.1)1)1) !I. '10:1 
n,; aR'? '111·1 !I. !1 1'1 
116 aQ2.,,)'11) :,\~'l(1) 

117 aq';.')Ol) 3.1)0"1 
'1'l 'in ~.I)"I) 7."1)1) . 
119 S2).O()1) lB. I)!')') 
121) , 5lS.1)00 15."11)0 
, 21 SU2.')M '7.')1')1) 
122 5!15.01)1) 1.')1')'1 



Study P09/2: Assemble Gear Train - Assemble Interlock 
Detent 

'10. RLlI."'SF'l) ~C'l'Ta L 
1 4. I') no 4.'l!)!') 
2 7.Don 1.!)00 
3 11.1)1)'1 4.'111) 
4 14.1)110 1.')00 
C; 16.(1)1) 2.'11)1) 
6 l8.f)"0 2. 11 ,,)0 
7 20.0nl') 2.100 
8 23. (1)0. 3.(01) 
'l 26.01)0 3~)') I) 

11) .28.1)"0 2. f).!) I) 
1 1 31.01'1 3.'100 
12 11.0nl') 2.f)00 
13 n.O(\1) U.OC:') 
14 UI}. ')/H) '.1)01) 
'5 u2.00!) 2.1'):)1) 
16 tlU.,')!)" . '.'11)0 
1"7 46. ,,,.~ 2.)1')1'1 
lA 49.,)nl') 3.1')01) 
, 9 ';2.0"1) ·.'10,} 
20 55." '1'0 1.'1nl) 
21 C;A.'1(),) 3. ()'1'') 
22 "O.OOf) ?n!)O 
23 63.0'1'1 3.100 
?4 f6.00,) 3.ClO'1 
'5 69.~,)O ~.1)0'1 

"6 71.0(1), ;j.')OI) 

27 75.')1)') :>'.Of)1) 
28 ,78.11)1) 1.')00 
29 A3.f)')') 5. '11) .') 
11) 137.l)f)I1 4."00 
31 9f).')(lO 3. 11 ").') 

12 93.0f)!'! "l."!)f) 
33 96.1)"1) 3.'1'):) 
14 CJ'l.,)C'J 1.1)01) 
35 102.1)00 3.1)01') 
36 1I)S.I)·')() '3.1)00 
37 11)9.:)1')1') 4.000 
3f\ 11'.OnO 2.1101} 
39 114.)01) 1.1)01) 
'10 1 Hi. ')1}0 2.!)OO 
41 11"'.000 2.1')1)') 
42 121.')f)1') :1.')"0 
·n '24.0!)!) 1.10') 
UU 127.0 11 1) 3.'1:),') 
1.15 129.11l() 2.'')0 
1.16 132.00,' 3.'1.)1) 
1.17 134.'1(11) 2.""0 
UIl 117.:)0') 1 .'lOf) 
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4q '40."'1,1 J. ,,00 
<;0 1114.1')1)0 !i.l')nl) 
"1 'lI7.,)1')0 1. '11l'1 
<;2 150.,.,nl') l. ,., ~ ) 
53 l<;1.l)f'I') 1.'1",., 
'34 '57.')')') fi.nl)') 
"5 HI). 1)1'1') 1.,'')') 
Co6 163.:')"1) ~.~(ll) 
57 1 fi6. !)(Hl 1.1l!)1) 
Col! lfiQ.OO'l 3.')00 
<;9 171.001) 2.')1)0 
60 1"74.1)1)1) 3.')!')O 
61 179.000 '5.1\00 
62 1A2.r)no 3."101)·· 
63 197'.1)1')0 5./)"'0 
"lI 1C10.0I)O 3.!')OO 



. 'Study P09/3: Assemble Gear Train - Assemble Spin 
Detent 

NO. 
1 
2 
3 
Ij 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
1c) 
20 
21 
22 
23 
24 
25 
26. 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
3<1 
40 
41 
42 
43 
411 
115 
46 
!I7 
48 

ELAPSED 
0.0 
2.000 
5.000 
q.OOO 

11.000 
17.000 
21.000 
2!1.000 
27.000 
30.006 
14.000 
37.000 
41.000 
44.000 
49.000 
52.')01) 
57.000 
6 0.1)00 
65.000 
6'8.000 
73.000 
76.000 
79.000 
82.01)0 
87.000 
92.001') , 
95.000 
<l8.000 

103.001) 
106.000 
109.000 
112.000 
"B.OOO 
122.000 
125.000 
129.000 
132.000 
136.000 
139.000 
,42.000 
1!15.000 
1!1q.001) 
152.000 
155.000 
159.000 
163.000 
169.000 ' 
172.000' 

ACTIJ At 
0.0 
2.000 
3.000 
4.000 
2.000 
6.000 
!I.OOO 
3.000 
3.000 
3.000 
4.000 
3.000 
4.')00 
3.000 
5.000 
3.000 
5.000 
3.000 
5.000 
3.000 
5.')00 
3.000 
3.1)00 
3.0')0 
5.000 
5.0')0 
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 
3.1)00 
!I.OOO 
3.000 
3.nOO 
4.000 
!I.OOO 
6.000 
3.000 
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49 1"75.1)')0 3.1)00 
50 178.·000 .3. 01)0 
51 1132.1)0') 4.0(1) 
52 185.0"1) 3.001) 
53 1Q 1. 1)1)1) 6.1)1)(l 
54 ,o3.(}~0 2.(1)1) 
<;5 1 0 6.')'1,) 3.00(l 
56 199.0,11) 3.001) 
51 203.1) (1) (1./')0:) 
<;8 2()1.I)(lO 4.0(1) 
59 209.0'1) 2.1100 
60 212.·') '1 3.100'· 
61 2111. o~o 2.1)00 
62 2'9.01)0 5.000 



Study P09/4: Assemble Gear Train - Assemble Escape 
Gear 

NC. ELAPSED ACT!JAL 
1 1.1. :)1') 0 I.I.I'I()O 
2 11.01'10 7.000 
3 15.000 1.1.100 
4 19.1'11'10 1.1."00 
5 25.100 6.00!) 
f\ 30.00" 5.000 
7 36.000 6.1)00 
fl 111.100 5.001) 
9 116.000 5. '100 

10 49.000 3.000 
11 52. ')1)0 3.100 
12 58.000 6.000 
13 1;2.)')1) 1.1.100 
14 65.001'1 3.000 
le; 69.010 11.01)0 
16 72.001) 3.000 
17 75.000 3."00 
18 79.0()() 4.100 
19 RI.I.I'IO) 5.000 
70 88.')00 4.000 
21 93.1)~" 5.1'100 
22 97.1)'10 11.000 
23 101.l.n10 .7.100 
24 109.0')0 5.100 
25 1'2.00',) 3.,1!)1) 
26 116.000 4.000 
27 120.:)1)0 4.(01) 
2A 126.1)1'10 6.1)00 
29 131.')1)0 ". ()'l0 
30 131.1.000 3.000 
31 139.:100 5.'100 
32 145.1)01) 6. ·100 
33 15' .)01') 5.0:>0 
~L1 lS4.:>1)0 3. n ('\() 
35 157.00() 1.'')00 
36 162.')f)() 5.000 
37 167.100 5.000 
38 170.000 3.100 
.19 175.')1'10 S.OOO 
~o 17 fl.1 "0 3 •. 1(1) 
41 11'l?'.OOf) L1.')01) 
42 1R8.0C') 6.')31) 
43 191. :)·10 3,1)0!) 
44 196. ')1)1) 5.1)1)1) 
IS 1Q9.!)O,) 3.0')1) 
~6 205.0()O 6.')00. 
47 2:'>9.,)01) 4.')00 
J8 213.0(1) 4."00 
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Study P09/4: Assemble Gear Train - Assemble Escape 

Gear 

~;o . l'LAPS~D ~CT'l At 
1 3.101) 3.101) 
2 5.000 2.'100 
3 7.000 :? • ~1I) I) 
4 11.1') 00 '4. "OD 
5 n.ooo 2.')0') 
6 n.Jo') 4.1)00 
7 20.000 '."00 

'F! 24.:)1')0 4.1)00 
<) 27.1),')0 3.01)1 

11) 13.0(1) 6. ,')(\1) 
11 '6.10() 3.000 
12 3<).100 3. I) 01) 
13 43.000 4.10(\ 
14 Ll9.00n 6.100 
15 55.'-,.,') 6.100 
16 511.001) 1.'100 
17 64. ,101) f.. 1)00 
18 F:;,'lIlO 5.1)00 
,<) 73.0a!) Li.O,)O 
20 80."101) 7.000 
21 F!4.1)1)1) '4.')1)0 
22 8Q.OOO 5.000 
:>3 <)2.000 3.100 
::'4 95.<1~') 3."1)0 
25 0').1)0') 4.")01) 
26 1113.000' Li.I)OI) 
27 1,18.'1(\0 5.'11)0 
28 112. ')\10 4.')00 
29 118.1)1""1 6.01)1) 
~11 122.(1)0 4.")1)0 
31 '2~.(1)') 4. '1')(1 
32 nc.O!)O tI.I)O:) 
~3 135.1)1)'1 5.'101) 
14 141.000 6.')t)0 
35 1uli.')1)1) 5.000 
36 150.000 4.'100 
37 '53.:101) 3.",11) 
11'\ "-1.(1)0 tI."O 
3 Q ''''2.')('\') '5.)111 
uo 166.')1)0 U;10f) 
111 172. "", 1';.1"" 
u2 171'.'11)') 'J • . ') () :J 
tl3 170. ')n') 3.'')0 
Uti 1R4.0'l1l 5. '')0'' 
!IS 1P,'l.'D'1 5.')f)1) 
Ill; 1°2.:,)')'1 3."'1') 
117 1 Of,. ,') I) 0 4. )0') 
'1 q ;>()I). V)') 4.'101) 
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Uq 217.1)01) Li.I)OO 
!'O 223.~OI) 6.000 
51 226.')00 3.000 
"2 230.')00 4.000 
53 23Li.OOI) 4.1)0() 
54 238.000 4.000 
55 244.000 6.'100 
56 ?!l7.000 3.000 
57 250.000 3./)'10 
58 254.01)0 4.')00 
59 257.')00 3.000 
f;0 261.000 4.()00 
61 265.000 4.()01) 
62 271.000 6.f)00 
1;3 274.000 3.000.· 
6U 2A1.1)1)0 7.000 
65 28u.000 3.000 
66 287.000 3.000 
67 293.00n 6.000 
68 29q.01)(I 6.1')00 
69 302.000 3.0'10 
70 3!l6.000 4.000 
71 3I)q.OOO 3.000 
72 312.!lOO 3.000 
73 318.(01) 6.000 
7U 322.0'10 4.000 
75 327.!l00 5.000 
76 332.000 5.'100 
77 336.(1)1) 4.060 
78 341. ,'lOO 5.000 
79 346.000 5.1)00 
'10 352.1)11) 6.')')0 
R 1 357.000 5.1)00 
'32 363.00~ 6.000 
83 365.0"') 2.')01) 
PLi ·3f.9.1)(J·1 4.')00 
A5 372.000 3.000 
Sl6 378.001 6.')00 
87 382.001) u.I)OO 
'IS 386.0'0,) 4.001) 
'39 392.0')·' 6.'l00 
90 396.01)0 Li.'lOI) 
<)1 401.1)1)1) 5.')00 
q:? 4n~.ooo 5.'100 
93 U11.10') 5. ')00 
Q!j U 16.000 5.100 
<)5 423.0!l') 7.0f)~ 
<)6 427.(1)0 4.000 
97 430.01)0 3.')00 
<18 U.15.000 5.')1)0 
99 U39.0 l'l) U.')I)O 

11)1) U48.1)(l0 9. "00 
1'1 1 . U51.'11)0 3. I) 00 
1)2 u56.I),~0 5.1)01) 
1 () 3 u"3.0";) 7. 'BO 
1.1u UI;7.1"O u.'100 
1'5 117;).')00 1.')!n 
1 ')I; U77.l)no 7.')')0 

• "n U81.011"1 U.'»)O 
, t~ 8 u85. 'l.~O u.101) 
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1')9 4QQ.OOO 3.000. 
110 492.000 4.')00 
'11 4'l4.000 2.000 
112 4<)8.01)0 4.000 
113 '5()2.fl()0 4.000 
114 <;013.0(10 6.')00 
115 515.01)-· 7.001) 
116 51<).000 4.:)00 
117 523.000 4.1)00 
118 <;27.0:)0 4.000 
119 531.1)00 4.1)00 
120 537.000 6.1)00 
121 542.(11)() 5.JOI) 
122 5q6.000 4.000 



Study Po.9(S: Asse~ble Gear Train - Assemble Gear and 
Pi "Ion 

NC. ELA~SED ACT" At 
1 3.0n'1 3.000 
2 7.QOO 11.000 
3 11.000 11.000 
11 12.000 1.01)0 
5 16.000 4.1100 
6 23.000 7.000 
7 28.000 5.000 
8 33.000 5.000 
9 39.000. 6.000 

10 43.000 4.000 
1 1 4'1.000 5.(01) 
12 S<I.OrJl) 6.000 
13 S8.0011 11. '100 
14 611.01)0 6.000 
15 69.(1)0 5. i) 0 0 
16 711.000 'i.000 
17 79.!l00 'i.OOO 
1R B7.:)00 8.000 
19 92.(1)') 5.000 
20 97.000 5.')1)0 
21 . 1 :')5.000 R.O!)O 
22 111.0rJO 6.000 
23 121.(01) 10.000 
211 127.0.)0 6.I)Oq 
25 ' 132.1)0') 5.000 
26 141.0')0 9.000 
27 153.1)1)0 12.000 
28 15R.01)0 5.000 
29 1li3.000 5.0(1) 
10 1f;8.I)OO 5.,')00 
31 173.000 5.1)00 
12 ' 178.0nO 5.000 
33 1136.(01) 8.')00 
~II 190.000 11.01)0 
35 1Q 6.I)OQ 6.00Q 
16 201.000 5.')00 
37 207.000 6.')00 
3R 214.000 7.'100 
39 21B.0'1Q 11.000 
110 223.000 5.'11l'1 
41 22B.00O 5.')00 
112 233.'1110 5."'10 
43 238.1)0'1 5.1)01) 
., 11 243.!l(1) 5.000 
us 2'iQ.Oo.O 7.1)00 
~6 256.1)00 6.I)Qo. 
117 261.0nJ 5.00.0 
IIf' 266.')00 5.Il:JO 
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4q 2')8. :)00 A.')O!) 
"0 2".000 3.000 
<;, 211.1 •• ,)1')0 3. 11 0') 
52 ?16.!)01) 2.0(1) 
<;3 220. "1',) 1.1. ·'0:) 
<;1.1 223.(1)0 3.000 
<;5 228.'100 5.100 
56 214.1)1)1) 6.:)00 
<;7 237.010 1.')0') 
<;8 21.12.000 5.''I0'l 
59 2al).)Of) 4.100 
FO 251.()O,) 5.1)00 
f.. 1 256.'),11) 5.')')0 
62 2fi1.0'l0 5.'100 
('3 21>3.1)')') 2.100 
E4 26fi.OOO 3."'01 
65 270.000 a.OOO 
"6 276."1)0 6.000 
67 285.000 <1.)0') 
68 289.f)00 4.0'10 
fi9 294.000 5.')00 
70 29'l.nol') 4.,)00 
71 3')4.'100 6.1)1)0 
72 ::I 1 O. I) I')!) 6.000 
73 315.000 5.100 
71.1 3'8.0",) 3.'100 
75 ~'23.')()0 5.100 
76 335. ')1)<1 12.')00 
77 ~40. )00 <;.')00 
78 31.17.01)0 7. '),)') 
79 353.0')0 6.MII) 
'10 3<;B.'~/)·') 5.101) '1, Vil.'1!)/) 3.')00 
'12 36<;./)1')1 4.'1'1') 
~3 ~"8.1)'1') ~. 'I ::: !) 
~4 17'.)010 l. ·')('10 
B5 3713.1')')1) 7.100 
% 1A2.')I)!}. 4.1)00 
'17- 'lA6.01')0 4."I()O 
'\13 390. ')0') 4.:~\I) 

119 ?9u.0V) 4.101 
(11) 3<18.,')1)') !I. '10'1 
a , !li)4.I)!lO 6.·"I()0 
.n al')'l.'JOf) 4. ',)00 

('13 !I 12.')·"1"1 a.')o'l 
qij 1+17.')"10 5. 'l0,) 
GC; 1.127.000 1').100 
06 1.13'1.·)01') 3.')'10 
'l7 41".10n 5.1,')f) 
08 U41.1,)0 'i.,)00 
9q 444.')')1) a.I)·')!) 

100 U47.1·'11') 3.)1)" 
, I) , 4<;2.')00 5. "11,) 
, ,~ 2 u56.f)I)O 4.1')0 
1" J 41i1.:)')O 4.')('10 
'1 U 4("5."11,) 'i. ') IJ ,') 
, 115 472.011') 7.')00 
':16 ~77.'lon 5 •. 11)') 

'''7 ,~ 13 3 ..) rH) (.,. '10n 
'''8 UR6.·,'I(I l.')on 
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'09 492.')00 6.')00 
11n 4%. ')00 4.')1)1) , , , 5()4.()1)" A.OOO 
" 2 507.1)'10 3.1)(\1) 
, , 3 'i14.')1)[) 7.'100 
114 S1R.O!11l !I. 01),) 
1 , '5 523.')1)0 5.1)00 

" " 527.1)00 !I. 101) 
117 'i3l.00n 4.000 
118 537.()1)() 6.~00 
119 54 O. 000 3.')00 
120 545.0')0 5.nOO .. 
121 549.000 !i.OOO 
122 <;55.000 6.')1)0 
'23 55A.OOO 3.1)00 
124 565.1)00 7.:)00 
'25 571.1()0 E.I)OO 
126 575. ono !I. ') 0.0 
'27 SRO.OOO 5.100 
128 5R!I.I)(lO 4.000 
, 29 587.:)1)0 3.')00 



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

~('!. ELAT'S ":n l\ C':' rl 1\ L 
1 LI.'11)1) 4.1)01) 
2 6. '100 2.11)0 
~ 12.0M) "'.::l00 
4 19.01)() 7.'100 
5 211.'ln'l 5.100 
fi 29.1)'11) 5.1)1)0 
7 33.,)0() 4.aDI) 
8 ~7. 000 II.()OO 
Cl 113.:)')1) 6.1)00 

, 0 Sn.I)I)O 7.:)01) 
1 1 54.')01) 4.000 
12 F; n. n(ll) 6.flno 
1) H.n,10 6.)00 
14 71.1)(\1'1 5.')00 
15 7f..'lOO 5.!)nl) 
., fi ;'10.00f) 4.'100 
17 85.1)1)0 5.')00 
le 90. n nO 1).1)00 
1q Q'5.()I1Q 5.1/)0 
~11 11)').0')'1 5.1):)1) 
2 , 1,)8.nOI) '3./)')0 
22 11:1.11'10 5.')00 
23 1~1.,JOI) 7.0(\1) 
:>4 1,'5.:)1;) I).')O!) 
25 131.100 fi.'1(1) 
26 136.1)1)0 5.100 
27 1!13.0no 7. '()O 
2'1 150.01'111 7."')1) 
29 '57.1"') 7.010 
30 163.')'1'1 6.1)00 
31 1(.11.01)" 5.0')0 
<2 174.0'10 r,.I)OO 
B 17<).')1)0 5.100 
34 1115.1(1) 6.0DO 
35 1Q U, "') o.~OI) 
<6 lr.H'. '(1) 4.1)1)0 
17 21)11.,)1)1) 6.1)1)0 
~A 219.(01) 15.')1)1) 
39 :>? 5. 'J 1)0 6.()()1) 
UO 2311.i"l0:) I). ,1(1) 
!I 1 :>3 b •. 1!1!) 6.').')') 
U2 2111. )1'1) 5.'1)') 
u3 ?u8.'I'I1 7.')1)0 
~4 253.),11 I).I)!)I) 
45 2'i9.1o)!) 6.1()1) 
~f 266.'laO 7.'1)() 
47 "~,q.:)('O ".10') 
4A :2 H. '1 ne) ~. r)()j 
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49 271.000 5.1)00 
<;0 276.01)0 "i.OOO 
51 21l 5. 01')0 9.-)00 
52 291.000 6. -100 
<;3 296.000 5.000 
511 303.000 7. 'lOO 
<;5 1119.11:1-' 6.1)00 
'i6 31u.)00 5.000 
57 32{1.010 6.1)00 
58 326.0~0 6".000 
<;9 3311.0(1) 8.000 
60 339.0()O 5.:)1)0 
61 luf:.OOO 7.')00 
02 3'i2.')01) 6.000 
63 356.01'0 11.000 
611 362.000 6.000. _ 
65 31; 7. 000 5.000 
66 373.000 6.000 
67 380.001) 7.000 
68 J1l5. 0 00 5.000 
69 390;000 5.000 
70 397.000 7.000 
71 U01.00'l 11.000 
72 408.01)0 7.0(1) 
73 416.000 8.000 
74 u22.1)00 6.1)00 
75 428.(1)1) 6.1100 
76 u33.010 5.:)00 
77 4110.00') 7.1)00 
"78 4u5.000 5.000 
79 4~9.0(1) 11.000 
90 451.')00 2.000 
'1 1 " 11 5 6.0 -11) 5.1)01) 
82 u63.0 11 O 7.')00 
'13 469.1(1) " 6.000 
IlII 11711.0110 5.1)01) 
'15 1179. I) I)/) , 5.000 
'36 uflu.O"!) 5.001) 
87 4'l9.:J0,) 5.noo 
q8 u<lII.I)I)O 5.1)00 
89 <;01).,)1)0 6.1)00 
90 506.!):10 6.')1)!) 
91 512. "'00 6.000 
92 518.1)1)') 6.00') 
93 52u.)11) 6.')00 
Q4 529.')'11} 5.1)00 
Q5 534.1)110 5".1)00 
% 540.1)00 6.000 
en 5u5.1)i)1) 5.00') 
'la 5 'i 3. "1 ()() 8.-)00 
99 <;57.1)1)1) U.')O() 

11)0 <;f,5.0l)0 8.1100 
101 572.0()!) 7.(1)1) 
102 577.(1)0 5.000 
111 ~f2.'lCr) 5.000 
104 587.')110 5.000 
105 SQ1.000 u.000 
1')/l 596. :l'll) 5.1)00 
107 613. )1)1) 17.00() 
1'18 618.')01) 5.001) 
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',: 11')9 f>22.00() 11.000 
110 628.000 " 6.1)01) , 
, 1 1 614.')1\0 6.000 i 
112 639.1')0') 5.000 : 
113 "44.'0'11) 5.1)1)() : 
, 1 4 fc;1.)(\') 7.(01): 
115 IS 58.0 1)0 7.000; 
116 61i6.0()1) A. 000 :. 
117 f>71.000 5.0(1) I 
118 f76.000 5.000 : 



-,,'~ 
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49 27'l.OI\~ S.'l~O 
SO 285.000 E."(H) 
<;1 ?'l1.')r)11 ".1)01') 
52 299 •• )no 7.000 
53 302.0(1) 4.000 
S4 ?')'l.,)110 7."01) 
<;5 317.)'10 "'.nI)!) 
')6 122."')1) 5.')00 
')7 327.:)~'1 5.000 
5!l 112.000 5.000 
<;<) 17.0'10 5. noo 
1'0 ,45.0,'0 '1.000 
n1 Cl4A.OOO ,1.0()0 
"2 3';4.')01) 6.000 
63 ~<;!l.1')00 4.100 
Fou 363.1')00 5. !lOO 
65 369.000 5.000 
66 '74.000 6.00D 
f;7 381.1)01) 7;000 
68 38n. ,10,) 5. I') 0 I) 
1'9 3 0 2.1)00 6.000 
"70 3f'JO • ,") 0 0 7.0'10 
71 u"o.OOO 7.1')00 
72 414.0no il.I)OO 
"73 u19.010 1j.00~ 
"74 424.1)11) 5.'10'') 
"75 410.01)0 6.000 
"7" 43S. 'lOO 5.000 
77 !l40.(1)() S.O(H) 
78 44s.0''')0 5.000 
79 452. ')"" 7.000 
80 'JIj'l. "n] 7.1)01) 
p 1 466.1:11) 7.')0') 
'12 47~.)1)1 10.000 
83 480.f)01) 4.'1bo 
flU 40 0.')')0 10.1')1) 
1:'5 U<)5. 1')') 0 ';.,)00 
'16 5"1. ')11f) 6.0,)0 
F>7 SI)<;.,),11) 4.~1)0 
p.s ~12.00n 7.",) 
<)9 <;18.0110 6.111)0 
00 "2'l.1'10 10.10') 
<)1 5:>7.01)'1 'l.IlOO 
'l2 e,43.:)')') 6.0)0 
<;3 :;U'l.I)On 6.000 
ou <;::;6.0,,)" 7.000 
'l5 'in1.""0 5.noo 
96 "Fig.OOO 7.0no 
97 <;7S. "no 7.1)f)1) 

'la 5111.1)00 6.1)00 
QC 587.,)~') 6.1)01) 

, ') 0 ')93.')1)0 6.')')0 
1 n 1 f,01."I)') t3."I,)') 
, '12 f,O".')')') 5.:)11 
1')3 F1'J.1~0 4.00' 
1 ~ 4 f. 1 7. ,) ') I) 7.')no 
',)5 li?u.'l'J'J "7. ') '1() 

106 (,)3.,)110 6.')')0 
'')"7 631.,)'" 7. nil 
1')!l f42.('(1') '3 • ; " I) 
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, ()9 F53.')!)'J 1'.00fl 
110 H2.1)'l'l 9.:)1)0 
, 11 ('fif;.~1)1) 4.11)'J 
"2 (,71. no·, 7.1)00 
'1] 1'79.00:) 6.')1)1) 
nu 6Q1.'J'lO 11.1)')0 
115 ~qfJ.r1':'r) 7.'):)0 
, '6 101.:)!),) 7."')0 
"7 11)6.,)1'10 5.1)0(1 
11q 712.11()!) 6.')01) 
"9 123.(1)1) 11.1)1)0" 



Study P09/6: Assemble Gear Train - Assemble Lever 
Assembly 

'10. ELAPSED ACT'TA L 
1 11.0110 4.nOO 
2 A.,)OO 11.000 
3 11.00') 3.000 
11 111.000 3.000 
5 19.noo 5.000 
6 26.00') 7.1)00 
7 29.000 3.000 
A B.OO!) 4.000 
9 39.000 6.000 

10 1111.000 5.000 
11 50.00') 6.00:J 
12 54.(1)0 4.000 
13 56.1)~1) 2.0()0 
, 11 60.,)no 11.')00 
, 'i 64.'PO U.,1,)] 

'6 67.0(1) 3.00') 
17 70.01)0 3.000 
18 7l.00"l 3.0(')0 
19 76.!)')1) 3.')()0 
?O 79.000 3.00') 
21 fl4.0(1) 5.00') 
72 87.')1'):'\ ~.OOO 
23 90.00J 3.1)00 
24 <;4.1)00 4.(')00 
7.5 <17.0')0 3.(1)') 
?6. 1t)O.')(lO 3.000 
27 102.0')0 2.00') 
2'3 1'14.01)0 2.000 
29 107.1')0"1 3.1)00 
,I) 110.001') 3.:)00 
31 112.!)'1J 2.l)no 
32 114.')0') 2.000 
~3 117.1)01) 3.1)00 
14 121.1)')1'1 4.100 
35 124.')1\:) 3.')00 
36 '26.1)01) 2.000 
:n 129.010 3.000 
38 114.')')(1 5.·')1)0 
39 136.')0.0 2.1)00 
'I" 13<1.100 3.101) 
41 1112.,111) 3.000 
u2 1~5.31'11) :1.1)1)0 
'.3 149.~OJ !I.JOO 
UlI 1')2.·)1)0 3.')')1 
'.5 155.;1')0 3.')110 
liE 1S9.'lO,'l 4.,)O!) 
in 163.(1)0 11. 'JOO 
~8 165.')'')() 2.1)1)') 

280 
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'10. E!.AP5:"n ~CT'.TAL 
1 2.')no 2.'l!)0 
2 C;. )"0 3. ')00 
~ -9. ,)I)() 4.1)0!') 
4 '2.0')1) 3.10!,) 
5 15.00-) 3.)0(7 . 
6 19.'):)1) 4.')0') 
7 :"!4.000 5.100 
8 27.')00 3.~1)0 

9 31.:)01) 6.:)00 
'0 37.01'0 4.1)1)!') 
1 1 4).0,}I) 6.1'00 
'2 45.01)11 ~.1I)O 

13 4'3.')!')1) 3.0nl) 
14 52.00') 4.000 
15 55.')0') 3. 'l0!,) 
16 'i9.,)1'() 4.')00 
17 62.:)011 3. ()!')') 
,8 6C; •• )00 J.ono 
1'1 7:).100 5.000 
20 73.(11)0 1.100 
21 "16.0(11\ 3.100 
?2 7!i.OOO 2.:)00 
23 - 81.')!},) 3.100 
2U en.'10" 6.()00 
25 89.')O~ 2.)00 
26 Q3.00a' 11.000 
27 9q • 'n) 6.1)1)0 
28 102. r) .'1., 3.(01) 
2 0 11'.:.(1)1) 3. -100 
10 1)fl.JI)!) 3. -~'') 
11 111.1)11() 1."00 
32 , ''l.I)~() 7."0'1 
<3 1'.11.'11)'1 3. ')01) 
34 125.')1\') 4.')1)' 
3'5 1)0.0,1" 5."00 
31' 133.')0) 3. -)1)0 
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49 16'3.000 3.000 
50 172.000 4.000 
51 175.0,10 3.000 
52 17fl.,)OO 3.100 
<;3 1 Jl 0.0110 2.(100 
54' lfl3.000 3.000 
55 H16.()n1 J. ,) 00 
% 189.0')0 3.100 
<'7 1n.0(10 3.1l00 
58 1<)4.00'" 2.1l00 
59 1 <l7. 0,00 3.1100 
60 200.1)00 3.000 
fi 1 2)2. )11,,) 2.000 
(,2 204.0()1) 2.000 
1i3 20A.'l01l 4.000 
64 212.001l 4.000. _ 
F5 216.0no 4.000 
66 218.00) 2.000 
1i7 221.01l0 3.000 
1i8 227. nOD 6.000 
69 230.001), 3.0'10 
70 232.000 2." -'0 
71 23 'i.000 3.000 
72 ?38.0f)0 3.:>00 
73 241.000 3.1)00 
74 245.001) 4.000 
75 248.01)0 3.000 
76 250.')1)0 2.nOO 
77 2<;4.')00 4.000 
78 ;>56.0') 2.000 
79 259. ')(ll) 3.000 
'lO 26:1.000 4.000 
<q 265.0,)0 2.000 
92 2FR •. 100 3.000 
'33 272.000 4.000 
'3U 27E.OOI) 4.000 
R5 278.000, 2.000 
P6 281.000 3.000 
97 2A5.000 u.OOO 
"8 2Jl'l.00O 3.000 
<)9 291.000 3.,')1)0 
00 29L1.000 3.1)()0 
01 2'H.1)00 3.000 
°2 11)0.)01) 3.()00 
a) 303. ')0':) 3. ')1)0 
'14 :06.000 3.11)0 
q'i 312.1)0,) 6.000 
'16 315.000 3.01)0 
'li )1A.OO,) 3.1)00 
08 '121.')01) 3.1)00 
99 324.000 3. ,)f)O 

lOO 325. '1110 ,1.1)1'0 
1 I) , n8. ),)0 3.')1)1) 
1 f) 2 132.1)01) 4. ') 0 0 
11)3 33':.')00 1.1)01) 
114 337.')"'0 2.0nO 
105 P9.')0l) 2.')00 
1, E 34 ).')01) 1.1')') 
107 343.11)0 3.1)00 
11Cl 346. ):'\:) 3.')00 



1'19 
110 
11 1 
l' 2 
113 
1 1 Ij 
115 
'16 
117 
118 

349.000 
3'52. 'lOO 
355. !l0:) 
3SQ.')'1!) 

~61.000 
31:4.;)1)0 
~€7."0" 
370.0:>0 
~7J.:)00 

376.000 

3.')00 
3.000 
3.000 
4.')00 
2.1)00 
3.')00 
3.1)00 
3.1)00 
3.000 
3.1)00 
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Study P09/7: Assembl~ Genr Trnin - Assemble Rotor 
Assembly 

'10. n A?SFD ACTUAL 
1 2.000 2.01)0 
2 4.0(11) 2.000 
3 7.0')0 3.100 

" 10.000 ].000 
5 1].0(1) ].000 
6 15.1)01) '2.1)00" 
7 17.000 2.')1)0 
B 20.0011 3./)00 
~ 2]. I) 00 ].1)00 

10 26.0()0 3.000 
1 1 30.0"0 4.1)00 
12 33.100 3.000 
13 35."'10 2.1)00 
14 40.'1,')1) 5.00() 
15 -J5. )00 5.000 
16 51.1)0" 6.1100 
17 54.000 3.000 
18 57.000 3.0(1) 
19 <;8./)01) 1. ')00 
70 61./)')/) 3.""'0 
? 1 6CJ.I)OO 8.000 
22 71.11"') 2.000 
23 711.01111 3.000 
711 76.0'0 2.1)00 
25 79.')1)1) ].,)00 
26 86.1)10, 7.000 
27 89.01)0' 3.:l00 
2!l Cll.0"0 2.000 
2'l qll. ')00 3.1)00 
10 06. I) (lQ 2.00') 
31 'l8.')01) 2.')00 
]:' 11)2.1)00 4.000 
,'l 3 . 107.:>0') 5. ,11)1) 
111 111.0no 4.000 
35 115.-)1)/) 4."00 
"16, 118.)111) 3.1)00 
17 12'1.0(1) 2.000 
3P 125.1)00 5.1)00 
19 12fl.l)l){') 3.000 
40 131.(01) 3.')00 
Q 1 l,B.'''' 2.aOI) 
42 13<;.0-),) 2.1)1)0 
43 nA.I)"1) 3.1)0() 
!ILl 1113.0(1) 5. :10') 
US 145.000 2.1)1)0 
Hi 14S.-,)IHl 3.JO'l 
47 1"il.0~,) 3.11)0 
U~ 153.0"" 2.~OO 
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49 1511.001) 1.000 
~O '60."100 .6.1')00 
<,1 163.01ln 3.000 
"2 165.1)110 2.1100 
'i3 '61.000 2.1)0(1 
';4 170.00f) 3.t'00 
55 177.1)"10 1.000 
56 1~2.00a 5.1)00 
51 11'l4.)00 2.nOl) 
'i~ 1911.0f'n 10.000 
59 196.,)\'0 2.000 
('0 200.0no 11.111)0 
6 1 2f)1I.,)00 11.000 
(12 2)7.-.)1)1) 1.000 
63 209.000 2.1)00 I 
"ill 213.000 11.,100-· 
65 216.0(l0 3.000 
Ff, '220.000 11.000 
61 222.0()!l 2.000 
E3 225.1)0'0 3.001) 
69 229.000 11.000 
70 231.000 2.1)00 
71 235.1)00 11.1)00 
72 211 O. 0111) 5.1)00 
73 2115.0(1) 5.')00 
74 241.1)110 2.000 
75 250.')00 3.1)00 
76 254.0no 4.1)00 
77 257.000 3.')00 
79 2S9.,)0,) 2.000 
79 2(12. )1)0 3.')00 
80 268.000 6.000 
n 1 27 2 •. 1) 1:) 4.')00 
~2 274.000 2.1)00 
<13 276.·')ao 2.')0') 
<111 278.01')0 2.1)f)f) 
~5 21l1.1)~·') 3.001') 
°6 283.000, 2.(01) 
'17 2A9.001) 6.000 
AI'l 292.00f) 3.000 
p.9 296.000. 4.001) 
no 299.')1)0 3.')00 
01 302.,:)(\1) 3.000 
92 105. :)00 3.000 
93 3n8.00·~ 3.000 
04 310.0')0 2.000 
~S 312.001) 2.noo 
'i6 315.f)110 3.f)01) 
07 319.1)')1) 3.1)1)1) 
98 320.1)00 2."00 
99 ~2'5. 0(10 5.000 

'!l0 327.01)1) 2.f)OO 
, 01 331.0')1') 11.1')01) 
'1)2 338."00 7. '100 
''13 341.1)1'11) 3.000 
, 11 ~ 344.1)1'1') 3.')')0 
, ') <) J!l7.')I1!) 3."10') 
'~6 1,0.0(1) 3.(J00 
117 352.0(10 2.0\)() 
, "., 8 ~'i5.I'IOO 3.000 
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10'1 351'\.000 3.000 
, 10 361.1)00 3.000 ,,, 363.000 2.1)00 
112 366.000 3.000 
, , 3 3fi'l,O()O . 3. (lOO 
, 14 372.'}1)1) ~.I)I)O 
11e; 374.000 2.f)00 
116 176.0(1) 2.01)0 
117 37'1.1)1)0 3. ~OO 
118 3QQ.100 1.')f)0 
"9 3'33.1)00 1.000. , 
120 '3'11i.f)'10 3.000 
, 2 1 3!18.000 2.000 
122 3<l3.001') ".1)00 
123 ~95.0r)'O 2.001) 
'24 3 Q 8.,)()0 3.000 
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Study P09/8: Assemble Gear Train - Assemble Spring 

1~O • FLAPS":D ~CTr) AL 
1 1./)1)0 1.100 
2 6. \101) 5.000 
J 15.0')1) 9.1)00 
4 19.'l00 1.1.')00 
'3 21.1.1)1)0 5.000 
6 10.0')0 6.1)0() 
7 36 •. 000 6.000 
A 1.11.000 5.noo 
9 ~ 5.000 1.1.:100 

10 51.1)()I)' 6.000 
11 56.0'1'1 5.100 
12 "i3. ,)JI) 7.'100 
13 67.'100 1.1.000 
14 73.:')00 6.000 
15 78.0()0 5.'100 
'6 RU .• OOI1 6.'11)1) 
17 flS.OOO 4.000 
lA 'l5.00'1 7.r'l00 
19 'l9.()~O I.I.OO() 
20 11)4.000 5.')00 
21 1 ()'1.OI1,) 5.000 
22 11).')1)0 4.000 
23 123.(01) 10.00,} 
24 1311.')00 11.1)00 
25 1 J9.000 5.000 
26 144.000, 5.000 
27 151.')00 7.000 
2A 1<;8.000 7.000 
?Q 162.1)()1) 4.000 
~o 167.000 5.000 
31 171.000 4.')()0 
32 18'1.1)00 9.000 
11 1S'1.')1)0 9.')00 
311 194. '1111) 5.')00 
35 206.1)')0 12.')00 
36 212.000 6.000 
37 219.000 7.000 
~8 725.000 6.000 
39 231.,)()0 6.000 
40 237.000 6.000 
U 1 244.0!)0 7.')0() 
42 2(19.000 5.000 
!l3 2<;4.l)aO 5.')!)/) 
till 262.1)1)0 8.')!)!) 
!l5 2"i9.()')() 6.'1')1) 
116 :?76.001) 8.~00 
117 2R 2. O()I) 6.'10') 
tie :? A 6. ,1111) 4.')00 
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1I9 291.1)1)0 5.000 
50 ~00.()'l0 9.100 
'51 301.000 1.'l00 
<;2 311 • . 1!)1) 1I.'J00 
'i3 311.0()0 €i.OOO 
t;a 3'23. 'lr.a 6.000 
c -. 1 328. ')!'I I) 5. ')00 
56 313.·:)')0 5.00'1 
57 339.1)1l/) 6./)00 
'iR 3116.000 1.000 
59 352.000 €i.·101) 
60 3'i8.:)00 6.100 
fi 1 3611.000 6.000 
102 311.'JOI) 1.')00 
63 ;178 •. ) 1)0 1.000 
€ill :85.0'10 7.000 
1)5 3<l1.!l"1') 6.:l:)0 
66 391.0 11 0 0.0 
61 3<)'5.000 4.000 
58 4')1'). JOt) 5.1')00 
69 UO.f;.OOO 6.'l00 
'10 U'1.000 5.000 
71 415.100 4.000 
12 u22.000 7.000 
73 U31).'JOO 8.000 
711 !P7./)')0 1.1')00 
75 1.~u.01)1 1.000 
16 lI1I8.')'l0 lI.1l(1) 
71 455.0"'1 1.000 
78 465. ao') 10.000 
7Q 117'.000 6.00,} 
RO U79.')!)0 8.01)0 
A 1 1188.000 9.'l00 
82 1193.000 5.000 
83 500.0('10 7.000 
84 'i!l9.00,} 9.0(1) 
R5 'i'€i.1)~0 7.noo 
86 .'i19.1)0,}, 1.1)00 
P1 523.0!1!) u.OOO 
R8 529.000 6.000 
'19 53u.O·10 5.000 
90 540.10'l 1;.(1)0 
01 5U5. 'J,10 S.OOO 
92 S53.1)1)0 8.)00 
Q~ ~)fi'.O;)O 8.000 
9U "611.0no 3.'l00 
9S 56Q.100 U.I)OO 
°6 '515.')1)0 1."00 
91 580.'J1)O 5.1')00 
98 586.0"0 6.000 
99 'i::19.10') 1. V)O 

'00 5%. ')00 1.000 
10 1 fi03.000 7.000 
102 ';05.)00 2. ')')0 
, I) 3 f12.'JOO· 7.1)')0 
1"4 f 17.'101 5.·11)0 
, :'15 f23.0i)i) 6.000 
106 €i21.0"O 4. ,)!,).) 

1117 f1~.OO() f1.1)()0 
'08 641.,)·1" 10.0(1) 



2R9 

1~9 F 49. -1 Or) 6.000 
"0 fi54.000 5.000 
111 "6 S9. 0 (I!) 5.000 
112 oH.OOO 7.000 
113 1';71.(1)0 5.:)00 
114 6RO.00O 9.100 
1, ') f.85.,)00 5.1'110 
116 6':10.0(\1) 5.000 
117 694.000 4.000 
118 700.(1)1) 6.000 
119 706.1)00 6.000 
120 713.1)1)0 7.,')1)0 
, 21 719.000 6.:)00 
122 724. "11)1) 5.1100 
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Study P09/9: Assemble Gear Train - Assemble Spring 

'1'\BL1' CP F ;\W DA'l' A - DF.C:r~AL !'!INn'I'::S 

'TO. EL APS":O ~C':'''AL 
1 4.')')0 4.1)00 . 
2 B.')OI) 4.000 
3 12.')"') 4. '')00 
4 19. '0" 7.nOO 
5 23.')111) 4.1)')0 

'0.0')0 7. n')0 
7 34.,100 4.')00 
8 40.0,,){) 6.')1)0 
9 4'5. ,,)110 5.')1)0 

10 51.000 '6.1)00 
1 1 "5.000 4.000 
12 'i2.100 7.')00 
13 1i8.0,),) 6.~I1') 

14 72.1)()0 4.)')0 
15 77.',)01 'i.001) 
16 A2.')~0 5.1)0') 
17 8';.001) 4.01)') 
18 89.000 3.00) 
19 92.'):)0 3.1)00 
20 %.000 4.1)00 
21 1'J:l.')r1') 4.1)00 

.22 11)).,11),1 3. )')() 
23 107.0')0 4. 'lOO 
:?4 111.')01) 4.~no 

25 1'5.000 /J.I)O') 
:>6 11'!.Ofll) 3.1)00 
27 122.I)OJ /J •. Il 0 I) 
~8 '29.')1)0 7.000 
29 133.00(1 4.000 
<') 116.1l(),,) 1.,100 
31 . ,139.1),10 3.1)1)0 
32 141.00') 2. ')00 
33 '46.(1)1) 5.')1)0 
34 1 f~9. 000 3.')00 
15 . ''i2.'100 3.11)0 
36 157.1'10 5.001) 
37 '"o.oon >.1\)0 
3'1 1n/J.::>no 4.')00 
<9 167.l) n O 3.100 
41) '70.000 3.000 
41 173.10() 3.1)00 
/J2 177.'11)() !j ." 0 ,~ 
43 1'11.0')') u.:)')') 

44 ''l'i.i)')1) '!.')I):) 

45 lQ8.011) i.noo 
u6 '9'.,')1)1) 3.')1)() 
47 19L1. Oil,) 1. 11 00 
~q '93.111) 1I. ')'~'1 
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49 202.')1'1) !I.OOO 
"0 2'06.0.10 4.')1)1) 
:; 1 212.000 6.0'1() 
52 220.01)·:J R.OOO 
~3 ?23.01)0 3.0(10 
54 )26.001) 3.·10'') 
~~ 230.00:) 4.1)1)0 
<;6 235.000 C;.I)OO 
"i7 238.,)00 3. ')01) 
"i8 2 !.I 3. 000 5.00/) 
C;'l 2'.!7.000 LI.')()O 
60 2";2.0()0 5.1)00 
6 1 2"i7.0()1) 5.()01) 
62 260.0"10 3.')00 
fi3 2fi 3. 000 3."I()0 
fi!l 267. ')00 LI.')O/) 
f,5 271.0')') 4.')/)') 
66 27 4.'1 '1/) 3.01)0 
67 277.000 3. 'H) 0 
68 2'10. ')0'1 3.()00 
E'l 28U.I)OO 4.100 
7() 2QO.'1~0 6. '100 
71 292.,)(10 2.000 
72 295.(11'11') 1.000 
73 298.0!)0 3.')1)0 
74 302.'·)')0 4.000 
75 V) 6.') ') ') 4. ·')00 
76 3')9.')00 3.11)') 
77 312.')')0 3.')(\' 
78 318.01)') 6.01)0 
79 121.)1) :) '.\1')0 
11,) 32u.,)!)1 3. ",)() 
8 1 327.0"') 3.(01) 
<12 31().:JOO 3. "00 
"33 :135.')):) 5.1)~) 

8!1 34'l.)-1() 5.300 
85 346. I) "'l f..:)00 
Oh 1!19.()I):) 3.:)00 
cq. 353.1)01) 4.'J0() 
<'l8 3%.1)1l!) 3.i)()O 
'19 JIi 1. Oi'1l 5.001) 
fJO 36U.Il0f) 3.~O,) 
01 366. O,1~ 2.)00 
02 36'l.'1O.1 :l.1l1)0 
'13 373.0')1) LI.I),)O 
'l4 179.01),1) 6.rJOO 
Q5 3~2.()1):) 3.')00 
cl" 3'J6.~()() 14.'11)0 
Q7 399.)1)() 3.:l00 
q8 Un.I)!l~ 3.01)0 
99 UOI).I)()~ 1I.,)()0 

100 409.)00 3.000 
1 ') 1 tl1L1.')'l') 5. ,~')I) 
102 4 HI. :)1)') 4.0'l1l 
11) 3 U21.I)()D 3. V)) 

1 f) 4 Ll25.1)!l) 4.1),)0 
1 I) 5 428.0"1) 3.1')'1 
1D6 43u. JO') 6.001) 
107 tl17 .0)1 3.0-10 
10Ft !l42.:JC'1 '0.101) 
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1,)9 4SU.OOO 12.')00 
110 457.000 1.000 
1 11 46 O. 000 3.1)00 
112 (11)4.000 4.')00 
113 1.I1'1i.000 2. '~OO 
114 470.00') 4.')1)0 
1.15 47'i. ')1) I) 5.0(1') 
116 479.1)00 4.')1)0 
, 17 4R2.0l)O 3.0()0 
118 485.000 3.000 
119 491.')110 6.()1)') 



Study P09/10: Assemble Gear Train - Assemble Bottom 
Plate 

~O. EL AI'S ED A C'!"! A L 
1 !.I. DO!) 4.001) 
2 13.1)00 9.000 
3 21.000 R.!)!)!) 
4 31). )1)1) 9.00(') 
5 38.000 'l.000 
6 45.0'1!) 1.1)00 
7 52.!)OO 7.!)00 
8 57.000 5. 'lOO 
9 64.)00 7.1)00 

10 68.000 11.000 
1 1 73.0 1111 5.)00 
12 8t/.'lI),} 11.1'lO 
13 90.000 6.')00 
14 'It/.1)111) 4.000 
15 99.000 'i.1)00 
Hi 106. ~nl) 7.000 
17 112.01)0 6.100 
18 119.)()0 7.001) 
19 q5.,1 I1 O 6.000 
20 130.00!) 5.100 
21 136.0()O 6. ,11)0 
22 142.001) 6.100 
23 150.000 8.')00 
24 156.:lr'lO 6.100 
25 161.100 5.000 
26 1 67. ') ') 0, 6.000 
27 180.~OO 13.000 
28 185.000 "5.000 
29 193.01)0 8.000 
30 198.')00 5.000 
31 ;l0t/.000 6.000 
32 213.~00 'l.OOO 
33 222.(1)0 C).OOO 
34 227.0:)0 5.100 
35 233.000 6.100 
36 239.000 6. ') 00 
37 247.000 8. 100 
38 253.'100 6.000 
39 261.1)00 8.)00 
40 268.000 7.000 
U 1 277.000 'l.!)!)1) 
42 285.00(1 8.')00 
43 2<11.001) 6. ),)0 
411 298.1()0 7.1)00 
!l5 304.000 F. ino 
46 317.000 11.000 
47 325.1)00 .'1. ')01) 
48 331.1)00 F,000 
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49 337.')00 6.000 
50 341.,,1)0 6.1)10 
5 1 354.000 11.01)0 
52 362.100 8.000 
53 3il9.1)1)1) 7.1)00 
54 375.000 6.000 
55 386. ')00 11. ')00 
56 3n.000 6.100 
57 399.000 7.000 
58 406.001) 7.nOI) 
59 411.000 5.0'):) 
60 1127.0!)0 16.1)00 
!' 1 !l311.000 7.000 
62 444.(01) 10.1)00 
63 452.'10" 8.000 
64 4<;9.01)0 7.100 
65 465.000 6.0:)0 
615 471.::>00 6.000 
67 478.000 7.00:> 
68 487.000 9.000 
159 496.000 9.000 
70 503.000 7.000 
71 510.1)00 7.000 
72 516.000 6.!100 
73 523.!)')!) 7.')00 
74 531.0(1) P ')1)1) 
75 539.000 ".JOO 
76 547.000 8.noo 
77 554.10') 7.000 
78 <;61.0!ln 7.000 
79 571).0,)0 q.IJO() 
RO 577.000 7.Q1)0 
81 SR 3. ono 6.000 
R2 50 2.'1')1 9.1)')0 
83 f04.J.10 12.01)0 
(>4 609.001\ 5.'100 
A5 617.)(10 8. 11 '1:) 
R6 622. 1)00, S.·)OI) 
87 631.,')00 9.000 
A8 640.1)00 9.noo 
89 646.0'10 6.')00 
90 1-511.1)')0 8.000 
01 659.'101) S.OO·,) 
n 666.,)00 7.000 
93 1i73.000 7.)00 
04 679.'11)0 6.000 
'15 696.00'1 7.010 
'16 696. ')1)0 10.')00 
97 703.00') 7.~'J0 
98 711.1.001) 11.01)0 
99 720.')01) f,.000 

100 727.0'10 7.000 
101 729.0no 2.000 
102 73£1.1)0:) S.OOI) 
103 741.1110 9.')1)0 
104 747.1')0 £I.'1!)O 
1 n 5 756.0'),) 9.0r)0 
'Ofi 7fi2 •. ')1)1) 6.000 
107 770.0 1 0 8.noo 
108 776.)) n. :)1)0 
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1'19 7R2.000 6.000 
, 10 78fi.:)OO 4.:)00 
'11 794.')00 8.000 
, , 2 '302.00(') ~.:)'I) 
113 808.:)00 6.')00 
114· R1g.0(1) 11. 'lOO 
1 15 R27.:l00 8.001) 
116 ?38.o1I)0 11.000 
117 84R.000 11).'100 
11 R R56.I)OO 3.000 
119 fl62.000 1).000 
120 86A.I)OO 6.0(')0 
121 877.0(10 9.000 
122 884.000 7.')')0 
121 894.(1)0 11). 1 ,) I) 
124 901.()OO 7.000 
125 909.010 A.OOO 
12~ 91/';.)00 7.0JO 



Study P09/II: Assemble Gear Train - Part Aside to 
Tray 
• 

NO. EL 11,,5 ,,[) ACTUAL 
1 3. 'HlO ' • .'')00 
2 15 • '11') 0 3.010 
3 Q. 0 '10 3.100 
4 11.001') 2.11)0 
5 12.1')0 1.(')(10 
6 17.000 5.01')0 
7 1<1.1)00 2.1)01) 
8 21.I)()1') 2. 0 00 
Q 23.000 2. "OO 

10 26.,)'11) 3.1)00 
1 1 2<1.()1)1) 3.000 
12 11.000 2.100 
13 13.1)1)0 2.10 0 
111 36.1')'10 3.(01) 
15 liD. ()'1!) 4.1')00 
16 4.'~. I) ,) I) 4.1)00 
17 46. ,',1,) 2.()()1) 
18 U8.0()'l 2.')00 
1<1 <;~.()!)I') 2.11)1') 
':10 "3.,(11 3.!l(lO 
21 511.1,10 1. ')00 
22 56.1"rJ 2.!)()() 
:>3 59. ,},11') 3.0')0 
24 62.1'1 3.10() 
25 I' 4. 0 -,~ 2.1)1)0 
2(; f>7.110 3.,100 
27 71).0)00 3,.1(')'1 
28 77.0'10 7.1)00 
2 0 90.0")n 3. ~ 1')'0 
1(1 82.(111) 2. :10t1 
) 1 Q4.)()11 2.000 
12 07.;')1') ,i. '100 
33 9).,)11) 3.(01) 
111 n. ,) no 2.100 
35 94.00') 2.~1)0 

!6 96.I)C0 2.')()1) 
37 98.1)11'1 2.0~O 
3A 11),).,)11) 2.')01) 
,<1 103.')0 ') 1.')00 
,~ (' '05.1')1')0 2.0(1) 
41 107.':)1(' 2.f)0'1 
~2 11,).')1),1 3.)0'1 
43 113.0')') 1."():J 
44 1,15. !)()O 3. '101) 
J5 117.')'1:) 1.1,0') 
ut> 121.'):\0 1l.')00 
47 121. 'l"J 2. 1 JI) 
~ '2'1.,)),) 5. ')1)1') 
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49 130.')00 2.1100 
'if) 134.)00 4. ~.() 0 
<; , 1:17.0'10 3.')00 
'i? llHl. ') 11 I) 3.')')'). 
53 142.1)1)0 2.000 
54 145.'))1) 3.')00 
55 lu'1.')1)1) 3.(01) 
"6 1"1.',0') 3.000 
57 1'i4. '100 3./')01) 

58 1<;8.()!)0 4.000 
"9 160.')')0 2.')00 
fO 11',2.0')(') 2.'):')0 
61 165.0:')11 3.1)00 
1)2 11;7.')00 2.0,1" 
H 170.100 3.')00 
1';4 17 3. !) I):) 3.')0f) 
65 176.000 3.')00 
66 1'13.')<):) 7.')1'1 
F.7 185.100 2.f)0') 
f8 H18. f)00 3.100 
1';9 lQ1.f)f)" 3.')1)0 
70 19).010 2.000 
71 197.(")(')0 4.001) 
72 ,09.')01) 2.')1)0 
73 2(l1.')110 2.(1:)0 
74 205.0')!') 1I.JOO 



Study P10/l: Arming and Non-Arming Fuse - Remove the 
Fuse 

NO. 
1 
2 
3 
Il 
5 
6 
7 
8 
9 

10 
11 
12 
13 

'" 15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
IlO 
Il 1 
42 
Il3 
Il4 
45 
46 
47 
48 

ELAPSED 
6.000 

13.000 
21.000 
27.000 
)".001 
.. 1.00J 
48.000 
56.000 
63.000 
70.000 
73.000 
78.000 
85.000 
91.000 
99.000 

106.000 
111.000 
116.:>00 
122.000 
127.000 
1 H.OOO 
11l0.000 
148.000 
153.000 
169.000 
176.000 ' 
181l.000 
191.000 
197.000 
203.000 
208.000 
211l.000 
221.000 
227.000 
23!i.OOO 
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 
5.00·0 

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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"9 320.000 6.000 
50 329.000 9.000 
51 337.000 8.000 
5:.: 3"5.000 8.000 
53 352.000 7.000 
5" 357.000 5. JOO 
55 363.000 6.000 
56 369.000 6.000 
57 376.000 7.000 
58 382.000 6.000 
59 393.000 11.000 
60 399.000 6.000 
61 405.000 6.000 
62 410.000 5.000 
63 417.000 7.000 
6" 423.000 6.000 
65 429.000 6.000 
66 435.000 6.000 . 
67 4"2.000 7.000 
68 ""8.000 6.000 
69 455.000 7.000 
70 466.000 11.000 
71 472.000 6.000 
72 478.000 6.000 
73 487.000 9.000 
711 493.000 6.000 
75 500.000 7.000 
76 507.000 7.000 
77 511.000 ".000 
78 517.000 6.000 
79 522.000 5.000 
80 529.000 7.000 
81 537.000 8.JOO 
82 5"3.000 6.000 
83 556.000 13.000 
8" 562.000 6.000 
85 568.000, 6.000 
86 574.000 6.000 
87 581.000 7.000 
88 588.000 7.000 
89 595.000 7.000 
90 600.000 5.000 
91 607.000 7.000 
92 613.000 6.000 
93 621.000 8.000 
94 629.000 8.000 
95 635.000 6.000 
96 641.000 6.000 
97 6"7.000 6.000 
98 655.000 8.000 
99 661.000 6.000 

100 669.000 8.000 
101 67".000 5.000 



Study PIO/2: Arming and Non-Arming Fuse - Load the 
Fuse 

NO. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
U4 
U5 
146 
147 
48 

ELAPSED 
7.000 

17.000 
25. no 0 
36.000 . 
43.000 
51.000 
6 O. 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. 
2P5.000 
296.000 
30.5.000 
312.000 
320.000 
327.000 
33~.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, )00 
8.000 
7.000 

10.000 
8.000 
7 .. 000 
9.000 
9.000 

16.000 
8.000 
8.000 
8.000 
9.000 
8.000 
8.000 
8.000 
8.000 
il.OOO 

11.000 
9.000 
7.000 
8.000 
7.000 
9.000 
8.000 
9.000 
7.000 
9.000 

".000 
4.000 

12.000 
9.000 
8.000 



4e} 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 

423.000 
434.000 
441.000 
450.000 
463.000 
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 
739.001) 
747.000 
755.000 
765.000 
773.000 
782.000 
790.000 
797.000 
806.000 
815.000 
821.000 
830.000 
838.000 
846.000 
853.000 

10.000 
11.000 
7.000 
9.000 

13.000 
9.000 
5.000 

.10.000 
11.000 
9.000 
5.:>00 
7.000 
7.000 
6.000 
9.000 
8.000 
8.000 
8.000 
9.000 

11.000 
7.000 
5.000 

11.000 
9.000 
6.000 
9.000 
8.000 
9.000 

10.000 
7.000 
9.000 
7.000 

12.000 
4.000 

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 PIl/i: ' Insert Retaining Ring - Load the Fuse 
into the Fixture 

'10. EL~PS:::!) ~C,!,IJAL 

1 6.1)1)0 6.1)1)1) 
2 11).0(10 4.000 
3 15.1')0 5.1)00 
11 H.OOO 1.000 
5 1<).000 3.000 
6 25. 000 6.000 
7 28.0no 3. ') 00 
8 ~').I)OO 2.000 
9 33.000 3.000 

10 ~8.000 5.(1)0 
1 1 42.1)00 4.1):)0 
12 119.000 7.1)00 
13 55.000 6.000 
1 !i 58.'100 3.000 
15 67.0'10 <). r1 O'l 
1f 70.000 3. ')00 
17 73. 1) 1)1) 3.000 
18 77.00() 4.')00 
19 82.000 5.000 
20 n.!)()t') 11).1'100 
2 1 94.0'10 2.'101) 
"2 'l5.0(1) 1.IJOO 
23 '19.1)00 4.000 
2t1 11)5.000 fi.100 
25 112.01)1) 7.000 
2fi 116.000 4.'100 

,27 120.100 4.000 
28 124. :}I)I) 4.1)00 
~9 126.')00 2.001) 
10 129.1)00 ~.OOO 
31 '32.00(1 3.1)00 
32 135.000 3.')00 
~3 119.:)110 4.')00 
311 143.000 4.000 
15 1415.')00 '3. '10!) 
3fi 14'1.000, 2.000 
37 1<;2.000 4.')01) 
~8 154.')00 2.000 
39 1')9.000 5.1)00 
£10 160.1)1)1) 1.001) 
41 164.1)00 4.1101) 
!~2 16'1.')"" £1.1)1)1) 
43 ,170.:)01) 2."00 
44 173.!)00 1.1)1)0 
liS 176.000 3"')00 
!to 1QI).')1)1 4.')0" 
U7 185.')1)11 5.l')no 
£19 1B9.!)()1) £1.100 
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49 1'l1.01)0 2.000 
')0 1'l6.I)1)0 ').1)00 
<;1 199.1)00 3.1)00 
<;2 2011.1)00 5.000 
53 209.000 5.')00 
<;11 2'11. ')01) 5.')()0 
<;5 218.,)'10 4.000 
'j6 721.0110 3.·')00 
<;7 223.')00 2.000 
58 "2".01')1) 5.'100 
,)'l 232.1)00 4.1)01) 
60 235.')1)0 3.1)00 
Fi1 240.01)0 5.000 
62 2115. !)I)O ').1)01) 
63 250.')on 5.1)00 
611 252.1)00 2. ('100 
'15 257.:)00 <;.1)00 
66 261.0,)0~ 11.000 
67 264.0!)0 3.·') 00 
68 267. ')00 3.000 
69 ?69.000 2.1)00 
70 274.000 5.1) 0 0 
71 2A2.000 A.')OO 
72 285.000 3.1)00 
73 286.1)1)0 1.000 
74 21'18.0(1) 2.')00 
75 2'l 1. ',)l1n :>,')00 
76 ?'lE'; ')00 5. I) 0 0 
77 3(".1)00 5.')0!) 
78 30E'.,)OO 5. 'l'll') 
79 309.000 3.:'").l~ 
111) 313.')')1) 4.'100 
p 1 3 17.. 0') 0 4.'100 
il2 323.(1)0 6.1)00 
fl3 326.1101) 1.000 
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Study P12/1: Stake Ring - Load Fuse into the Fixture 

NO. ELlIPS'"'D ACrrJAL 
1 4.:)01) 4.:)00 
2 8.01)0 4.000. 
3 13.1)00 5.')00 
4 19.1)00 6.~00 
5 23.1~0 4.001) 
6 27.000 4.000 
7 33.0110 6.')00 
R 17.1)00 4.000 
9 43.100 6.1)1)0 

10 !lB.OOO 5.1)00 
11 51.0(1) ·3.000 
12" 57.1'10 6.1')00 
13 f'2.000 5.')00 
14 67.000 5.'100 
15 72. J:lO 5. :lOO 
16 78.(1)0 6.100 
17 82.001) 4.'1(1) 
lR R.8.~OI) 6.000 
19 13.)')0 5.')1)0 
20 %.000 3.')00 
21 11,).,)r)1) 4.000 
22 1.)5.')()0 5.1')0 
23 110.000 5. ')00 
24 11<;.1)00 5.');10 
25 120.0~O 5.1)00 
26 12'5.000 5.')1)0 
27 127.01)Q 2.')00 
2R 133.')1)0 6.000 
29 11.10.)00 7.000 
30 1 Ll5.000 5.0(1) 
31 149.1)00 4.0(1) 
32 154.0nO 5.000 
33 1<;8.)00 4. :lOO 
34 166. on!) 8.'101) 
35 174.JO~ 8.01)1) 
36 179.~1)'l 4.1100 
37 1'34.')00 6.'100 
38 1~9.000 5.000 
39 19i1.'100 5.1)00 
40 197.000 1.'100 
41 205.00') fl.OOI) 
42 208.l)on 3.(01) 
43 213.1)00 5.10') 
44 218.000 'i.OOO 
45 223.()()·' 5. ,)00 
46 236.0.')0 11.1)01) 
47 2~3.'l()~ 7.0;)0 
uS 248.1)00 ').:100 
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49 252.000 4.000 
.50 257.000 5.000 
51 261.000 4.000 
52 267.000 6.000 
53 272.000 5.000 
54 277.000 5.000 
55 282.000 5.000 
56 290.000 8.000 
57 295.000 5.000 
58 299.000 4.000 
59 303.000 4.000 
60 308.000 5.000 
61 315.000 7.000 
62 320.000 5.000 
63 327.000 7.000 
64 332.000 5.000 
65 338.000 6.000 
66 342.000 4.000 
67 347.000 5.000 
68 351.000 4.000 
69 356.000 5.000 
70 360.000 4.000 
71 365.000 5.000 
72 371.000 6.000 
73 371.000 6.000 
74 383.000 6.1)00 
75 390.000 7.000 
76 395.000 5.001) 
77 399.000 4.000 
78 404.000 5.000 
79 409.000 5.000 
RO 4111.000 5.000 
81 420.000 6.000 
82 423.000 3.1)00 
83 428.000 5.000 
84 433.000 5.000 
85 438.000 5.000 
86 442.1)00 4.000 
87 447.000 5.000 
88 452.000 5.000 
89 458.000 6.000 
90 464.000 6.000 
91 469.000 5.000 
92 473.000 11.000 
93 478.000 5.000 
94 4811.000 6.000 
95 490.000 6.000 
96 495.000 5.000 
97 500.000 5.000 
98 503.000 3.000 
99 508.000 5.000 

100 513.000 5.000 
101 518.000 5.1100 
102 523.000 5.000 
103 527.000 11.000 
104 532.000 5.000 
105 539.000 7.000 
106 549.000 10.000 
107 555.1)00 6.1)00 
108 559.000 4.000 



109 %2.000 3.'')00 
110 568.')00 5.noo 
111 ')74.001) 6.1)01) 
1 12 ')18.1)00 4.000 
113 587.000 q •. ) I) 0 
114 592.,)1)0 5.')1)0 
115 r,(Hi.OOO tl.OOO 
1 16 1::01.01)0 5.')00 
117 606.000 5.01)0 
118 1i12.0(11) 6.0aO 
119 619.00() 7.0(10 
120 ~24.000 5.1)1)0 
121 630.1)00 6.000 
122 63').000 5.000 
123 ~41.)(10 n.I)OO 
124 6415.)00 5.000 
125 fi51.:)00 5.000 
126 6'36.000 5.0(1) 
127 663.')()0 1.000 
128 ~70.000 7.1)00 
129 676.100 E.OOO 
130 67°.000 3.1)1)0 
131 €>83. j'H) 4. () 0 0 
1:'2 689.010 6 .• 000 
133 f94.00f) 5.000 
134 701.000 7.000 
135 7!'l7.000 5.rl1)0 
136 712.1')0 5.000 
137 718 •• ')nO 6.000 
138 724.')00 6."100 
139 728.000 4.100 
140 732.(01) 4.0:)0 
1 !.I 1 73ti.01)'J 4.000 
142 7!.10.n<)0 4.')00 
143 74';.')00 6. no.') 
1!j 4 75,.(,)00 7.01)0 
1115 761.000 8.()OO 
146 768.000 7.001) 
147 774.100 6.100 
1118 778.0nO !I.OOO 
1119 803.001) 2'i.OOO 
150 810.000 7.'')1)1) 
151 ~1Ii.O<,)0 6.1)00 
152 A2C. non 11.000 
153 825.11\0 5."I0n 
l'i4 R10.n')'1 'i.!lOO 
155 935.'')00 5."')0 
1'i6 81~O.01l0 5.')00 
'57 845. ')')0 5.'J01) 
158 850.0)0 'i.000 
159 RSS.lloa 5. 100 
160 867.'))'J 12.1)1)0 



Study P12/2: Stake Ring - Remove Fuse from the 
Fixture 

'10. EL .~l'S"D K"'O.U 
1 ').100 ').000 
2 12.·)1),) 7.00'1 
3 17.0')0 ').~OO 
t: 22.01)0 5.()OO 
5 27.01)1) ·5. (lOO 
6 n.O!)1) 5. )011 
7 37.001) 5.1)00 
8 4F.')00 9.000 
9 51.)00 5.000 

10 ')<;.)·10 tI.OOO 
1 1 60.00!) 5.0!)() 
12 64.:)00 4.~00 
13 . £'9.0(1) ".1101) 
14 74.000 5.000 
15 8().'l0·) 6.')01) 
16 8fi.000 "'.11),1 
17 91.1)'1') 5.000 
18 (n.ooo 6.1)01) 
19 11)2.,)00 5.1)1)0 
;;,,) 109.)0') 7.1)00 
21 1 1 4 • I) !) " 5.1)00 
22 119.J!)() 'i.1)!)0 
23 124.00!) 5.)!)1) 
24 130.JO!) 6.')01) 
25 116.!)01) 6.1')00 
26 142.00" 6.10<) 
27 150.!)?O R.100 
28 154.:)00 4.100 
29 158.01)0 4.000 
)0 163.1')0 5.!)!)O 
3 1 169.1J!)!) 6.!)00 
32 174. )00 ').,)00 
33 179.1"0 5.')1)0 
34 183.0')1 4,'100) 
35 1 <; O. 1 ,)!) 7.')O(J 
36 , 9 'i.) ~ 0 5.01)0 
37 202.1)'10 7."00 
38 207.10') 5.(01) 
39 212.JOI) 5.000 
40 218.,')'10 6.000 
4 1 2?1.01,' 5.')00 
42 227.')00 4.1')00 
43 231.JO) 4. ·')0'1 
44 235.),1J 4.1100 
~5 241.0"0 6.00'1 
!J6 2u6.10'1 5.0')0 
/l 7 2')3.00') 7.')1)0 
!lR 2 'i8.) ')'J 'i. ·iOO 
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u9 263.0')0 5.~00 
50 268.,)01) 5.0!)a 
"i 1 272.0(1) ~.')OO 

';2 278.·)01) 6.'100 
53 283.000 5.000 
54 2'37.1)10 4.<,)1)') 
55 -'12. ')0') S.')O') 
56 21fi.:)'l':' 4.000 
57 3 nu.oo" 8.000 
58 307.01)0 1.1)01) 
S9 311.000 ~.OOO 
<;0 315.0"0 4.000 
61 319.r)00 4.000 
fi2 324.00(l '5.1)0') 
fi3 329.1)1)0 5.1)00 
64 334.0(1) 5.00.' 

'65 318.000 4.;)00 
6(; 343.00,') 5. ,)00 
157 348.000 5.'100 
68 353.000 5.(1)0 
69 35A.O'l0 5.000 
70 363.000 5.')00 
71 369.000 6.,)()O 
72 374.)1)0 '5.101) 
73 '379.1)00 5.1)00 
74 3'l4.000 5.0!);) 
75 388.(1)0 4.(101) 
76 393.1)<10 S.)OO 
77 397.1)0') 4.<100 
78 402.'10a 5.')00 
79 406. r)!)1) 4.!)!)1) 
80 412.;),,0 6.1)(10 
31 u16.)IlO 4."!)0 
82 1~1q.1)0<} 3.')00 
83 423.0!)~ 4. ')<10 
84 421i.0()O 3.1()0 
85 431.0!'i1) 5.(1)1) 
86 U)6.I)(\} 5.000 
87 4!10.')l)0 4.0')0 
~8 44 U •. ~~ J 4.'100 
89 USO.:j ;:} 1i.!)I)') 
00 456.!);)') 6.')1):) 

01 461.000 5.)00 
q2 4-'-6.·')1')11 5."OJ 
03 471.100 5.00 <1 
94 47S.)1)0 4. ') 0 0 
?5 480.00" 5.)1)0 
'16 u1l5.0(1) 5.00 <) 

97 4'11.1)(10 6.000 
'18 4Qg.Of),) 7.1)')1) 
Q9 502.0011 4.000 

1:)1) 510.'1"0 '3.030 
10 1 ')14.0af) 4.000 
1 ')2 521).000 ". '10 ') 
1)3 521i.01l1J 6.)~1J 

1 " 4 c,10.-n('li) 4.1).')0 
1!) 5 535. ,)1) ') 5."1)) 
116 539.)'''1) 4. ')00 
1r)7 ~U4~ ,1(~() '5 • " ,) 0 
1118 54q.·~:~a <;.1)0 
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109 553.000 u.OOO 
110 558.106 5. 1 00 
1 1 , 563.10'1 5.'100 
"2 567.01)0 4.1100 
1 1 3 570.001) 3.01)1) 
1 , u <;7~. ')(10 4. '100 

" 57 9.000 5.011) 
1 ' ' ,0 584.0QO 5.101) 
1 1 7 5'19.1)'11) 5.1)00 
118 594. ,)')1) 5.01)0 
, 19 "9!J. -10 1) 4.100 
120 n02.,)0!l 4.000 
121 HS.OOO 6.00,1 
122 61).000 5.11)0 
123 1'1'1.000 6.000 
124 624.I)!'lQ 5.100 
125 "28.!'lOI) 4. ·10,) 
126 612.1J'l 4.000 
'27 537.1),10 5.11)0 
128 f'41.<)1J0 4.()OO 
129 651.1)00 10.000 
130 658.000 7.000 
131 F62.JOO 4.000 
132 670.000 A. '100 
133 674. ')00 4.000 
134 678.000 'I • 0 I) I) , 
135 f"I1.'-' ,1,0 . , .10 I) 
116 685.000 '. !'lOO 
137 I5S'I.OI),:) '1.100 
13'3 69). :J!1() '1 .• -100 
139 ~98.00l) 5.1)00 
1U 0 706.;)1',,) 8. ,) I) 0 
111 1 711).000 4.')1]0 
1!12 714 • .)110 4 .~1'10 
1U 3 7~2.'101J 8.:1')1) 
1 .. 4 7;;~.1)00 5.,00 
145 73u.J1,) 7.1))0 
1 !lE 738.1)1)1) 4.0()0 
147 7U3.0~0 5.1 I) 0 
1~8 7!17.0,)O 4.')00 
1u9 751.'))0 4.000 
150 757.:)00 n.O!)1) 
1 ') 1 71;2.000 ,5.0')0 
1 <i2 767. ,),)0 5.')00 
153 77 1 .;)1) 4. '),)') , 
1<;4 775.1)')0 4.01)0 
15'i 779. 'l0·') 4.'100 
1 'i 6 78<1.1),10 5. n I) I) 
157 789.11)1) .5.0)1) 
1<;8 8)1).')00 11.'00 
159 Ql0.'1I)') 1'J.~,)~ 



Study P13/1: Stake Ring - Apply Silastic to Fuse 
Assembly - Load Piece into the Fixture 

NO. 
1 
2 
3 
4 
5 
6 
7 
9 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
29 
29 
30 
31 

ELAPSED 
4.000 
7.000 

14.000 
19.000 

.27.000 
30.000 
36.000 
42.000 
45.000 
51.000 
58.000 
63.000 
69.000 
74.000 
79.000 
86.000 
99.000 
94.000 
99.000 

106.000 
109.000 
113.000 
118.ilOO 
127.000 
130.000 
134.000 
146.!}OO 
153.)00 
157.000 . 
163.000 
169.000 

ACTUAL 
4.000 
3.000 
7.000 
4. :)00 
9.000 
3.000 
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 

110. 
1 
2 
J 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

ElAPSED 
3.000 
7.000 

10.000 
13.000 
17.000 
23.000 
25.000 
29.000 
32.000 
37.000 
110.000 
115.000 
48.000 
51.000 
55.000 
60.000 
64.000 
66.000 
69.000 
73.000 
77.000 
81.000 
84.000 
88.000 
91.000 
95.000 

100.000 
104.000 
101.000 
109.000 
111.000 
114.000 

ACTUAL 
3.000 
4.000 
3.000 
3.000 
4.000 
6.000 
2.000 
4.000 
3.000 
5.000 
3.000 
5.000 
3.000 
3.000 
4.000 
5.000 
4.000 
2.000 
3.000 
4.000 
4.000 
4.000 
3.000 
4.000 
3.000 
4.000 
5.000 
4.000 
3.000 
2.000 
2.000 
3.000 

311. 



Appendix E: Distribution.of MTM-l Categories in the Field Data 

1 POl/l 
·2 POl/3 
3 P06/1 

4 P06/2 
5 P07/1 
6 P07/2 

7 P07/3 
8 P07/4 
9 P09/1 

10 P09/2 
11 P0913 
12 P09/4 

5 
3 

2 

2 

13 P09/5 2 
14 P09/6 2 
15 P09/7 1 1 

1 

16 P09/8 1 
17 P09/9 1 
18 P09/10 

19 P09/11 
20 PlO/I 1 
21 P10/2 2 1 1 1 

22 PIl/l 
23 P12/1 
24 P12/2 

25 P13/1 
26 P13/2 

1 

6 

1 

1 

1 1 

2 

1 1 

1 

1 

2 

1 

1 
1 1 

1 

1 

1 

1 

1 

1 

·1 1 1 
1 

1 

1 

1 1 1 

1 

1 

1 
1 
2 

2 
2 

2 

1 

3 
1 1 

1 

1 

1 1 

1 ·1 1 1 

1 
1 

1 

1 1 1 1 

1 

1 

1 

1 
1 

~ ~ g ~ g 
~~O!O!O!SH! 

1 

1 

1 1 

1 

1 

1 
1 

1 
1 

1 

1 

1 

Continued on next page 



Appendix E: (Continued) 

• u 
d . ~ p 
~ . - p .. .. !;l p !;l " 0.0 ;!i .. '" u .. '" u u u '" u .. '" .. '" '" p '" 0 'Qj§ N N N ~ ~ ~ "" 0 "" 0 '" '" '" '" r'l '" '" " " :s '" .. .. U N .... N .. .. '" Basic MTll-1 .. ;;! .... .... >J ;;! .... >1 >1 N >l '" .... .... N N N N N '" .... N '" "" ;$ ;$ '" ~ ~ ~ 

.... N ... ... ",,,, '" '" "' '" "' .. .. .. .. .. .. .. .. .. " " " " " " p p ... 
I polll 2 I 3 3 I 4 8.9112 6.9800 
2 pOl/3 I I I I 4.4832 2.5200 
3 P06/! I I I 2 I I 2.5400 3.2150 

4 p06/2 I I I I 2 I I I 4.2290 5.8900 
5 p07/1 I I 3 3 I I 10.4548 8.2750 
6 P07/2 I I I I I 3.0586 3.2450 

7 P07/3 I I I 2 I I I 2.7048 3.9150 
8 P07/4 I I I 1 I 1 I I 6.2895 6.7550 
9 P09/1 2 2 I 3.5736 4.0950 

10 P09/2 1 3 1 I 2.7352 2.9500 
11 P09/3 I I I I 1 I 2.8256 3.1250 
12 p09/4 I I 3.5720 3.0950 

13 p09/5 I 1 4.7224 3.0950 
14 p09/6 I I 2.6440 3.2300 
15 p09/7 I I 2 I 2.5680 3.0650 

16 p09/8 I 3 2 I I I 4.7872 4.9450 
17 p09/9 I I 1 I 3.3008 3.1350 
18 P09/10 I 2 3 1 I I I 2 5.8160 6.1450 

19 P09/11 2 1 1 2.2160 3.5500 
20 PIO/I I 3 1 3 4 2 8.3412 6.6450 
21 Plo/2 1 I 2 4 1 1 3 6 2 10.2360 10.1650 

22 pull I 1 1 2 1 4.7136 4.7100 
23 P12/1 1 I I 1 1 1 1 1 4.1976 4.4700 
24 PI2/2 I 1 I 2 4.0752 3.9250 

25 P13/1 1 1 2 1 I 4.3U16 3.2700 
26 PJ3/2 1 2 1 1 2.9224 2.6150 

w ,.... 
w 



Appendix F: Distribution of MTM-2 Categories in the Field Data 

• Kl'H-2 MOTION CATEGORY u 

; " .. " . '" '" '" '" '" '" 0 0 0 0 0 '" '" '" on '" '" 0 0 0 
• ~§ on .; 

'" '" '" '" ~ 
~ ~ 

~ 
~ ~ 3 M M ':l M ~ ;1; ~ ~ ~ ~ = ~ = '" BASIC HTlI-2 

• < " tl .:: .. '-' .. tl .. '-' .. tl a! <! " tl 
.. .. a! I:l '-' !! .. .. ... . ". " " .. .. " .. .. " .. .. .. .. 

1 POI/l 8 3 2 2 8.9112 7.8000 
2 P01/3 2 1 1 1 4.4832 2.7S00 
3 P06/1 2 1 1 1 1 1 2.5400 3.0500 

• P06/2 2 1 1 1 1 1 2 4.2290 6.1000 
5 P07/1 1 1 1 3 10.4548 10.5050 
6 P07/2 1 1 1 1 3.0586 3.5000 

7 POJ!3 1 1 1 1 2 2.7048 3.5000 
8 P07/4 2 2 2 1 1 1 1 6.2895 6.8500 
9 P09/l 1 1 1 1 3.5736 3.7000 

10 P09/2 1 1 1 1 2.7352 2.9000 
11 P09/) 2 1 1 1 2.8256 3.1000 
12 P09/. 2 2 3.5720 2.9000 

13 P09/5 2 2 4.7224 2.9000 

" po9/6 2 2 2.6440 2.9000 
15 P09/7 3 1 1 2.5680 2.5000 

16 p09/a 2 1 1 1 1 3 4.7872 6.3000 
17 P09/9 1 1 1 3.3008 2.9500 
18 P09/10 2 1 1 1 1 2 5.8160 4.000 

19 P09/11 1 1 1 2.2160 3.2500 
20 PIOII 2 2 1 2 1 1 4 2 3 8.3412 7.3000 
21 Pla/2 2 3 1 1 2 1 1 1 1 1 1 4 10.2360 11.4500 

22 PUll 1 2 2 1 1 1 1 4.7136 4.4500 
23 P12/1 1 1 1 1 1 4.1976 4.9000 
2. P12/2 1 1 1 1 1 1 4.0752 4.1500 

25 PtJ/I 1 1 1 1 1 4.3616 4.4000 
26 PlJ/3 1 1 1 1 2.9224 3.4000 



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

JOB STUOI TEeO U80 HE80 HA80 TB15 TA15 HE1S HA 15 BASIC n1ftl 

1 rOl/1 0 1 0 0 3 9 0 3 8.9112 9.80 
2 POV) 0 1 0 0 1 2 0 1 _ •• 832 3._5 
3 r06/1 0 1 0 0 0 0 0 3 2.5.00 3.50 
q P06/2 0 0 1 0 0 2 0 1 Q.2290 Q.OO 
S P0111 0 0 1 1 0 0 0 0 10.QS'8 8.90 
6 r07/2 0 0 0 0 0 1 1 2 3.0586 3.85 
1 P01/J 0 0 0 0 0 1 1 2 2.70'8 3.85 
8 rOll' 0 0 0 1 2 3 1 1 6.2895 7.'5 
9 rO'1/1 0 0 1 0 1 0 0 0 3.5136 3 •• 5 

10 PO?/2 0 0 0 0 0 3 1 0 2.3152 2.15 
11 rO'1/] 0 0 .. 0 0 0 0 1 1 2.8256 2.60 
12 ro?/, 0 0 0 0 2 2 0 0 3.5120 2.80 
1 J PO?/S 0 0 0 0 2 2 0 0 Q.722' 2.80 
Iq rO?/6 0 0 0 0 2 2 C 0 2.6"0 2.80 
15 rO?/l 0 C 0 0 0 1 1 1 2.5680 ~.95 
16 P09/8 0 0 0 0 1 1 1 2 •• 1872 '.90 
11 PO?/9 0 0 0 0 0 0 2 0 3.3008 3.QO 
18 P09/ 10 0 0 1 0 0 3 0 3 5.8160 6.15 
Iq PO?/11 0 0 1 0 1 0 0 0 2.2160 3. _5 
20 Pl0/l 0 2 0 0 0 6 1 3 8. JQ 12 8.10 
21 Pl0/2 1 0 1 1 2 5 0 1 10.2360 10.30 
22 Pl1/1 2 0 0 0 1 • 0 1 Q.1136 6.25 
23 P12/1 1 0 1 0 0 1 0 0 •• 1916 '.20 
H P 12/2 1 0 0 0 2 1 0 1 q.0152 Q.80 
25 PIJ/' 0 0 1 0 1 1 0 0 Q.3616 3.80 
26 PIJ/] 0 0 1 0 • 1 1 0 0 2.922q 3.80 



• • I 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. 
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.'." Figure H-1: Histogram of Work-Times: Study P0111 
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Figure H-2: Histogram 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: Histogram of Work-Times: Study P06/2 
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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-Times: Study P09/2 
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Figure H-ll: Histogram of Work-Times: Study P09/3 
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Figure H-12: Histogram of Work-Times: Study P09/4 
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Figure H-13: Histogram of Work-Times: Study P09/S 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/S 
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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/l0 
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Figure H-19: Histogram of Work-Times: Study P09/ll 
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Figure H-20: Histogram of Work-Times: Study PlO/l 
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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 Pll/l 
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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 
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Figure J3: Cumulative Frequency Distribution: P06/l 
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Figure J4: Cumulative Frequency Distribution: P06/2 
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Figure J5: Cumulative Frequency Distribution: P07/l 
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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 J8: Cumulative Frequency Distributions: P07/4 
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Figure J9: Cumulative Frequency Distribution: P09/l 
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Figure JlO: 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/S 
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Figure J14: Cumulative Frequency Distribution: P09/6 
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Figure J15: Cumulative Frequency Distribution P09/7 
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Figure J16; Cumulative Frequency Distribution: P09/S 
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Figure J17: Cumulative Frequency Distribution: P09/9 
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Figure J18: Cumulative Frequency Distribution: P09/l0 
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Figure J19: Cumulative Frequency Distribution: P09/11 
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Figure J20: Cumulative Frequency Distribution: P10/l 
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Figure J2l: Cumulative Frequency Distribution: P1O/2 
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Figure J22: Cumulative Frequency Distribution: Pll/l 
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Figure J23: Cumulative Frequency Distribution: Pl2/l 
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Figure J24: Cumulative Frequency Distribution: Pl2/2 
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Figure J25: Cumulative Frequency Distribution: P13/l 
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Figure J26: Cumulative Frequency Distribution: P13/3 
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APPENDIX K: A REVIEW OF MTM-l, MTM-2 AND MTM-3 

The development of a family of PMTS under the general heading 

of Methods - Time Measurement (MTM) 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 ge~~ral public in 

the use of the system, insisting, however, that a practitioner 

qualification procedure should be adhered to by those receiving 

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 countries._all of which subscribe to the development and 

control of the MTM group of PMTS. 

In the late 1960's. ~fforts were being made by many groups to 

develop simplified PMTS. The MTM Associations produced two 

simplified. or higher level. data systems which became known as 

MTM-2 and MTM-3. The original system at that time became identi­

fied as MTM-l. 

For ~ full description of the MTM-l system. the reader is 

referred to Antis. et al (1963) and for a description of lITM-2 and 

MTM-3. to Knott and Goodall (1970. 1970). This appendix summarizes 

some of the characteristics of MTM-l. MTM-2 and MTM-3. 

K.O.l Definition of Methods-Time Measurement 

The definition of MTM by the originators of the system. 

Maynard et al (1949) is equally applicable to.MTM-l. MTM-2 and 

MTM-3. It is as follows: 

"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 ~hich has to be covered completely, drinking a glass of 

~ater, the time involved in cutting in a machinery operation. This 

type of element cannot be measured with MTM. It is the only 

manually controlled motions ~ith ~hich MTM is concerned. These are 

called Basic Manual Motions. 

K.l.O THE TIME UNITS AND PERFORMANCE LEVEL 

K.l.l The Time Units 

The original MTM data is based upon a frame by frame film 

analysis of a motion film photographed at 16 frames per second, thus 

the times bet~een frames ~as 0.00001736 hours: Using a decision 

model for selecting breakpoints and rounding off times, a more 

practical time unit of 0.00001 hours ~as chosen. This unit of 

time in MTM became kno= as the "Time Measurement Unit" and ~as 

abbreviated to TMU. 

K.l.2 The Performance Level 

All of the films used for analysis in developing the MTM 

system, and the subsequent research. carried out by the MTM Associa­

tion ~ere "levelled" according to the LMS performance rating system. 

Thus, the times are expressed at a level ~hich represents the time 

to be expected from an average operator ~ho, ~hen suitably motivated, 

could ~ork at a performance of 120. Thus, one TMU is 0.00001 hour 

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

K.l.3 Conversion to BSI 

It has been sho= by several authors, including Knott and 

Goodall (1970), that TMU values can be converted to minutes on the 

ESI scale as follo~s: 

Minutes at 
100 BSI 

TMU 
= ~2 O;:;O~O'- (Eq. K-l) 



K.2.0 A BRIEF DESCRIPTION OF THE MTM-l SYSTEM 

The MTM-l data card consists of ten separate tables. This data 

card is shown as Figures K-l and K-2. 

K.2.l The Basic Manual Motions 

The Basic Manual Motions used in MTM-l. together with their 

respective code letters are listed below: 

Basic Manual Motions 

REACH 

MOVE 

GRASP 

RELEASE 

TURN 

APPLY PRESSURE 

POSITION 

DISENGAGE 

K.2.2 The Basic Manual Motion Reach 

Code Letter 

R 

M 

G 

RL 

T. 

AP 

P 

D 

The Basic Manual Motion Reach is defined as 

"The manual basic motion performed with the predominant 

purpose of transporting the hand or fingers to a 

destination." 

This Basic Manual Motion is 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. "Case of Reach". There are five cases of Reach. which 

are described on' the MTM-l data card. 

The symbol used to describe a Reach Motion is shown in Figure K-3. 

14R 



Figure K-l: Table 1 to J of the MTM~l Data Card 
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Fig"t"" K-2: Tab I es 6 to 10 of the MTM-t Data Cat"d 
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Figure K-3: MTM-l Symbol for Reach 12". to an Object 
the location of which may vary slightly 
from cycle 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 transporting an object to a destination." 

This Basic Manual Motion has had its variables 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 Obj ect. Measured as its 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, is 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 is given in Figure K-4. 

• 

Move 

Figure K-4: MTM-1 Symbol for Moving an Object 
12" to an Approximate Location, 
against a Resistance of 20 lb. 
Per Hand. 

Description Symbol 

M 12- B 

Distance 

Case 

Weight or resistance 
in Ibs. 

K.2.4 The Basic Manual Motion Grasp 

The Basic Manual Motion Grasp is defined as: 

20 

"The manual basic motion perfomed to gain control of an 

object." 

There are eleven different types of Grasp recognized in the MTM-l 

system. These Grasps can be further classified in five groups_ 

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

352 



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

G1A: Small medium or large 

object. by itself •. 

easily grasped. 

G1B: Very small object or 

object lying close 

against a flat surface. 

G1C: Interference with grasp 

on bottom and one side 

of a nearly cylindrical 

object. 

G1Cl: Diameter larger 
than ~". 

G1C2: Diameter" to ~". 

G1C3: Diameter less than 

"" 
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Figure K-6: The MTM-l "Regrasp" 

Start Finish 

,~ .;;, 
. ," 

Figure K-7: The MTM-l "Transfer Grasp" 

" 

Start Finish 

" r- ;' .. t· 
f''' ", 

if'::" 
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Figure K-S: The MTM-l "Jumbled Grasp" 

G4: 

G4A: Larger than 1" x 1" 
x 1" 

G4B: It;'' x.lt;" x l/S" to 
1" x 1" x 1" 

G4C: Swiller than .It;'' x It;'' 
x l/S" 

Figure K-9: The MTM-l "Contact. Sliding 
or Hood Grasp 

G5 
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K.2.5 The Basic Manual Motion "Release" 

The Basic 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 G5. 

K.2.6 The Basic Manual Motion "Turn" 

This is 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. 

range 30· to 180· in Steps of 15°. 

This is in the 

2. Weight or Resistance to Motion. This is categorised 

as Small (>0<2 1bs) , }\edium (>2.l~10 1bs) , Large 

(>10.1 to 35 1bs) 

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

Turn occur. 
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The symbol used to describe a turn is shown in Figure K-10. 



Figure K-10: A Turn Through 60· While Carrying an 
Object of Medium Weight 

Description Symbol 

• 
-T 60 M 

Turn - -

60 degrees 

medium 2.1 to 10 lbs. 
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-ll: Symbol for the MTM-l "Apply Pressure" 

Description Symbol 

AP 1 , 

Apply Pressure 
. -

Case 

The MTM-l 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.S 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." 

·35/\ 

It is the most complex of all of the MTM-l 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 a move, the case of move would be 

case C. 



Figure K-l2: An Example of "Position" 

The symbol used to identify the MTM-l Basic Manual Motion 

Position is shown in Figure K-l3. 

Figure K-l3: The Symbol for "Position" 

Description Symbol 

. 

p 1 S E 
Position 

-
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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They 

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. 

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 anyone of 

several ways about the axis of engagement. 

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

way about the axis of engagement. 

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 illustrated in Figure K-14 to specify a 

particular Disengage. 

Figure K-14: Symbol for Disengage 

Description Symbol 

D 2 E 
Symbol for Disengage 

Class of Fit 

Ease of Handling 
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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" 

~y." 
'( . ,::' 
, .. ":><' • 

. ,,-7' /-' r f:'" 
Case 1 - Loose - very light 
effort - blends with subsequent 
Move (0" - 2" recoil) 
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Case 2 - Close - normal effort -
slight recoil (2" - 5" recoil) 

Case 3 - Tight - considerable 
effort - hand recoils 
markedly (5" 0 12" recoil) 



K.2.10 Other MTM-1 Motions 

The other MTM-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 a1 (1963). 

K.2.11 The Principle of Limiting Motion 

Correct application of the Principle of Limiting Motions is 

the key to correct application of MTM. While the-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 is 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 data card for MTM-2 is given in Figure K-16. The time 

values, as for the MTM-1 data card, are expressed in TMU and are 

exclusive of any allowances. The MTM-2 data card here is the 

metric version, so that distances and weights are expressed in 

centimetres and kilogrammes. respectively. 
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Figure K-16: The MTM-2 Data Card 

MTM·2 
CODE GA GB GC PA PB PC - --5 3 7 14 3 10 21 --·15 6 10 19 6 15 26 
·30 9 14 23 11 19 30 ----·45 13 18 27 15 24 36 --- --.80 17 23 32 20 30 41 

GW 1·1 Kg. PW 1·5 Kg. 
A I R I E C 5 F -B 

6"""1~ - -14 15 18 9 61 
WARNING: 00 nat attempt to u •• thl, data unl ... you hu. 
been trained and qualified under a scheme appro.ed b, ch. 
International HT H Directorate. 

IC International MTM Directorate, Solna, Sweden 

-, 

In an attempt to extend the utility of ~ to areas where the 

sheer bulk of work involved in application tended to restrict its 

use, several MTM based systems were developed. In October 1964, 

the International Directorate of the MTM Association initiated a 

research project to develop a second general level of MTM which 

would be the official second generation system of the MTM Associa­

tion and was to be known as MTM-2. 

The definition of MTM-2 given in the MTM-2 Student Manual by 

Evans and Magnusson is: 

"MTM-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 MTM motions. 

2. Combinations of basic MTM motions. " 

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

K.3.l Construction of MTM-2 
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MTM-2 was constructed from MTM-l motion patterns using an 

extensive computer analysis. This analysis identified the following: 



1. 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. 

2. That certain motion sequences such as Reach, Grasp, 

Move, Position and Release seem to be "preferred" 

in a motion pattern. 

The clear simplification of HIM-2 over HIM-I 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 where identification is difficult, 

it is achieved by exception. 

2. Statistical Simplfiication - motions from basic HIM are 

combined, averaged, eliminated or substituted. In 

addition to this, distances are estimated b~ classes 

rather than actual measurements. The constructions are 

shown under the discussion on the various categories. 

The motion categories obtained by these simplifications were 

summarised 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 
SYMBOL DESCRIPTION CATEGORY 

GA An Action 01 the hand or fingerl'l. 1118 hand reAches to the object, 
GET GB grasps and l!Iubsequently raleaBee It. 

GC There are three "cBRes" 01 OET. A. Band C. 

PA AIJ aetlon 01 the hand or IIn'e ..... The hand moves, or moves and 
PUT PB poaltlons. the object. 

PC There are three tlca"es" 01 PUT. A. B and C. 

GET WEIGIIT GW 
The Onlte time necesl!lary lor the muscles 01 the hand and arm to 
take up the weight 01 an obJeel prior to It being moved. 

rUT WEIGIIT PW 
The weight 01 an object Rlrect. the time neCel!lS81'1,to pertorm a 
rUT. PW III the adjustment ror this difference, 

APPLY PRESSURE A 
Museu1ar force applied to an obJeel to overcom" a real.tance. 
accompRnled by little or no m<3Uon. 

REGRASP R 
The poaltlon 01 an object In the hand la changed, without retea"lng 
control. 

E may occur In either or two "878. (I) Recognising a reRdlly 
EYE ACTION E distinguishable .:haracterlstlc of an object. (2) Shining UI. aim 

of the ule of vision to • new viewing area. . 
CRANK C 

An action of the hand or flngere where an object le rotated more 
than one half re.olutlon. 

FOOT MOTION F 
A motion of the leg. 12" or less. or one In which the trunk Is not 
intentionally moved. 

STEP S 
A motion of the leg. greater than 12". or one In which the trunk 
Is intentionally moved. 

BF:ND AND ARISE B Lowerln, of the trunk. and eubequenUy arising. 



GET 

Figure K-18: The Basic Construction of GET and PUT 

Category Basic Motion Category 

17 ----

~ Reach to the block 

~ Grasl! the block 
:::::: ----- """n-Move the block 

PUT 
Perhaps Position the'block 

17: ----
./ Release the block 
/'" 

v 
o 
o 
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Figure K-19: The Symbol to Designate a Get 

Description Symbol 

G B 15 
General symbol for GET I 
Case of Get -

Distance Code 

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

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

Figure K-20: The Symbol to Designate a Put 

Description Symbol 

P B 15 
General symbol for PUT I 
Case of Put 

Distance Code 

Meaning- Case B PUT with the length of the path of the 

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



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-2l. 

Figure K-2l: The MTM-2 Distance Codes 

Distance Class 
Code 

Distance measured in Distance measured in 
centimetres inches 

.. 
5 . over o to 5 over o to 2 

15 over 5 to 15 over 2 to 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 extende4 

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 

368 

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 MTM-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 fully under control. ready to accelerate. The data card 

TMU is 1 per kilogramme. excepting the first 2 kilogrammes. 

Fractional values are raised to the next highest whole number. up 

to a maximum of 20 kilogrammes ENW. The symbol used for GW is 

shown in Figure K-24. 



Figure K-22: The Decision Model fQr Get 

Are there "any 

. fl"UPinc motion. 

required? 

Y •• 

1. ODly a .1mple 

do.m, of hand or 

f1nren required? 

Y •• 

GA 

G5 

MTM·2 

MTM 

GIB 
GIC 
G4 

MTM·2 

GB 

MTM 

GIA 

Example: Push a .mall ~x 

alone. table top. 

Exampl.· Plc1c up • nnall pin 

from a table top. 

Ezample: Pick: up • tumbler 

from a table top. 



In.ertlon 

Surrace 

Figure K-23: The Decision Model for Put 

I_ the motion Are the correctln. 

emooth and 

eontlnuoua" 

e. 

c ... A 

Over I" or to • atop 

No motion. e •• , 

to deleet? 

Ye. 

c ... c 

cg Clo .. nl •• n",1 
pre .. ure required 
ta. m.t. object.. 

~ 1.00 .. 111. 
~ dlfllcalllo h....n •• 

Lea_ than l/U" 

No 

c ••• B 

Total el.arance o. t't or I ... but 
no pr ... un required to mate the 

object •. 

it! to llll" 

c -C 



Figure K-24: The Symbol for Get Weight 

Description Symbol 

G1W 15 
GET WEIGHT symbol 

.. 
Effective Nei 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 is the same as for GW. However, in this case, the symbolism 

is slightly different. The actual ENW is not shown, but the value 

is rounded off in steps of 5 kilogrammes. The symbol used to 

designate Put Weight 'is shown in Figure K-25. 

Figure K-25: .The Symbol for Put Weight 

.-. 

Description Symbol 

PW 15 
PUT WEIGHT symbol I 

Effective Net Weight 

Meaning: PUT ~EIGHT 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 w~y in which this is handled in MTM-2 

is su~rised 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 TMU - - >< --- ..- ~ 1 --- - - --- -=E~ 2 - - --- - -- .- -3 GW3 3 

4 GW4 -4 PW5 1 

5 . GW5 5 

6 GW6 6 , 
7 GW7 7 

8 GW8 8 PWI0 2 
9 GW9 9 

10 GW10 10 

11 GWll 11 

12 GW12 12 

13 GW13 13 PW15. 3 

14 GW14 14 

15 GW15 15 

16 GW16 16 

17 GW17 17 

18 GW18 18 P'.y20 4 
19 GW19 19 

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

The category Regrasp in MTM-2 is similar to the~G2 found in 

MTM-l, 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 MTM-l motions APl and AP2. The same rules 

governing APl and AP2 govern A, with the addition that A cannot be 

preceded by R in MTM-2. This is so that the introduction of APl 

and AP2 into MTM-2 is avoided. 

K.3.S 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: 

1. When the aim of the axis of vision of the eye moves 

from one viewing area to another. 

2. When 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. 

K.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 MTM-2 system are 

1. Number of Revolutions 

2. Weight or Resistance to Movement 

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

of whether the crank is continuous or intermittent, a practice has 



. 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 

374 

Since these two categories have to be differ~ntiated 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 Leg movement 
to displace 

No No 
rreater than 

trunk? 30 ema. (12")? 

Ye. Yes 

S 
-

F ) 

-

The action S is the basis of walking. When considering walking, 

the number of times the foot strikes the floor is the gov,erning 

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 ~, 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 again. When an operator bends to both 

knees and arises it fs classed as 2B. 

K.3.9 Simultaneous Motions in MTM-2 

As in MTM-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 column or row category must be added so that the 

maximum time results. 

Figure K-28: MTM-2 Simultaneous Motions 

PBS PB 

pCS PC 

• If the target areas are within 
the area of normal vision. 

If outo1de the area of normal 
vision allow a PB5 overlap. 

5 5 

Body GA GB GC PA PB PC 

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

K.4.l The MTM-3 Data Card 

The MTM-3 data card is shown in Figure K-29. As in MTM-l and 

MTM-2 the ten time values of the MTM-3 data card are in TMU and are 

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

M T M-3 

CODE I HA HB TA TB 

-15 I 18 34 7 21 I 

-80 

I 
34 48 16 29 

SF 18 B 61 

It:) International MTM Directorate. Solna. Sweden 

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

Step-Foot Motion: SF 

Bend and Arise B 

Handle H 

Transport T 

• K.4.2 Identifying the Element STEP 

When there is 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. 

Assume that his foot strikes the floor six times, then the 

analysis would be as shown in Figure K-30. 

Figure K-30: MTM-3 Analysis of Walking 

0II1CW1""C* • LUT "'...., : .... ,. i - I ,. ! ~. OfIC"""'OlII • "'OM' -..0 

i 108 6SF I Walk , I 
I , 
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In this example the leg movement was pivoted at the hip; 

however, "providing the motion is purposeful it may also be pivoted 

at the knee or heel. It should be noted that an SF covers the 

motion in one direction only, where for example, an operator presses 

and releases a foot switch. The action and the associated analysis 

is shown in Figure K-3l. 

Figure K-3l: MTM-3 Analysis of "Operate Foot Switch" 

'NU ,. .. 
18 SF i Switch down 
18 SF ! Swiich" up"'-"---
36 : Total ! i, --, 

K.4.3 Identifying the Element "Bend and Arise" 

In this MTM-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 ~, 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 MTM-3 Hand Actions 

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

Handle 

Transport 



Perhaps the most convenient way of depicting these two elements 

is pic~orially and by reference to the MTM-2 categories. 

Figure K-32: Illustration of the Element HANDLE 

Get 
~-.....:: 

Figure K-33: Illustration of the Element ~SPORT 

Pu~ 

Comparing the actions illustrated in Figures K-32 and K-33. it 

will be seen that differentiation between the two MTM-3 Hand 

Actions is: 

- Handle: The hand must gain control of the object to be 

moved. 

Transport: The hand already has control of the object 

to be moved. 
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These MTM-3 Rand 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 is relatively simple. 

Case A: a smooth continuous action with no correcting 

motions. 

Case B: an action involving any correcting motions at 

the terminal. 
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There are two distance 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 o to 15 ems. 

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 

Put .. .. 
OISTANCE 

.", .... ----.,.. 
." 

FigureK-36: The Distance Variable in TRANSPORT 

Pu. ~t~====-. 
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Figure K-37: Symbol for Handle 

H A15 
Symbol for Handle 

Case . -

Distance Code 

Cue A Handle, objeet moves up to 1S cms. . 

, 

Figure K-38: Symbol for Transport 

T B80 
Symbol for Transport 

Case 

Distance Code 

Case B Transport, object moves over 15 ems. 



K.4.5 Important Application Rules 

Four important application rules relative to MTM-3 which must 

be noted at this point. 

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

MTM-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 MTM-3 element. The subsequent force appli­

cations are analysed as HAl5 or TA15, 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 an application Ot force. The· analysis would be as shown in 

Figure K-39. 

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

'MU: ... . .... 

108 6HA15. i Screw down and seat . .,.-- ...... _...... ..-
t-:-:~.- - _...1-.;-.. - - -- . - -__ - ._ .... 
108: T_ot4_~ .. _., ... ____ . _ .. __ 

, . . . 

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: MTM-3 Analysis of "Tighten Screw Cap Firmly" 

'M, " .. Of'C,"~T'Ott • AIQ .. , ....... 0 

108 I3HA15. ~~J;:~w down and s..~ 
142TA15! , : Final seating of cap 

i 
122 ,Total, . 

. __ .. .. 
I .-~-. , • . 

The second application rule which we should consider is where 

there is a high repetition of an MTM-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 MTM-l. Failure to follow 

this application rule can have considerable effects on the consis­

tency of time standards established by MTM-3. 

383 

The third application rule is with respect to analysis of Eye 

Action. MTM-3 is not sufficiently sensitive to detect Eye Action 

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

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

The fourth application rule is with respect to handling objects 

which have sigqificant weight. The theoretical construction of 

the MTM-3 system is such that the weights of objects can be ignored 

in MTM-3 analyses. 



APPENDIX L: REGRESSION ANALYSES APPERTAINING TO THE 

THREE GENERAL LEVELS OF MTM 

Figure L-1: Regression Analysis Data of MTM-1 on MTM-2 

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

MTM-1 1 610.304 610.304 13.61.07 0.0001 

Error 25 11.210 

Total 26 

Parameter Estimate T for Ho: 'PR> ITJ Std. Error 
Parameter=O Estimate 

Slope 0.9423 36.89 0.000. 0.0251 

R2 = 0.9819 Std. Dev. = 0.6696 c.v. = 14.8774 

Independent Variable = MTM-2 Mean MTM-1 = 4.501 

3'34 

of 
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Figure L-2: Regression Analysis Data cif MTM-2 on MTM-1 

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

MTM-2 1 701.437 701.437 1361.07 0.0001 
i 

Error 25 12.884 0.515 

Total 26 714.321 

Parameter Estimate T for Ho: PR > ITI Std. Error of 
Parameter-O Estimate 

Slope 1.0624 36.89 0.0001 0.0288 

2 R • 0.9819 Std. Dev. - c.v. K 15.234 

Independent Variable - MTM-l Mean MTM-2 a 4.713 

Figure L-3: Regression Analysis Data of MTM-l on MTM-3 

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

MTM-l 1 604.977 604.977 914.55 0.0001 

Error 25 16.538 0.661 

Total 26 

Parameter Estimate T for Ho: PR > ITI Std. Error of 
Parameter=O Estimate 

Slope 0.9137 30.24 0.0001 0.0303 

2 R = 0.9734 Std. Dev. = 0.8133 c.v. = 18.0701 

Independent Variable - MTM-3 Mean MTM-l = 
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Figure L-4: Regression Analysis Data of MTM-3 on MTM-1 

Source d.£. 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 > ITI Std. Error of 
Parameter-O Estimate 

Slope 1.0653 30.24 0.0001 0.0352 

2 
R - 0.9734 Std. Dev •• 0.8782 c.v. - 18.3991 

Independent Variable = MTM-1 Mean MTM-3 = 4.7731 

Figure L-5: Regression Analysis Data of MTM-2 on MTM-3 

Source d.£. Sum of Mean F PR > F 
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 > ITI Std. Error of 
Parameter=O Estimate 

Slope 0.9766 27.28 0.0001 0.0358 

2 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 MTM-3 on MTM-2 

Source d.L 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 > ITI Std. Error of 
Parameter-O 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-l 

Source d.L 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 > ITI Std. Error of 
Parameter-O Estimate 

Slope 1.0372 24.99 0.0001 0.0415 

Std. Dev. c 1.035 c.v. = 22.436 

Independent Variable = MTM-l Mean Basic = 4.6123 
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Figure L-8: Regression Analysis Data of MTM-1 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 > ITI Std. Error 0, 

Parameter=O Estimate 

Slope 24.99 0.0001 0.0415 

2 
R - 0.9615 Std. Dev. = 0.9784 c.v. - 21. 7366 

Independent Variable = Basic Time Mean MTM-1 - 4.5010 

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

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

MTM-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 > ITI Std. Error of 
Parameter=O 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 MTM-2 - 4.730 
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Figure L-10: Regression Analysis Data of Basic Time on MTM-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 -> ITI .Std. Error of 
Parameter=O 

Slope 0.9702 27.02 0.0001 0.0359 

R2 _ 0.9669 Std. Dev. = 0.9595 c.v. & 2018036 

Independent Variable - MTM-2 Mean Basic = 4.613 

Figure L-ll: Regression Analysis Data of Basic Time on MTM-3 

. 

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

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 > ITI Std •. Error of 
Parameter=O Estimate 

Slope 0.9668 30.59 0.0001 0.0316 

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 MTM-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: PRo> ITI Std. Error 
Parameter-O . Estimate 

Slope 1.0075 30.59 0.0001 0.0329 

2 
R - 0.9740 Std. Dev. - 0.8684 c.v. a 18.1491 

Independent Variable - Basic Time Mean MTM-3 = 4.7731 

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

Source d.f. Sum of Mean F 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 H1: PR > ITI Std. Error 
Parameter=O Estimate 

Slope 0.8552 18.14 0.0001 0.0471 
. 

2 R = 0.9294 Std. Dev. = 1.3251 c.v. = 29.4397 

Independent Variable = Average Observed Time Mean MTM-1 = 4.5010 

of 

of 
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Figure L-14: .Regression Analysis of Average Observed Time 
on MTM-1 

Source d.L 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 > ITI Std. Error of 
Parameter-O Estimate 

Slope 1.0868 18.14 0.0001 0.0471 

2 R K 0.9294 Std. Dev. - 1.4938 c.v. - 29.5287 

Independent Variable - MTM-1 Mean Average Observed Time - 5.0587 

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

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

MTM-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 > ITI Std. Error of 
Parameter-O Estimate 

Slope 0.9138 17.32 0.0001 0.0528 

Std. Dev. = 1.4826 c.v. = 31.4614 

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



Figure L-16: Regression Analysis Data of MTM-2 on Average 
Observed Time 

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 

TQta1 26 789.840 ' 
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Parameter Estimate T for Ho: PR.? ITI Std. Error of 
ParameteraO 'Estimate 

Slope 1.0103 17.32 0.0001 0.0583 ' 

2 R a 0.9231 Std. Dev. - 1.5590 c.v. K 30.8187 

Independent Variable = MTM-2 Mean Average Observed Time a 5.0587 

Figure L-17: Regression Analysis of MTM-3 on Average 
Observed Time 

Sour'ce 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 > ITI Std. Error 
Parameter=O Estimate 

Slope 1.0134 20.20 0.0001 0.0502 

R2 = 0.9423 Std. Dev. = 1.3508 c.v. = 26.7016 

Independent Variable = MTM-3 Mean Average Observed Time = 5.0587 

Ol 



Figure L-18: Regression Analysis Data of Average 
Observed Time on MTM~3 

Souree d.L Sum of Mean F 
Squares Square 

MTM-3 1 782.769 782.769 407.90 

Error 25 41.864 1.674 

Total 26 724.615 .. 

Parameter Estimate T for Ho: PR > ITI 
Parameter=O 

Slope 0.9298 20.20 0.0001 

2 
R - 0.9423 Std. Dev. - 1.2938 c.v. - 27.106 
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PR > F 

0.0001 

Std. Error of 
Estimate 

0.0460 

Independent Variable - Average Observed Time Mean MTM-3 - 4.7731 



APPENDIX M: MTM-1 ANALYSIS OF PROVING DATA 

FROM TEST SITE 

The following is a summary of the times of the tasks used for 
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..... '. 
proving the simplified data systems. These time values have been 

developed using MTM-l. and then transformed to 0.01 minutes at 100 

B. S. 1. performance level. 

Task 

Tl-l 

T2-l 

T3-l 

T4-l 

T5-l 

T6-1 

T7-l 

T8-l 

T9-1 

TlO-l 

Tll-l 

Tl2-l 

T13-l 

T14-l 

Tl5-l 

Description 

Load Springs into Magazines 

Hand Load Detonators to Magazine 

Insert S-A Retainer into Fuse Body 

Handle Fuses 

Assemble and Stamp Torque Module 

Apply Tape Seal to S-A 

Assemble Body and Washer to Fuse 

Assemble and Crimp Detonator Support 

Assemble Timer. Spacers and Retainer 

Assemble and Stake Trigger Assembly 

Torque (3) Posts 

Assemble Starting Spring Pin 

Burnish Slot 

Assemble Option Pin Arm 

Assembl~and Form Key Assembly 

0.01 
Minutes 

6.740 

5.465 

13.895 

4.450 

4.145 

8.400 

12.640 

8.655 

19.315 

63.005 

16.050 

25.025 

9.770 

38.030 

8.780 
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SYNTHESIS 

Sym. Ref. Description Elem. Freq. Totol 
TMU TMU 

Tl-1 LOAD PRINGS INTO MAGAZINES (MTM-1) 

A Obtain and Place Magazines 70.3 1 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 184.3 1/10 18.4 

G Empty Magazines onto Platform 50.3 1/5 10.1 

·H Detonator in Magazine 38.7 1 38.7 

J Expose Detonator Rim 13.6 1 13.6 

L 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 

T3-1 INSER' S-A RETAINER INTO FUSE BODY (MTM- ) 

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 

S Aside Tray of Modules 57.0 1/20 2.9 

T Start Module Threads 84.4 1 84.4 

U Obtain Tray of Modules 30.6 1/20 1.5 

Total 277 .9 

-
T4-1 HANDL 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 45.8 1/4 11.5 

Total 89.0 
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SYNTHESIS 

Sym. Ref. Description Elem. Freq. Total 
TMU TMU 

T5-1 ASSEM Lt AND STAMP TORQUE MODULE (MTM-1) 
AA Insert Fuse Into Train .41.2 1 41.2 
AB Aside Completed Fuse to Tray 41.7 1 41.7 

Total 82.9 

T6-1 APPLY TAPE SEAL TO S-A (MTM-1) 
AD Apply Seal 96.5 1 96.5 
AE Actuate Press 10.4 1 10.4 
AF Remove :F~se from Press and 

, 

Check Seal 56.6 1 56.6 
AG Obtain Tray of Fuses 21.8 1/8 2.7 
All Tray of Fuses Aside 14.2 1/8 1.8 

Total 168.0 

T7-1 ASSEM: LE BODY AND WASHER TO FUSE (MTM-1) 

AJ Finished Unit from Fixture 42.9 1 42.9 
AL Assemble Body •. Washer and Fuse 196.8 1 196.8 

AM Assemble Body to Limit 13.1 1 13.1 

Total 252.8 

T8-1 ASSEMl E AND CRIMP DETONATOR 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 
All Tray Aside 14.2 1/50 0.3 

tr° ta1 173.1 

-
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SYNTHESIS 

Sym. Ref. Descri ption Elem. Freq. Totol 
TMU TMU 

T9-1 ASSEM LE TIMER, SPACERS AND RETAINER (111 ~-1) 

AS Assemble Spacer to Unit 58.3 1 58.3 

AT Load Retainer Ring .148.2 1 148.2 

AU Assemble Housing and Retainer 
to Timer 131.3 1 131.3 

p..v Press Retainer, Aside 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 

TlO-1 ASSEM: LE AND STAKE TRIGGER ASSEMBLY (~ -1) 

AW Assemble Trigger Assembly and 
Top Plate 128.1 1 128.1 

PoX Assemble Rivits, Place Unit on 
Block, Assemble Inserts 308.2 1 308.2 

AY Assemble Firing Pin and Spring 
to Unit 97.3 1 97.3 

AZ Assemble Safety Plate, SSD 
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 

Tll-1 TORQU (3) POSTS (MTM-1) 

BD Unit to Fixture 49.3 1 49.3 

BE Torque (3) Posts 164.9 1 164.9 

BF Check Drop1eaf, Drop1eaf Rod, 
Gauge 106.8 1 106.8 

Total 321.0 
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SYNTHESIS 

Sym. Ref. Description Elem. Freq. Toto I 
TMU TMU 

Tl2-J AS~ LE STARTING PIN SPRING (MTM-1) 

BG Housing into Fixture 56.4 1 56.1 

BH Assemble Washer. '0 ' Ring. Start-
ing Pin and Spring 304.9 -I 304. ~ 

BJ Assemble Retainer 113.1 1 113. , 

BL Housing Aside: Dump Out Pin 
Guide 26.1 1 26.1 

Total 500.5 

Tl3-1 BURNI H SLOT (MTM-1) 

BM Load Fixture 96.4 1 96.4 
BP Burnish Slot 40.7 1 40.7 
BR Unload Fixture 58.3 1 58.3 

Total 195.4 

Tl4-1 ASSEM LE OPTION PIN (MTM~l) 

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' Ring 127.3 2 254.6 
Bioi Assemble Crank 75.3 1 75.3 

Total 760.6 

Tl5-1 ASSEMl LE AND FORM KEY ASSEMBLY (MTM-1) 

BX Assemble and Form Elements 175.6 1 175.6 

Total 175.6 

. 

- -
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DESCRIPTION 
No. LH TMU RH • No. DESCRIPTION 

-I.EFT HAND - RIGHT HAND . . 

A - OBTAIN AND PLAC EM! GAZINES MTM-1) 

21.2 R22C 

} 7.3 G4A Magazine to 
20.6 M24B Work Area 
2.0 RLI 

4.0 R2B 

} Orientate 2.0 G1A 
11.2 G2 2 

2.0 RLI 

Total 70.3 TMU 

B - LOAD SPRINGS TC MA AZINE, A IDE WO U{ (MTM- ) 

P.li. Springs & { 1/4 RGC 2.5 
1/4 G4C 3.2 to Magazine 1/4 M8B 2.7 

Unpa1m (1) Spring 1/2 G2 5.6 R-

5.6 G3 Spring from LH 

9.5 MSC } 21.8 . P2SD Insert 
2.0 RLl 

{ 
1/2 R8B 0.5 R8B 1/2 

} Aside Work 
1/2 G5 - G5 1/2 Aside Work 1/2 M20C 11.1 M20C 1/2 
1/2 R12 - RL2 1/2 

Total 64.5 TMU 

.. 
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DESCRIPTION 
No, LH TMU RH No, 

DESCRIPTION 
-LEFT HAND -RIGHT HAND 

- . 

D - DETONATOR BOXES TO OGHOUSE (MTM-1) 

9.6 R12A 

2.0 GlA 

3.9 SC10 
Open Locker 
Door 

28.3 M28A10 

2.0 RL1 

{ 
R32A 29.5 R34D 

} Opo. Lid 
7.3 f,4A 

, Assist R. H. G4A 7.3 

22.9 D3E 
" 

RL1 24.3 M30B } Lid Aside 
2.0 RL1 

147:5 ' R34D 5 

17.5 G1B 5 Remove Box of 

20.0 D1E 5 Detonators and 
to LH 

5 R- 112.0 M24A 5 

From RH 5 G3 28.0 

Box in Work Area { 5 M30B 121.5 . 
5 RL1 10.0 

27.8 R34B 

2.0 G1A 

} Toss Empty 
18.4 G~~Bm Box Aside 

-- -
17.5 R30A 

2.0 G1A 

3.9 SC10 Close Locker 

28.3 M28B10 

2.0 RLl 

Total 646.1 TMU 
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DESCRIPTION 
No. LH TMU RH No. 

DESCRIPTION 
-LEFT HAND - RIGHT HAND . 

E - OBTAIN A}ID POSI IrIO~ EMPTY M. GAZINE TRAY TO WORE FIXTURE (MTM-l) 

R20B 18.6 

GlA 2.0 

P.U. Tray and M28e 24.4 R- I, 
to Fixture 

G-

M- Assist LH 
\. P2SSE 19.7 P2SSE 

{ M9A 10.5 119A 
, Insert 

RL1 2.0 RLl I-

Total 77.2 TMU 

F - OPEN DETONATOR ~OX ~ TRAN FER TO F!XTURE (MTI 1-1) 

18.6 R29B I· 

2.0 G1A 

R- 13.5 I/MlOe 

Assist RH G- I\~ Box of Detona-

~) 
tors onto 
Platform 

PISE 5.6 PI?E 
\. 

RLl 2.0 RLl 1 ' 
. 

1 • 
RfB 2.0 RfB 

G5 - G5 

Ass.ist RH AP2 10.6 AP2 Open Lid 
- -

M3B 5.7 M3B 

\, 
RLl 2.0 RLl 

1 ' 

2.0 RfA } Detonator Box 

2.0 GlA Lid 

Detonator Box ( RfD 2.0 

GIB 3.5 

RLl 2.0 M6B Remove: Lid 

Car ~ :Fwd. 73.5 
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DESCRIPTION 
~H TMU DESCRIPTION 

- L.EFT HAND No. RH No. - RIGHT HAND . 

F - Continued 

Br ugh Fwd. 73.5 

R- 6.1 M4A Lid 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 

G1B 3.5 

3.5 G1B Box of 
Assist R.H •. M8C 11.8 M8C 

Detonators 
t6 Fixture 

PISF. 5.6 PISE 

RL1 2.0 RL1 

2.0 RfA 

- G5 Slide into 

6.1 ~14A 
Fixture 

- RL2 
I . , 

Total 184.3 
.. 

G - OBTAIN AND PLA( E E iPTY MAGA INES 0 WORK P ATF( RM (MTM-l) 

( R14C 15.6 
Magazines G4A 7.3 
to Platform 

M16B 15.8 

1st Magazine RLl 2.0 

( G2 5.6 
Orientate 2nd MfB 2.0 Magazine 

RL1 2.0 

I Total 50.3 TMU 
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DESCRIPTION 
No. LH TMU RH No. 

DESCRIPTION 
-LEFT HAND - RIGHT HAND . . 

H - POSITION DETONA OR N MAGAZl INE (MTI' -1) 

10.3 H6C } Tool to P.U. 
5.6 PISE Detonator 

15.2 Ml2C } Position 
5.6 PISE Detonator 

2.0 MfA Seat 

Total 38.7 

J - EXPOSE DETONATO RI ~ (MTM-l 

2.5 R1A 

} ,"po •• Rim 
- GS . 

11.1 M7C 

- RL2 I 

Total 13.6 TMU 

L - POSITION FULL M GAZ NE IN W RK FIX URE (MTI f-l) , 
R6D 10.1 R6D 

GIA 2.0 G1A 

M2C 5.2 M2C Work to Assist RH PISE 5.6 PISE Fixture 

" 
RLl 2.0 RLl 

2.0 RfA 

- - - G5 Slide into 

6.9 M4B Position 

- RL2 . 
Total 33.8 TMU 
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DESCRIPTION 
No. LH TMU RH No. 

DESCRIPTION 
. -LEFT HAND - RIGHT HAND . . 

M - COMPLETED MAGA INE INTO LOC KER (MT ~-l) 

{ 
R14B 14.4 

Wire Guard to GIA 2.0 Work Area 

:B) 
12.2 

6.1 R4A } 
2.0 GIA Wire Guard 

{ 
M4C 8.0 M4C 

} P25SE 19.7 P25SE Wire Guard into ·Assist RH MIA 2.5 MIA Slot in Tray 

RLl 2.0 RLl 

RfD 2.0 RfD 
I • 

GIB 3.5 

Assist RH 3.5 GIB 
Magazine Tray 

M20B 18.2 M20B From Fixture 

RLl 2.0 RLl and Aside 
\. 1-

Total 98.1 TMU 

.. 
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DESCRIPTION 
No. LH TMU RH • ~o. 

DESCRIPTION 
-LEFT HAND -RIGHT HAND . 

P - ASSEMBLE, PRESS AND GAUGE: ASIDE" b TRAY (1'rM- ) 

{ 
R16C 17.0 R-C 

Retainer to S-A G4A 7.3 G1A 

M10A 16.9 M14C Assemble S-A 

21.0 P2NSE " 

2.0 RLl 

( M6C 10.3 RBA 
) Handle Position S-A PINSE 10.4 GlA in Fixture 

RLl 2.0 

B.7 M10A 
} Clamp 

16.2 APl , 
R- B.7 MlOA } Handle Up 
GlA 2.0 RLl 

Gauge S-A M4C 8.0 

M2B 12.9 

RLl 2.0 
" . R1B 2.5 

G1A 2.0 

Assemble to M10C ) 13.5 
Fuse p.a6's 

P2SE 11.2 
'- RLl 2.0 

Total 176.6 

.. 
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DESCRIPTION 
No. LH TMU RH 

. 
No. 

DESCRIPTION 
- LEFT HAND - RIGHT HAND . 

R - OBTAIN TRAY OF ruSE : 10% NSPECT ON CLOSI G S REWS (MTM-1) 
/ 

R20B 18.6 R20B 

Assist RH GlA 2.0 G1A Trays to Bench 
SC4 2.2 SC4 

M20B4 19.3 M20B4 ... 
) Inspect 

58.4 EF 8 

20.3 2/12ET 8 

RL1 2.0 RL1 

Total 104.2 !MU 

S - ASIDE TRAY (MTM fool) 

R12B 12.9 R-

GlA 2.0 G-
Tray to SC4 2.2 SC4 Assist LH Conveyor 

M2OB4 19.3 M-

... RL1 2.0 RL1 

R2A 4.0 
Slide Down G5 -Conveyor 

M14B 14.6 

RL2 -
Total· 57.0 !MU 

.. 
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DESCRIPTION 
No. LH TMU RH No. 

DESCRIPTION 
- L.EFT HAND -RIGHT HAND . 

T - START MODULE TH EAD (HTH-l 

1/8 R8B 1.3 

Module Turner 1/8 GIA 0.3 

to Fuse 1/8 M6C .13 

P2SSE 19.7 

5 M2B 23.0 

4 RLl 8.0 
Turn Down 4 R2B 16.0 

4 GlA 8.0 

Next Fuse M2C 5.2 
-

{ lIS M8B 1.3 
Aside Tool l/€ RLl 0.3 

Total 84.4 TMU 

U - OBTAIN.TRAY OF ~-A t-IODULES HTH-l) , 
R14B 14.4 R14B 

Assist RH GlA 2.0 GIA P.U. and Move 

MIOB 12.2 MlOB Tray. 

RLl 2.0 RLl 
-

Total 30.6 TMU 

- -
-
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DESCRIPTION 
No. L.H TMU RH No. 

DESCRIPTION 
- L.EFT HAND -RIGHT HAND . 

V - ASIDE AND OBTA' ~ FT SES (MTM 1) 

R6A 7.0 R6A 
Finished Fuse GlA 2.0 GlA Finished Fuse 
Aside Aside 

Ml8C 20.4 M18C 

RLl 2.0 RLl 

R2B 4.0 R2B 

GlA 2.0 Gla 

Obtain Fuse M18C 20.4 M18C Obtain Fuse 

PISE 5.6 PISE 

RLl 2.0 RLl 
" 

Total 65.4 TMU 

W - ASIDE COMPLETEI TRJ Y (MTM-l 
r RlSB 17.2 : R1SB 

GlA 2.0 GlA 
Tray to SC4 2.2 SC4 Assist RH Conveyor 

MlOB4 12.9 MlOB4 

RLl 2.0 RLl 

{ 
R3A 5.3 

Slide Along G5 -
Conveyor 

M4B 6.9 

RL2 -
Total 48.5 TMU 

.. 

X - OBTAIN NEl~ TRA' OF 1w0RK (MT -1) 

R26B 22.9 R26B 
I • 

Tray to New G1A 2.0 GlA 

Work Area SC4 2.2 SC4 Assist LH . 
I 

M16B4 16.7 M16B4 

RLl 
\, 

2.0 RLl 
I • 

Total 45.8 TMU 
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DESCRIPTION 
No. LH TMU RH No. 

DESCRIPTION 
- LEFT HAND - RIGHT HAND . 
. 

AA - INSERT FUSE IN 1r0 P PSITION N TRAIl (MTM-l) 

12.9 R12B } Fuse 
2.0 GlA 

lB.7 Ml6C } 5.6 PISE To Train 

2.0 RLl 

Total 41.2 TMU 

AB - ASIDE COMPLETE b Ft ~E TO TR Y (MTM 1) , 
RlOA B.7 

P. ·U. Fuse GlA 2.0 

and Aside M2BC. 29.0 

RLl 2.0 

Total 41.7 TMU 

AD - APPLY SEAL (M'] fl-l) 

[ RlOB 11.5 R-

Pull Tape Out GIA 2.0 

M2B 4.6 
I, 

6.B R4D 

3.5 GIB 

15.2 (M12C 
;mOs Seal to Fixture .. 

16.2 P2SE 
I' R12B 12.9 G2 

GlA 2.0 RL2 I • 

Fuse to Fixture ~~ 
14.2 

PISE 5.6 

RLl 2.0 -

Total 96.5 TMU 
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DESCRIPTION 
No. LH TMU RH No. 

DESCRIPTION 
-LEFT HAND -RIGHT HAND . . 

AE - ACTUATE PRESS 1) 

[ RBA 7.9 RBA } Actuate Button 
GS GS Actuate Button 

No. (1) - (2) No. 
MlA 2.S MlA 

Total ' 10.4 TMU 

Remaining motions i p El ~ment LT limite, out by Proc ~ss Time. 
Process Time not in I:luc ~d in th study 

AF - REMOVE FUSE E1 bM I IREss AND CHECK EAL (MTI -1) 

R14B 14.4 -
Remove from GlA 2.0 

Press =) 12.2 

Check Seal EF 7.3 

To Tray ( M16C lB.7 

RLl 2.0 -
Tota,l S6.6 TMU 

AG - OBTAIN TRAY 01 FU1 F.S (MTM- ) 

R12B· 12.9 

Slide From GS -
Conveyor M6B B.9 

RL2 -
. . ... 

Total 21.B TMU 

. 
AH - TRAY OF FUSES ~SII lE (MTM-l 

R3B S.3 

Slide to GS -
Conveyor M6B B.9 

\. 
RL2 -

Total 14.2 TMU 
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DESCRIPTION 
No. LH TMU RH No. 

DESCRIPTION 
- LEFT HAND - RIGHT HAND . 

AJ - FINISHED UNIT fROM FIXTURE AND AS DE (MTM- ) 

R14A 10.5 R14A 

GlA 2.0 GS Open Clamp . 

Fuse from 4.0 D1E 

Fixture 4.6 M2B 
and Aside M2B 4.6 RL2 

I-
"- M12C 15.2 

RLl 2.0 

Total 42.9 TMU 

AL - ASSEMBLE BODY, WA~ ~ER AND USE (~ IM-l) 

17.2 R18B I-

2.0 GlA 

20.4 M18C 
Body into Fixture 

25.3 P2SSD 

16.2 APl 

2.9 M1B 

2.0 RLl 1-

R8C 15.8 R16B 

G4B 9.1 GlA 

M- 18.7 M16C Fuse Asembly . 25.3 P2SSD into Fixture 
Assemble (1) 2.5 M1A 

. Washer 
.. 2.0 RLl 

M2C 5.2 

PISE 5.6 

RLl ... 6.4 R4A I· 

- GS 

4.0 M2A Clamp 

16.2 APl 

- RL2 
. 

Total 196.8 TMU 
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DESCRIPTION 
No. LH TMU RH No. 

DESCRIPTION 
-LEFT HAND - RIGHT HAND . 

AM - ASSEMBLE BODY "0 1 'IT (MTM 1) 

R14A 10.6 R14A .' 

G5 - G5 
Button (1) M1A 2.5 M1A Button (2) 

RL2 - RL2 
1-

Total 13.1 TMU 

AP - ASIDE FINISHED UN ", ASSEM LE SPR NG TO D' TON rrORHOLDER (MTM-l) 

R4D S.4 R-

Remove Finished G1B 3.5 G-

Unit from Fix- DIE 4.0 
ture: Aside to M16C lS.7 Detonator Tray 

Holder to RLl 2.0 
Finish 

S.O M4C 

26.6 P2NSD 

RlOC 12.9 RLl I ~ . 
G4C 12.9 

Spring to 3 G2 l6.S 
Detonator MSC l1.S Holder 

P2NSD 26.6 

RLl 2.0 
" 

Total 154.2 TMU 

AR - HEAT STAKE UN "'111 to OBTAIN DETONA OR HOLD R (1 trM-l) 

( RSA 7.9 RSA 

} Operate Operate G5 - G5 

AP2 10.6 A2 

Total lS.5 TMU 

Detonator Holder if obi ained du ing Pr cess Tit e. Process Time 
is not shown in thE stt dy. 



DESCRIPTION 
No. I.H TMU RH No. 

DESCRIPTION 
-I.EFT HAND - RIGHT HAND . 

AS - ASSEMBLE SPACE TO UNIT (Ml k-1) 

p.U. Supply ( 
J./2 R16C 0.7 

of Spacers /2 G4B 0.4 

J./2 G2 0.5 

To Work Area 1/2 M14B 0.6 

Unpa1m (1) Spacer 2 G2 11.2 R- ) (1) Spacer 
5.6 G3 from LH 

- 9.2 MSC 

21.8 P2SD Spacer to 
4.6 M2B Assembly 

2.0 RL1 

{ 1/2 M14B 0.6 

1/2 RL1 1.1 

Total 58.3 TMU 

~T - LOAD RETAINER ING (MTM-1) 

P"ig { R14B 15.6 R14C 
} Retainer Ring 

G1A 9.1 C4B 

11.6 M1B 4 Shake - Untangle 

4.7 Tl8)S 1/2 and Orientate 

lS.7 M16C 
} Retainer Ring 

16.0 PINSD to Jig 

2.0 RLl 
- - S.6 R6B 

Hold 2.0 G1A 

10.1 M6C Weight into Jig 

16.2 P2SE 

2.5 M1A , . 
10.6 AP2 ,. Seat in Jig 

5.6 G2 

4.0 DIE 
Remove l~eight 
from Jig and 

Jig RL1 S.9 M6B- Aside 

2.0 RL1 I-
Total 48.2 TMU 



414 

DESCRIPTION 
No. LH TMU RH • No. DESCRIPTION 

- LEFT HAND -RIGHT HAND . . 

AU - ASSEMBLE HOUS' NG NO RETAI ImR TO IMER (K fM-I 

{ 
R14B 22.1 R20C 

GIB 3.5 

P.U Timer and 7.3 G4A Housing to 
Timer and to Work Area Ml6B 22.1 M20C Assemble 

21.0 P2NSE 

4.0 MfB 2 Seat 

Assembly from RH G3 5.6 

8.6 R6B 

2.0 GlA Assemble Fixture 
10.1 (M6C with Retainer 

Ring to Timer 
~ Assembly 

S.6 P2SE 

{ 
MBC 11.8 MBC } Whole Assembly Assist RH P2SE 5.6 P2SE to Fixture 

RLl 2.0 RLl 

Total 131.3 TMU 

AV - PRESS RETAINEI AN ASIDE F NI SHED UNIT (P OCE S TIME EXCLUDED) 
(MTM-l) . 

[ 
R6A 7.0 R6A } Operate GS - GS Operate 

AP2 10.6 AP2 

Fr,?m Fixture M2B 4.6 M2B' From Fixture .. 
Assembly { M14C 16.9 M6B } to 
Tray PlSE 5.6 RLl Top to Bench 

RLl 2.0 

Total .46.7 TMU .. 
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DESCRIPTION 
No. LH TMU RH • No. DESCRIPTION 

- LEFT HAND - RIGHT HAND -
AW - ASIDE FINISHEr UN T TO TRA ASSE BLE TRI GER ASSEMBLY AND TOP 

PLATE (MTM-l) 

Finished Unit M20C 22.1 to Tray 
RLl IS.6 R20B 

} Trigger Assy. to 
2.0 GlA Work Area 

17.0 MISB 

RIOC 12.9 

G4B 9.1 

Top Plate to :) I1.S 
Trigger Assy. 

1/2 TlSOS 4.7 

P2NSE 21.0 

RLl 6.9 M4B } To Bench 
2.0 RLl 

Total 12S.1 TMU 

AX - ASSEMBLE RIVE S, LACE UNI Ir ON BL 'lCK, ASS MBL INSERTS (MTM-l) 

RI4C 15.6 RlOC 

9.1 G4B 

G4B 9.1 

Rivet to MIOB 15.2 M12C Rivet to 
Trigger Assy. 21.S P2SD Trigger Assy. 

M4C 8.4 RLl 

.. P2SD 21.S 
, RLl 2.C 

Trigger Assembly { RIB 8.9 R6B } Block 
GlA 2.0 GlA 

4.0 DIE Remove from 
Fixture 

Car ~ Fwd. 117.9 
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DESCRIPTION 
No. LH TMU RH • No. DESCRIPTION 

-l.EFT HAND -RIGHT HAND . 
. 

AX - Continued 

BI pugt t Fwd. 117.9 

M4B 10.3 M6C } 21.0 P2NSE Assemble 

{ G2 5.6 G2 
Change Hold. T1SOS 9.4 

5.6 G3 Assy. from LH 

Clamp Fixture ( RSB 10.1 

to Work Area GlA 2.0 

M6B S.9 

S.O M4C 

} 21.0 P2NSE Trigger to 
Clamp Assy. 

2.0 RLl 

10.1 RSB I ' 

2.0 GlA 

i1.S G~C P. U Insert with 

2 Tweezers 

14.7 P1SSD 

2.0 MfA I-
lLS MSC } 7.3 EF Insert to Hole 

21. S .P2SD 

2.0 MfB Open Tweezers 

RLl 2.9 MlB Tweezers from 
Assy • . . 

Total 30S.2 
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DESCRIPTION 
No. LH TMU RH • No. DESCRIPTION 

-LEFT HAND -RIGHT HAND . 
AY - OBTAIN FIRING PIN lAND SPRI G ASSE IBLE TO NIT (MTM-l) 

R16C 17.0 
(:;C 2 P.U Firing Pin 

& Unpalm 
Spring to G4B 9.1 Tweezers 
Trigger 9.1 G4B Assembly 

Ml6C lB.7 MlOB 

P2SE 16.2 

RLl B.O M4C Firing Pin to 
Assembly 

16.2 P2SE 

2.0 RLl 

Total 97.3 mu 

AZ - ASSEMBLE, SAFE TY' LATE,. SS RELEA E, FIRI G A' ~ AND BO'ITOM PLATE 
(MTM-l~ 

Rl4C 15.6 G2 2 Unpalm Tweezers 

G1B 3.5 

Safety Plate Ml2B 13.4 MBC ) Tweezers to 
to Work Area 14.7 P1SSD Safety Plate 

2.0 MfA Close Tweezers 

" 
RLl 2.0 

B.O M4C } Safety Plate to 

16.2 P2SE Trigger Assembly 

2.0 MfB Open Tweezers 

( R14C 15.6 M4C 

} SSD to - . G4B 9.1 Tweezers to 
Work Area SSD Release 

Ml2B 13.4 

14.7 P1SSD 

2.0 MfA Close Tweezers 

RLl B.2 M4C } SSD to 

16.2 P2SE Trigger Assy. 

2.0 MfB Open Tweezers 

10.6 MBB } 2.0 RLl 
Tweezers Aside 

Car y Fwd. 171.2 
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DESCRIPTION 
No. L.H TMU RH No. 

DESCRIPTION 
- L.EFT HAND -RIGHT HAND . . 

AZ - Continued 

B oug t Fwd. 171.2 

( 
,R14C 15.6 R4B } Firing Arm G4B 9.1 GlA 

P.U Pliers 
Pin to W. A. to \~. A. 

M12B 13.4 M12B 
. 

G2 5.6 G2 

2.0 HiC } Grasp Firing 
9.1 PlSSE Arm Pin with 

2.0 MfA Pliers 

Firing Pin RLl 2.0 

[ 
R2B 4.0 

Spring with G5 
Thumbs 

AP2 10.6 

( 
M2C 5.2 

Wind Spring P2SD· 21.8 
and Hook Onto 
Pliers RL2 -

8.0 M4C } Firing Pin Arm 

21.0 P2NSD 
in Trigger Assy. 

2.0 HfB Open Pliers 

11.5 MlOB } 2.0 RLl 
Pliers to Table 

R3A 12.9 RlOC 

GlA 9.1 G4B Bottom Plate to 
13.5 MlOC Trigger Assy. 

.. 
. Clamp 

9.4 T180S 

5.6 PlSE 

M3A 4.9 

AP2 10.E 

"- RLl 2.( 

5. E G2 

2. ( MfC 
Plate onto Pins 

21.( P2NSE 

10. AP2 

2. RLl 

Total 425. TMU 
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DESCRIPTION 
No. LH TMU RH • No. DESCRIPTION 

- LEFT HAND - RIGHT HAND . 

BA - CHECK SPRINGS, INS ECT SUA] '1', STAI< lE UNIT A IDR CYCLE (MTM-1) 

P.U Unit R4B 10.1 R8B 

From Table G1A 2.0 GIA 

M4B 11.8 

G~ 2 Release Contact 
Using Tweezers 

- G5 

5.6 P1SE 

~ RL2 
1-

2.0 MfC 
} Tweezers to Firing 

14.7 P1SSD Pin Arm Shaft 

2.0 MfA Close Tweezers 

2.0 MfC } 
5.6 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 M4C 1/2 

2.8 P1SE 1/2 

- G5 1/2 Adjust 

1.0 MfC 1/2 

- RL2 1/2 

M14Cj 
1-

{ 
16.9 M8B 

Clamped Unit RLl Aside Tweezers 
.~ 

to .Fixture P2SSE 19.7 - -

RLl 2.0 

{ 
R14A 10.6 R14A 

} ~.m. G5 - G5 
Operate AP2 10.6 AP2 

RL2 - RL2 

Car t"y Fwd. 153.8 
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DESCRIPTION 
No. L.H TMU RH No. 

DESCRIPTION 
- L.EFT HAND -RIGHT HAND . 

BA - Continued 

B oug t Fwd. lS3.E 

R14A 10.6 PT Process Time 

GlA 2.0 R10A 

Clamp. From DIE 4.0 

Press to M14C) 16.9 
Recycling 
Fixture ~ 

P2SSE 19.7 

\, RL1 2.0 

RSA 6.5 

GS - GS Operate Operate 1st Lever 2 M2A 7.2 M2A 2 2nd Lever 
AP2 10.6 AP2 

RL2 - RL2 
\, 

6.1 R4A 

2.0 G1A 

7.2 M2A 2 Operate 
3rd L~ver 

10.6 AP2 

2.0 1U.l 

Total 261.2 TMU 

BB - OPEN CLA}!P AND RE! bVE FROM FIXTUR' . (MTM-1) 

R6B 8.6 

.. G1A 2.0 

Open Clamp AP2 10.6 

M3B 5.2 

.\, RL1 2.0 

R6A 7.0 

Remove from GlA 2.0 

Fixture M6B d 8.9 

\, 
y.ao 

7.3 EF Inspect 

Total 54.1 TMU 
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DESCRIPTION 
No. LH nlU RH No. 

DESCRIPTION 
-LEFT HAND - RIGHT HAND . . 

BD - OBTAIN UNIT AN I> PL f\CE IN F XTURE MTM-1 
I • 

R- 14.4 R14B 

G5 2.0 G1A 

16.9 
(14C 

P.U Unit 

~S I • 
J>2'""' } 10.4 P1NSE Into Fixture 

2,0 RL1 

Close M2A 3.6 

RL2 -
Total 49.3 TMU 

BE - TORQUE (3) POS h-S ( MTM-1) 

10.8 ' R9B } 2.0 GlA Torque defice to 

12.7 M9C Unit 
I • 

59.1 P2SSE 3 

8.7 M1B 3 

16.8 G2 3 Torque 

31.8 AP2 3 I • 
10.4 M2C 2 To Next Post 

10.6 M8B Device Aside 

2.0 RL1 

.. Total 164.9 TMU 

. 
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DESCRIPTION 
No. LH TMU RH • No. DESCRIPTION 

- LEFT HAND - RIGHT HAND . 
BF - CHECK DROPLEAF DR PPLEAF R D. GAll( E UNIT i ~t\ ~IDE (MTM-1) 

R7A 9.4 R5D 
} Gauge G1A 3.5 GIB 

Unit to W. A. 

~ 
8.9 

'-
(;2' 

To White Disc { RfA 2.0 

G5 -
4.0 DIE Pull Gauge Out 

9.7 M7B } Gauge Aside 
2.0 RL1 

M1B 7.4 R7A 

} Move Unit G2 2.0 G1A 

8.0 MfA 4 Check End Shake 

2.0 RL1 
. 

Adjust Unit 4.0 

} 
M1B R2A 

- G5 Check Spring 
10.6 AP2 

- RL2 

2.0 RfA 

} Ch"k '<"pluf - G5 

10.6 AP2 

- RL2 

{ :C) 18.7 

Unit Aside .. 
to Tray RL1 2.0 

Total 106.8 TMU 

-



423 

DESCRIPTION 
No. LH TMU RH No. 

DESCRIPTION 
- LEFT HAND -RIGHT HAND . 

BG - PLACE HOUSING, INT b FIXTURl (MTM- ) 

R- 20.1 R22B 
} P. U Housing 

G- 3.5 G1B 

M1SC ) 20.4 (MlSC 

} 'n<o ~ .. <u<O 

Assist RH 
TJ.S6S TJ,BeS 
P1NSE 10.4 P1NSE 

, RLl 2.0 RL1 

Total 56.4 TMU 

BH - OBTAIN AND ASS I:-MBI 1;0 '0' RI G, WAS ER STAR" ING hN AND SPRING 
(MTM-1) -

16.S G2 3 Guide Pin (Held 
in Hand) 

R7C 10.S M4B -Move to WA 

Washer to G4C 12.9 

Guide Pin M7C 11.1 

P2SE 16.2 
. 

RL1 2.0 
-~ 

RBC 11.5 

G4C 12.B 

'0' Ring to MBC l1.B 
Guide Pin P2SE 16.2 

\, 
RL1 2.0 

B.O (M4C 
- - p81ls 

16.2 P2SE To Hole 

2.0 MfB 

2.0 RL1 

~ar IY Fwd. 152.3 



424 

DESCRIPTION 
No. LH TMU RH No. 

DESCRIPTION 
- LEFT HAND - RIGHT HAND -

BH - Continued 

Br pugt le Fwd. 152.3 

14.2 R12C 

7.3 G4A } Spring to 
Work Area 

R10C 12.9 M8A 

G4A 7.3 

8.0 M4C } Starting Pin 
21.8 P2SD Assemble on 

to Spring Guide 
13.5 RL1 

M10C 12.9 

P2SD 21.8 

\, 
AP2 10.6 

6.1 R4A 

2.0 G1A 

{ 
M10B ) 12.2 C10B Housing 

Housing 
TJ.86S ~ 

Aside 
Aside 

RL1 2.0 RL1 I' 

Total 304.9 TMU 

BJ - ASSEMBLE RETAI t<ER (MTM-l) I • 
11.5 R10B 

2.0 GlA 

8.0 8.0 M4C 
16.2 . 16.2 P2SE Retainer Tool 

. - to Assy • 
10.6 10.6 AP2 I . 
15.2 15.2 M12C } 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 RLl 

Total 113.1 TMU 



425 

DESCRIPTION 
No. LH TMU RH No. 

DESCRIPTION 
- LEFT HAND - RIGHT HAND . 

BL - HOUSING ASIDE ~ UMP OUT PIN GU' PE (MTM- ) 

M6B ) 8.9 MyB Hand to Housing 

Housing ~ 
Ml2C) 15.2 G2 Palm Guide 

~S 
RLl 2.0 

" Total 26.1 TMU 

. BM - LOAD FIXTURE ( mt- ) 

9.2 MSC Tweezers to Lever 

12.0 MfB 6 
} Separate and 

12.0 MfB 6 Orientate 

2.0 MfC } 25.3 P1SSD P.U Lever 
with Tweezers 

2.0 MfA 

RfA 5.3 M3C 
Help Orientate G5 26.6 P2NSD Lever to Fixture Lever 

FL2 2.0 MfB 

Total 96.4 TMU 

BP - BURNISH SLOT ( ) 

{ RSA 6.5 
(:~ 

Burnish Handle 

Start Machine G5 Palm Tweezers 
- - AP2 10.2 

R-E 2.0 GlA ) Handle to 
Hand Clear 2.0 MfA Burnisher 

20.0 MfA 10 Burnish Slot 

Total 40.7 TMU 

. 



426 

DESCRIPTION 
No. LH TMU RH No. 

DESCRIPTION 
- LEFT HAND -RIGHT HAND . 

BR - ·UNLOAD FIXTURE (MT ~-l) 

{ 
RSA 6.5 MfA } Handle from 

Stop Machine G5 5.6 RLl Burnisher 

AP2 10.2 G2 Unpalm Tweezers 

6.7 M3C } 14.7 PlSSD P.U Lever 
with Tweezer 

2.0 MfA 

10.6 M8B To Pan 
. 

2.0 MfA Open Tweezers 

Total 58.3 TMU 

BS - OBTAIN HOUSING AND ASSEMBL SPRIN( (MTM-l) 

21.5 R24B 

2.0 GIA Housing to Table 

20.6 
(~B 

2.0 RLl 

{ R9C 12.2 
P.U Spring G4B 9.1 . 

9.3 R7B 

2.0 GIA P.U Tweezers & 

{ ~) 
11.8 MBC to Spring 

Orientate 
9.1 PlSSE 

2.0 MfA Close Tweezers .. 
Spring RLl 2.0 

Housing ( R- B.4 M4C } G- 26.6 P2NSD Spring tci Hole 

2.0 MfA Open Tweezers 

9.7 M7B } Tweezers Aside 
2.0 RLl· 

Total 152.3 TMU 



427 

DESCRIPTION 
No. LH TMU RH No. 

DESCRIPTION 
-LEFT HAND -RIGI;IT HAND . 

BT - ASSEMBLE OPTIO PI ~, WASHE AND I I RING N HC USING (MTM-1) 

R- 14.2 R12C 

7.3 G4A Option Pin to 
Work Area 

Ass. Washer G4A 12.9 

to Option Pin M12C 15.2 M-

P2SE 16.2 

RL1 2.0 

R6C 10.1 

. Assemble '0 ' 
G4C 12.9 

Ring to M6C 10.3 
Option Pin P2SD 21.8 

~ 
RL1 2.0 

R4B 8.0 

G:-
C Pin to Housing 

Housing to 
Work Atea GlA 2.0 

M4B 6.9 

8.0 MfC 4 Align Pin 

26.6 P2NSD 

J 2.5 MlA Ass. Pin 

2.0 RL1 

2.0 RfA -
- G5 Seat on Spring 

10.6 AP2 

- RL2 I . 
- . Total 193.5 TMU 

. 



428 

DESCRIPTION 
No. L.H TMU RH 

DESCRIPTION 
- L.EFT HAND No. -RIGHT HAND . 

BU - CHECK UNIT FOR END SHAKE (' !rn-l) 

10.1 R8B 

2.0 G1A Screw Driver 
11.8 M8C to Slot 

25.3 P2SSD 

8.5 T90M Turn 

14.6 EF 2 Check Holes 

10.6 M8B } Driver Aside 
2.0 RLl 

Total 84.9 TMU 

BV - ASSEMBLE LARGE OR SMALL 'E RING Mrn-l) 

Housing ( 2 G2 11.2 

R- 12.9 R10C 

GS 7.3 G4A E Ring Tool 

8.0 M4C 
to Fixture 

16.2 P2SE 

10.6 AP2 Tool onto E Ring 

15.2 M12C } 21.8 P2SD Assemble E Ring 

10.6 AP2 

RL2 11.5 M10B 
} Tool Aside Pin Housing G2 2.0 RLl 

.. Total 127.3 TMU 

BW - ASSEMLBE CRAN] (K IM-l) 

12.9 R10C 

9.1 G4B 

13.5 (M10C 
Crank to Option 
Pin Unit 

9' 
26.6 P2NSD 
10.2 AP2 

~ Seat 
2.0 RLl I~ 

Total 75.3 TMU 
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DESCRIPTION 
No. LH TMU RH • No. DESCRIPTION 

. -LEFT HAND -RIGHT HAND . - . 
. 

BX - ASSEMBLE AND FRM LEMENTS (MTM-1) 

{ 
R8A B.7 R10A 

Finished G1A 2.0 G1A 
Unit Aside M10B 12.2 (; 2 Back Unit to 

RL1 2.0 Fixture 

21.B P2SD 

2.0 RL1 

{ 
R7C. 10.8 R7C 

. P.U Setting Key G4B 9.1 

and Lubricate 9.1 G4B 

M4B 6.9 Ass. Unit to 

{ ( MSB 9.2 (~-
Setting Key 

Key to Crush 
Elements J9GS 

5.6 P1SE 

2.0 RL1 

7.3 R3C 

9.1 G4B Assemble 
Retaining Plug 

7.3 M3C 

11.2 P1SD 

2.0 RLl 

[ MBC 13.5 

Ass. in Die P2SD - 21.8 

RL1 2.0 

Total 175.6 TMU 
- -



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 0.01 minutes at 

100 B.S.I. performance level. 

Task 

TI-2 

T2-2 

T3-2 

T4-2 

T5-2 

T6-2 

T7-2 

TS-2 

T9-2 

TlO-2 

Tll-2 

T12-2 

Tl3-2 

T14-2 

T15-2 

Description 

Load Springs into Magazines 

Hand Load Detonators to Magazines 

Insert S-A Retainer into Fuse Body 

Handle Fuses 

Assemble and Stamp Torque Module 

Apply Tape Seal to S-A 

Assemble Body and Washer to Fuse 

Assemble and Crimp Detonator Support 

Assemble Timer. Spacers and Retainer 

Assemble and Stake Trigger Assembly 

Torque· (3) Posts 

Assemble Starting Spring Pin 

Burnish Slot 

Assemble Option Pin Arm 

Assemble and Form Key Assembly 

0.01 
Minutes 

6.200 

7.115 

13.510 

5.475 

5.250 

9.270 

12.100 

S.725 

21. 725 

63.760 

15.950 

25.150 

11.200 

36.150 

9.950 

430 



431 

SYNTHESIS 

Sym. Ref. Description Elem. Freq. Total 
TMU TMU 

Tl-2 LOAD ~ PRINGS 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 I OAD 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 INSER' S-A RETAINER INTO FUSE BODY (MTM- ) 

P Assemble, Press and Gauge 194.0 1 194.0 

R Obtain Tray of Fuses: 100% 
Inspection Closing Screws 155.0 1/8 19.4 

S Aside Tray of Modules 56.0 1/20 2.8 

T Start Module Threads 70.5 1 70.5 

U Obtain Tray of Modules 29.0 1/20 1.5 

Total 270.2 

T4-2 -HANDV FUSES (MTM-2) 

V Obtain and Aside Fuses 89 1 89 

W Aside Completed Tray 44 1/4 11 

X Obtain New Tray 38 1/4 9.5 

Total 109.5 



432 

SYNTHESIS 

Sym. Ref. Description Elem. Freq. Tofal 
TMU TMU 

T5-2 ASS~ LE AND STAMP TORQUE MODULE (MTM-2) 

AA Insert Fuse into Train 50 1 50 
AB Aside Completed Fuse to Tray 55 1 55 

Total 105 

T6-2 APPLY TAPE SEAL TO S-A (MTM-2) 

AD Apply Seal 110 1 110.0 
AE Actuate Press 12 1 12.0 
AF Remove Fuse from Press and 

Check Seal 60 1 60.0 
AG Obtain Tray of Fuses 15 1/8 1.9 
All Tray of Sues Aside 12 1/8 1.5 

~ota1 185.4 

T7-2 AS~E}j] E BODY AND WASHER TO FUSE (~2) 

AJ Finished Unit from Fixture 51 1 51 
AL Assemble Body, Washer and Fuse 175 1 175 
AM Assemble Body to Unit 16 1 16 

trota1 242 

T8-2 ASS~ E AND CRIMP DETONATOR SUPPORT ~ -2) 

. AP Aside Finished Unit, Assemble 
Spring to Detonator Fuse 151 1 151 

AR Stake Unit and Obtain Detonator 23 1 23 .. 
AG Obtain Tray 15 1/50 0.3 
All Aside Tray 12 1/50 0.2 

Irotal 174.5 



SYNTHESIS 

Sym. Ref. Descri ption 

433 

Elem. Freq. Toto I 
TMU TMU 

T9-2 ASSEMl LE TIMER, SPACERS AND RETAINER (MT"-2) 

AS 

AT 

AU 

AV 

AG 

AH 

Assemble Spacer to Unit 

Load Retainer Ring 

Assemble Housing and Retainer 
to Timer 

Press Retainer, Aside Unit 

Obtain Tray 

Aside Tray 

64.8 1 

148 1 

162 1 

59 1 

15 1/24 

12 1/24 

Total 

64.8 

148.0 

162.0 

59.0 

0.2 

0.5 

434.5 

TlO-2 ASSEMl LE AND STAKE TRIGGER ASSEMBLY (MTM 2) 

AW 

AX 

AY 

BA 

AZ 

BB 

AG 

AH 

Assemble Trigger Assembly and 
Top Plate 

Assemble Rivets, Place Unit on 
Block, Assemble Insert 

Assemble Firing Pin and Spring 
to Unit 

Check Springs, Inspect Shaft, 
Stake Unit and Recycle 

Assemble Safety Plate, SSD 
Release, Firing Arm and 
Bottom Plate 

Open Clamp and Remove from 
Fixture 

Aside Tray 

Obtain Tray 

Tll-2 TOgQlll (3) POSTS (MTM-2) 

BD 

BE 

BF 

Unit to Fixture 

Torque (3) Posts 

Check Drop1eaf, Drop1eaf Rod, 
Gauge 

. ' 

98.5 

271 

98 

321 

446 

40 

12 

15 

57 

149 

113 

1 

1 

1 

1 

1 

1 

1/24 

1/24 

98.5 

271 

98 

321 

446 

40 

0.2 

0.5 

Total 1275.2 

'1 
1 

1 

57 

149 

113 

Total 319 . 



434 

SYNTHESIS 

Sym. Ref. Description Elem. Freq. Total 
TMU TMU 

Tl2-2 ASS~ LE STARTING PIN SPRING (MTM-2) 

BG Housing Into Fixture 59 1 59 
BH Assemble Washer, '0' Ring, Start ng 

Pin and Spring , 
296 1 296 

BJ Assemble Retainer 123 1 123 
BL Housing Aside: Dump Out Pin 

Guide 25 1 25 

Total 503 

Tl3-2 BURNl SH SLOT (MTM-2 

BM Load Fixture 101 1 101 
BP Burnish Slot 60 1 60 
BR Unload Fixture 63 1 63 

Irotal 224 

Tl4-2 ASSEl isLE OPTION PIN (MTM-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 

irotal 723 

Tl5-2 ASSE} ~LE AND FORM KEY ASSEMBLY (MTM-2) 

BX Assemble and Form Elements 199 1 199 

h'otal 199 



435 

DESCRIPTION 
No. LH TMU RH • No. DESCRIPTION 

- LEFT HAND -RIGHT HAND . 

A.- OBTAIN AND PLAC lE M! GAZINE ( irrM-2) 

32 GCSO '} Magazine to 

20 PASO Hork Area 

7 GB5 } 
12 2R Orientate 

. 
Total 71 !MU 

B - LOAD SPRINGS TC MA AZINE. A !DE WO lK (MTM- ) 

{ 1/4 GC15 4.S 
P-U Springs 1/4 PA30 2.S 

Unpalm (1) Spring 1/2 R 2.S G-

} 14.0 GC5 Obtain Spring 
and Assemble 

26.6 PC15 

{ 1/2 GA30 0.5 GA30 1/2 
} Aside Work Aside Work 1/2 PBSO 1.0 PBS 1/2 

Total 52.5 !MU 

D - DETONATOR BOXE TO DOGHOUSE (MTM-2 

18 GB45 

5 GW5 Open Locker 
20 PASO Door 

1 PW5 

G- 32 GCSO 

.. 5 GW5 Open Lid and 
3 PAS Aside 

20 PAS 0 

160 GCSO 5 

25 GW5 5 Remove Box of 

15 PAS 5 Detonators and 
to LH 

G- 100 PA80 5 

From RH 5 GB5 35 

Box in Work Area 5 PASO 100 

Car y Fwd. 559 



4~6 

DESCRIPTION 
No. LH TMU RH • No. 

DESCRIPTION 
- LEFT HAND -RIGHT HAND . . 

D - Continued 

Brot ght Fwd. 559 

·23 GB80 } Toss Empty 

20 PA80 Box Aside 

• 23 GB80 

10 GW10 Close Locker 

20 PA80 

2 PW10 , 

Total 657 TMU 

E - OBTAIN AND POS TIO EMPTY M GAZINE 

) 
-

{ GB80 23 G-

Tray to Fixture PC80 41 P- Assist RH 

PA30 11 P-

Total 75 TMU 

F - OPEN DETONATOR BOX ANDTRM< FER TO FIXTURE (MTl -2) 

G 23 GBSO } Box of Detonator 
P 41 PCSO to Platform 

Assist RH G- 3 GA5 

1 A 14 A Open Lid 

P- 11 PA15 ... 
7 GB5 Lid 

Box .. GC5 14 

6 PAl5 Remove Lid 

G- 6 PAl5 To LH . 
Lid from LH GB5 7 

Toss Lid Aside PA45 15 

Cardboard Pad GC45 . . 27 
From Box PA30 11 

arr Fwd. 195 



437 

DESCRIPTION 
No. I.H TMU RH • No. DESCRIPTION 

-I.EFT HAND -RIGHT HAND . 

F - Continued 

sro ght Fwd. 195 

Detonators GC30 23 

) Box of Detonators 
14 GCS to Fixture 

Assist RH PC30 30 PC30 

3 GAS } Slide into 
6 PALS Fixture 

Total 286 TMU 

G - OBTAIN AND PLA E El IPTY MAGA INES 0 WORK P ~TF RM (MTM-2) 

Magazines to { GC4S 27 

Platform PA4S 15 

Orientate 2nd { R 6 
Magazine PAS 3 

Total 51 TMU 

H - POSITION DETON TOR IN MAGA7 NE (MT -2) 

26 GC1S P-U Detonator 

26 PC1S Locate 

3 PAS Insert 

Total 55 TMU 

J - EXPOSE DETONAT RR M (MTM-7) 

- - 3 GAS } 
19 PB30 Expose Rim 

Total 22 TMU 

L - POSITION FULL lAGA INE IN ORK FIll TURE (MT 1~2) 

G- 19 GC1S } Work in 

P- 21 PCS Fixture 

Assist RH G- 3 GAS } Insert 
P- 6 PAlS 

Total 49 TMU 



438 

DESCRIPTION 
No. LH TMU RH • No. DESCRIPTION 

- LEFT HAND -RIGHT HAND . 
M - COMPLETED MAGA' INE INTO LOC !a:R(MT: -2) 

Wire Guard to { GB45 
Work Area PA30 

{ 
G 10 GB15 } Assist RH D 26 PC15 

Wire Guard into 
Slot in Tray 

P 3 PAS 

Assist RH { G- 14 GC5 Tray from 

P- 20 PA80 Fixture and 
Aside 

Total 73 TMU 

P - ASSEMBLE, PRES ANl GAGE: SIDE T TRAY ( ITM- ) 

Retainer to S-A ( GC45 27 G- ) Assemble S-A 
P- 36 PC45 

S-A in Fixture PC15 26 G- } 11 PA30 Clamp 

14 A . 

[ G- 11 PA30 Release 

Gauge S-A PC15 26 

PA15 6 

Assemble to Fuse { 
GB5 7 

PC30 30 

Total' 194 TMU 

R ~ OBTAIN TRAY OF FUS S: 100 INSPEC 1'ION CLC SING SCREWS (MTM-2) 

Assist RH { GB80 23 GB80 } Tray to Bench 
PA80 20 PA80 

56 E 8 } Inspect 
56 E 8 

Total 155 TMU 



439 

DESCRIPTION 
No. LH TMU • No. DESCRIPTION 

- L.EFT HAND RH -RIGHT HAND . 
S - ASIDE TRAY (MT}I -2) 

Tray to { GB30 14 G-
Conveyor PA80 20 P-

Slide on { GA5 7 
Conveyor PA45 15 

Total 56 TMU 

T - START MODULE T' 
,,~. S (MTM-2 

Module Turner { 1/8 GB30 1.8 
to Fuse 1/8 PC15 3.3 

Turn Down { 5 PA5 15.0 

4 GB5 28.0 

Next Fuse PCS 21.0 

Aside Tool 1/8 PA30 1.4 

Total 70.5 TMU 

U - OBTAIN TRAY OF MOD JLES (MT}I :"2) 

Assist RH { GB45 18 GB45 ) PU and Move Tray 
PA30 11 PA30 

Total 29 TMU 

V - ASIDE AND OBTA N F SES (MTI -2) 

Finished Fuse { GBlS 10 GB15 ) Finished Fuse 
ASide .. PC45 36 PC4S 

Aside 

Obtain Fuse { GB5 7 GB5 ) Obtain Fuse 
PC45 36 PC45 

Total 89 TMU 



440 

DESCRIPTION 
No. LH TMU RH No. 

DESCRIPTION 
-LEFT HAND -RIGHT HAND . 

W - ASIDE COMPLETE TR. Y (MTM-2 

Tray to Conveyor { 
GB45 18 GB45 } Assist LH 
PA30 11 PA30 

Slide Along { GAlS 9 } Obtain Fuse 
Conveyor PAIS 6 

Total 44 TMU 
, 

X - OBTAIN NEW TRA OF WORK (M1 M-2) 

To work Area GB80 23 GB80 } Assist LH 

PA45 15 PA45 

Total 38 TMU 

AA - INSERT FUSE I TO OSITION IN TRA N (MTM-2 

14 GB30 ) Assemble 
36 PC45 . 

Total 50 TMU 

AB - ASIDE COMPLET D F iTSE TO T lAY (MTI -2) 

{ GB30 14 
Aside . PC80 41 

Total 55 TMU 

AD - APPLY SEAL n nt-2 
- -

Pull Tape Out { GB30 14 

PAS 3 

19 GC15 } Seal to Fixture 
30 PC30 

Seal to Fixture { 
GB30 14 

PC30 30 

Total 110 TMU 



441 

DESCRIPTION 
No. L.H TMU RH • No. DESCRIPTION 

-l.EFT HAND -RIGHT HAND . 

AE - ACTUATE PRESS i(MTl-1-2) 

Actuate Button ( GA30 9 GA30 ) Actuate Button 
No. (1) PA5 3 PA5 No. (2) 

Total 12 TMU 

Remaining motions j n e ement li fu-ted o t by Pr ces Time. Process 

Time not included n tt e study. 

AF - REMOVE FUSE FE OM RESS AND CHECK EAL (MTl -2) 

Remove from ( GB45 18 
Press PA30 11 

Inspect E 7 

To Tray PB45 24 

Total 60 TMU 

AG - OBTAIN TRAY 0 FU ES (MTl-l- 7) 

Slide from ( GA30 9 
Conveyor PA15 16 

Total 25 TMU 

AH - TRAY OF FUSES ASI E (MTM-

Slide to ( GA15 6 

Conveyor PA15 6 
. -

Total 12 TMU 

AJ- FINISHED UNIT FRO FIXTURt AND AS TDE (MTM -2) 
r GB45 18 GA45 Clamp 

5 ,GW5 } Release 

Clamp from Fuse < 3 PA5 

and Aside 3 PA5 Open 

PA5 3 

"-
PB30 19 

Total 51 TMU 



442 

DESCRIPTION 
No. I.H TMU RH • No. DESCRIPTION 

-LEFT HAND - RIGHT HAND . 
AL - ASSEMBLE BODY, I~A ~R AND USE (M' 11-2) 

18 GB4S 

36 PC4S 

14 A 
Body into Fixture 

3 PAS 

'} 
G- 18 GB4S 

Assemble (1) P- 36 PC4S 
Fuse Assembly 

Washer into Fixture 
3 PAS 

PCS 21 

6 GAlS 

) 6 PAIS Clamp 

. 14 A 

Total 175 TMU 

AM - ASSEMBLE BODY TO NIT (MTM 2) 

Button (1) { GA4S 13 GA4S } Button (2) 
PAS 3 PAS 

Total 16 TMU 

AP - ASIDE FINISHE UN T, ASSEM BLE SPR NG TO D TON TOR HOLDER (MTM-2) 

GClS 19 G-
Finished Unit GWS 5 Detonator Holder 
From Fixture: to Fixture 
Aside to Tray PAS 3 

PB4S 24 .. 
26 PClS .-

{ 
GC30 23 

Spring to 3 R 21 
Detonator Holder 

PC30 30 

Total 151 TMU 

-



DESCRIPTION 
- LEFT HAND No. LH TMU RH No. 

AR - HEAT STAKE UNI'r AI b OBTAIN DETONA OR (MTM 2) 

Operator { A 

GA30 9 GA30 

A 14 

Total 23 TMU 

DESCRIPTION 
- RIGHT HAND 

} Operator 

443 

Detonator holder i, ob ained du ing Pr cess Ti e. Process Time is 

not shown in the s udy 

AS - ASSEMBLE SPAC R T 

P-U Supply of 
Spacers { ~~~ 1/2 

Unpalm (1) Spacer 2 

UNIT (MDf-2) 

GB4s 0.8 

R 0.3 

PA4s 0.7 

R 12.0 

7.0 

26.0 

3.0 

Extra Spacers 
Aside 1/2 PA4s 15.0 

G­

GBs 

PCls 

PAS 

Total 64.8 TMU 

AT - LOAD RETAINER RIN (MTM-2) 

Jig GB- . 
-r-

Hold" 

-
Total 

27 

12 

36 

10 

26 

3 

14 

6 

5 

3 

6 

148 

GC4s 

PAS 

PC4s 

GBls 

PCls 

PAS 

A 

R 

GWs 
PAS 

PAlS 

TMU 

4 

} Spacer from LH 

} Spacer to 
Assembly 

Retainer Ring 

Shake Out 

To Jig 

} 'olgh' ': JIg 

Seat 

Remove Weight 
From Jig 



444 

DESCRIPTION 
No. LH TMU RH • No. DESCRIPTION 

- L.EFT HAND . - RIGHT HAND . 
AU - ASSEMBLE HOUSI ~G i m> RETAI ER TO lMER (M'l M-2) 

GC 32 GCSO ] Assemble Timer 
GCS 14 to Housing 

P= 41 PCSO 

6 PAS 2 Seal 

Assembly from RH GBS 7 

10 GBlS } Assemble Fixture 

26 PClS With Retainer 
Ring to Timer 
Assembly 

Assist RH PC 15 26 PClS Whole Assembly 
to Fixture 

Total 162 TMU 

AV - PRESS RETAINEI AN: ASIDE F NI SHED UNIT (P OCE S TIME EXCLUDED) 
(MTM-2) 

Operate { GAlS 6 GAlS } Operate 
A 14 A 

From Fixture PAS 3 PAS From Fixture 

Assembly to Tray PC4S 36 PA4S Top to Bench 

Total 59 TMU 

.. 

AW - ASIDE FINISHE UN T TO TR.I ~. ASSE 1BLE TRI GER ASSEMBLY AND TOP 
PLATE (MTM-2) 

23.0 GBSO } Trigger Assembly 

15.0 PA4S to WA . 

T" "." " { 
GC30 23.0 

Tdgger Assembly PC30 30.0 

1/2 PAS 1.5 

6.0 PAIS To Bench 

Total 9S.S TMU 
, 
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DESCRIPTION 
No. LH TMU RH • No. OESCRIPTION 

-LEFT HAND -RIGHT HAND 
- . 

AX - ASSEMBLE RIVE' S, 1 iLACE UNI ON BL CK, ASS MBL INSERTS (MTM-2) 

GC45 27 G-

} 14 GC5 Rivet to Trigger 
Rivet to Trigger 36 PC45 Assembly 
Assembly 

PC5 21 

G- 10 GBIS } Remove Block 
Trigger Assembly p- S GWS From Fixture 

3 PAS 

26 PC IS Assembly to 

{ R 6 R Fixture 

Change Hold PAIS 6 

7 GBS Assembly from LH 

Clamp Fixture { GB30 10 
, 

to W. A PAIS 6 

21 PC IS Trigger to 
Clamp Assembly 

14 GB30 } Tweezers to 

30 PC30 
Insert 

3 PAS Close Tweezers 

11 PA30 

7 E } Insert to Hole 

21 PCs 

3 PAS Open Tweezers 

3 PAS Tweezers Away 
from Assembly 

- -
Total _-271 TMU 

AY - OBTAIN FIRING PIN AND SPR NG ASSE 1BLY TO ]NIT (MTM-2) 

s,<in, " { 
GC4S 27 G-

Trigger Assembly 14 GCS Firing Pin to 

PC4S 36 P-
Assembly 

21 PCS 

Total 98 TMU 
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DESCRIPTION 
No. LH TMU RH No. 

DE.SCRIPTION 
- LEFT HAND -RIGHT HAND . . 

AZ - ASSEMBLE SAFET PL TE, SSD RELEAS • FIRING AlU1 AND BOTTOM 
PLATE (MTM-2~ 

Safety Plate { 
GC45 27 R 2 Unpa1m Tweezers to 

Work Area P- 30 PC30 Tweezers to P1at 

3 PAS Close Tweezers 

26 PC1S .. Plate to Assemb1 

3 PAS Open Tweezers 

SSD Release { GC4S 27 P-
to Work Area PA30 11 Tweezers to . 

SSD Release 21 PCS Plate 
3 PAS 

26 PC1S SSD to Trigger 

3 PAS I- Open Tweezers 

11 PA30 and Away 

Firing Arm Pin { GC4S 27 GB4S P1ers to Work to Work Area PA30 11 PA30 Area 

21 PCS } Grasp Firing An 

3 PAS Pin with Pliers 

Spring With { GAS 3 
Thumb A 14 . 
Spring Onto PCS 21 Pliers 

21 PCS Firing Pin Arm 
to Trigger Assy. 

/" G- 3 PAS } Pliers to 

11 PA30 Table 

Clamp 23 GC30 } Bottom Plate to 
< Trigger Assemb1) 30 PC30 

PAlS 6 

'- A 14 

6 R 

) Plate Onto 
21 PCS Pins 

14 A 

~ota1 446 TMU 
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DESCRIPTION 
No. LH TMU RH • No. DESCRIPTION 

-LEFT HAND - RIGHT HAND . 
. -

BA - CHECK SPRINGS. IN~ PECT SHA rr. STAl ~ UNIT i iND' ECYCLE (MTM-2) 

P-U Unit GB1S 14 GB30 } "'~. ,=''"' From Table P- 30 (;,C30 
with Tweezers 

2 

41 PCS .. Tweezer to Pin 

3 PAS Close Tweezers 

21 PCS Shaft to Hole 

3 PAS ) 3 PAS Open & Aside 

Turn Unit 2 PAS 6 

14 E 2 Inspect 

13 PClS 1/2 } Adjust 

10 PCS 1/2 

Clamp Unit PC4S 36 PA30 Tweezers Aside 

Operate { 
GA4S 13 GA4S } Operate 
A 14 A 

GB4S 18 G- h 

Clamp - From GWS S Press to 
Recycling PAS 3 Operate 2nd 
Fixture PC4S 36 Lever 

( 
-

GAlS 9 
Operate 1st 2 PAS 6 PAS 2 
Lever 

A 14 A 1--
9 GAlS 

} 6 PAS 2 Operate 2nd 

14 A Lever 

Total 321 TMU 

"'i .. 
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DESCRIPTION 
No. LH TMU RH 

DESCRIPTION 
-LEFT HAND No. - RIGHT HAND . 

BB - OPEN CLAMP AND RE}: bVE FROM FIXTUR (MTM-2) 

{ 
GB1S 10 

Open Clamp A 14 

PAS 3 

Remove from { GB1S 10 .. 
Fixture PAS 3 

E Inspect 

~otal 40 TMU 
. 

BD - OBTAIN UNIT Ali 10 P' ~CE IN F XTURE MTM-2) 

18 GB4S 

} 36 ~C4S Unit into Fixtu ~ 

Close PAS 3 

Total S7 

BE·- TORQUE (3) POS TS MTM-2) 

14 GB30 Torque Device 

30 PC30 

18 R 3 

42 A 3 Torque 

42 PCS 2 
I-

3 PAS Aside Device 

Total 149 TMU 

. 
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. 

DESCRIPTION 
No. LH TMU RH • No. DESCRIPTION 

-LEFT HAND - RIGHT HAND . -
BF - CHECK DROPLEAF DR PLEAF RO b. GAUG UNIT A DA !DE (MTM-2) 

. 

GB15 19 GC15 Gauge 

Unit to Work Area 
:15) 

6 

GA5 3 

5 GW5 } Pull Gauge Out 
3 PAS 

6 PA15 Gauge Aside 

10 GB15 } Check End Shake 
12 PA5 4 

3 GA5 } Check Spring 
14 A -

3 GA5 } Check Dropleaf 
14 A 

Unit Aside PA45 15 

Total 113 TMU 

BG - PLACE HOUSING NTO FIXTURE (MTM-2) 

Assist RH { G- 23 GB80 
} To Fixture PC45 36 RC45 

Total 59 TMU 
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DESCRIPTION 
No. LH TMU RH • No. DESCRIPTION 

- LEFT HAND -RIGHT HAND -
BH - OBTAIN AND ASS' MBL ' 0' Rn p, WASH RR, STAR ING PIN AND SPRING 

(MTM-2) 

18 R 3 
} Guide Pin to 

Washer to Guide { GC30 23 PA15 Work Area 

Pin PC30 30 

'0' Ring to { GC30 23 

Guard Pin PC30 30 

26 PC15 } 3 PA5 To hole 

23 GC30 } Spring to Work 
6 PA15 Area 

GC30 23 

Starting Pin 26 PC15 Assemble to Guid 
to Guide 

PC30 30 

A 14 

10 GB15 } Housing Aside 
Housing Aside PA30 11 PA30 

Total 296 TMU 

BJ - ASSEMBLE RETAI ER MTM-2) 

14 GB30 

} 26 PC15 Retainer Tool 
to Assembly 

14 A 

30 PC30 } Retainer to Pin 
14 A 

5 GW5 } Disengage Tool 
3 PA5 

11 PA30 Tool Aside 
Turn Housing PA15 6 

Total 123 TMU 
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DESCRIPTION 
No. LH TMU RH 

. 
No. 

DESCRIPTION 
- LEFT HAND -RIGHT HAND . 

BL - HOUSING ASIDE AND DUMP OUT PIN GU DE (MTM 2) 

{ PA15 6 PAIS Hand to Housing 
Housing PB30 19 R Palm Guide 

Total 25 TMU 
.. 

BM - LOAD FIXTURE MTM 2) 

15 PBls Tweezers to Lever 

18 PAS 6 } Separate and 

18 PAS 6 Orientate 

Assist RH GAS 21 PCS } 3 PAS P. U. Lever 

26 PCls Lever to Fixture 

Total 101 TMU 

BP - BURNISH SLOT MTM 2) 

Start Machine { GAlS 6 R Palm Tweezers 

A 14 

7 GBs } Handle to 
3 PAS Burnisher 

30 PAS 10 Burnish Lever 

Total 60 TMU 

BR - UNLOAD FIXTUR (~ 1ru-2) 

{ GAlS 6 P-
Handle from 

Stop Machine Burnisher 
A 14 R Unpalm Tweezers 

26 PC 15 } P.U. Lever 
3 PAS with Tweezers 

11 PA30 To Pan 

3 PAS Open Tweezers 

Total 63 TMU 



452 

DESCRIPTION 
No. LH TMU RH No. 

DESCRIPTION 
-LEFT HAND -RIGHT HAND . 

BS - OBTAIN HOUSIN( ANI ASSEMBL SPRIN (MTM-2 

18 GB4S ) Housing to 

15 PA4S 
Table 

"', .. ,.,' '.<in, { 
GC30 23 

PA- 14 GB30 .. } Tweezers to 

30 PC30 
Spring 

3 PAS Close Tweezers 

26 PClS Spring to Hole 

3 PAS Open Tweezers 

6 PA30 Tweezers Aside 

Total 138 TMU 

BT - ASSEMBLE OPTI N P N. WASHl ~AND 'b' RING IrN H USING (MTM-2) 

23 GC30 Option Pin 

Assemble Washer { GCS 14 
to Option Pin 

PC30 30 

Assemble '0' Ring{ GClS 19 
to Option Pin 

PClS 26 

15 PBlS Pin to Housing 
Housing to Work PAIS 6 
Area 

40 PBS 4 

21 PCS Assemble Pin 

3 PAS 

3 GAS 

14 A Seat on Spring 

Total 214 TMU 

BU - CHECK UNIT FO EJi SHAKE !MTM-2) 

14 GB30 } 30 PC30 Driver to Slot 

6 PAIS Turn 

12 E 2 Check Holes 

6 PA30 Driver Aside 

Total 68 TMU 
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DESCRIPTION 
No. LH TMU 

. DESCRIPTION 
- LEF! HAND RH No. - RIGHT HAND . . 

BV - ASSEMBLE LARGE OR SMALL 'E RING MIM-2) 

23 GC30 } E Ring Tool to 

26 PC1S 
Fixture 

14 A Tool on E Ring 

30 PC30 .. } Assemble E Ring 

14 A 

11 PA30 Tool Aside 

Total 118 TMU 

BW - ASSEMBLE CRAN (M ~-2) 
23 GC30. } Crank to Option 

30 PC30 
Pin Unit 

14 A Seat 

Total 67 TMU 

BX - ASSEMBLE AND ORM ELEMENT~ (MIM-2 

GB- 14 GB30 ) PA- 12 R 2 Back Unit to 

21 PCS· Fixture 

GC30 23 G-
,.n. 'o"1n, Ko, { 14 GCS 

Assembly Unit 
and Lubricate to Setting Key 

PAS 3 

Key to Crush P- 26 PC1S 
Element 10 GBlS } Assemble 

26 PC IS 
Retaining Plug 

Assembly in Die PC30 30 

Total 199 TMU 

. 
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APPENDIX 0: MTM-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 MTM-3. and then transformed to 0.01 minutes at 

100 B.S.I. performance. 

Task 

Tl-3 

T2-3 

T3-3 

T4-3 

T5-3 

T6-3 

T7-3 

T8-3 

T9-3 

TlO-3 

Tll-3 

Tl2-3 

Tl3-3 

Tl4-3 

Tl5-3 

Description 

Load Springs into Magazine 

Hand Load Detonat~rs to Magazine 

Insert S-A Retainer into Fuse Body 

Handle Fuses 

Assemble and Stamp Torque Module 

Apply Tape Seal to S-A 

Assemble Body and Washer to Fuse 

Assemble and Crimp Detonator Support 

, Assemble Time4 Spacers and Retainer 

Assemble and Stake Trigger Assembly 

Torque (3) Posts 

Assemble Starting Spring Pin 

Burnish Slot 

Assemble Option Pin Arm 

Assemble and Form Key' Assembly 

0.01 
Minutes 

5.370 

8.760 

17.490 

6.050 

4.800 

9.530 

12.250 

7.420 

17.015 

64.590 

13.900 

20.000 

16.650 

30.050 

9.300 
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SYNTHESIS 

Sym. Ref. Description Elem. Freq. Toto I 
TMU TMU 

Tl-3 OAD SP INGS INTO MAGAZINE (MTM-3) 

A Obtain and Place Magazines 59.0 1 59.0 

B Load Springs and Aside Work 48.4 1 48.4 

Total 107.4 

HAND LO Ul DETONATOR TO MAGAZINE (MTM-3) 
.. 

T2-3 

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 -A RETAINER INTO FUSE BODY (MTM-3 

P Asse~b1e. Press and Gauge 230 1 230.1 

R Obtain Tray of Fuses: 100% 146 1/8 18.3 
Inspection. Closing Screws 

S Aside Tray of Modules 68 1/20 3.4 

T Start Module Threads 96.3 1/20 96.3 

U Obtain Tray of Modules 34 1/20 1.7 

Total 349.8 

T4-3 HANDLE ruSES (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 



SYNTHESIS 

Sym. Ref. Descri ption . 

T5-3 ASSEMBLE AND STAMP TOROUE MODULE (MTM-3) 

AA 

AB 

Insert Fuse into Train 

Aside Completed Fuse in Tray 

T6-3 APPLY '!>.PE SEAL TO S-A (MTM-3) 

AD 

AE 

AF 

AG 

AH 

Apply Seal 

Actuate Press 

Remove Fuse from Press and 
Check Seal 

Obtain Tray of Fuses 

Tray of Fuses Aside 

T7-3 ASSEMBI" BODY AND WASHER TO FUSE (MTM-3) 

AJ Finished Unit from Fixture 

AL 

AM 

Assemble Body, Washer and Fuse 

Assemble Body to Unit 

Elem. 
TMU 

48 

48 

114 

18 

50 

34 

34 

65 

162 

18 

T8-3 ASSEMBllE AND CRIMP DETONATOR SUPPORT (MTM 3) 

AP 

AR 

AG 

AH 

Aside Finished Unit, As.semble 
Spring to Deontator Fuse 129 

Stake Unit and Obtain Detonators 18 

Obtain Tray 34 

Aside Tray 34 

I 

456 

Freq. Toto I 
TMU 

1 

1 

48 

48 

Total 96 

1 

1 

1 

1/8 

1/8 

114.0 

18.0 

50.0 

4.3 

4.3 

!rota! 190.6 

1 

1 

1 

65 

162 

18 

lrota1 245 

1 

1 

1/50 

1/50 

Total 

129 

18 

O. 

O. 

148.1 
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SYNTHESIS 

Sym. Ref. Descri ption Elem. Freq. Toto I 
TMU TMU 

T9-3 ASSEMBI " TIMER SPACERS AND RETAINER (MTM 3) 

AS Assemble Spacer to Unit 57.0 1 57.0 

AG Load Retainer Ring 126.5 1 126.5 

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 
~ 

tr'otal 340.3 

TlO-3 ASSEMl LE 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 
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 

Tll-3 TOROU (3) POSTS (MTM-3) 

BD Unit to Fixture 55 1 55 

BE Torque (3) Posts 85 1 85 

BF Check Dropleaf, Dropleaf Rod, 
Gauge 138 1 138 

Total 278 
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SYNTHESIS 

Sym. Ref. Description Elem. Freq. Toto I 
TMU TMU 

Tl2-3 ASSEMl LE STARTING PIN SPRING (MTM-3) 

BG Housing into Fixture 48 1 48 

BH Assemble Washer, '0' Ring, 
Starting Pin and Spring 243 1 243 

BJ Assemble Retainer 86 1 86 
BL Housing Aside: Dump Out Pin 

Guide 23 'I 23 

Total 400 

Tl3-3 BURNH H SLOT 

BM Load Fixture 160 1 160 
BP Burnish 'Slot 106 1 106 
BR Unload Fixture 69 1 69 

Total 333 

Tl4-3 ASS~M1 LE 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 Shake 71 1 71 
BV Assemble Large or Small 'E' Ring 86 2 172 
BW Assemble Crank 48 1 48 

Total 601 

Tl5-3 ASSDg ~E AND FORM KEY ASSEMBLY (MTM-3) 

BX Assemble and Form Elements 186 1 186 

Ir'otal 186 
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DESCRIPTION 
No. LH TMU RH • No. DESCRIPTION 

- LEFT HAND - RIGHT HAND . 
A - OBTAIN AND PLA EM GAZINES (MTM-3 

34 HBSO To Work Area 

lS HA15 ) Orientate 
7 TA15 

Total 59 TMU 

B - LOAD SPRINGS T MA AZINE, . SIDE WO iRK 
P. U. Springs 1/4 HASO S.5 

Unpalm (1) Spring 1/2 TA15 3.5 

34.0 HB15 Assemble (1) Spri g 

Aside Work 1/2 HBSO 2.4 HBSO /20 Aside Work 

Total 4S.4 TMU 

D - DETONATOR BOXE TO DOGHOUS' (MTM-" 

34 HASO Open Locker 

lS HA15 ) Open Lid & 
16 TASO Aside 

90 HAl5 5 } Remove Box & 

. SO TASO 5 
To LH 

Box in Work Area 5 HASO 170 

34 HASO Empty Box Aside 

34 HASO Close Locker 

Total 476 TMU 

E - OBTAIN AND POS TID EMPTY ~ ORK TRP " TO WOF it FI TURE (MTM- 3) 

Tray to Fixture HBSO 48 H- Assist LH 

Insert TASO 16 T-
. 

Total 64 TMU 
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DESCRIPTION 
No. LH TMU RH No. 

DESCRIPTION 
- LEF"I: HAND -RIGHT HAND . 

F - OPEN DETONATOR BOX AND TRAN FER TO FIXTURE (MTl -3) 

H- 48 HB80 Box to Platform 

18 HA15 Open Lid 

18 HAl5 Remove Lid 

7 TAlS - To Lit 

Toss Lid Aside HA80 34 

Cardboard Pad HA80 34 

48 HB80 Slide into 

29 TA80 Fixture 

Total 236 TMU 

G - OBTAIN AND PLA E E WTY MAG.I tzINES C N WORK P ATF RM (MTM-3) 

To Platform HA80 34 

Orientate TA1S 7 

Total 41· TMU 

H - POSITION DETON TOR IN MAGA.: INE (ill M-3) 

21 TB15 Tool to Part 

29 TB80 Move Part 

7 TA15 Insert 

Total 57 TMU 

J - EXPOSE DETONAT R R M (MTM- ) 

48 HB80 

Total 48 TMU 

L - POSITION FULL IiAGA INE IN T ORK FI) TURE (M1 M-2) 

Assist RH H- 34 HB15 Work to Fixture 

18 HA15 Locate 

Total 52 TMU 
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DESCRIPTION 
No. LH TMU RH • No. DESCRIPTION 

-LEFT HAND - RIGHT HAND . . 
M - COMPLETE MAGAZ NE NTO LOCK PR (MTM ~3) 

Wire guard to W.A. HA80 34 

{ T- ·34 HB15 Guard to Slot 
Assist RH H- 34 HA80 Tray Aside 

Total 132 TMU 
. 

P - ASSEMBLE. PRES AN GAUGE:. ASIDE ~O TRAY [MTM 3) 

Retainer to S-A H- 48 HB80 Assemble S-A 

S-A to Fixture HB15 34 

16 TA80 } Clamp & Release 
16 TA80 

Gauge S-A { HB15 34 
~ HA15 34 

Assemble Fuse HB80 48 

Total 230 TMU 

R - OBTAIN TRAY OF FUS S: 100' INSPEC irrON CLO ING SCREWS (MTM-3) 

Assist RH HA80 34 HA80 Tray to Bench 

112 E 16 Inspect 

Total 146 TMU 

S - ASIDE TRAY (MT 1-3) 

To Conveyor HA80 34 

Slide HA80 34 

Total 68 

T - START MODULE T REA S (MTM- ) 

Tool to Fuse 1/8 HB15 4.3 

Screw Down 5 HA15 90.0 

Aside Tool 1/8 TA80 2.0 

Total 96.3 TMU 
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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 !!ABO 34 !!ABO Obtain Tray 

Total 34 TMU 

- . 
V - OBTAIN AND ASI E F SES (MTI 1-3) 

Part Aside HBBO 4B HBBO Part Aside 

Obtain Fuse HBBO 4B HBBO Obtain Fuse 

Total 96 TMU 

W - ASIDE COMPLETE TR Y (MTM- ) 

To Conveyor !!ABO 34 !!ABO To Conveyor 

Slide !!A15 1B HAl5 Slide 

Total 52 TMU 

X - OBTAIN NEW TRA OF WORK (M' M-3) 

Tray to Work Area HBBO 4B HBBO ·Assist LH 

Total 4B TMU 

AA - INSERT FUSE I ~TO POSITION IN TRA N (MTM-') 

4B HB80 Insert 

Total 48 TMU 

AB - ASIDE COMPLET RD F USE TO T :AY (MTl -3) 

Aside HB80 48 

Total 48 TMU 

AD - APPLY SEAL (I< ~_1) 

Pull Tape Out !!A15 18 

48 HBBO Seal to Fixture 
-

Fuse to Fixture HB80 48 

Total 114 TMU 
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DESCRIPTION 
No. LH TMU RH No. 

DESCRIPTION 
-LEFT HAND - RIGHT HAND . 

AE - ACTUATE PRESS (MTI -3) 

Button (1) HA15 18 HA15 Button (2) 

Total 18 TMU 

Remaining motions J r eJ ement AE limite out by P.roe ess Time. 

Process Time not iT plue ed in th study 

A:F - REMOVE FUSE Ft OM t RESS AND CHECK EAL (MT1 -3) 

Remove & Check HA80 34 

To 'l'ray TA80 16 

Total 50 TMU 

AG - OBTAIN TRAY 01 FU ES (MTM- ) 

Obtain HA80 34 

'l'otal 34 TMU 

AH - ASIDE TRAY OF FUS S (MTM-3 

Aside HA80 34 

Total 34 TMU 

AJ - FINISHED UNIT FRO FIXTURE AND AS DE (MTM 3) 

18 HA15 Open Clamp 

Fuse From Fixture( 
HA15 18 

and Aside TB80 29 

Total 65 TMU 

. 
AL - ASSEMBLE BODY WA HER & FU SE (MTM -3) 

48 HB80 } Body into 

7 TA15 Fixture 

48 HB80 } Fuse Assembly 

7 TA15 
into Fixture 

Assemble Washer HB15 34 

18 HA15 Clamp 
Total 162 TMU 
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DESCRIPTION 
No. LH TMU RH No. 

DESCRIPTION 
-LEFT HAND - RIGHT HAND . 

AM - ASSEMBLE BODY h'0 t NIT (MTM 3) 

Button (1) HA1S 18 HA1S Button (2) 

Total 18 TMU 

. -
AP - ASIDE FINISHE UN T, ASSEM LE SPR NG TO D TON TOR HOLDER (MTM-3) 

Unit From Fixture{ HA1S 18 
to Tray TB80 29 

21 TB1S Detonator Holder 

HA1S 18 
to Fixture 

S,<1n, " { 2 TA1S 14 
Detonator Holder 

TB80 29 

Total 129 TMU 

AR - HEAT STAKE UN TA lID OBTAU DETONP OR HOLD R ( ffiI-3) 

Operate HA1S 18 HA1S Operate 

Total 18 TMU 

AS - ASSEMBLE SPAC R T UNIT (} [oM-3) 

P.U. Spacers 1/2 HA80 1.4 

Unpalm (1) 2 TAS 14.0 

34.0 HB15 } Spacer to 

7.0 TA15 
Assembly 

Extra Spacers 1/2 TA80 0.6 
Aside 

Total 57.0 

AT - LOAD RETAINER RH ~ (MTM-3 

1B.0 HA15 ) Untangle 

21.0 TA15 3 
Retainer Ring 

3.5 TA15 1/2 Orientate 

29.0 TBBO Ring to Jig 

34.0 HB90 Weight to Jig 

7.0 TA15 Seat 

7.0 TA15 } Remove Weight 

7.0 HA15 
From Jig 

Total 126.5 TMll 
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DESCRIPTION 
No. LH TMU RH 

DESCRIPTION 
-LEFT HAND No. -RIGHT HAND . 

AU - ASSEMBLE HOUSI G A lID RETAI' ER TO ~ IMER (Ml k-3) 

Timer to Work Area H- 34 HB80 Housing to Timer 

14 TA15 2 Seat 

18 HB15 Assemble Fixture 
to Timer Assembly 

Whole Assembly HB80 34 T-
to Fixture 

Total 100 TMU 

AV - PRESS RETAINER AND ASIDE F NISIlED UNIT (PE OCES S TIME EXCLUDED) 
(MTM-3) 

Operate HA15 18 HA15 Operate 

From Fixture TA15 7 TA15 From Fixture 

Assembly to Tray TB80 29 T- Top to Bench 

Total 54 TMU 

AW - ASIDE FINISHEr UN' Ir TO TRA , ASSE mLE TRI GER IASSEMBLY AND TOP 
PLATE (MTM-3) . 

34 HA80 Trigger to W.A. 

Plate to Assembly HB80 34 

7 TA15 To Bench 

Total 75 TMU 

AX - ASSEMBLE RIVE' S. 1 LACE UNI ON BL CK, ASS MBL INSERTS (MTM-3) 

Rivet to Assembly HB80 48 

29 TB80 Rivet to Assy. 

18 HA15 Block from Fixt. 

21 TBIS Assemble 

Change Hold 2 TA15 14 

18 HA15 From LH 

Clamp Fixture HA15 18 . 
21 TBl5 Trigger to Clamp 

Assembly 
48 HB80 } P.U. Insert 

7 TA15 With Tweezers 

Car y Fwd. 242 
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• 
DESCRIPTION 

No. LH TMU RH 
DESCRIPTION 

-LEFT HAND No. -RIGHT HAND . 

AY. - Continued 

~rol ~ht Fwd 242 

4B HBBO Insert 

7 TAlS } Open Tweezers 

7 TAIS and Aside . 

Total 304 TMU 

AY - OBTAIN FIRING PIN AND SPRI G. ASS MBLE TO UNI' (MTM-3) 

Spring to HBBO 4B HABO } Firing Pin to 
Trigger Assembly 21 TBlli Assembly 

Total 69 TMU 

AZ - ASSEMBLE SAFE IYp ATE. SSD RELEAS • FIRIN PI' AND BOTTOM PLATE 
(MTM-3) 

Safety PI. to W.A. HABO 4B HB80 Tweezers to PI. 

7 TAIS Close Tweezers 

21 TBIS To Trigger Assy. 

7 TAIS Open Tweezers 

SSD to Work Area HABO 34 . 
21 TBIS } P. U. SSD Re1eas 

7 TA1S 
With Tweezers 

21 TB1S } SSD to Trigger 

7 TA1S 
Assy. & Release 

Firing Arm Pin to{ HABO 34 HABO } Pliers to Work 
Work Area and TA1S 7 TA1S 

Area & Regrasp 
Regrasp 

} 21 TB1S P.U. Firing Pin 

7 TAlS 
With Pliers 

Spring onto Pliers TB1S 21 
Using Thumb 

} Firing Pin Arm 
21 TBIS into Trigger Ass 

7 TAlS and Release 

16 .TABO Aside Pliers 

48 HB80 Rim PI. to Assy. 

Car ied Fwd 373 



-467 

DESCRIPTION 
No. LH TMU 

DESCRIPTION 
- LEFT HAND RH No. - RIGHT HAND 

- .. . 

AZ - Continued 

BrOl ght Fwd. 373 

Clamp TA15 7 

7 TA15 } Plate onto 

21 TB15 Pins 

21 TB15 Pin to Trigger 
Arm 

7 TA15 Open Pliers 

16 TA80 Pliers Aside 

48 HB80 } Bottom Plate to 
Trigger Assembly 

Clamp TA15 7 

7 TA15 } Plate Onto 

21 TB15 Pins 

Total 556 TMU 

BA - CHECK SPRINGS IN PECT sru ~T, STA ill UNIT .NI) lECYCLE (MTM-1) 

P. U. Unit HA1S 48 HB80 Release Contact 

21 TB15 Tweezers to Pin 

7 TAl5 
and P. U. 

21 TB15 To Hole 

7 TA15 "} Open Tweezers 

7 TA15 
and Aside 

Turn Unit 2 TA1S 14 

10. ' TB15 /2 } 10. ' TB15 p-/2 
Adjust 

Clamp Unit TB80 29 T- Aside Tweezers 
to Fixture 
Operate HA1S 18 HA1S Operate 

Clamp From Press { HA1S 18 \ 

TB80 29 

Operate 1st Lever{ HA15 18 TA15 } Operate 2nd Level:-
TA15 7 TA15 

18 HA15 } Operate 3rd 

7 TA15 
Lever 

Total 242 TMU 
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DESCRIPTION 
No. LH TMU RH 

. 
No. 

DESCRIPTION 
-LEFT HAND -RIGHT HAND . 

BB - OPEN CLAMP AND REI- DVE FROM FIXTURl (MTM-3) 

Open Clamp { HA15 18 

TA15 7 

Remove from Fixture HA15 18 

Total 43 TMU 

BD - OBTAIN UNIT AN b PI t\CE IN F XTURE MTM-3) 

48 HB80 Unit to Fixture 

Close TA15 7 . 
Total 55 TMU 

BE - TORQUE (3) PO Irs ~-3) 

48 HB80 Torque Device 
to Unit 

21 TB15 3 Torque 

16 TA80 . Aside Device 

Total 85 TMU , 

BF - CHECK DROPLEAE, D OPLEAF R D, GAU E UNIT ND SIDE (MTM-3) 

Unit to Work Area HA80 34 

7 TA15 Pull Gauge Out 

7 TA15 Gauge Aside 

18 HA15 } Check End Shake 
7 HA15 3 

18 HA15 Check Spring 

18 HA15 Check Dropleaf 

Unit Aside TB80 29 

Total 138 TMU 
. , 

GB - PLACE HOUSING INT FIXTURE (MTM-3 

Assist RH H- 48 HB80 Assemble 

Total 48 TMU 
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DESCRIPTION 
No. LH TMU DESCRIPTION 

-LEFT HAND RH No. -RIGHT HAND -
BR - OBTAIN AND ASS ·MBl E '0' RI G, WASl ER, STAli rrINC PIN AND SPRING 

(MTM-3) 
21 TA1S 3 } Guide Pin to 

Washer to Guide Pin HB80 48 T-

'0' Ring to Guide' HB80 48 
Pin 

-

21 TB1S } To Hole 
7 TA1S 

48 HB80 Assemble on Grid 

Starting Pin to TA80 16 
Spring 

Assist RH T- 34 HA80 Housing Aside 

Total 243 TMU -

BJ - ASSEMBLE RETA NER (MTM-3) 

34 HB1S Retainer Tool 
to Assembly 

29 TB80 Retainer to Pin 

7 TA1S Disengage. Tool 

Turn Housing TA- 16 TA80 Tool Aside 

Total 86 TMU 

BL - HOUSING ASIDE AND DUMP· OU' 'PIN 

{ TA1S 7 TA1S Hand to Housing 
Housing Aside TA80 16 TA1S Palm Guide 

Total 23 TMU 

BM - LOAD FIXTUR (M irM-3) 
21 TB1S Tweezers to Leve 

42 TA1S 6 } Separate Out 
42 TA1S 6 

21 TB1S j P.U. with Tweez. 
7 TA1S 

21 TB1S Lever to Fixture 
7 TA1S 

Total 160 TMU 

. 



470 

DESCRIPTION 
No. LH TMU RH No. 

DESCRIPTION 
- LEFT HAND -RIGHT HAND . 

BP - BURNISH SLOT (kTM· 3) 

Start Machine HAl5 18 

18 HAl5 Handle to 
Burnisher 

70 TAlS 10 Burnish .. 

Total 106 TMU 

BR - UNLOAD FIXTUR' (M1 M-3) 

Stop Machine HA15 18 

21 TlllS } P.U. Lever with 

" 7 TA1S Tweezers 

16 TA80 To Pan 

. 7 TA1S Open Tweezers 

Total 69 TMU 

BS - OBTAIN HOUSIN AN ASSEMBI " SPRIN G (MTM-3 

34 HA80 Housing to Table 

34 HB80 PU Spring-Tweez. 

29 TB80 Spring to Hole 

7 TA15 Close Tweezers 

16 TA80 Tweezers Aside 

Total 120 TMU 

BT - ASSEMBLE OPTI N P N. WASH! RAND b' RING NB USING (MTM-3) 

Ass. Washer to Pin HB80 48 

'0' Ring to Pin HB80 48 

34 HB1S Pin to .Housing 

Housing to W.A. TA1S 7 

7 TA1S 4 Align Pin 

21 TB1S } Assemble Pin 
7 TA1S 

18 HA1S Seat on Spring 

Total 190 TMU 
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DESCRIPTION" 
No. LH TMU RH No. 

DESCRIPTION 
- LEFT HAND - RIGHT HAND -

BU - CHECK UNIT FOB EN' SHAKE ( WrM-3) 

48 HB80 Driver to Slot 

7 TA1S Turn 

16 TA80 Driver Aside 

Total 71 TMU 
.. 

BV - ASSEMBLE LARG' OR SMALL 'E RING MTM-3) 

Regrasp Housing TA1S 7 

34 HB1S Toolonto"E'Rin 

29 TB80 Assemble Ring 

16 'TA80 Tool Aside 

Total 86 TMU 

BW - ASSEMBLE CRAN (M tM-3) 

48 HB80 

Tota:). 48 TMU 

BX - ASSEMBLE AND ORM ELEMENT' (MTM-3 

Aside Finished 
Unit HA80 34 

21 TB1S Back Unit to 
Fixture 

Lub. Setting Key HA80 34 

34 HB1S Assembly to 
Setting Key 

, 34 HB1S Assemble Retain-
ing Plut 

Assembly in Die TB80 29 

Total 186 TMU 



APPENDIX P: ANALYSIS OF PROVING DATA FROM TEST 
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03 

SYNTHESIS 

Elem. Total 
Sym. Ref. Description 0.01 Freq. 0.01 

mins. mlns. 

Tl-Il LOAD ~ PRINGS INTO MAGAZINES 

A Obtain and Place Magazine 1.594 1 1.594~ 

B Load Springs and Aside Work 1.031 1 1.0310 

. 
Total 2.625E 

. 

. T2-Il HAND OAD DETONATOR TO MAGAZINE 

D Detonator Boxes ,0 Doghouse 15.026 1/500 .030( 

E Magazine Tray to Wire Fixture 2.870 1/100 .028' 

F Detonator Box to Work Fixture 7.662 1/10 .762, 

G Empty Magazines onto Platform 1.943 1/5 .388t 

H Detonator in Magazine 2.607 1 2.607 

J Expose Detonator Rim 2.411 1 2.411 

L Full Magazine into Work Fixture 2.979 1/5 .595 

M Completed Magazine to Locker 3.547 1/5 .709 

. Total 7.533S 

T3-Il INSER1 S-A RETAINER INTO FUSE BODY 

P Assemble. Press and Gauge 10.916 1 10.916£ 

R Obtain Tray of Fuses. 100% 
Inspection Closing Screws .576 1/8 .072' 

S Aside Tray of Modules 1.l35 1/20 .0561 

T Start Module Threads 3.274 1 3.274 

U Obtain Tray of Modules .576 1/20 .028t 

Total 14.348 

T4-Il HANDL FUSES . 

V' Obtain New Tray of Work .567 1/4 .142 

W Obtain and Aside Fuses 4.823 1 4.823 

X Aside Completed Tray 1.l35 1/4 .283 

Total 5.249 
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SYNTHESIS 

Elem. Totol 
Sym. Ref. Description 0.01 Freq. 0.01 

mins. mms. 

T5-II ASSEl rnLE AND STAMP TORQUE MODULE 

AA Insert Fuse into Train 2.411 1 2.41H 

AB Aside Completed Fuse Tray 2.411 1 2.41H 

Tot!ll 4.282: 

T6-II APPL TAPE SEAL TO S-A 

AD Apply Seal 5.391 1 5.391 

AE Actuate Press' .567 1 .576 

AF Remove Fuse from Press 1.026 1 1.026 

AG Obtain Tray of Fuses .567 1/8 .072 

AB Aside Tray of Fuses .567 1/8 .072 

Total 7.138 

> 

T7-II ASSE ~BE BODY AND WASHER TO FUSE 

AJ Finished Unit fromFixture 2.2091'J 1 2.209 

AL Assemble Body; Washer and Fuse 8.7201'J 1 8.702 

AM Assemble Body to Unit and 
Operate the Press .567~ 1 .567 

Total 11.480 

T8-II ASSE [sLE AND CRIMP DETONATOR SUPPORT 

AP Aside Finished Unit, Assemble 
Spring and Detonator Fuse 5.275~ 1 5.276 

AR Stake Unit and Obtain Detonator .576~ 1 .576 

AG Obtain Tray .567 ~ 1/50 .011 

AB Aside Tray .567 ~ 1/50 .011 

Total 5.876 
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SYNTHESIS 

Elem. Total 
Sym. Ref. Description 0.01 Freq. 0.01 

mins. mlns. 

T9-II ASSE blLE TIMER, SPACERS AND RETAINER 

AS Assemble Spacer to Unit 5.675 1 5.675 
AT Load Retainer Ring 6.960 1 6.960 
AU Assemble Housing and Retainer to 

Unit 9.383 1 9.383 
AV Press Retainer, Aside Unit 2.100 1 2.100 
AG Obtain Tray .576 1/24 .024 

AH Aside Tray .576 1/24 .024 

Total 24.168 

T10-IJ ASSE IBLE 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 14.454 1 14.454 

AY Assemble Firing Pin and Spring 
to Unit 3.485 l. 3.485 

AZ Assemble Safety Plate, SSD Release 
Firing Arm and Bottom Plate 25.644 1 25.644 

BA Check Springs, Inspect Shaft, 
. 

Stake Unit and Recycle 12.697 ·1 12.697 

BB Open Clamp and Remove from 
Fixture 1.135 1 1.135 

AG Aside Tray .576 1/24 .024 

AH Obtain Tray .576 1/24 .024 

Total 60.903 

T11-1' TORQ E (3) POSTS 

BD Unit to Fixture 2.870 1 2.807 

BE Torque (3) Posts 6.093 1 6.093 

BF Check Drop1eaf, Drop1eaf Rod, 
Gauge 3.345 1 3.345 

- Total 12.2461 

. 



476 -, 

SYNTHESIS 

Elem. Total 
Sym. Ref. Description 0.01 Freq. 0.01 

mins. mlns. 

Tl2-I ASSE ffiLE STARTING PIN SPRING 

BG Housing into Fixture 2.411 1. 2.41H 

BH Assemble Washer, '0 ' Ring, Start-
ing Pin and Spring 3.345 1 3.345' 

BJ Assemble Retainer 4.403 1. 4.403~ 

BL Housing A~ide, Dump Out Pin Guide- .917 1 • 917~ 

Total 11.077f 

T13-I BURN SH SLOT 

BM Load Fixture 9.644 1 9.644; 

BP Burnish Slot 5.722 1 5.722E -
BR Unload Fixture 3.018 1 3. 018~ 

Total 18.385! 

Tl4-I AS SE' IBLE OPTION ARM 

BS Assemble Spring 4.971 1 4.971' 

BT Assemble Option Pin, Washer and 
'0' Ring 11.629 1 11. 629J 

BU Check Unit for End Shake 3.329 1 3.329C 

BV Assemble Large or Small 'E' Ring 4.403 2 8.806E 

BW Assemble Crank 2.411 1 2.41H 

Total 31.1474 

Tl5-I ASSEI IBLE AND FORM KEY ASSEMBLY 

BX Assemble and Form 2.411 1 2.4116 

. Total 2.4116 



477 

ANALYSIS SHEET: SYSTEM 11: 
q,'I. ~ ",q, ,1'0 

BLOCK TIME 0.01 M!NS 0.."J 0'1. "J1'o 0..' 
o· ,. o· q,' 

EL. DESCRI PTlON DA DB CA CB 

A OBTAIN AND PLACE MAGAZINE 

Magazine to Work Area 1 

Orientate 1 
1 .. 

, Freq. 1 2 

Time = 1.S9 ~3 

.. 

B LOAD SPRINGS TO MAGAZINE AND ASIDE !wORK 

Springs to Magazine .25 

.S 

Change Hands 1 

Insert 1 

Aside Work .OS 

Freq. .5 1 1.2 .OS 

Time = 1.0 13 

D DETONATOR BOXES TO DOGHOUSE 

Open Locker Door 1 

Open Lid and Aside 1 

1 

Remove Detonators and to LH . S 

S 

Empty Box Aside 1 

Close Locker 1 

Freq. 1 14 

Time lS. 26S 
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. ANALYSIS SHEET: SYSTEM :n: 
q,'\ ~ '\~ ,fo 

BLOCK TIME 0.01 MINS '>."J ~'>. "Jfo '>., 
o· S) o· q,' . . 

EL. DESCRI PTION DA DB CA CB 

E POSITION EMPTY MAGAZINE TRAY TO FIX URE 

Tray to Fixture 1 

Insert 1 
.. 

Freq. 1 1 

Time 2.87 D3 

F OPEN DETONATOR BOX AND TRANSFER TO ~IXTURE 

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 

'rime 7.66 22 

G OBTAIN AND PLACE EMPTY MAGAZINES 0' WORK F LATFOIUl 

Magazines to Platform 1 

Orientate 3 

Freq. 3 1 

Time . 1.9~ 39 



479 

ANALYSIS SHEET: SYSTEM :n: 
fb'\ ~ A"fb ,1'0 

BLOCK TIME 0.01 MINS r,.<t:J 0'\ <t:Jro r,.' 
o· ,. o· q.' 

EL. DESCRIPTION DA DB CA CB 

H POSITION DETONATOR IN MAGAZINE 

Tool to Part 1 

Move Part 1 . ' 

Insert 1 
, 

Freq. 1 2 

Time ,2.60 ~3 
-

J EXPOSE DETONATOR RIM 
" 

Expose Rim 1 

Freq. 1 

Time 2.41 6 

L POSITION FULL MAGAZINE IN WORK FIX' URE 

Work to Fixture 1 

Locate 1 

Freq. 1 1 

Time 2.97 94 

M COMPLETE MAGAZINE INTO LOCKER 

Wire Guard to Work Area 1 

Guard to Slot 1 

Tray Aside 1 

Freq. 2 1 

Time 3.5. 72 



480 

ANALYSIS SHEET: SYSTEM :n: 
BLOCK TIME 

~'\ ~ '\~ ,to 
0.01 MINS r..+:J 0" +:JtO r..' 

o· '" o· '1-' 

EL. DESCRI PTION DA DB CA CB 

P ASSEMBLE PRESS AND GAUGE 

Retainer to SA 1 

Position on Fixture 1 

Clamp and Unc1amp Fixture - . 2 

Gauge S-A 1 

1 

Assemble Fuse 1 

Freq. 1 3 3 

Time 10.9 64 

R OBTAIN FUSES: 100% INSPECTIONCLO~ NG SCR WS 

Obtain and Inspect 1 

Freq. 1 

Time 0.56 178 

S ASIDE TRAY 

To C01)veyor 1 

Slide - 1 

Freq. 2 

Time 1.1 56 

T START HODULE THREADS 

Tool to Fuse .• 125 

Screw Down 5 

Aside Tool .125 

Freq. .12~ 5 .125 

Time 3.2 47 



481 

ANALYSIS SHEET: SYSTEM :n: 
fb'\ ~ ,\fb ,re 

BLOCK TIME 0.01 MINS ",,'" 0" ,.,re 0.' 
o· ,. o· '1-' 

EL. DESCRI PT ION DA DB CA CB 

u OBTAIN TRAY OF S-A MODULES 

Obtain Tray 1 

Freq. . . 1 

Time 0.56 8 

V OBTAIN NEW TRAY OF WORK 

Tray 1 

Freq. 1 

Time 0.56 8 

W OBTAIN AND ASIDE FUSES 

Part Aside 1 

Obtain Fuse 1 

Freq. 2 

Time 4.82 ~2 

X ASIDE COMPLETED TRAY 

To Conveyor 1 

Slide 1 

Freq. 2 

Time 1.12 156 

AA INSERT FUSE INTO POSITION IN TRAIN 

Insert 1 

Freq. 1 

Time 2.4l 16 



482 

ANALYSIS SHEET: SYSTEM l[ 

lb'" ~ ",lb ,'0 
BLOCK· TIME 0.01 MINS e.<t:J 0'\ <t:J'o e.' 

o· ,. o· 'l-' 

EL. DESCRI PTION . DA DB CA CB 

AB ASIDE COMPLETED FUSE TRAY 

Aside 1 

Freq. . . ·1 

Time 2.41 6 

AD APPLY SEAL 

Pull Tape Out 1 . 
Seal to Fixture 1 

Fuse to Fixture 1 
. 

Freq. 1 2 

Time 5.35 .LO 

AB . ACTUATE PRESS 

Actuate 1 

Freq. 1 

Time 0.5 78 

AP REMOVE FUSE FROM PRESS 

Remove and Check 1 

To Tray 1 

Freq. 1 1 

Time 1.0 65 

AG OBTAIN TRAY OF FUSES 
Obtain 1 

Freq. 1 

Time .56 8 



483 

ANALYSIS SHEET: SYSTEM :n: 
fb" ~ ,\fb ,~ 

BLOCK TIME 0,01 MINS r,."J 0" "J~ 0.' 
0' " o· '\.' 

EL, DESCRI PTION DA DB CA CB 

AH ASIDE TRAY OF FUSES 

Aside 1 

Freq. 1 - -
Time .567 

AJ FINISHED UNIT FROM FIXTURE AND ASID 
., 

Open Clamp 1 

Fuse From Fixture 1 

Aside 1 

Freq. 1 2 

Time 2.20 9 

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 8.72 pg 

AM ASSEMBLE BODY TO UNIT 

Operate Press 1 

Freq. 1 

Time .567 ~ 



484 

ANALYSIS SHEET: SYSTEM 11: 
/b"- .~ ,,/b ,1'0 

BLOCK TIME 0.01 MINS t;t.~ ~t;t. ~ro 0.' 
o· S) o· '1-' 

EL. DESCRIPTION DA DB CA CB 

AP ASIDE FINISHED UNIT, ASSEMBLE SPRIN TO DE ONATOR HOLDER 

Unit from Fixture to Tray 1 

1 
.. 

Detonator Holder to Fixture 1 I 

Spring to Detonator Holder 1 

2 

1 

Freq. 2 3 2 

Time 5.27 9 

AR HEAT STAKE UNIT AND OBTAIN DETONATO HOLDE 

Operate Machine 1 

Freq. 1 

Time .567 ~ 

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 5.6 56 



485 

ANALYSIS SHEET: SYSTEM JI 
fb'l. ~ 'l.fb ,1'0 

BLOCK TIME 0.01 MINS r,.~ 0 .... ~ro r,.' 
o· ,. o· 'loo' 

EL. DESCRI PTION DA DB CA CB 

AT LOAD RETAINER RING 

Untangle Retainer Ring 1 

3 .. 
Orientate • 5 

Ring to Jig 1 

Weight to Jig 1 

Seat 1 

Remove Weight from Jig 1 

1 

Freq. 5.5 1 2 1 

Time 6.96 9 

AU ASSEMBLE HOUSING AND RETAINER TO UN T 

Assemble Timer and Housing 1 

Seat 2 

Assemble Fixture to Timer 1 

Whole Assembly to Fixture 1 

Freq. 2 3 

Time 9.38 j4 

AV PRESS RETAINER AND ASIDE FINISHED t ~IT 

Operate Press 1 

Part from Fixture 1 

Assembly to Tray 1 

Freq. 1 1 1 

Time 2.lC 08 



486 

ANALYSIS SHEET: SYSTEM :n: 
~. 

~ '1.'0 ,1'0 
BLOCK TIME 0.01 MINS ~'O 0"- <1)1'0 0.' 

o~ ,. o· '\,. 

EL. DESCRI PTION DA DB CA CB 

AW ASIDE FINISHED UNIT TO TRAY, ASSEMB ~E TRIG ER ASS ~LY A1 n> 
TOP PLATE 

Trigger to Work Area 1 

Plate to Assembley .. 1 

To Bench 1 

Freq. 1 1 1 

Time 3.43 1 

AX ASSEMBLE RIVETS, PLACE UNIT ON BLOC " ASSE fmLE IN pERTS , 
Rivet to Assembly 1 

Rivet to Assembly 1 

Block From Fixture 1 

Assemble 1 

Change Hold 2 

Change Hands 1 

Clamp Fixture 1 

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. 546 

AY OBTAIN FIRING PIN AND SPRING ASSEM: LE TO !NIT 

Assemble 1 

1 

Freq. 1 1 

Time 3.4 59 



487 

ANALYSIS SHEET: SYSTEM 11: 
tb" rt' "fb ,fa 

BLOCK TIME 0.01 MINS r,.~ 0" ~fa 0.' 
o· v o· 'J,' 

EL. OESCRI PTION OA DB CA CB 

AZ ASSEMBLE SAFETY PLATE, SSD RELEASE, FIRING PIN ANl BOTTOl PLATE 

P.U. Safety Plate with Tweezers 1 

I 

Safety Plate to Trigger Assembly . - I 

1 

SSD to Work Area 1 

P.U. SSD With Tweezers 1 

1 

SSD to Trigger Assembly 1 

1 

Firing Arm Pi~, Hold with Pliers 1 

1 

1 

1 

Spring onto Pliers, Using Thumb 1 

I 

Firing Pin onto Trigger Arm I 

1 

Aside Pliers 1 

Bottom Plate to Assembly 1 

Clamp I 

Plate onto Pins 1 

1 

Pin to Trigger Arm 1 

I 

Pliers Aside 

Bottom Plate to Trigger Assembly 1 

1 

Clamp 1 

Plate onto Pins 1 

1 

Frea. 13 10 3 3 

-'"""15.6443 



488 

ANALYSIS SHEET: SYSTEM E-

'b" ~ ,,'b ,1'0 
BLOCK TIME 0.01 M/NS r,."J 0" "J1'o r,.' 

o· ,. o· "to' 

EL. DESCRIPTION DA DB CA CB 

BA CHECK SPRINGS, INSPECT SHAFT, STAKE UNIT A ID RECY LE 

P.U. Pin with Tweezers and to Hole 1 

-1 
- -

1 -
1 

Open Tweezers and Aside- 1 

1 

Turn Unit 2. 

Adjust 1 

Clamp Unit to Fixture 1 

Operate 1 

Clamp From Press 1 

1 

Operate Levers 1 

1 

1 

Freq. 7 5 3 1 

Time 12. E 974 

BB OPEN CLAMP AND REMOVE FROM FIXTURE 

Open Clamp 1 

1 

Remove from Fixture 1 

Freq. 1 2 

Time 1.1 56 

BD OBTAIN UNIT AND PLACE IN FIXTURE 
Unit to Fixture 1 

Close 1 

Freq. 1 1 

Time 2.8 03 
- .,. .-.. - .' -- .-.. 



489 

ANALYSIS SHEET: SYSTEM :n: 
fb" ~ 

BLOCK TIME 0.01 MINS ~'" 0" o· " 
",q, ,re 

",re ~,. 

o· '\.. 

EL. OESCRI PTION OA DB CA CB 

BE TORgUE (3) POSTS 

Torque Device to Unit 1 

Torque (3) Posts 3 
. -

Aside Device 1 

Freq. 1 3 1 

Time 6.09 ~2 

BF CHECK DROPLEAF, DROPLEAF ROD, GAUGE UNIT A ID ASID 

Unit to Work Area 1 

Pull Out Gauge 1 

Gauge Aside 1 

Check End Shake 1 

3 

Check Spring 1 

Check Drop1eaf 1 

Nut Aside 1 

Freq. 5 1 4 

Time 3.31 55 

BG PLACE HOUSING INTO FIXTURE 

Assemble 1 

Freq. 1 

Ti,)ne 2.4 16 

- -



490 

ANALYSIS SHEET: SYSTEM lI: 

fb" .:> "fb ,'<J 
BLOCK TIME 0.01 MINS r,.ft;) 0" ft;)'<J r,.' 

o· ,. o· 'V. 

EL. DESCRI PTION DA DB CA CB. 

BH OBTAIN AND ASSEMBLE '0' RING, WASHE , STAR ING PI AND S RING 

Assemble Washer and Guide Pin 3 

1 

'0' Ring to Guide Pin .. 1 

Assemble to Hole and onto Guide 1 

1 

1 

Starting Pin to Spring 1 

1 

Freq. 4 2 1 3 

. Time 11. 7 ~6 

BJ ASSEMBLE RETAINER 

Retainer Tool to Pin 1 

1 

Disengage Tool and Aside 1 

1 

Freq. 2 1 1 

Time 4.4( 33 

BL HOUSING ASIDE AND DUMP OUT PIN GUI E 

Housing Aside and Palm Guide 1 

1 

Freq. 2 

Time 0.9 74 



4<11 

ANALYSIS SHEET: SYSTEM ll: 
q,'\ ~ ""q, ,re 

BLOCK TIME 0.01 MINS r..":> 0'\ re 0.' 
o· ,. ·o~ '1-' 

EL. DESCRI PTION DA DB CA CB 

BM LOAD FIXTURE 

Tweezers to Lever 1 

Separate Out 6 
.. 

6 

P. U. with Tweezers 1 

1 

Lever to Fixture 1 

1 

Freq. 14 3 

Time 9.64 7 

BP BURNISH SLOT 

Start Machine 1 

Handle to Burnisher 1 

Burnish 10 

Freq. 10 2 

Time 5.72 f,6 

BR UNLOAD FIXTURE 

Stop Machine 1 

P. U. Lever with Tweezers 1 

1 

To Pan 1 

Open Tweezers 1 

Freq. 3 1 1 

Time 3.0. 82 



492 

ANALYSIS SHEET: SYSTEM :rr." 

BLOCK TIME 0.01 MINS 
fb .... .:> ,\fb ,re 

r;.'" 0 .... ",re 0.' 
O· ,. O· 'l.o' 

EL. DESCRI PTION DA DB CA CB 

BS OBTAIN HOUSING AND ASSEMBLE SPRING 

Housing to Table 1 

P. U. Spring with Tweezers 1 

Spring to Hole 
.. 

1 

Close Tweezers 1 

Tweezers Aside 1 

Freq. 2 1 1 1 

Time 4.9.1 1 

"' 

BT ASSEMBLE OPTION PIN, WASHER AND '0 ' RING I HOUSI G 

Assemble Washer to Pin 1 

'0' Ring to Pin 1 

Pin to Housing 1 

Housing to Work Area 1 

Align Pin 4 

Assemble Pin 1 
I 1 . 

Seat on Spring 
" 

1 

Freq. 6 1 1 3 

Time 11.1 291 

BU CHECK UNIT FOR END SHAKE 

Driver to Slot 1 

Turn and Set 1 

Aside Driver 1 

Freq. 2 1 

Time 3.3 90 



493 

ANALYSIS SHEET: SYSTEM JI 
fb'\ r:> ~fb ,1"0 

BLOCK TIME 0.01 MINS 0.":1 0"- ":11"0 0.' 
o· ,. o· q,' 

EL. OESCRI PT ION OA DB CA CB 

BV ASSEMBLE LARGE OR SMALL 'E' RING 

Regrasp Housing 1 

Tool Onto 'E' Ring 1 

Assemble Ring - - 1 

Tool Aside 1 

Freq. 2 1 1 

Time 4.40 3 

BW ASSEMBLE CRANK 

Assemble 1 

Freq. 1 

Time 2.41 6 

BX ASSEMBLE AND FORM ELEMENTS 

Aside Finished Unit 1 

Back Unit to Fixture 1 

Lubricate Setting Key 1 

Assemble Unit to Setting Key 1 

Assemble Retaining P1ut 1 

Assemble in Die 1· 

Freq. 2 2 2 

Time 8,1 74 

: 



APPENDIX Q: ANALYSIS OF PROVING DATA FROM TEST 

SITE USING SYSTEM IV 

4<14 



495 

SYNTHESIS 

Elem. Total 
Sym. Ref. Description 0.01 Freq. 0.01 

mins. mlns. 

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 ~o Doghouse 2.5431 1/500 .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 P1atform- 1.4714 1/5 .2943 

H Detonator in Magazine 2.2992 1 2.2992 

J Expose Detonator Rim .653' 1 .6539 

L Full Magazine into Work Fixture 2.557' 1/5 .5115 

M Completed Magazine to Locker 3.798 1/5 .7598 

Total 5.5116 

T3-I' , INSE IRT S-A RETAINER INTO FUSE BODY 

P Assemble Press and Gauge 8.583 1 8.5831 

R Obtain Tray of Fuses: 100% 
Inspection Closing Screws .748 1/8 .0936 

S Aside Tray of Modules 1.007 1/20 .0504 

T Start Module Threads 5.076 1 5.0767 

U Obtain Tray of Modules .748 ,1/20 .0374 

Total 13.8413 

T4-I HANl LE FUSES 

V Obtain New Tray of Work .819 1/4 .2045 

W Obtain and Aside Fuses 3.083 1 3.083~ 

X Aside Completed Tray 1.332 1/4 .333C 

Total 3.621 



496 

SYNTHESIS 

Elem. Totol 
Sym. Ref. Description 0.01. Freq. 0.01 

mins. mlOs. 

T5-IV ASSE 1BLE AND STAMP TOROUE MODULE 

AA Insert Fuse into Train 1. 9017 1 1. 9017 

AB Aside Completed Fuse Tray 1. 9017 1 1. 9017 

Total 3.8034 

. 

T6-I\ APPl ff TAPE SEAL TO S-A 

AD Apply Seal 4.624' 1 4.6245 

AE Actuate Press .5832 1 .5833 

AF Remove Fuse From Press 1.144. 1 1.1445 . 
AG Obtain Tray of Fuses .583 1/8 .0729 

AH Aside Tray of Fuses .583 1/8 .0729 

Total 6.498J 

T7-1 ASS ~LE BODY AND WASHER TO FILE 

AJ Finished Unit from Fixture 1.469 1 1.469' 

AL Assemble Body, Washer and Fuse 6.965 1 6.9651 

AM Assemble Body to Unit and Operate 
the Press .583 1 .583: 

Total 9.0181 

T8-1 ASS MBLE AND CRIMP DETONATOR SUPPORT 

AP Aside Fi-ished Unit, Assemble 
Spring and Detonator Fuse 5.644 1 5.644 

AR Stake Unit and Obtain Detonator 1.034 1 1.034 

AG Obtain Tray .583 1/50 .Oll 

AH Aside Tray .583 pI/50 .Oll 

Total 6.701 

0 •• _ 



497 

SYNTHESIS 

Elem. . Totol 
Sym. Ref. Description 0.01 Freq. 0.01 

mins. mlns. 
T9:;T\ ASSE MELE TIMER, SPACERS AND RETAINER 

AS Assemble Spacer to Unit 2.9200 1 2.9200 

AT Load Retainer Ring 6.9275 1 6.9275 

AU Assemble Housing and Retainer 
to Unit 6.4277 1 6.4277 

AV Press Retainer, Aside Unit 2.8373 .1 2.8373 

AG Obtain Tray .5833 1/24 .0243 

AH Aside Tray .5833 1/24 .0243 

Total 9.1611 

TlO-I' ASSE MBLE AND STAKE TRIGGER ASSEMBLY 

AW Assemble Trigger Assembly and 
Top Plate 2.920E 1 2.9208 

AX Assemble Rivets, Place Unit on 
Blcok Assemble Inserts 14.553" 1 4.5533 

AY Assemble Firing Pin and Spring 
tb Unit 3.452, 1 3.4521 

BA Assemble Safety Plate, SSD 
Release, Firing Arm and Bottom 

~0.1823 Plate 20.182 1 

AZ Check Springs, Inspect Shaft, 
Stake Unit and Recycle 14.066 1 ~4.0666 

BB Open Clamp and Remove from Fixtur 2.273 1 2.2736 

AG Obtain Tray .567 1/24 .0243 

AH Aside Tray .567 1/24 .024" 

Total 57.4973 

T11-I TOR UE (3) POSTS 

BD Unit to Fixture 2.226 1 2.226 

BE Torque (3) Posts 8.486 1 8.486 

BF Check Dropleaf, Dropleaf Rod, 
Gauge 5.589 1 5.589 

Total 16.301 



498 

SYNTHESIS 

Elem. Totol 
Sym. Ref. Description 0.01 Freq. 0.01 

mins. mlns. 

Tl2-I ASS' MBLE STARGING SPRING PIN 

BG Rousing into Fixture 1.901 1 1. 9011 

BR Assemble Washer. '0 '-Ring. Start-
Starting Pin and Spring 11.703 1 11.703 

BJ Assemble Retainer 6.683 1 6.683( 

BL Rousing Aside. Dump Out Pin Guide .650 '1 .650~ 

Total 20.938l 

T13-I BUR! ISH SLOT 

BM Load Fixture 7.578 1 7.578( 

BP Burnish Slot 5.034 1 5.034( 

BR Unload .Fixture 3.487 1 3;487 

Total 16.099' 

, 

Tl4-I ASS MBLE OPTION ARM 

BS Assemble Spring 5.999 1 5.999' 

BT Assemble Option Pin. Washer and 
'0' Ring 8.181 1 8.181. 

BU Check Unit for End Shake 2.551 1 2.551' 

BV Assemble Large or Small 'E' Ring 5.329 2 10.658' 

BW Assemble Crank 2.750 1 2;750 

Total 30.141 

Tl5-I ASS MBLE AND FORM KEY ASSEMBLY 

BX Assemble and Form 8.276 1 8.276 

Total 8.276 



499 

ANALYSIS SHEET: SYSTEM TIZ: 
BLOCK TIME 0.01 MINS. 

CII ... - - ... 0 0 
(I) If) <0 10 10 (I) <0 
10 CII 01 CII 01 ... ... 
CII '<t 01 ..., ..., '<t ... 
cl cl cl cl cl - cl 

EL. DESCRIPTION OA OB OC LA LB LC S 

A OBTAIN AND PLACE MAGAZINES 

Magazine to Work Area 1 

1 

Orientate 1 .. 
·2 

F):eq. 1 1 3 

Time 1. 951 

B LOAD SPRINGS TO MAGAZINE AND A IDE ORK 

p. u. Springs and Palm .25 

.25 

.5 

Obtain Spring and Assemble 1 

1 

Aside Work .• 05 

.05 . 
Freq. .05 1.25 .75 .01 1 

Time 2. ~588 

-



500 

ANALYSIS SHEET: SYSTEM TIZ: 
BLOCK TIME 0.01 MINS. 

N ,... - - ,... 0 0 
CX) l") ID It) It) CX) ID 
10 N 01 N 01 ,... ,... 
N '<t 01 ..., ..., '<t ,... 
0 0 0 0 0 - 0 

EL. DESCRIPTION OA OB DC LA LB LC S 

D DETONATOR BOXES TO DOGHOUSE 
! 

Open Locker Door 1 

1 

Open Lid and Aside - -1 

1 

Remove Box of Detonators 5 

5 

5 

Change Hands 5 

Box to Work Area 5 
, 

Empty Box Aside 1 

1 

Close Locker 1 

1 

Freq. 8 6 19 

Time 12 543 

E OBTAIN AND POSITION EMPTY MA~ INE RAY tIo F' XTUR 

Tray to Fixture 1 

1 

Insert 1 

Freq. 1 1 1 

Time 2. f268 

. 
-



501 

ANALYSIS SHEET: SYSTEM :r:sz: 
BLOCK TIME 0.01 MINS. 

t\I ,.. - - ,.. 0 0 
CD trl 10 It) !:g CD 10 
It) C\I en C\I ,.. ,.. 
C\I 'It en It) It) 'It ,.. 
0 0 0 0 0 - 0 

EL. DESCRIPTION OA OB OC LA LB LC S 

F OPEN DETONATOR BOX AND TRANSFE TO IXTt RE 

Box of Detonators to Platform 1 

1 

Open Lid 1 .. 

1 

1 

Lid 1 

Box 1 

Remove Lid 1 

To Other Hand 1 

Lid From Other Hand 1 

Toss 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. 545 

G OBTAIN AND PLACE EMPTY MAGAZIN S ON ro P ATFO 11 

Magazines to Platform 1 

1 

Orientate 2nd Magazine 2 

Freq. 1 3 

Time 1- 4714 



502. 

ANALYSIS SHEET: SYSTEM TIZ: 
BLOCK TIME 0.01 MINS. 

N po. - - po. 0 0 
CD L") CD It) It) CD CD 
It) C\I 01 N 01 "- po. 
N V 01 If) If) v po. 
cl cl cl cl 0 - cl 

EL. DESCRIPTION OA OB OC LA LB LC S 

H POSITION DETONATOR IN MAGAZINE 

Pick Up Detonator 1 

Locate 1 

Insert .. 1 

Freq. 1 1 1 

Time 2. 992 

J EXPOSE DETONATOR RIM 

Expose Rim 1 

1 

Freq. 1 1 

Time .6 39 

L POSITION FULL MAGAZINE IN WORK FIXT Irn-E 
Work to Fixture 1 

1 

Insert 1 

1 

Freq. 1 1 1 1 

Time 2. 574 



503 

ANALYSIS. SHEET: SYSTEM I2: 
BLOCK TIME 0.01 MINS. 

N ,... - - ,... 0 0 
(Xl l"l U) U) U) (Xl U) 
U) N Cl N Cl ,... ,... 
N ~ Cl .., .., ~ ,... 
0 0 0 0 0 - 0 

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 1 3 1 

Time 3. 988 
" 

P ASSEMBLE, 'PRESS AND GAUGE: AS DE T TRJ IY 
Assemble S-A 1 

1 

S-A into Fixture 1 

Clamp 1 

1 

Release Clamp 1 

Gauge S-A . 1 

1 

Assemble to Fuse 1 

1 

Freq. 1 1 3 4 1 

Time 8. 831 

R OBTAIN TRAY OF FUSES: 100% IN PECT ON ( Ir·OSIl G SC EWS 

Tray to Bench and Inspect 1 

1 

Freq. 1 1 

Time. .7 88 



504 

ANALYSIS SHEET: SYSTEM nz: 
BLOCK TIME 0.01 MINS. C\I f'. - - ,f'. 0 0 

CD '" co 10 10 CD co 
10 C\I en C\I en ,.. ,.. 
C\I ~ en .., .., ~ ,.. 
0 0 0 0 0 - 0 

EL. DESCRIPTION OA OB OC LA LB LC S 

S ASIDE TRAY 

Tray to Conveyor 1 

1 

Sl~de Tray onto Conveyor 1 .. . 
1 

F~eq. 1 1 2 

Time l. 07 

T START THREAD MODULES 

Module Turner to Fuse .125 

.12. 

Turn Down 5 

4 

Next Fuse 1 

Aside Tool .125 

Freq. .12! 15. 12 .12! 

Time 5. 767 

. 
U OBTAIN TRAY OF MODULES 

Pick Up Tray and Move 1 

1 

Freq. 1 1 

Time .7 88 

: 

V OBTAIN NEW TRAY OF WORK 

Obtain 1 

1 

Freq. 1 1 

'1'< • ~ I ~~ . 

.. - - . -. 



505 

ANALYSIS SHEET: SYSTEM 12: , 

BLOCK TIME 0.01 MINS. 
N ,.. - - ,.. 0 0 
Cl) l") Cl) on on Cl) Cl) 
on N en N en ,.. ,.. 
N 'IT en I') I') 'IT ,.. 
cl cl cl cl cl - cl 

EL. DESCRIPTION OA OB OC LA LB .LC S 

w ASIDE AND OBTAIN FUSES 

Finished Fuse Aside 1 

1 

Obtain Next Fuse 1 . -

1 

F.req. 2 2 

Time 3. 834 

X ASIDE COMPLETED TRAY 

Tray to Conveyor 1 

1 

Slide Along Conveyor 1 

1 

Freq. 1 1 2 

Time 1. 321 

AA INSERT FUSE INTO POSITION IN T lAIN 

Assemble 1 

1 

Freq. 1 1 

Time 1. 017 

AB ASIDE COMPLETED FUSE TO TRAY 

Aside 1 

1 

.Freq. 1 1 

.. Time 1. 9017 



506 

ANALYSIS SHEET: SYSTEM :nz: 
BLOCK TIME 0.01 MINS." 

.N .... - - .... 0 0 
Cl) Lt) <0 10 10 Cl) <0 
10 N Cl N Cl .... .... 
N ~ O! .., .., ~ .... 
0 0 0 0 0 - 0 

EL. DESCRIPTION . OA OB OC LA LB LC S 

AD APPLY SEAL 

Pull Out Tape 1 

1 

Seal to Fixture .1 

1 

Fuse to" Fixture 1 

1 

Freq. 2 1 1 2 

Time 4. 245 

. 
AE ACTUATE PRESS 

Press Button 1 

1 

Freq. 1 1 

Time .5 3.3 

AF REMOVE FUSE FROM PRESS AND CRE K 

Remove and· Inspect 1 

1 

Aside 1 

Freq. .1 1 1 

Time l. 445 

AG OBTAIN TRAY OF FUSES, SLIDE FR( iM CO VEYO 

Obtain 1 

1 

Freq. 1 1 

Time .5 33 



507 

ANALYSIS SHEET: SYSTEM TIL 
BLOCK TIME 0.01 MINS. 

C\I ,.. - - ,.. 0 0 
Cl:) L"l co 10 10 Cl:) co 
10 C\I (!) C\I (!) ,.. ,.. 
C\I o:t (!) ,., ,., o:t ,.. 
cl cl cl cl cl - cl 

EL. DESCRIPTION OA OB OC LA LB LC S 

AH TRAY OF FUSES ASIDE 

Slide to Conveyor 1 

1 

Freq. 1 . . 1 

Time .5 33 

AJ FINISHED UNIT FROM FIXTURE AND ASID 

Clamp from Fuse and Aside 1 

1 
-

1 

1 

Freq. 1 2 1 

, 
Time 1. 696 

AL ASSEMBLE BODY, WASHER AND FUSE 

Body into Fixture 1 

1 

1 

Fuse Assembly into Fixture 1 

1 

1 

Assemble (1) Washer 1 

Clamp 1 

1 

1 

Freq. 1 2 2 3 1 

Time 6. 9658 



508 

ANALYSIS SHEET: SYSTEM TIZ: 
BLOCK TIME 0.01 MINS. '" 

,... - - ,... 0 0 
CD .L') 10 10 10 CD 10 
10 '" m '" m ,... ,... 
'" <r m It) It) <r ,... 
0 0 0 0 0 - 0 

EL. DESCRIPTION OA OB OC LA LB LC S 

AM ASSEMBLE BODY TO UNIT 

Assemble 1 

1 

Freq. 1 1 

Time .5t 33 

AP ASIDE FINISHED UNIT. ASSEMBLE ~ PRIN( TO ETON TOR HOLD R 

Finished Unit from Fixture and 1 
Aside to Tray 1 

1 

Detonator Holder to Fixture 1 

Spring to Detonator Holder 1 

3 

11 

Freq. 2 4 1 2 

Time 5. 443 

AR HEAT STAKE UNIT AND OBTAIN DET( NATO .. 

Operate 1 

1 

Freq • 1 1 
. . 

Time 1. 342 



509 

ANALYSIS SHEET: SYSTEM :r:z: 
BLOCK TIME 0.01 MINS. 

N po.. - - po.. 0 0 
CD L') ID 10 10 CD ID 
10 N 01 N 01 po.. po.. 
N ~ 01 It) It) ~ po.. 
0 0 0 0 0 - 0 

EL. DESCRIPTION· OA OB OC LA LB LC S 

AS ASSEMBLE SPACER TO UNIT 

Pick up Supply of Spacers .04 

.04 
Unpalm . - 2 

Spacer from Other Hand 1 

Assemble 1 

1 

Extra Spacers Aside .04 

Freq. 1.04 ~.08 1 

Time 2. 200 

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 

1 

Freq. 1 1 7 2 1 
-

Time 6. 275 



510 

ANALYSIS SHEET: SYSTEM TIZ: 
BLOCK TIME 0.01 MINS. 

C\I .... - - .... 0 0 
Cl) l"I ID It) It) Cl) ID 
It) N en C\I en .... .... 
C\I ~ en I<) I<) ~ .... 
cl cl cl cl cl - cl 

EL. DESCRIPTION O~ OB OC LA LB LC S 

AU ASSEMBLE HOUSING AND RETAINER ~ o TI tER 

Assemble Housing to Timer 1 

1 

Seat .. 2 

Change Hands 1 

Assemble Retainer Ring t,o 
Timer Assembly 1 

. 1 

Assembly to Fixture 1 

Freq. 2 1 2 3 

Time 6. 277 

AV PRESS RETAINER AND ASIDE FINIS ED Ul IT 

Operate Press 1 

1 

Remove from Fixture 1 

1 

Freq. 1 1 1 1 

Time 2. 373 

A\~ ASIDE FINISHED UNIT TO TRAY, A SEMB ETF IGGE ASS MBLY AND 
TOP PLATL 

, 

Trigger 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. 208 

. 



511 

ANALYSIS SHEET: SYSTEM TIz: 
BLOCK TIME 0.01 MINS. 

N ,... - - ,... 0 0 
Cl) If) \I) 10 10 Cl) \I) 
10 N 0) N 0) ,... ,... 
N ~ 0) .., .., ~ .... 
0 0 0 0 0 - 0 

EL. DESCRIPTION OA OB OC LA LB LC .5 

AY. ASSEMBLE RIVETS, PLACE UNIT ON BLOC , A! SEMB E IN ERTS 

Rivets to Trigger Assembly 1 

1 

- . 1 

1 

B1eok and Fixture 1 

1 

1 

Change Hold 2 

1 

Change Hands 1 

Clamp Fixture to Work Area 1 

1 

Trigger to Clamp Assembly 1 

Tweezers to Insert 1 

1 

1 

Insert into Hole 1 

1 

Open and Aside Tweezers 1 

1 

Freq. 3· 3 9 6 

Time 14 .553 

AY OBTIAN FIRING PIN AND SPRING SSE} ~LE OUN T 

Spring to Trigger Assembly 1 

1 

Firing Pin to Assembly 1 

Freq. 1 2 

Time 3. 4521 



512 

ANALYSIS SHEET: SYSTEM TIZ: 
BLOCK TIME 0.01 MINS. 

(\/ ... - - ... 0 0 
Cl) 11) CD 10 10 Cl) CD 
10 t\I 01 t\I 01 ... ... 
(\/ 'It 01 It) It) 'It ... 
0 0 0 0 0 - 0 

EL. DESCRIPTION OA OB OC LA LB LC S 

AZ CHECK SPRING, INSPECT SHAFT. S AKE 1NIT lAND] ECYC E 

Release Contact with Tweezers 1 

1 

Shaft to Hole with Tweezers -' . 
1 

1 

1 

Tweezers Aside 1 

1 

Turn Unit Over 2 

Adjust Unit .5 

.5 

Clamp Unit 1 

Operate . 1 

Clamp From Press to Recycling 
Fixture 1 

1 

Operate 1st & 2nd Levers. 1 
- 1 

1 

1 

Operate 3rd Lever 1 

1 

1 

Freq. 2 8 5 4 

Time 14 .066 

-



513 

ANALYSIS SHEET: SYSTEM 12: 
BLOCK TIME 0.01 MINS. 

N I"- - ,- I"- 0 0 
Cl) l"l ID 10 10 Cl) ID 
10 N m N ~ I"- l"-
N <: m I<) <: I"-
0 0 0 0 0 - 0 

EL. DESCRIPTION OA OB OC LA LB LC S 
BA ASSEMBLE SAFETY PLATE, SSD RELE IASE, FIRI lG AR ANI BOT OM 

PLATE 

Safety Plate to Work Area 1 

Plate to Assembly with Tweezerf 1 
- 1 

1 

SSD Release to Work Area 1 

1 

SSD Release to Trigger Using 1 
Tweezers 1 

1 

Tweezers Aside 1 

1 

Firing Arm Pin to Work Area 1 

1 

1 

Grasp Pin With Pliers 1 

1 

Spring Using Thumb 1 

1 

Spring Onto Pliers 1 

Firing Pin to Trigger Arm 1 

Pliers to Table ] 

1 

Bottom Plate to Trigger Assemb y 1 

l' 

Clamp . 1 

1 

Plate onto Pins 1 

1 

1 

Freq. 5 3 10 8 3 

Time 2C .182 
- - ._.- . - -



514 

ANALYSIS SHEET: SYSTEM 12: 
8LOCK TIME 0.01 MINS. 

N .... - - .... 0 0 
Cl) l") 10 10 10 CD 10 
10 N 01 N 01 .... .... 
N ~ 01 ,., ,., ~ .... 
0 0 0 0 0 - 0 

EL. DESCRIPTION OA 08 OC LA L8 LC S. 

BB OPEN CLAMP AND REMOVE FROM FIX URE 

Op~n Clamp 1 

1 

- . 1 

Remove from Fixture 1 

1 

Freq. 2 2 1 ., 

Time 2. 736 

BD OBTAIN UNIT AND PLACE IN FIXTU lE 
Op~n Clamp 1 

1 

1 

Remove from Fixture 1 

1 

Freq. 2 2 1 

Time 2. 736 

BD OBTAIN UNIT AND PLACE IN FIXTW E 

Unit to Fixture 1 

1 

Close 1 

Freq. 1 1 1 

Time 2. 268 



515 

ANALYSIS SHEET: SYSTEM TIZ: 
BLOCK TIME 0.01 MINS. 

C\I .... - - .... 0 0 
IQ L") IQ 10 10 IQ IQ 
10 C\I m C\I m .... .... 
C\I "" m If) If) "" .... 
0 0 0 d 0 - 0 

EL. DESCRIPTION OA OB OC LA LB LC S 

BE TORgUE (3) POSTS 

Torque Device 1 

Torque 1 

- - 3 

3 

2 

Aside Device 1 

Fre.q. 1 4 3 3 

Time 8. 861 

BF CHECK DROPLEAF, DROPLEAF ROD, AUGE UNII AND t\SID 

Gauge 1 

Unit to Work Area 1 

Pull Out Gauge 1 

Gauge Aside 1 

Check End Shake 1 

4 

Check Spring 1 

1 

Check Drop1eaf 1 

1 

Aside Unit 1 

Freq. 2 1 1 8 2 

Time 1. 017 

BG HOUSING INTO FIXTURE 

Into Fixture 1 

1 

Freq. 1 1 

Time 1-~017 



516 

ANALYS IS SH EET : SYSTEM TIz: 
BLOCK TIME 0.01 MINS. 

(\I ,... - - ,... 0 0 co If) CD 10 10 co \I) 
10 (\I 01 (\I 01 

,... ,... 
(\I ~ 01 I<) I<) ~ ,... 
cl cl cl d cl - d 

EL. DESCRIPTION OA OB OC LA LB LC S 

BR OBTAIN AND ASSEMBLE '0 ' RING , WASH R, ! rrART NG P NAN b SPF ING 

Guide Pin to Work Area 3 

Washer to Guide Pin 1 

. - 1 

'0' Ring to Guide Pin 1 

1 

Assembly to Hole 1 

1 

Starting Pin to Guide 1 

" 1 

1 

1 

Housing Aside 1 

1 

Freq., 1 3 5 5 1 

Time 11 703 

BJ ASSEMBLE RETAINER 

Retainer Tool to Assembly 1 

1 

1 

Retianer to Pin 1 

1 

Disengage Tool 1 

Tool Aside 1 

Turn Housing 1 

Freq. 1 3 2 3 

Time 6. ~830 



517 

ANALYSIS SHEET: SYSTEM TI[ 

BLOCK TIME 0.01 MINS. 
CII .... - - .... 0 0 
Cl) L") 10 10 10 Cl) \0 
10 CII (I) CII (I) .... .... 
CII 'It (I) If) If) 'It .... 
0 0 0 0 0 - 0 

EL. DESCRIPTION OA OB OC LA LB LC S 
• BL HOUSING ASIDE AND DUMP OUT PIN GUID 

Housing Over and Guide to Hand 1 

Housing Aside 1 

Freq. -. 2 

Time • 6 02 

BM LOAD FIXTURE 

Tweezers to Lever 1 

Separate and Orientate 6 

6 

P. U. Lever 1 

1 

Lever to Fixture 1 

Freq. 13 1 2 

Time 7. 780 

BP BURNISH SLOT 

Start Machine. 1 

1 

Handle to Burnisher 1. 

1 

Burnish Lever 10 

Freq. 1 1 11 1 

Time 5. 340 

. 



518 

ANALYSIS SHEET: SYSTEM :rsz:: 
BLOCK TIME 0.01 MINS. 

l\I ,.. - - ,.. 0 0 
Cl) t') CD an an Cl) CD an l\I en l\I en ,.. ,.. 
l\I "f en If) If) "f ,.. 
0 0 0 0 0 - 0 

EL. DESCRIPTION OA OB DC LA Le LC S 

BR UNLOAD FIXTURE 

Stop Machine 1 

1 

Pick Up Lever with Tweezers - . 1 

1 

To Pan 1 

Open Tweezers 1 

Freq. 1 3 1 1 

Time 3. 875 

BS OBTAIN HOUSING AND ASSEMBLE SP ING 

Housing to Table 1 

1 

Orientate Spring 1 

Tweezers to'Spring 1 

1 

Close Tweezers 1 

Spring to Hole 1 

Open Tweezers and Aside 1 

1 

Freq. 2 1 4 2 

Time 5. 999 

.. 



519 

ANALYSIS SHEET: SYSTEM TIZ: 
BLOCK TIME o.or MINS. 

N ~ - - ~ 0 0 
Cl) l') It) 10 10 Cl) It) 
10 N 01 N 01 ~ ~ 
N 'it 01 ,.., ,.., 'it ~ 

0 0 0 0 0 - 0 

EL. DESCRIPTION OA 08 OC LA LB LC S 

BT ASSEMBLE OPTION PIN, '0' RING NDW SHER IN E USUG 

Assemble Washer and Option Pin 1 

1 

1 

Assemble '0' 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. 812 . 

BU CHECK UNIT FOR END SHAKE 

Driver to Slot 1 

1 

Turn 1 

Driver Aside 1 

Freq. 1 2 1 

Time 2. 519 

-



520 

ANALYSIS SHEET: SYSTEM 'IS[ 

BLOCK TIME 0.01 MINS. 
(\I .... - - .... 0 0 
CD If) 10 10 10 CD 10 
10 (\I Cl (\I Ol .... .... 
(\I <:" Ol If) If) <:" .... 
0 0 0 0 0 - 0 

EL. DESCRIPTION OA OB DC LA LB LC S 

BV ASSEMBLE LARGE OR SMALL 'E' RI' G 

'E' Ring Tool to Fixture 1 

1 

1 .. 
Assemble 'E' Ring 1 

1 

Tool Aside 1 

Freq. 1 1 2 2 

Time 5. 292 
-

BW ASSEMBLE CRANK 

Crank to Option Pin Unit 1 

1 

Seat 1 

Freq. 1 1 1. 

Time 2. 501 

BX ASSEMBLE AND FORM ELEMENTS . 

Back Unit to Fixture 1 

2 

1 

Lubricate Setting Key and 1 
Assemble to Unit 1 

1 

1 

Assemble Retaining Plug . 1 

1 

Assemble in Die 1 

Freq. . 2 2 3 4 

Time 8. 12769 



APPENDIX R: MTM-1 ANALYSIS OF PROVING TASKS 

FROM OUTSIDE OF TEST SITE 

There follows the development of standard data. based upon 

MTM-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 SYMBOL 0.01 Min. 

. Small Easy to 
Handle Part or T16-l 20.630 

Vice Assemble Npe 
(Bench, Pipe .i 6'-0" long . 
and Wood) and Large or Heavy 

Remove Part or p'art T17-l 25.000 
> 6'-0" long 

SPRING CLAMP ASSEMBLE AND REMOVE T180l 3.540 
.. 

VICE GRIP PLIER ASSEMBLE AND REMOVE T19-l 18.315 

Easy to 
Place, 
Little or T20-l 24.880 
no Align-

< 6" ment 
-

Difficult . 
to Place, T2l-l 31.960 More Exact 
ing Align. 

C-Clamp Assemble 
Easy to 
Place, 
Little or T22-l 30.715 
no Align-
m~nt 

> 6" 
D'ifficult 
to Place, T23-l 39.335 More Exact-
ing Align. 

Remove All Classifica- T24-l 9.020 tions 

Wood Hand- Assemble T25-l 22.525 

Screw Clamp Remove T26-l 8.815 
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TOOL OPERATION AND DESCRIPTION SYMBOL TMU 

Small Easy to 
Handle Part or Tl6-l 412.6 Assemble Pipe 

Vice ~ 6'-0" long 
(Bench. Pipe and 
and Wood) Large or Heavy 

Remove Part or Part T17-l 500.0 
> 6'-0" long 

SPRING CLAMP ASSEMBLE AND REMOVE Tl8-l 70.8 

VICE GRIP PLIER ASSEMBLE AND REMOVE T19-l 366.3 

Easy to 
Place, 
Little or T20-1 497.6 
no Align-
ment 

< 6" - Difficult 
.to Place, T2l-l 639.2 More Exact-
ing Align. 

C-Clamp Assemble Easy to 
Place, 
Little or T22-l 614.3 
no Align-
ment 

> 6" 
Difficult 
to Place, T23-l 786.7 More Exact-
ing Align. 

Remove All Classifica- T24-l 180.4 tions 

Wood Hand- Assemble T25-l 450.5 

Screw Clamp Remove T26-l 176.3 
. 
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SYNTHESIS 

Sym. Ref. Descri ption Elem. Freq. Toto I 
. . TMU TMU 

T16-l VICE AND REMOVE SMALL EASY TO HANDLE PA T FROM BENCH V ~CE, 
OR P PE < 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 

Tl7-l VICE AND REMOVE LARGE OR HEAVY PART FRO BENCH VICE, 0 
PIPE > 6'-0" LONG 

K2 Vice and Remove Large or Heavy 
Part from Vice 625.S 1/2 312.9 

K4 Vice and Remove Large Section of 
Pipe (> 6' _0" long) 374.1 1/2 lS7.l 

Total 500.0 

TlS-l ASSE :BLE AND REMOVE SPRING CLAMP 

AF Assemble Spring Clamp 36.5 

AG Remove Spring Clamp 34.3 

Total 70.S 

"'19-1 ASSE rnLE AND REMOVE VICE-GRIP PLIERS 

AB Close Pliers for Gauging 66.7 

AJ Adjust Screw: (2) Revolutions 52.S 2 105.6 

AL Try Vice-Pliers Over Part 50.3 

AJ Additional Adjustment 52.S 

AL Move and Close Pliers 50.3 

AM Remove Pliers 40.6 

Total 366.3 
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SYNTHESIS 

Sym. Ref. Description Elem. Freq. Total 
TMU TMU 

T20-1 ASSE mLE EASY TO PLACE C-CLAMP WITH SO~ ~ ALIGNl !rENT 
(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 

T2l-1 ASSE ffiLE DIFFICULT TO PLACE C-CLAMP WI' H: MORE :xACTIN( 
ALIG lliENT (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 ASSE MBLE EASY TO PLACE CLAMP WITH SOME ALl T 
(8 " \ND OVER CLAMP) 

U Adjust C-Clamp 3" 321.5 

V. Place C-Clamp and Align 99.4 

U Take up Slack 321.5 1/3 105.2 

B Tighten 86.2 

!rotal 614.3 

T23-l ASSE MELE DIFFICULT TO PLACE C-CLAMP WI H MORE RXACTIN 
ALIG NM£NT (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 



SYNTHESIS 

Sym. Ref. Descri ption 

REMO E C-CLAMP 

B Loosen Clamp 

T 

R 

Run Screw Out 1/2" Approx. 

Remove Clamp 

526 

Elem. Freq. Toto I 
TMU TMU 

128.3 1/2 

86.2 

64.2 

30.0 

Total 180.4 

T25-1 ASSEI JlLE WOOD HAND-SCREW CLAMP (TWIN SCkEwoRIV R TYPE lIANoLES 

AA Adjust Wood Hano 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 2 50.4 

AB Tighten Each Hand Screw 37.5 2 75.0 

Total 450.5 

T26-1 REMO E WOOD HAND-SCREW CLAMP 

AB 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 
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SYNTHESIS 

Sym. Ref. Description Elem. Freq. Toto I 
TMU TMU 

. 

IQ VICE AND REMOVE SMALL EASY TO HANDLE P IRT FROM BENCH' ICE 
. 

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 FRC M 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 ( , 6'-0" LONG) 
FROM PIPE VICE 

M Pipe into Vice 25.3 
L Close Pipe Vice 31.4 
H Adjust Jaws, Close and Later Oper 133.8 
B Tighten and Later Loosen Vice 86.2 
J Open Pipe Vice 48.2 
R Remove Pipe 30.0 

Total 354.9 
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.SYNTHESIS 

Sym. Ref. Description Elem. Freq. Toto I 
TMU TMU 

K4 VICE AND REMOVE LARGE SECTION OF PIPE ( 6'-0" LONG) } ~OM 
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 

-
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. 

DESCRIPTION DESCRIPTION 
- LEFT HAND No. LH Tt.W RH No. -RIGHT HAND -

A - ADJUST BENCH VI EO ENING: 2" APPF pX. (3/1 " P R REVOLUTION) 

15.8 R16B } 2.0 GIA Handle 

163.6 (~10 } .. Ope~ 

1 RL2 

Total 181.4 TMU 

. B - TIGHTEN OR LOOS NV CE 

15.8 R16B 

2.0 GlA , 
First Tighten 

3.9 SClO 

13.5 MlOBlO 

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 'AR'" INTO BE CH VIC 

M16C 18.7 

Move into Jaws P2SSE 19.7 

MfC 2.0 

P2SE 16.2 

RLl 2.0 

Total 58.6 Tl1U • 
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DESCRIPTION 
No. LH TMU RH • No. DESCRIPTION 

-LEFT HAND - RIGHT HAND -
E - PLACE LARGE OR H ~vy PART IN1 P BENCl VICE 

/ SC10 8.6 SC10 } M16C10 .20.8 Ml6C10 Part into Vice 
P2SSD 19.7 P2SSD Assist RH 
G2 5.6 G2 . 
M4C10 8.9 M4C1O } P2SD 21.8 P2SD Align 

'" 
2.0 RLl 

Total 87.4 TMU 

F - REMOVE SMALL EAS TO HANDLE P I\RT FRO THE BE CH ICE 

{ 
R10B 11.5 

Clear Vice G1A 2.0 

MlOB 12.2 

Total 25.7 TMU 

G - REMOVE LARGE OR REA' ty PART F OM THE BENCH V CE 
For Part After { R18B 17.2 
!Loosen 

G1A . 2.0 

15.8 R16B 
} La~ge Part 

5.6 G3 

{ R10B 11.5 

rew Hold G1A 2.0 

G2 5.6 G2 

iAssist RH AP2 10.6 AP2 Remove From 
SClD 8.6 SC10 

M1OC1O 15.0 MlOClO 

Total 93.9 TMU 
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DESCRIPTION 
No. LH TMU RH 

DESCRIPTION 
- LEFT HAND No. -RIGHT HAND . 

H - ADJUST PIPE VIC • 0 ENING Al ~ROXIM! h-ELY 1" l/S ' PER REVOLUTION) 

l5.S R16B } Handle 
2.0 GlA 

114.C SCS } 2.0 RLl .. Open 

Total l33.S TMU 

J - OPEN PIPE VICE hwI 8 

15.S R16B 

2.0 GlA Obtain Dog 
6.9 M14B 

5.6 G2 
I-

2.2 SC5 } 13.7 Ml2A5 Release Dog 

2.0 RLl 

Total 4S.2' TMU 

L - CLOSE PIPE VIC! - cm 

11.5 RI OB } Vice Frame 
2.0 G1A 

2.2 SC5 } 13.7 Ml2A5 Close 

2.0 RLl 

Total 31.4 TMU 

M - PLACE SMALL SEC rrIO~ OF PIPE ~ 6'- " LONG) INTC PIPE VICE 

To Vice M16C lS.7 

Into Vice M2B 4.6 

RLl 2.0 

Total 25.3 TMU 
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DESCRIPTION 
No. LH TMU • No. DESCRIPTION 

- LEFT HAND RH - RIGHT HAND -
.p - PLACE LARGE SEC ION OF PIPE (> 6'-( " LONG) irNTO PIPE VICE 

SC3 2.2 SC3 } M16C3 19.8 M16C3 Into Vice 

RL1 2.0 RL1 

R4B 6.4 R4B New Hold - . 
GlA 2.0 G1A } Slide In 

2 M2B 9.2 M2B 2 

Total 41.6 TMU . 

R - REMOVE SMALL SE ~TIC ~ OF PIP ~ 6' 0" LONG FRC M PIPE VICE 

R16B 15.8 

Remove G1A. 2.0 

M10B 12.2 

Total 30.0 TMU 

S - REMOVE LARGE SE CTIC N OF PIP (> 6' 0" LONG FRC M PIPE VICE 

R16B 15.8 R16B ) Pipe 

Assist RH G1A 2.0 GlA -SC3 2.2 SC3 } M10B3 12.9 M10B3 Clear Vice 

Total 32.9 TMU 

T - ADJUST C-CLAMP 1" 2" TO 6" CLAMP AVERAG 4" 

-- 11.5 R10B } Form Crank 
- G5 

Hold Clamp 106.8 8C6 } Adjust 

-- RL2 

Total 128.3 TMU 
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DESCRIPTION 
No. LH TMU RH • No. DESCRIPTION 

-LEFT HAND • - RIGHT HAND . . 
U - ADJUST C-CLAMP " ( ,,'CLAMP ~D OVE ~ - 12" VER GE) 

-- 11.5 RIOB 

Clamp 
. - G5 Hold Adjust 

310.0 24C6 
. 

- RL2 --
Total 321.5 

V - PLACE C-CLAMP A 1DA pIGN (2" - 6" Cl !IMP EASY TO LACE) 

18.7 M16C } 1st End of Clamp 
9.1 P1SSE 

3.4 MIC } 2nd End of Clamp 
5.6 P1SE 

6.4 R4B } Clamp Frame 
2.0 GIA 

2.0 MfC } 5.6 P1SE 
Relocate or 
Align 2nd End 

2.0 RLl 

Total 54.8 TMU 

W - PLACE C-CLAMP A frn~ IGN (2" to 6" ( LAMP} D' FFIC O1T TO PLACE 

18.7 M16C 

9.1 P1SSE Initial Clamp 

3.4 M1C 
(2) Ends 

5.6 P1SE 

12.8 R4B 2 

4.0 G1A 2 

4.0 MfC 2 Align Clamp 
Frame 

32.4 P2SE 2 

4.0 RLl 2 
'" 

Total 94.0 TIro 
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DESCRIPTION 
No. LH TMU • No. DESCRIPTION 

- LEFT HAND RH - RIGHT HAND . 

X - REMOVE 2" - 6" -T A" FROM P RT 

11.5 R10B } Clamp 
2.0 G1A 

11.8 D2D } Remove 
12.2 M10B .. 

Total 37.5 TMU 

Y - PLACE C-CLAMP ~ Im~ ILIGN (8'" CLAMP INn OVER) EM V TO PLACE: 

l1.S R10B 

2.0 G1A 

SCS 2.2 SCS Place 1st End 
of Clamp 

Assist RH 
M16C5 19.8 Ml6C5 

9.1 P1SSE 
I" 

M4C5 S.S M4CS } 2nd End of 
5.6 P1SE Clamp 

11.S R10B } Frame 
2.0 G1A . 

• '5.6 G2 

I. il , ;i 10.6 AP2 

3.4 M1C Align and 
5.6 P1SE Locate 2nd End 

2.0 RLl 

Total 99.4 TMU 

Z - PLACE C-CLAMP .ND lLIGN (S' CLAMP rum OVER DI FICULT TO PLACE 

11.S R10B I .... 

2.0 G1A 

SCS 2.2 SCS Initial Place 

19.8 
) (2) Ends 

M16CS M16CS 

9.1 P1SSE 

M4CS 8.1 M4CS 
'" 

Car ~y Fwd. S3. J 
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DESCRIPTION 
No. LH TMU DESCRIPTION 

-LEFT HAND RH No. - RIGHT HAND . . 
. . 

Z - Continued 

Bro ght Fwd 53.1 

5.6 P1SE 

23.0 R10B 2 h 

4.0 GlA .2 

11.2 G2 2 

21.2 AP2 2 Align and 

6.S M1C 2 Locate 

32.4 P2SE 2 

4.0 RLl. 2 / 

Total 163.5 TMU 
. 

AA - ADJUST WOOD IV Nn-~ "'REW CLAl hP, APP OXIMATE' iY l' (1/16" PER 
REVOLUTION) 

{ R- 12.2 MlOB 
I . 

Driver Handle 
G1A 2.0 Clamp 

SC6 106.S SC6 

RLl 2.0 

Total 123.0 TMU 

AB - PLACE WOOD lW D-S( REW CLAM 

{ 
M16C lS.7 M16C } Clamp to Part 

Assist RH 35.3 P2SSD 

M4B 6.9 M4B Into Cl-amp 

·Total 50.9 TMU 

AD - ADJUST ONE SI EO WOOD IV :m-SCRE ~ CLAMP ONE REVOLUTION) 

9.2 M2B 2 
I, 

4.0 RLl 2 Turn Screw 

S.O R2A 2 
Driver Handle. 

4.0 G1A 2 
[' 

Total 25.2 TMU 
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DESCRIPTION 
No. LH TMU RH No. 

DESCRIPTION 
-LEFT HAND - RIGHT HAND . -

AE - LOOSEN OR TIGH EN NE HAND SCREW 

5.6 G2 } 10.2 AP2 Initial Tighten 

5.5 T45M 

16.2 APl . Set 

Total 37.5 TMU 

AF - ATTACH SPRING ~l.A}I 

l5.S M16B } 2.2 SC5 To Part and 
Open Clamp 

2.1 MfAS 

5.2 M2C } Locate on 
9.1 P1SSE Part 

2.1 MfA5 

Total 36.5 

AG - REMOVE SPRING r.T,A~ p 

. 15.S R16B } Clamp 
2.0 GlA 

2.2 SC5 } Open 
2.1 MfA5 

12.2 ,MIOB Remove 

Total 34.3 TMU 

AH - CLOSE VICE-GRI P PJ IER FOR AUGING OPENING 

Pliers to RH MIOB 12.2 R- }" 2.0 GIA Handle 

2.0 MfA } 
10.6 AP2 

Close Pliers 

Mlse 20.4 MlSC } 9.1 PISSE To Part for 
Gauging Openi,ng 

2.0 RLl 

Carl y Fwd. 5S.3 
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DESCRIPTION 
No. L.H TMU RH • No. DESCRIPTION 

- L.EFT HAND - RIGHT HAND . . 
AH - Continued 

rou ht Fwd. 58.3 

6.4 R4B } 2.0 GlA 
Adjusting Screw 

Total 66.7 . TMU .. 

AJ - TURN ADJUSTING SCR VI ONE Rl VOLUTIC N 

20.4 T1205 3 } Move Screw 
6.0 RL1 3 

20.4 T120 3 } Reach Screw 
6.0 G1A 3 

Total 52.8 TMU 

AL - PLACE VICE GRI P PI ER TO P laT AND CLOSE 

6.4 R4B } Handle 
2.0 G1A 

AP2 10.2 AP2 Open Pliers 

8.0 M4C } Pliers to Part 
9.1 P1SSE 

2.0 MfA } Close Pliers 
10.6 AP2 

2.0 RL1 

Total 50.3 TMU 

AM - OPEN AND REMo\ E V CE GRIP LIERS 

{ 
R16B 15.8 R16B 

) Assist RH G1A 2.0 G1A Open 

AP2 10.6 AP2 

12.2 M10B ·Too1 Away 

Total 40.6 TMU 



APPENDIX S: MTM-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 

0.01 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 Tl6":2 21.165 Assemble Pipe 

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 Tl8-2 4.150 

VICE GRIP PLIER ASSEMBLE AND REMOVE, T19-2 23.800· 

Easy to 
Place T20-2 21.500 Little or 
no Align. 

< 6" 
Difficult 
to Place, T2l-2 31.450 More Exact-

C-Clamp Assemble ing Align. 

Easy to 
Place T22-2 35.600 Little·or 

> 6" no Align. 

Difficult 
to Place, T22-2 44.000 More Exact-
ing Align • 

. 

Remove All Classifica- T24-2 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 T16-2 423.3 Assemble Pipe 

Vice (Bench, ~ 6'-0" Long 

Pipe and 
·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 T20-2 430.0 Little or 

< 6" No Align. 
-

Difficult 
to Place, T2l-2 629.0 More Exact-
ing Align. 

C-Clamp Assemble 
Easy to 
Place T22-2 712.0 Little or 
No Align. 

> 6" 
Difficult 
to Place, T23-2 880.0 More Exact-
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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SYNTHESIS 

Sym. Ref. Descri ption Elem. Freq. Toto I 
TMU TMU 

T16-2 VICE ~D REMOVE SMALL EASY TO HANDLE P AB Ir FROM ENCH VI E 
OR PI E ~ 6'-0" LONG 

Kl 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 liD REMOVE LARGE OR HEAVY PART FROM BENCH' ICE, 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 

fr18-2 ASSEMl E AND REMOVE SPRING CLAMP 

AF Assemble Spring Clamp 47 
AG Remove Spring Clamp 36 

Total 83 

ir19-2 ASSEMl LE 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 



SYNTHESIS 

Sym. Ref. Description 
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Elem. Freq. Toto I 
TMU TMU 

T2o-2 ASS: ri' EASY TO PLACE C-CLAMP WITH SOME AT 

IT21-2 

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 

• IT, J: . LT TO "DT' "." "_"T..AMP WITH MORE .. d AI 
~NT (2" - 6' CLAMP) 

T 

W 

T 

B 

Adjust Clamp 

Place Clamp and Align 

Take Up Slack in Clamp 

Tighten Clamp 84.0 3 

129.0 

119.0 

129.0 

252.0 

Total 629.0 

IT22-2 .• ,,"""" LE EASY TO "DT ~"." ruMP WITH SOME J 1..1 (8" All b 
OVER ,) 

U 

Y 

U 

B 

U 
y 

U 

B 

Adjust C-C1amp 3" 

Place C-Clamp and Align 

Take up Slack 

Tighten 

Adjust C-C1amp 

Place C-C1amp and Aiign 

Take Up Slack 

Tighten Clamp and Loosen Once 
to Complete Alignment 

369.0 1/3 

369.0 

136.0 

123.0 

369.0 

84.0 

84.0 

Total 712.0 

1/3 

3 

369.0 

136.0 

123.0 

252.0 

Total 880.0 
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SYNTHESIS 

Sym. Ref. Description Elem. Freq. Total 
TMU TMU 

T24-2 REMOV 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 

. 

h-25-2 AS SEMI E WOOD HAND-SCREW CLAMP (TWIN SCB WDRIVE TYPE H f.NDLES) 

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 2 40.0 

AE Tighten Each Hand Screw 40.0 2 80.0 

Total 413.0 

~26-2 REMOVl 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 

tzl VICE J ND REMOVE SMALL EASY TO HANDLE PAR Ir FROM ENCH VI E 

A Adjust Opening 183.0 

D Place Small Part into Vice 57.0 

B Tighten and Loosen Vice 84 2 168.0 

A Adjust Vice Opening Before 
Tightening and AFter Loosening 183 1/2 91.5 

F Remove Small Part from Vice 25.0 

Total· 524.5 
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SYNTHESIS 

Sym. Ref. Description Elem. Freq. Toto I 
TMU TMU 

K2 VICE U,D REMOVE LARGE OR HEAVY PART FRO} BENCH ICE 

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 

- . 
-- 91:0 

Total 608.5 

K3 VICE ND REMOVE SMALL SECTION OF PIPE 0 6' -0" ONG) Fl laM 
PIPE ICE 

M Pipe into Vice 18.0 

L Close Pipe Vice 29.0 
H Adjust Jaws, Close and Later Ope] 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 ND REMOVE LARGE SECTION OF PIPE (' 6' -0" ONG) Fl bM 
PIPE ICE 

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 84.0 

J Open Pipe Vice 54.0 

S Remove Pipe from Vice 29.0 

Total 332.0 
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DESCRIPTION 
No. LH TMU RH • No. DESCRIPTION 

-LEFT HAND - RIGHT HAND . . 
A - ADJUST BENCH VI E 0 PENING: 2" APP' ox. (3/' 6" P I<R REVOLUTION) 

18 GB45 Handle 

165 ~C } Open 

Total 183 TMU .. 

B - TIGHTEN AND LOO EN UICE 

. 18 GB45 

5 GW5 First Tighten 
11 PA30 

1 PW5 

6 R Change Hold 

28 A 2 

10 GWlO Final Tighten 
3 PAS 

2 PWlO 

Total 84 TMU 

. 
D - EASY TO HANDLE ART INTO BE CH VIC 

Part to Jaws PC45 36 

Into Jaws PC5 21 

Total 57 TMU 

E - PLACE LARGE OR EA\ k>- PART I TO BEN H VICE 
,-

GW5 5 GW5 

} Part into Vice PC45 36 PC45 

Assist RH PWS 1 PWS , 
R 6 R 

PC15 26 PClS 
} Align 

'- PW5 1 PW5 

Total 75 TMU 
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DESCRIPTION 
No. LH TMU R.H No. 

DESCRIPTION 
- LEFT HAND - RIGHT HAND . 

F - REMOVE SMALL EA Y T HANDLE ~ART n bM THE B b-NCH VICE 

Obtain GB30 14 

Aside PA30 11 

Total 25 TMU 

G - REMOVE LARGE OR HEA lrY PART ROM THE BENCH V CE 

Part After Loosen GB45 18 

18 GB45 Large Part 
'New Hold GB30 14 

R 6 R 

A 14 A 

Assist RH GW5 5 GW5 Remove 
PB30 15 PB30 

PW5 1 PW5 
"-

Total 91 TMU 

H - ADJUST PIPE VIC OP b-NING AP ROXIMA" !ELY 1" ( Ll8" PER REVOLUTION) 

18 GB45 Handle 

90 8C Open 
. 

Total 108 mu 

J - OPEN PIPE VICE hw b 

18 GB45 
} Obtai~ Dog 

15 PA45 

6 R 

3 GW3 
} ':Release Dog 11 PA30 

1 PW5 

Total 54 TMU 
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DESCRIPTION 
No. LH TMU RH • No. DESCRIPTION 

-LEFT HAND - RIGHT HAND -
L - CLOSE PIPE VICE FRA lIE 

14 GB30 Vice Frame 

3 GW3 

} Close 11 PA30 

1 PW5 

Total 29 TMU 

M - PLACE SMALL SEC ION OF PIPE (~ 6'-C ' LONG) .'no PIPE VICE 
To Vice PA45 15 

Into Vice PA5 3 

Total 18 TMU 

P - PLACE LARGE SEC ION OF PIPE ( >6'-( , LONG) NTO PIPE VICE 

{ PA45 15 PA45 Into Vice 
Assist RH GB15 10 GB15 New Hole 

PA5 3 PAS 2 Slide In 

Total 28 TMU 

R - REMOVE SMALL SE TIO OF PIP' (.$ 6'- a" LONG) FRO ~PIPE 

Remove Pipe { GB45 18 

PA30 11 

Total 29 TMU 

S - REMOVE LARGE SE TIO OF PIP (> 6'-b" LONG) FRO k PIPE 

{ GB45 18 GB4S 
} Remove Assist RH 

PA30 11 PA30 

Total 29 TMU 
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DESCRIPTION 
No. LH TMU RH No. 

DESCRIPTION 
- LEFT HAND -RIGHT HAND . 

T - ADJUST C-CLAMP " ( " to 6 ,,~ CLAMP AVERAGE 4") 

9 GA30 

120 8C 

Total 129 TMU 

-

U - ADJUST C-CLAMP ~" ( ~" CLAMP AND OYl R- 12" ~VEF GE) 

9 GA30 
} Adjust 360 24C . 

Total 369 TMU 

V - PLACE C-CLAMP A ND ~ IGN ~2" - 6" C lAMP) EM IY Te PLACE 
, 

36 PC4S 1st Clamp 

21 PCS 2nd Clamp 

10 GB1S Clamp Frame 

21 PCS Set 2nd Clamp 

Total 88 TMU 

. W - PLACE C-CLAMP } NDJ LIGN (2" to 6" LAMP) D FFH \rL T TO PLACE 

36 PC4S } Initial Clamp 
21 PCS (2) Ends 

20 GB1S 2 } Align Clamp 

42 PCS 2 Frame 

Total 119 TMU 

X - REMOVE 2" to 6" CL MP FROM ART 

14 GB30 

} 5 GWS Remove 

11 PA30 

Total 30 TMU -
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DESCRIPTION 
No. LH TMU RH 

. 
No. 

DESCRIPTION 
- LEFT HAND - RIGHT HAND -

Y - PLACE C-CLAMP" INn LIGN (8" CLAMP lND OVER EA Y TO PLACE 

14 GB30 

) GW3 3 GW3 Place 1st End 
PC4S 36 PC4S of Clamp 

Assist RH PWS 1 PWS .. 

) PC1S 26 PC1S 2nd End of 
PWS 1 PWS Clamp 

14 GB30 Frame 

6 R 

14 A } Align and Locate 

21 PCS 2nd End 
." 

Total 136 TMU 

Z - PLACE C-CLAMP ND LIGN (8" CLAMP lND OVER DI FICULT TO PLACE 

14 GB30 

GW3 3 GW3 

PC4S 36 PC4S Initial Place 

PWS 1 PWS (2) Ends 

PC1S 21 PC 15 

PWS 1 PWS 

28 GB30 2 

12 R 2 Align and . Locate 28 A 2 

42 PCS 2 

Total 186 TMU 

AA - ADJUST WOOD ~ ND- CREWCLA MP APPR x. i" ( /16' PER REVOLUTION) 

Driver Handle GB- 11 PA30 

Clamp 8C 120 8C Clamp 

Total 131 TMU 
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DESCRIPTION 
No. LH TMU RH No. 

OESCRIPTION 
- LEFT HAND - RIGHT HAND . . 

AB - PLACE WOOD HAN D-SC REW CLAM! 

Assist RH { P- 36 PC45 Clamp to Part 

P- 6 PAl5 Into Clamp 

Total 42 TMU 

.' 

AD - ADJUST ONE SID 1>01 WOOD HA D SCREI CLAMP loNE REVOLUTION) 

6 PA5 2 

14 GB5 2 

Total 20 TMU 
... 

AE - LOOSEN OR TIGF "'EN bNE HAND SCREW 

6 R 

} Initial 14 A Tighten 

6 PA15 

14 A Set 

Total 40 TMU 

AF - ATTACH SPRING hA> 10 

15 PA4S .. 

3 GW3 To Part and 

3 PAS Open Clamp 

1 PWS 

21 PCS On Part 

3 PAS } 1 PWS Close 

Total 47 TMU 
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DESCRIPTION 
No. LH TMU RH No. 

DESCRIPTION 
- L.EFT HAND - RIGHT HAND . 

AG - REMOVE SPRING rTAM 

18 GB45 Clamp 

3 GW3 

} Open 3 PAS 

1 PWS 

11 PA30 Remove 

Total 36 TMU 

AH - CLOSE VICE GRI PL ERS FOR GAUGIN( OPENING 

Pliers to RH PA30 11 GB- Handle 

3 PAS } Close Pliers . 
14 A 

P- 36 PC45 To Part for 
Gauging .. 

10 GB15 
I 

Adjusting Screw 

Total 74 TMU 

AJ - TURN ADJUSTING SCR ;;W ONE R VOLUTI N 

33 PA20 3 

42 GB30 3 
., 

Total 75 TMU I 

AL - PLACE VICE GRI P PI ERS TO ARTANl CLOSE 
10 GB15 Handle 

14 A Open Pliers 

26 PC15 To Part 

3 PAS } Close Pliers 
14 A 

Total 67 TMU 

AM - OPEN AND REMO\i E V CE GRIP LIERS 
18 GB45 } Open 
14 A 
11 PA30 Tool Away 

Total 43 TMU 



APPENDIX T: MrM-3 ANALYSIS OF'PROVING TASKS FROM 

OUTSIDE'OF WORK SITE 

There,follows the development of standard data, based upon 

MrM-3, of work tasks which were obtained away from the test site. 

The times were initially established in T.M.U. and then converted 

to 0.01 minutes at 100 B.S.I. performance level. 
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Tool Operation and Description Symbol 0.01 Min. 

Small Easy to 
Han41e Part or Tl6-3 21.250 

Assemble Pipe 

Vice 
<·6'-0" Long 

(Bench, Pipe and 
Large or Heavy and Wood) Remove Part or Part T17-3 22.075 
> 6'-0" Long 

- . 
SPRING CLAMP ASSEMBLE AND REMOVE Tl8-3 ·5.150 

VICE GRIP PLIER ASSEMBLE AND REMOVE Tl9-3 23.950 

Easy to 
Place T20-3 20.900 Little or 
No Align. 

< 6" - Difficult 
to Place, 30.150 More Exact-
ing Align. 

C-Clamp Assemble 
Easy to 
Place T2l-3 Little or 
No Align. 

> 6" 
Difficult 
to Place, T22-3 33.915 More Exact-
ing Align. 

Remove All Classifica- T24-3 8.100 tion 

Wood Hand- Assemble T25-3 26.000 

Screw Clamp Remove 26-3 9.600 
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Tool Operation and Description Symbol TMU 

Small Easy to 

Assemble Handle Part or T16-3 425.0 Pipe 
Vice and :: 6'-0" Long 
(Bench, Pipe 
and Wood) Remove Large or Heavy 

Part or Part T17-3 441.5 
> 6'-0" Long 

SPRING CLAMP ASSEMBLE AND REMOVE T18-3 i03.0 

VICE GRIP PLIER ASSEMBLE AND. REMOVE T19-3 479.0 

Easy to 
Place T20-3 418.0 Little or 

< 6" No Align. 
-

Difficult 
to Place, T21-3 603.0 More Exact 
ing Align. 

C-Clamp Assemble 
Easy to 
Place T22-3 678.3 Little or 

> 6" 
No Alig.n. 

Difficult 
to Place, T23-3 788.3 More Exact-

ing Align. 

Remove All C1assifica- T24-3 162.0 tions 

Wood Hand- Assemble T25-3 520.0 

Screw Clamp Remove T26-3 192.0 
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SYNTHESIS 

Sym. Ref. D~scription Elem. Freq. Total 
TMU TMU 

1r16-3 VICE k\ND REMOVE SMALL EASY TO HANDLE PA T FROM BENCH V CE, 
OR P PE < 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 

~17-3 VICE AND REMOVE LARGE 'OR HEAVY PART FRO BENCH VICE, 0 
PIPE > 6'-0" LONG 

K2 Vice and Remove Large or Heavy 
Part from Vice 537.0 1/2 268.5 

K4 Vice and Remove Large Section of 
Pipe (> 6' -0" Long) 346.0 1/2 173.0 

'total 441.5 

Tl8-3 ASS!!: IBLE AND REMOVE SPRING CLAMP 

AF Assemble Spring Clamp 51.0 

AG Remove Spring Clamp 52.0 

Total 03.0 

T19-3 AS SE [BLE 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 fliers 34'.0 

Total 479.0 

. . 



556 

SYNTHESIS 

Sym. Ref. Descri ption Elem. Freq. Total 
TMU TMU 

T20-3 ASSE mLE EASY TO PLACE C-CLAMP WITH sm ~ ALIG$NT 
(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 

T2l-3 ASSE mLE DIFFICULT TO PLACE C-CLAMP WI1 IH MORE XACTINC 
ALIG mENT (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 ASSE 1BLE EASY TO PLACE CLAMP WITH SOME iALIGNME T (8" 1 ND 
OVER CLAMP) 

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 ASSE 1BLE DIFFICULT TO PLACE C-CLAMP WI H MORE XACTIN 
ALIG mENT (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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SYNTHESIS 

Sym. Ref. Descri ption Elem. Freq. Toto I 
TMU TMU 

T24-3 REMO' E C-CLAMP 

B Loosen Clamp 55.0 

T Run Screw Out 1/2" Approx. 146.0 1/2 73.0 

R Remove Clamp 34.0 

Total 162.0 

.. 

T25-3 ASSEl llLE WOOD HAND-SCREW CLAMP (TWIN SC ftEwnRIV R TYPE ~LES 

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 2 72.0 

AE Tighten Each Hand Screw 25.0 2 50.0 

Total 520.0 

T26-3 REMO' E 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 PA ~T FROM BENCH V CE 

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 

Tcital 485.0 
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SYNTHESIS 

Sym. Ref. Descri ption Elem. Freq. Toto I 
TMU TMU 

~2 VICE ~ REMOVE LARGE OR HEAVY PART FRO BENCH VICE 

A Adjust Vice Open 194.0 

E Place Part into Vice 89.0 

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 

~ VICE AND REMOVE SMALL SECTION OF PIPE « 6'-0" LONG) F OM 
PIPE VICE 

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 

J Op~n Pipe Vice 57.0 

R Remove Pipe 34.0 

Total 365.0 

K4 VICE AND REMOVE LARGE SECTION OF PIPE > 6'-0" LONG) I iROM 
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 
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DESCRIPTION 
No. LH TMU 

DESCRIPTION 
- LEFT HAND RH No. -RIGHT HAND 

- . 
A· - ADJUST BENCH VI E 0 bENING: 2" APP OXIMATEl fy (3 1'16" PER REVOLUTION) 

34 HA80 Handle 

160 10TA8C Open 

Total 194 TMU 
-

B - TIGHTEN AND LOO ~EN VICE 

34 HA80 First Tighten 

7 TA15 Change Hold 

7 TA15 

7 TA1S 

Total 55 TMU 

D - EASY TO HANDLE WAR' INTO VI E 

To Jaws TB80 29 

Into Jaws TB1S 21 

Total 50 TMU 

E - PLACE LARGE OR HEA iY PART I TO BEN H VICE 

{ 
. HB80 48 HB80 Part into Vice 

Assist RH TAlS 7 TA1S Change Hold 

HBlS 34 HB1S· Align 

Total 89 TMU 

F - REMOVE SMALL Eo SY o HANDLE PART F OM BENC VI E 

Clear Vice HASO 34 .. 
: 

Total 34 TMU 

• 
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DESCRIPTION 
No. LH TMU • No. DESCRIPTION 

- LEFT HAND RH - RIGHT HAND . ~ 

G - REMOVE LARGE OR REA 'rY PART ROM TID BENCH V CE 

1S HA15 
} Into Vice 

29 TBSO 

Total 47 TMU 
. 

H - ADJUST PIPE VIC OP ENING M ROXIMA" ELY 1" ( /S" PER REVOLUTION) 

34 HASO Handle 

12S 8TASO Open 

Total 162 TMU 

J - OPEN PIPE VICE mAl' R 

34 HASO Obtain Dog 

7 TA15 

16 TASO Release Dog 

Total 57 TMU 

L - CLOSE PIPE VIC' FRAME: 

34 HA80 Close 

Total 34 TMU 

M - PLACE SMALL SE TID OF PIPE ~ 6'_ " LONG) INT( PIPE VICE 

To Vice TA80 16 
. 

Into Vice TA15 7 

Total 23 TMU 

P - PLACE LARGE SE TID OF PIPE (> 6'_ " LONG) INT PIPE VICE 

{ 
HA80 34 HAS 0 

) Assist RH HA15 18 HA15 Into Vice 

TA15 7 TA15 

Total 59 TMU 

_. 
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DESCRIPTION 
No. LH TMU RH No. 

DESCRIPTION 
- LEFT HAND - RIGHT HAND -

. 

R - REMOVE SMALL SE TIO OF PIP « 6'- 0" LONG) FRO ~ PIPE VICE 

Remove HA80 34 

Total 34 TMU 

.. 

S - REMOVE LARGE SE TIO ~ OF PIP (> 6' - 0" LONG) FRO ~ PIPE VICE 

Assist RH HA80 34 HA80 Remove 

Total 34 TMU 

T - ADJUST C-CLAMP " ( ~" TO 6" CLAMP - AVERAGE 4") 

34 HA80 
. 112 TTA80 

Total 146 TMU 

U - ADJUST C-CLAMP 13" ( Is" CLAMP AND OV' R - 12" iAVEF i!'GE) 

34 HA80 
} Adjust 

345 23C 

Total 379 TMU 

V - PLACE C-CLAMP ) till) LIGN (2" - 6" C AMP EAS TO PLACE) 

29 TB80 1st Clamp 

21 TBlS 2nd Clamp 

21 TBlS Realign & Clamp 

Total 71 TMU 

. 

W - PLACE C-CLAMP ND IGN (2" TO 6" LAMP, D FFI ULT TO PLACE) 

29 TB80 } Initial Clamp 

21 TBlS (2) Ends 

96 HBlS 2 Align 
. 

Total 146 TMU 
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DESCRIPTION 
No. LH TMU RH No. 

DESCRIPTION 
-LEFT HAND -RIGHT HAND . 

X - REMOVE 2" TO 6" CLA lIP FROM' ~T 
18 HA80 

} Remove 
7 TA80 

Total 25 TMU 
.. 

Y - PLACE C-CLAMP A mA IGN (8" CLAMP J ND OVER) EAS TO PLACE 

48 HB80 1st Clamp 

21 TB15' 2nd Clamp 

18 HA15 } Locate 2nd End 
34 HB15 

Total 118 TMU 

Z - PLACE C-CLAMP A IDA IGN (8" CLAMP iNn OVER) DU FICULT TO PLACE 

48 HB80 1st Clamp 

21 TB15 2nd Clamp 

36 HB15 2 } Locate 2nd End 
68 HB15 2 

Total 173 TMU 

AA - ADJUST WOOD HP ND-~ CREW CLA: lP APPR XIMATEL L" (1/16" PER 
REVOLUTION 

HA80 34 

7TA80 112 

Total 146 TMU 

A:B - PLACE WOOD lW D-S REW CLAM' 

Assist RH T- 29 TB80 Clamp to Part 

T- 7 TAIS Into Clamp 

Total 36 TMU 
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DESCRIPTION No. LH TMU • No. DESCRIPTION 
- LEFT HAND RH -RIGHT HAND . -

AD - ADJUST ONE SID OF WOOD HAl D-SCRE~ (ONE RE \TOLU IrION) 

36 2HA1S 

Total 36 
. 

!MU 

.. 
AE - LOOSEN AND TIG 'TE} ONE HAN SCREW 

18 HA1S Initial Tighten 

7 TA15 Set 

Total ~S !MU 

AF - ATTACH SPRING l-oT ., It> 

16 TA80 } To Part and Open 

7 TA1S 
Clamp 

21 TBIS Locate 

7 TAIS Close 

Total SI !MU 

AG - REMOVE SPRING CLAl IT' 

18 HAIS Open 

34 HA80 Remove 

Total S2 !MU 

AB - CLOSE VICE GR P P IERS Fm GAUGU ~ OPEN IN" 

18 HAlS Close Pliers 

29 TB80 To Part 

Total 47 !MU 

AJ - TURN ADJUSTIN SC EW ONE EVOLUT' ON 

102 HA80 3 

Total 102 !MU 
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DESCRIPTION 
No. LH TMU RH No. 

DESCRIPTION 
- LEFT HAND - RIGHT HAND , 

AL - PLACE VICE GRI PL ER TO P RT AND r.LOSE 

18 HA15 Open Pliers 

21 TB15 To Part 

7 TA15 Close Pliers 

Total 46 TMU .. 

AM - OPEN AND REMOV VI ~E GRIP 1 LIERS 

Assist RH 18 HA15 Open 

16 TA80 Aside 

Total 34 TMU 

. 



APPENDIX U:· ANALYSIS OF WORK TASKS . OBTAINED AWAY 
FROM TEST SITE USING SYSTEM 11 

There follows the development of standard data. based upon 

the simplifi~d data system described earlier and identified as 

System 11. for work tasks obtained away from the test site. The 

times are expressed in 0.01 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 Tl6-I! 13.088 Assemble Pipe 

Vice .s. 6' -0" Long 

(Bench, Pipe and 
Large or Heavy and Wood) Remove Part or Part T17-I! 14.471 
> 6"-0" Long 

SPRING CLAMP ASSEMBLE AND REMOVE T18-I! 3.586 

VICE GRIP PLIER ASSEMBLE AND,REMOVE T19-I! 11.980 I 
I 

Easy to 
Place T20=I! 12.725 Little or 
No Align. 

< 6" -
- Difficult i 

to Place, T2l-I! 14.417 More Exact-
ing Align. 

C-Clamp Assemble 
Easy to 
Place T22-I! 23.233 Little or 
No Align. 

Difficult 
to Place, T23-I! 27.121 More Exact-
ing Align. 

Remove All Classifica- T24-II 4.402 tion 

Wood Hand- Assemble T2S-II 16.454 

Screw Clamp Remove T26-II 7.878 
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SYNTHESIS 

Sym. Ref. Description Elem. Freq. Toto I 
TMU TMU 

Tl6-II VICE AND REMOVE SMALL EASY TO HANDLE PA T FROM BENCH V CE, 
OR P PE < 6'-0" LONG 

Kl 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 

Tl7-II VICE AND REMOVE LARGE oOR HEAVY PART FRO ! BENCH VICE, OR 
PIPE > 6'-0" Long 

K2 Vice and Remove Large or Heavy 
Part from Vice 18.545 1/2 09•273 

X4 Vice and Remove Large Section 
of Pipe (> 6' -0" long) 10.396 1/2 5.198 

Total 14.471 

Tl8-II ASSEl IBLE AND REMOVE SPRING CLAMP 

AF Assemble Spring Clamp 2.450 

AG Remove Spring Clamp 1.136 

Total 3.586 

Tl9-II ASSE IBLE 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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SYNTHESIS 

Sym. Ref. Description Elem. Freq. Toto I 
TMU TMU 

T20-U ASSEl IBLE EASY TO PLACE C-CLAMP WITH SOl' " ALIGN! lENT 
(2" 6" CLAMP) 

T Adjust Clamp I" 3.779 
V Place Clamp and Align 3.223 
T Take up Slack in Clamp 3.779 
B Tighten Clamp L944 

Total 12.725 

T2l-U ASSE: blLE DIFFICULT TO PLACE C-CLAMP WI1 6 MORE XACTINC 
~ ~NT (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-U ASSEl IBLE EASY TO PLACE CLAMP WITH SOME !lLIGNME T (8". A ID 
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-u ASSEl rnLE DIFFICULT TO PLACE C-CLAMP WIT 6 MORE XACTING 
ALIG iMENT (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 L944 3 5.832 

Total- 27.121 
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SYNTHESIS 

Sym. Ref. Descri ption Elem. Freq. Toto I 
TMU TMU 

!r24-II REMo\ E C-CLAMP 

B 

T 

R 

Loosen'C1amp 

Run Screw Out 1/2" Approx. 

Remove Clamp 

3.779 1/2 

1.944 

1.890 

0.568 

Total 4.402 

T25-I1 ASS~BLE WOOD RAND-SCREW CLAMP (TWIN SC EWDRIV R TYPE 
HAND ES) 

T26-II 

'M 

AB 

AD 

AD 

AB 

REMO 

AB 

AD 

F 

Adjust Wood Hand Screw Jack 

Place Clamp to Part 

Adjust (2) Hand Screws.(3) Revs 
Each 1.1~6 6 

Adjust (2) Hand Screws Approx 
(1) Rev. Each for Jaw Alignment 1.136 2 

Tighten Each Hand Screw 1.027 2 

3.779 

1.533 

6.816 

2.272 

2.054 

Total 16.454 

E WOOD HAND-SCREW CLAMP 

Loosen Each Hand Screw 1.027 2 2.054 

Open Each Hand Screw Approx. 
1-1/2 Revs. 1.136 .3 3.408 

Remove Clamp from Part 2.416 

Total 7.87E 

Kl VICE AND REMOVE SMALL EASY TO HANDLE P RT FROM BENCH \ ICE 

A Adjust Opening 5.155 

D Place Small Part into Vice 2.419 
, 

B Tighten and Loosen Vice 1.944 2 3.888 

A Adjust Vice Opening Before 
Tightening and After Loosening 5.155 1/2 2.578 

F Remove Small Part from Vice 2.416 

Total ' 16.456 
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SYNTHESIS 

Sym. Ref. Descri ption Elem. Freq. Total 
TMU TMU 

K2 VICE 'AND REMOVE LARGE OR HEAVY PART FR( M BENCH VICE 
A Adjust Vice Open 5.l5! 
E Place Part into Vice 5.28, 
B Tighten and Later Loosen 1.944 2 3.88E 

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 

. K3 VICE AND REMOVE SMALL SECTION OF PIPE < 6'-0" LONG) , ROM 
P.IPE 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 1.944 
J Open Pipe Vice 1.485 
R Remove Pipe 0.568 . 

Total 9.719 

K4 VICE AND REMOVE LARGE SECTION·OF PIPE > 6'-0" LONG) , ~OM 
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 



571 

ANALYSIS SHEET: SYSTEM JI: 

'0'" ,tJ ,\'0 ,fa 
BLOCK TIME 0.01 MINS r,.~ 0'" ~fa r,.' 

o· ,. o· '1-' 

EL. DESCRI PTION DA DB CA CB 

A ADJUST BENCH VICE OPENING: 2" APPR x. (3/ 6" PER REVOLU' ION) 

Handle 1 

Open 10 
.. 

. Freq • 10 '1 

Time 5.15 8 

B TIGHTEN AND LOOSEN VICE 

First Tighten 1 

Change Hold 1 

Loosen 1 

1 

Freq. 3 1 

Time 1.94 ~9 

D EASY TO HANDLE PART INTO VICE 

To Jaws 1 

Into Jaws 1 

Freq. 2 

Time 2.4' 86 

E PLACE LARGE OR HEAVY PART INTO BEN H VICE 

Part into Vice 1 

Change Hold 1 

Align 1 

Freq. 1 2 

Time 5.2 19 



572 

ANALYSIS SHEET: SYSTEM JI 
q," rtJ ,\q, ,1'0 

BLOCK TIME 0.01 MINS . '>.ft) 0" ft)ro '>., 
o· ,. o· '1-' 

EL. DESCRIPTION DA DB CA 'CB 

F REMOVE SMALL EASY TO HANDLE PART FE :lM BENC VICE 

Clear Vice 1 

Freq. 1 

Time 2.41 

G REMOVE LARGE OR HEAVY PART FROM TH' BENCH "ICE 

1 

1 

Freq. 1 1 

Time 1.6~ 21 

H ADJUST PIPE VICE OPENING APPROXIMAl ELY 1" (1/8" _F ER REV. 

Handle 1 

Open 8 

Freq. 8 1 

Time 4.2 74 

J OPEN PIPE VICE FRAME 

Obtain Dog 1 

1 

Release Dog 1 

Freq. 2' 1 

Time 1.4 52 

L CLOSE PIPE VICE FRAME. 

Close 1 

Freq. 1 

Time 0.5 78 



573 

ANALYSIS SHEET: SYSTEM lr 

BLOCK TIME 0.01 
~ .;> ,\'b ,'0 

MINS ".~ 0" ~'o 0.' 
o· v o· fI,' 

EL. DESCRI PTION DA DB CA CB 

M PLACE SMALL SECTION OF PIPE « 6'-0 ' LONG) INTO P PE VIC 

To Vice 1 

Into Vice 1 
.. 

Freq. 2 

Time 0.91 4 

l' PLACE LARGE SECTION OF PIPE (> 6'-0 ' LONG) INTO P PE VIC 

1 

1 

1 

Freq. 1 2 

Time 1.59 3 

R REMOVE SMALL SECTION OF PIPE ~ 6'-b" LONG FROM IPE 

Remove 1 

Freq. 1 

Time 0.51 178 

S REMOVE LARGE SECTION OF PIPE (> 6' 0" LONe !) FROM PIPE VI ~E 

Remove 1 

Freq. 1 

Time 0.5 78 

T ADJUST C-CLAMP 1" (2" - 6" CLAMP - AVERAG 4 ") 

1 

7 

Freq. 7 1 

'rim" 3.7 87 
- . - .. .. 



" 
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ANALYSIS SHEET: SYSTEM :n: 
q,'\ ~.., ,\q, ,'0 

BLOCK TIME 0,01 MINS ",'" 0'\ ",ra ~, 

o· " o· '1-' 

EL. DESCRI PTION DA DB CA CB 

u ADJUST C-CLAMP 3" (8" CLAMP AND OVE R - 12" AVERAG ) 
Adjust 1 

23 

- Freq. 23 - - .1 

Time 11.1 79 

V PLACE C-CLA}lP AND ALIGN (2" - 6" CT L.\Mp: E SY TO PLACE) 

1st Clamp 1 

2nd Clamp 1 
. 

Realign 2nd Clamp 1 

Freq. 3 

Time 3.22 29 

X REMOVE 2" TO 6" CLAMP FROM PART 

Remove 1 

1 

Freq. 1 1 

Time 1.0 65 

Y PLACE C-CLAMP AND ALIGN (8" CLAMP \NIl OVE ) EASY TO PLAC E 

1st Clamp 1 

. 2nd Clamp 1 

Locate 2nd End 1 

1 

Freq. 1 1 2 

Time 6.4 53 



. 575 

ANALYSIS SHEET: SYSTEM lr. 
q, .... ~ ",q, ,10 

BLOCK TIME 0.01 MINS ".":1 0 .... ":110 0.' 
o· ,. o· '1-. 

EL. DESCRIPTION DA DB CA CB 

z PLACE C-CLAMP AND ALIGN (8" CLAMP A fro OVER DIFFI ULT TO 
PLACE 

1st Clamp 1 

2nd Clamp .. 1 

Locate 2nd End 2 

2 

Freq. 1 2 3 

Time 9.44 7 

AA ADJUST WOOD HAND-SCREW CLAMP APPRO' ~MATELY 1" (1/ 6" PER REV.) 

1 

7 

Freq. 7 1 

Time 3.77 87 

AB PLACE WOOD HAND-SCREW CLAMP 

Clamp to Part 1 

Into Clamp 1 

Freq. 1 1 

, Time 1.53 

AD . ADJUST ONE SIDE OF WOOD HAND-SCREW (ONE RI VOLUTIC N) 

Adjust 2 

Freq. 2 

Time 1.1 56 



576 

ANALYSIS SHEET: SYSTEM l! 

" ~ ,\fb ,IQ 
BLOCK TIME 0.01 MINS ~(,;j 0'" "IQ ~, 

o· " o· 'l-' 

EL. DESCRI PT/ON DA DB CA CB 

AE LOOSEN AND TIGHTEN HAND-SCREWS 

Initial Tighten 1 

Set 1 
. -

Freq. 1 -1 

Time 1.02 5 

AF ATTACH SPRING CLAMP 

To Part and Open Clamp 1 

1 

Locate 1 

Close 1 

Freq. 3 1 

Time 2.4 04 

AG REMOVE SPRING CLAMP 

Open 1 

Remove 1 
. 

Freq. 2 

Time 1:1 56 

AB CLOSE VICE GRIP PLIERS FOR GAUGiNG OPENIN 

Close Pliers' 1 

To Part 
. 1 

: 
Freq. 1 1 

Time 1.6 21 



577 

ANALYSIS SHEET: SYSTEM :re 
fb"" ~ ""fb 

,re 
BLOCK TIME 0.01 MINS r,.'" 0"" ",re r,.' 

o· ,. o· 'V. 

EL. DESCRI PTION DA DB CA CB 
. 

AJ TURN ADJUSTING SCREW ONE REVOLUTIO~ 

Turn 3 

Freq. 3 . . 

Time 1.70 4 

AL PLACE VICE GRIP PLIER TO PART AND ( LOSE 

Open Pliers 1 

To Part 1 
. 

Close Pliers 1 

Freq. l' 1 1 

Time 2.10 pS 

AM OPEN AND REMOVE VICE GRIP PLIERS 

Open 1 

Aside 1 

Freq. 1 1 

Time 1.02 b5 

, 



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 0.01 minutes at 100 B.S.I. performance 

level. 

578 
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TOOL OPERATION AND DESCRIPTION SYMBOL 0.01 MIN 

Vice Assemble Small Easy to handle 
(Bench. Pipe and part on or tube Tl6-IV 12.128 
and Wood) Remove ~ 6' -0" Long 

Large or Heavy Part Tl7-IV 13.187 or Part> 6' -0" Long 

Spring Clamp Assemble and Remove Tl8-IV 3.527 

Vice Grip Assemble and Remove Tl9-IV 14.658 Plier 

Easy to place 
little or no T20-IV 12.381 
alignment 

< 6" - Difficult to 
place. more T2l-IV 20.687 
exacting align 

Assemble 
C-Clamp Easy to place 

little or no T22-IV 19.431 
alignment 

> 6" 
Difficult to 
place. more T23-IV 24.683 
exacting align 

Remove All Classifications T24-IV 4.888 

Wood Hand- Assemble T25-IV 19.039 

screw Clamp Remove T26-IV 9.845 



580 

SYNTHESIS 

Elem. Total 
Sym. Ref. Description 0.01 Freq. 0.01 

mins. mlns. 

Tl6-l'oi Vice c pd Remove Small Easy to Handle Part 
From E ~nch Vice, or Pipe < 6'-0" Long 

K1 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 1/2 4.649 

- -
Total ~2.128 

Tl7-I' Vice nd Remove Large or Heavy Part From 
Bench ~ice, or Pipe> 6'-0" Long 

K2 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 .c3.187 

TlB-I' Assem le and Remove Spring Clamp 

AF Assemble Spring Clamp - 2.453 

AG Remove Spring Clamp 1.074 

Total 3.527 

. -



581 

SYNTHESIS 

Sym. Ref. Description Elem. Freq. Total 
TMU TMU 

Tl9-IV Assem le and Remove Vice-Grip Pliers 

AH Close Pliers for Gauging 3.328 . 
AJ Adjust Screw: (2) Revolutions 0.749 2 1.498 
AL Try Vice-plers Over Part 3.779 
AJ Additional Adjustment 0.749 
AL Move and Close Pliers .. 3.779 
AM Remove Pliers 1.525 

!rotal 114.658 

T20-I' Assem le Easy to Place C-Clamp With Som. 
Align ent (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 

~otal 2.381 

T21-I\ Assem le Difficult to Place C-Clamp Witl 
More xacting Alighment (2"_6" Clamp) 

T Adjust Clamp 3.025 

W Place Clamp and Align 6.759 

T Take up Slack in Clamp 3.025 

B Tighten Clamp 2.626 3 7.878 

Total 20.687 



582 

SYNTHESIS 

Sym. Ref. Description Elem. Freq. Total 
TMU TMU 

'I'22-IV Assem le Easy to Place Clamp With Some 
Al:l2n ent (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 - 2.626 

~otal 9.431 

T23-IV Asseml le Difficult to Place C-Clamo Witl 
More xactin2 Alignment (8' and Over Cl. mp) 

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 

fro tal ~4.683 

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 

h-otal 4.888 



583 

SYNTHESIS 

Sym. Ref. Description Elem. Freq. Toto I 
TMU TMU 

r25-IV Assemt le Wood Hand-Screw Clamp. (Twin 
Screwi river Tvoe 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 2.996 

AE Tighten Each Hand Screw 2.301 2 4.602 

Total 19.039 

. 
[r26-IV Remov Wood Hand-Screw Clamp 

AE Loosen Each Hand Screw, 2.301 2 4.602 

AD Open Each Hand Screw Approx. 
l~ Revs. 1.498 3 4.494 

F Remove Clamp from Part 0.749 

• Total 9.845 



584 

SYNTHESIS 

Sym. Ref. Descri ption Elem. Freq. Totol 
TMU TMU 

Kl Vice· a d Remove Small Easv to Handle Par 
From B nch Vice 

A Adjust Opening 4.00C 
D Place Small Part into Vice 2.956 
B Tighten and Loosen Vice 2.626 2 5.252 
A Adjust Vice Opening before 

Tightening and After Loosening 4.000 '1/2 2.000 
F Remove Small Part from Vice 0.749 

Total 14.957 

K2 Vice a d Remove Large or Heavy Part 
From B 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 Opening 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. Descril?tion Elem. Freq. Toto I 
TMU TMU 

K3 Vice a d Remove Small Section of Pipe 
« 6"- 11 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 
. . 

B Tighten and Later Loosen Vice 
. 

2.626 

J Open Pipe Vice 1.498 
R Remove Pipe 0.749 

~otal 9.297 

K4 Vice a d Remove Large Section of Pipe 
(> 6'0 Lon2) from Pipe Vice . 
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 Loos'en Later 2.626 
J Open Pipe Vice 1.498 
S Remove Pipe from Vice 0.749 

Total 9.721 

. 

. 
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ANALYSIS SHEET: SYSTEM TIZ: 
BLOCK TIME 0.01 MINS. 

t\I ~ - - ~ 0 '0 
Cl) If) IQ It) It) Cl) IQ 
It) N en t\I en ~ ~ 
t\I ..,. en I<) I<) ..,. 

~ 
0 0 0 cl cl - cl 

. 

EL. DESCRIPTION OA OB OC LA LB LC S 

A Adjust Bench Vice 0Eening 
AEErox. I" (3/16" Eer rev.) 

Handle 1 

Crank Open - 11 

Freq. 1 11 

Time 3.99 8 
-

B Tighten and Loosen Vice 

1st Tighten 1 

1 

Final Tighten 2 

1 

Freq. 1 2 2 

Time 2.62 9 

D. Easr to Handle Part Nuts 
Bench Via 

Part to Jaws 1 

Into Jaws 1 

Freq. 2 

Time 2.95 0 



587 

ANALYSIS SHEET: SYSTEM nz:: 
BLOCK TIME 0.01 MINS. 

N r- - - r- 0 0 
CXI Lt) CD 10 10 CXI CD 
10 N 0) N 0) r- r-
N o:t 0) I<) I<) o:t r-
ei ei ei ei ei - ei 

EL. DESCRIPTION OA OB OC LA LB Le S 

E Place Large or Hea~ Part into 
Bench Vice 

Part into Vice 1 

Change Hold 1 - -
Align 1 

Freq. 1 2 

Time 3.37 7 

F Remove Small. Eas1 to Handle 
Part from Bench Vice 

Obtain 1 

Aside 1 

Freq. 1 1 

Time 0.74 8 

G Remove Large or Hea~ Part 
from Bench Vice 

Obtain Correct Holds 1 

1 

1 

1 

Remove from Vice 1 

1 

Freq. 4 1 1 

Time 2.01 1 



588 

ANALYSIS SHEET: SYSTEM I5L 
BLOCK TIME 0.01 MINS. 

(\I .... - - .... 0 0 
Cl) l') <0 10 10 Cl) <0 
10 (\I m (\I. m .... .... 
(\I ~ m .., .., ~ .... 
ci ci ci ci ci - ci 

EL. DESCRIPTION OA OB OC LA LB LC S 

H Adjust Pipe Vice Opening 
AEErox. 1". (1/8" Eer rev.) 

Handle 1 

Crank Open . - 8 

Freq. 1 8 

Time 3.0 45 

J 0Een PiEe Vice Frame 

Obtain Dog 1 

1 

1 

Release Dog 1 

Freq. 2 2 

Time 1.4 76 

L. Close PiEe Vice Frame 

Close 1 

1 

Freq. 1 1 

Time 0.7 88 

M Place Small Section of PiEe 
~ 6' _0" long) into PiEe Vice 

1 

1 

-Freq. 2 

- - Time 0.6 02 



589 

ANALYSIS SHEET: SYSTEM N: 
BLOCK TIME 0.01 MINS. 

N ,.. - - ,.. 0 0 
Q) t") ID 10 10 Q) ID 
10 N 01 N 01 ,.. ,.. 
N ~ 01 If) If) ~ ,.. 
0 0 0 0 0 - 0 

EL. DESCRIPTION OA OB OC LA LB LC S 

P Place Large Section of PiEe 
(> 6'-0" long) Into PiEe Vice 

Into Vice 1 
1 Slide in 1 

Freq. 1 2 

Time 1.0 39 

R Remove Small Section of PiEe 
« 6' -0" long) 

Remove 1 

1 

Freq. 1 1 

Time 0.7 8B 

S Remove Large Section of PiEe 
(> 6' -0" long) 

Remove 1 

1 

Freq. 1 1 

Time 0.7 BB 

T Adjust C-ClamE (2" to.6" 
ClamE - Average 4") 

1 

.. B 
: 

Freq. 1 8 

Time 3.0 45 



590 

ANALYSIS SHEET: SYSTEM IS[ 

BLOCK TIME 0.01 MINS. 
N ,.. - - ,.. 0 0 
Cl) !I) IQ 10 10 Cl) (Q 
10 N 0) N 0) ,.. ,.. 
N ~ 0) If) If) ~ ,.. 
0 0 0 0 0 - 0 

EL. DESCRIPTION OA OB OC LA LB LC S 

U Adjust C-ClamE 3" (8" ClamE 
and Over - 12" Average) 

Adjust 1 
.. 

24 

Freq. 1 24 

Time 8.0 06 

V Place C-ClamE and Align (2" -
6" ClamE) Eas~ to Place 

1st Clamp 1 

2nd Clamp 1 

Set 2nd Clamp 1 

1 

Freq. 1 1 2 

Time 3.7 48 

W Place C- ClamE and Align 
(2" to 6" ClamE) Difficult to 
Place 

1st Clamp 1 

2nd Clamp 1 

Set 2nd Clamp 2 

2 

Freq. 2 4 

Time 6.7 94 

. 



591 ' 

ANALYSIS SHEET: SYSTEM IS[ 

BLOCK TIME 0.01 MINS. 
t\I r- - - r- 0 0 
Cl) l') ID It) It) Cl) ID 
It) t\I Cl t\I Cl r- r-
t\I v Cl I<) I<) v r-
0 0 0 0 0 - 0 

EL. DESCRIPTION OA OB OC LA LB LC S 

X Remove 2" to 6" Clam? From Part 

Remove 1 

1 
, 

Freq. 1 1 

Time 0.7 88 

Y Place C- C1amE and Align 
(8" C1amE and Over) Easi: to 
Align 

1st Clamp 1 

1 

2nd Clamp 1 

Set 2nd Clamp and Align 1 

1 

1 

Freq. 2 3 ·1 

Time 6.0 74 

Z Place C-C1amE and A1isn 
~8" C1amE and Over) Difficult 
to Place 

Initial Place - (2) Ends 1 

1 

1 

Align and Locate 2 

2 

2 

2 

F,req. 5 4 2 

Time 9.5 ~25 



592 

ANALYSIS SHEET: SYSTEM TIZ: 
BLOCK TIME 0.01 MINS. 

t\I ,.. - - ,.. 0 0 
CD L') <0 10 10 CD <0 
10 t\I m t\I m ,.. ,.. 
t\I <;t m .", ", <;t ,.. 
0 0 0 0 0 - 0 

EL. DESCRIPTION OA OB OC LA LB LC S 

AA Ad1ust Wood Hand-Screw C1am~. 
A:e:erox. I" (1/16" :eer rev.) 

Adjust 1 

1 

Freq. 2 

Time 0.6 02 

AB Place. Wood Hand-Screw C1am:e 

Clamp to Part 1 
-Into Clamp 1 

Freq. 1 1 

Time 1.8 31 

AD Adjust One Side of Wood Hand-
Screw C1am:e (One Revolution) 

Adjust - Screw 2 

2 

Freq. 2 2 

Time 1.4 76 

AE Loosen or Tishten One Hand 
Screw 

1 

. 1 1 

1 

Freq. 1 1 2 

Time 2.3 08 



593 

ANALYSIS SHEET: SYSTEM 12: 
BLOCK .TlME 0.01 MINS. 

t\! I"- - - I"- 0 0 
(I) l"l co It) It) (I) co 
It) t\! en t\! en I"- l"-
t\! or en '" '" or I"-
0 0 0 0 0 - 0 

EL. DESCRIPTION OA OB OC LA LB Le S 

AF Attach SErins ClamE 

To Part: Open Clamp 1 

1 
- -

Clamp onto Part 1 

Close 1 

Freq. 3 1 

Time 2.4 33 

AG Remove SErin~ ClamE 

Open Clamp 1 

1 

Remove Clmap 1 

Freq. 1 2 

Time 1.0 39 

AB Close Vice GriE Piers for 
Gausins °Eenins 

Pliers to RH 1 

Close Pliers 1 

1 

Pliers to Part 1 

Adjusting Screw 1 

Freq. 1 2 1 1 

Time· 3.3 79 



594 

ANALYSIS SHEET: SYSTEM TIZ: 
BLOCK TIME 0.01 MINS. 

C\I r-. - - r-. 0 0 
. (XI " CXI 10 10 (XI CXI 

10 C\I 01 C\I 01 r-. r-. 
C\I 't 01 I<) I<) 't r-. 
cl cl cl 0 cl - cl 

EL. DESCRIPTION CA OB OC LA LB LC S 

AJ Turn Adjustin~ Screw One 
Revolution 

Turn I 

I 

Freq. I I 

Time 0.7' 88 

AL Place Vice GriE Plier to Part 
and Close ~ 

Open Pliers I 

I 

Close Pliers I 

I 

I 

Freq. I I I 2 . 
Time 3.7 88 

AM 0Een and Remove Vice GriE 
Pliers 

Open I 

I 

Tool Away I 

Freq. I I I 

Time 1.5 48 




