
FORMULA GR-2

MACHINE SPECIFICATIONS

CAPACITY:
10-3/4" dia. 3 jaw grinding chuck -

Maximum outside diameter of work a 5-1/2"
13-3/4" dia. 3 jaw grinding chuck -

Maximum outside diamKeter of work r 8-1/2"
Fixture or face plate on spindle nose = 16$

Maximum outside diameter 1

WORK SPEEDS:
160 RPM
240 RPM
325 RPM
480 RPM

TABLE TRAVERSE RATE"
0-35 feet pkr mirute (Hydraulic)

WORYi1EAD SWIVEL;
Maximum witb 8guari " 150

Maximum wittout guard - 350
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SECTION I

FORM1ULA RETORT, WORK SHEETS ANfD INSTRUCTIONS
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FORMULA GR-2

HEALD 72-A INTERNAL GRINDER

FORMULA REPORT

FATS: • All parts'which are within capacity of the machine.

OPERATIONS:." "A1l Internal Grinding, including Traverse, Plunge, Taper, Radius
"and Face Grinding.

MATERIALS: ;All materials comvwnly ground on an Internal Grinder.

WORK STAT'ION: Department 637-1, Heald 72-A Internal Grinder.

ALLOWED TIME: Set-up - Time in decimal hours as computed from set-up
" work sheet. -

•Each Piecee- Time'in decimal hours as c.¢mputcd froir each

piece work sheet.

ALLOWANCES: 'All times shbwn on work sheets and in charts are expressed in

leveLied decimal' hours without allowance'. A standard allowance
.of 15%.mus.t be added ro'all total ttint-s to rl,,mper.sate the average

0 4 •,operator fcr tatigue, personal and unavcdab le delay.s, and re-
quired wk.eel -cbhrtges.

S A?..UCAt.LO: "This Forrdla appiies.to all operations cc,,r.riLy performel on the
'•eaid ;1ITAlnternal Grinder.

A14YSIS: Time'vaius" contained in this" Formu--i appiy to operations as
pertormed on the.Heatd 12-A Internal Grinder during October L956.
if" there1 are any future changes in methods, conditions, material,
or. equifc.ent. the time values must be revised to compensate for
. uchh changes. -"

Basic" etemet t iy+es wete, det e r.ined by direct observation ari
appl.icati.on of MTM data. Consvant time values shown on work
sheets werd developed by synthesizing basic elements.

To,.I and grin4Ir.g equi.p-ner L such as 0"-!' Micrometer, 6" Scale,
Allen Wr•,n,:-r, CpO- en.: Wr-rc-es, Diamned Dressers, Dresi,'.ng
"Sticks", a.nd Harrrers are as!umeri to be readily available to the
operat r, fit.r :ror tils wvn t.'cl box or from a :o-wnrker's.

Machin.e equipiaent su-ch ji Chucks, Chuck jaws, Wheelheads, Face
Plates, Grihding _t's An-A ll tr.ers, Chuck 3pi•ers, Finger back
Stops, -Radiui Dresser, •uýi•.i, ind Nuts and olts are assumed to
be availabl, at the 1e[Uarr .-.t OC. r.ablrcts or whet&head st.•rage
rack.

* cstl v&- P I& Cc,



FORMA GR-I

Measuring devices and tools such as Height Cape, Verniers,
Indicators, Larse Micrometers, "iV" Blocke,and parallel Bare,
which are not specified on the operation sheet mast he ob-
tained from the Tool Crib. Special to*.s and egaes listed
on the operation sheet are delivered to the operator by the
transfer man. The transfer man also brines parts to the
machine and removes completed parts. It is assumed that the
operator it capable of setting up the machine and making all
adjustments rnecessary to produce dimensionally correct parts.
The first correct piece produced by the operator must be
checked by the Supervisor and approved before additional
pieces are run. The first piece mast be submitted to inspec-
tion for approval after it is approved by the Supervisor.

PROCEDURE: Set-up - Operator is assigned a job by his Supervisor, clocks
in on set-up and returns to the Supervisor for blueprint and
instruction*. The operator then studies his operation sheet
and blueprint, gets t-he required tools and equipment and
proceeds to set-up his machine. All recessary trial cuts,
alignments and setting adjustments are part of the set-up.
The operator submits his first correct part to his Supervisor
for approval, then turns the part over to Inspection, clocks
off set-up and on piece part time, and returns "- machine.

Each Piece - Operptor gets a part from floor or bench, places
it in holding ievic. and performs the necessary grinding oper-
ations. All requited gouging and machine aIjustment necessary
to maintain dimensionally correct parts atre performed by the
operator.

____ ___ ____ ___ ____ ___ ____ ___ ____ __- -~--- - '- - ~ w
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RHAD 72-A IPTERNAL GRItflER

Jf•_t • - __._ _

ope #________________ SP/SC#____________

not- It_
____ ___ ___ ____ ___ ___ ____ ___ ___ Hours 0cc. Hour ec{ttw ___ _ _ _

-A I Set-Up. ,Inrt 1a). And Machine 1.1202 1 1.1202

[ j Set up Noldiua :evice:
'-, 27 Adt l J chuc 1 .7186

7 • Additional For Finger Back Stops .2841
Fo--r.. Fixture 1 .2133 1"

0 45 Fixture on MUL'Bitic Chuk .0256

S 34- Face Plate 1.1965 II-V-l or e G r -id

c, 53 On Zxotrendo 1114Ul 2296~1,57

-A84W P resserr .3230.____

21 Afil: Wheelhe--A vith Shin .0531____

$-A 14 Each Table TrvreorS~ 2 .00441

C~~ ~ 1TOn Wrkcn Barrel Stgas .0574

OnD To b! ~ Barrel stop .0071 5_ _ _ _

-. 14 Zach Ad4ittioal Barrel Stop .0202
49 Supervisor' First Piece Aproval .1152 1 .1152

A ITrial Grind Time Allowed:
Each PMece Time x 3 - -

Gage Each Size x .0300 *______

TOTAL

TOTAL TIME_ __

ALJDEAKC %

ALLOWED TIME
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SJ

- a* I er-A

_______________Oper.f

Total

T Ae- e Part:
143 # .or less ' I5 V

k .I It

-40-41 3 JeIhc 03
- M.heTtiz:c a .. . . ...

__H~( to~__ ______,. !/$ oe( .)4__tg:

indi ca-.to.... aw A st D0•. 1 ( )

T•AL

Iadl BarrTi

L Bach Adrqtiolv~tbl Shr qt __

AQIW II:•d ~e+

___32 __'

39Soc Remove Prpae 0074e .01 C

47 c etoa_____ Bach. Additonal_____tON

j Wo. of Sroes. X____ Time Per Re;. ok(Ch.4)3 I _______

I!-Stoc RemovlAsl im ne Pe701 C. 3

No. of Rev. zATim P er Re, ime
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UORK 533?IISTUCICS4

I-A initial and miachine set-up is allowed once per job order.

2-A Set-up 3 Jaw Chuck is allowed once per job order when a 3 Jaw Grinder
Oukis used as a holding device.

2-3 Additional for finger back stops in chuck is allowed once per job order
where finget back stops are used in a 3 Jaw Grinding Chuck. These back
Steps pemit each piece pert to maintain a constant location in the
chuck. This time is allowed in addition to 2-A..

2-C Set-up f ixture Is allowed once per job order when a fixture is used as
a balding device. This time is allowed only when the fiLxture must be
mmousted on the machine spindle wnee or an a fatoe plate.

2-D Set-up fixture on magnetic chuck is allommed *ace per job order when a
fixture is used as a holding device. This time is allowved only when
the fixture is msounted on a smagntic chuck.

2-9 Set-up face plate is allowed once per job order when a face plate to
used as a holding device. This time is allowed when either a fixture
or a piece part is to* be mounted on a face plate.

2-7 Additional for workbeed guard Is allowed once when the workhead guard
emat be resevd to snemt the workhosod to swivel over 150. Under 150

the verkhaad can be swiveled without removing the guard.

ý2-6 Additional set-up for extended bridge is allowed once per set-up when
on entesed bridle grinder Is used. This timme includes setting up a
steaftrest and positioning of the workbead on the extended bridge.

3-A Set-up Radius Dr4,Asser is allowed once per job order when a radius
dresser io used.

4-A Align wheelbeed with shim is allowed once per job order for aligning the
wheelboad with shin stock. This time is allowed only when face grinding
to a squaroness of 6' or loes, and/or when face grinding to a dimension
of a total tolerance of .002"1 or less.

$-A Set-up each table traverse or stop dog is allowed once per job order
for each table traverse or stop dog. Traverse dogs are used only for
traverse grinding. The stop dog is used for plunge grinding, face
grinding and as a safety stop for traverse grinding.

5-1 Set-up one table barrel1 stop to allowed once per job order when only
one, table stop Is required.
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5-C Set-up one. wakhe" barrel stop is allowed osee per job order when only
ore vorkhead stop is required.

5-D set-up each additional barrel stop is allowed once per job order for
each additional stop €m the workhned or table barrel stop. This time
is allowed in additioe to 5-B and/or 5-C.

6-A Suparvisor'a first piece approval is allowed once per job order.

7-A Trial grind time is allowed once per job order. Each first piece
time is obtained by multiplying the total time from each piece work
sheet by- 3 0 checking time. Checking time is obtained by multiplying
the number of dimensions to be held in the operation by .0300 hour.

NIALK: Time per piece - .025 hr. - 2 dim4esioas to be held.
(Time per piece x 3) 0 (no. of dimensions x .0300 hr.) =
(.0250 hr. x 3) 4 (2 x .0300 hr.) - .0750 hr 4 .0600 hr. -
.1350 hr. a Trial Grind Time.

RACE PIECe

$-A Constant per piece is allowed once for each piece. One occurrence lo
alloed for each additional dimension to be ground.
For tEmple: An operation which calls for grinding two diameters and
one face would require two additional occurrences. Additional occur-
rences are also allowed wbere close tolerances require a series of
sizing cuts. In this case one occurrence is allowed for each sizing cut.

Rules for deoetrmining the number of sizing cuts required:
(1) Diameter tolerance of ".0003 or less allow 3 sizing cuts.
(2) Diameter tolerance of ".0004 to ".001 allow 2 sizing cut.
(3) Step dimension tolerance of -".003 or less allow 2 sizing cut.

9-A Randle part 5# or less is allowed once for each piece weighing 5# or less.

9-I landle part over 5# is allowed once for each piece weighing over 5#.

10-A 3 Jaw Chuck is allowed once for each piece using a 3 Jaw chuck as a
holding device.

e0-3 Magnetic chuck is allowed once for each piece using a magnetic chuck
as a holding device.

10-C Fixture is allowed once for each piece using * fixture as a holding
device. This time is cbtained from Formula 7-3.

20-D Steadyrqst is allowed once for each piece when a steadyrest on the
extended bridge grinder is used to support a long part. This time is
allowed in addition to 10-A or 10-C.

--------- i i -I--......
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11-A True-up part with indicator and hmmer Is allowed once for each piece
where a piece part held in a fixture must be trued-up with an indicator
and a hmmer.

11-3 True-up part with indicator and adjusting scrows is allowed once for
each piece where a piece part, held In a fixture, must be true& with
an indicator and adjusting screws.

12-A Index each table barrel stop is allowed once for each additional table
stop required.

13-A Dress wheal dianeter with dimond is allowed once for each piece.
Allow twice when a length of hole to be &round is 3" or more.

13-3 Dress wheel face or radius by hand is allowed once for each time the
face of grinding wheel is dressed by hand to face grind or to grind
a fillet inside a blind hole. Allow once per piece for each face;
1/2 for ea~h fillet.

13-C Dress wheel with radius dresser is allowed once for each time a radius

or a grinding wheel is dressed with a radius dresser.

14-A Deburr one sharp edge is allowed once for the first or single sharp edge.

14-5 Deburr each additional sharp edge is allowed once for each additional3 harp edge.

15-A Gauge time values are obtained from gauging Formula GAU-l. Allow
sufficient gauging to insure the accuracy of the operation sheet
telerances and naval ordnance specifications.

Rules to determine the approximate namber of gaugings required:

(1) When the tolerance cf a disaeter exceeds .003 the allowed
inspection time (Chart 1-C from 011 Gauging Formula GAU-1)
shall be used. For a tolerance of ".002 and under the
following rules will apply,

(2) For a tolerance of ".0011 to ".002 allow 1 gaging
(3) For a tolerance of ".0007 to ".001 allow 2 gagings
(4) For a tolerance of ".0004 to "°.0006 allow 3 gagings
(5) For a tolerance of ".0003 or less allow 4 &agings
(6) When a tolerance of a step dimension exceeds ".005 allow 1 gaging
(7) For a stop dimension of ".003 to .005 allow 2 gagings
(8) For a step dimension of less than ".003 allow 3 gagings
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16-k Machine Time - Traverse grind values are couted from Chart #2.
Chart #2 ahbov the recamumded amout of stock to be removed per
stroke for a given material apd the time in decimal hours for one
inch of stroke.
To obtain the number of strokes required, divide the total stock to
be removed by the amount of stock to be removed per stroke.

UIJ&: Grind a hardened steel bore dimeoter 3.000" long fram 1.380"
diameter to 1.406" dimeter and hold a 32 micro finish.
The minout of stock to be removed - .026"
From Chart #2: Stock to be rmoved per stroke - .0002"
From Chart #2: Time per one inch per stroke - .0003 hr.
From Chart #2: 8 additional strokes for 32 micro finish. The number
of strokes a (.026 divided by .0002 j 8 - 130 + 8 - 138
Traverse Grind Tim a Number of strokes (138) x Time for inch stroke
(.0003 hr.) x length of Bore (3P.000) - 138 x .0003 hr x 3".000 - .1242

16-5 ?lunge grind values are computed from Chart 03. Chart #3 shows the
time In decimal hours to rough grind .001" stock of a given material
and the time to finish grind.

EXAWLR: Plunge grind a carbon steel part, whose bore dismeter is
1.'*35, to a finish sixe of 1.'148 dimeter.
Fram Chart #3, using 1 1/2" bore dia. as the next higher dia. and
under the carbon steel column, the time to remove .001" stock -
.0013 hour.
The amount of stock to be removed is .013 (1.' 1 48 - 1.'435 - .013'1
The time to remove .013" - (13 x .0013 hour) + (4 x .0013 hour) (see
note Chart #3) a .0169 hour + .0052 hour - .0221 hour

16-C Face grind values are obtained from Chart A.
ELORIW: Face grind an alloy steel part with a workhead speed
of 160 RPM and .908" stock to be renoved. A required 32 YNS (finish)
must be obtained.
Fram Chart #4 obtain the time to remove .008" stock = .0046 1 10
revolutions of workhead for a 32 RNS (finish) with a time value of
.0001 hr. per rev. - .0046 hr. J (10 x .0001 hr.) - .0046 hr.
.0010 hr. - .0056 hr. - total time.
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SECTION 1I

CHARTS
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Chrt I

Use astr. AT riptin I11e4d
so. -.f. TIM

6"
121 K-1 cl $C 14 e.L A fifti. 111" OU

Scale 1 K-3 Scale dimeassnw t i 11e" 00N0
36"
seal* I K-4 Scale dtaee4-etm tei/

2 K-50 Additional -I'1 *0 $Oslo00
t-5 Measure dlla. oer up to $". lead to .00001

Outside K-6 Measure dim. over 3e up to 1"2. Rea ta to .0075
Micrometer 3 .00i

K-7 Measure dim. over 12". Ead to . 001 .0092
Add. -for roe#&"t le~loser than .001 .0018

[K-11Measure din. 01 to4. Itoed to .001 .0116
Inside K- 1 Measure dim. over 4" up to 12". lead to .0124
Micrometer 4 .001

K-13 Measure dim. over 12". Reed t- .001 .0151
Add. for reading aft. closer thea t.001. ,01

Depth K-15 Messure dimeusion up to 71 .0062
5 K-16 Mesure dimension over Y' .0067

Microseter [-1 " Additional for a difficult position .092
Vernier K-36 Measure dimension under 12" .0132
Calipers 6 K-37 Measure dimension over 12" .0156
Depth
Vernier ? V-38 Meatire dimeauion 0" to 12" .,01,
Vernier K-,Q0 MeAskure dimension .0167
Neight Gauge a K-44 Measure dim. with Indicator & Gauge .0159

Blocks
Telescope or .easure dim. with t*eles:ope or isll
1ail Cawne 9 K-9 hc le.sals.
Plux 1ý-26 Ust plug gaige under 2". .00o•
Gauge 10 K..2- Use plug gauSe over 2". .0057
Thread Ring thd. ghuje) see charts 1-a & 1-b .0022
OCuIee 11 K-.8 F,& •.id. gauge)
Outside K-.0 tse C pri:g caliper up to 8" .0106
Calipers 12 1-33 U*4 firm Joint calipers $" to 24" .0140
Inside K-3-1 bs spring calipers up to 8' .0109
Calipers 13 K[ - U3e firm Joir.' calipers 8" to 24" ,0180
Surface Use sur!aoe gauge with indicator and
Gauge 14 X-4'k wais blocks. .0159
Feeler
Gauge 13 K-47 Use feeier &*uze each point. .0030
Radius Angle 16 K-:' Use, fedius, Aunge, or Profile Gauge. .0045
Profile I-i9
Adjustable
Parallels 17 K-2. XUee adjustable parallels. .0063
Electro
Limit Gause 18 K-48 Use electro limit gleue .0092
Dial bore 19 K-'9 UVs diel bore or Frecisionaire gauge .0065
Precisiouaire
Square or 20 [.:3 Cvm !.s.ettP cr protractor. .0044

• rotract.ot
C~omparator 21. Ir.. ?tai.• onpa dimension .0470

22 K-.-., ri:lt Additiorel Dimension .0325
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ReOcimded RPM t 16iT0r Stroke
and Grinding Time Per Inch of Stroke

"Stock to be rMoved er stroke In inches
Eardened Carbon and Brass, Inch

re Avail Steel, Corr. Alloy Bronxe & Stroke
I&. SIX A Rooee. Steel Steel Copper Time In

- 0 0•5 50 508 75 SY7 Hours
/4" &-50-75 80 , 00t .0002 .0002 .00015

....9..... .00 ___________ 00020
of8- 50-75 j400 .o002 .0002 .00015

30 2o .0o01 ...... .... .. 00025
/2lot 3 25 .0002 .00020

___NO______ .0002 .00015
1O_160 .O____.... .00030I/810 325 .0002 .00020
400 .0002 .o15

of 1 1, .0002 ... . .00030
to 50 240 .0002,_ _. .00025

.I0" 0 7 .0002 .00020
s0-o 160 .0002 .002 - .00030

to 5 o .0002 .00025
3-50 160 .0002 .0002 .00030

16 75 240 .... 0000002 .00025,'

2e4-75 160 .0O02 .0002 .0002, .00030

It is recomended that additional strokes be allowed
for the following.
A total die. tolerance of .001 or less allow 8 strokes
A 63 3US allow 4' strckes
A 32 MS allow 8 strokes
A 16 32S or better allow 12 strokes

1M50: For a bore 3/8" dia. and under where the length is at least
2 times the dia., use 257. of the recommended stock removal per stroke,
and 4 times the number of additional strokes.

For a bore 3/8" to 5/8" dia. where the length is at least 2 1/2 times
the die., use 33% of the recommended stock removal per stroke, and 3
tines the maber of additional strokes.

For a bore of over 5/8" dia. where the length is at least 4 times the
die., use 757. of the recommended stock removal per stroke, end 2 times
the aumber of additiofal strokes.

Grind Time - L x N x T
Where L - Length of Stroke
Where N u Lmber :!f Strokes = (Stock to be removed )

(Stock removal per stroke)
Where T Tine in hours per one inch of stroke
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CLMM #3 - 1lunge G'rind

Grinding Time For .001" Stock Removal

Hardened Steel and Corr. Res. Steel; Remove ".00007 Per Rev.
Alloy Steel; Remove ".00010 Per Rev.
Carbon Steel; Remove ".00010 Per Rev.
Brass, Bronxe and Copper; Remove ".00007 Per Rev.

Time In Dec. Bra. to Remove ".001 Stock
lore Hardened Steel Alloy & Braess,Bronzs
Dia. SlFM Avail Corr. Reoo Steel Carbon and Copper

It_ - . 2.." stool 0 75 arm
3/ '40 :15 uuau______

.. m. 50-75 480 - _ .0004 .0006
30 240 .0010

1/2,1 50 325 .0005___ ______

75 E480 .0006
30 160 1 .0014 _____

75 480 .0006
/4" 30 160 .0014
0o so .40, .ooo7
L/8' 75 325 .0007

jig 30-50 160 .0014 .o010
1./4Z, 75 240 1 .ooo1
1/2" 30-50-75 160 .0018 .0013 .0015
3/L34" 30-50-75 160 .0021 .0015 ....... 0016
of _ 30,,50-75 160 .0024 , _.0018 .0017
1/4" 30-50-75 160 .0027 .0020 .0018
hZ•'' '30-50-75 160 .0030 . .... .0021

23/4" 30-50-75, &,60 .0033 .0014 .0024
___30-50-75 160 .0036 .0026 .0027
or

___30-50-75 1160 .0040 .0030 .0010

NOTE: Ailw the time for an additional .004" to cover the time
requLred for Sparkout.
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CHART #4

Hardened Steel, Corr. Res. Steel
All other Steel, & non-ferrous metals

It is recommended that time for 20 revolutia
required 30 revolutions where a 16 RMS or

Avn:LI Time Sio

Var I -)e I "P -,r Revi" . _- . , - .__ .. ___

onteru 2 J.005 j,.Uj ~l 01 .001
ea 40.oo0 .0012o .001s•,:,, .0, I A "T.'O6t7- .0026i6

blo teta*, I01 •-'_ .oo I.o ooo76 •._oo1

Derivation of Chart 4. .01
RP

RPM - Revolutions per minute, .01b

S - Amount of stock to be removed,

.000b - W3 in De,;. Hours (Constant)
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GRIND TIME

Remove .0001" Per Rev.
Remove .0002" Per Rev.

tlowed for Sparkout where a 32 RNS is
s required.

removed in Itrhes
S.0 0-6'j :6# 0 F .00i .o .ol1

.00b66 .0076 • oo 0096 .0106 .0116
-. 0049 5 M161, .% .00 70 .0077 .0084
- .0016o.. ~ ,0d 05 .0061

.606 _U4' :)1.8 .0 Q2.04 .05
_00_ .04 4*uu4ý66.0051~ .00 .0061

-0.002 7 .00 31 .00 34 .0038 .0041 .0044
- .002Y .00274 .0026 .0029 .0031 .0034

I.0018 .0020 .0022 .0024 .0026 .0028

1' .0006 Allowed Time

minute in Dec. Hours

eed Per Revolution
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SECTION III

LIST OF CONSTANTS AND SYNTHESIS

I
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LIST OF COMITASITS

DIC.

1-1 Initial and machine set-up 112015.3 1.1202
z-2 Set-up vorkbead guard 2727.0 .0273
1-3 Use one screw 626.6 .0063
1-4 Use each washer 100.8 .0010
K-5 Obtain tool from toolbox 647.4 .0065
1-6 Obtain and lay aside tool on bench 164.3 .0016
X-7 Obtain tools in cabinet 6610.8 .0661
1-0 Set-up surface gage and indicator 658.1 .0066
K-9 Use indicator 435.2 .0044
1-10 True-up object with indicator 1674.2 .0167
X-11 Set-up mne table traverse or stop dog 436.6 .0044
1-12 Sat-up sne table barrel stop 743.2 .0074
1-13 Set-u; one workhead barrel stop 1574.0 .0157
1-14 Additional set-up for each barrel stop 2022.1 .0202
1-15 Index table barrel stop one position 153.0 .0015
1-16 Index vorkhead barrel stop one position 387.7 .0039
1-17 Change grinding wheel 2643.7 .0264
1-18 Mount Wheelhead 4130.5 .0413
1-19 Change quill on wheelhead 2320.4 .0232
1-20 Set-up wheelhed 12676.0 .1268
1-21 Align wheelhead with shim 5310.7 .0531
1-22 C:rtstant per piece 660.2 .0066
1-23 Dress wheel face by hand 129.3 .0013
1-24 Mount face plate 9667.2 .0967
1-25 Remove chuck, fixture or face plate 4992.7 .099
1-26 M:unt 3 jaws in chuck ±2062.1 .1206
1-27 Set-up 3 jaw chuck 71859.0 .7186
1-28 Grind Jews 37042.4 .3704
1-29 Set-up coolant 1416.0 .0142
1-30 Set-up truing unit 12509.1 .1251
1-31 Align workhead 21382.7 .2138
1-32 Dress diameter of wheel with dimond 803.3 .0080
1-33 Set-up machine 57634.8 .5763
1-34 Set-up face plate 19652.6 .1965
K-35 Set-up fixture 21326.8 .2133
1-36 Assemble 3 chuck finger stops 14769.3 .1477
1-37 Set-up finger back stops in chuck 28412.9 .2841
1-38 Set-up radius dresser 32299.4 .3230
1-39 Dress radius of wheel with radius dresser 740.8 .0074
1-40 Use air chuck 304.9 .0030
1-41 Use sqirg chuck 365.3 .0037
1-42 Use magnetic chuck 2293.0 .0229
1-43 Handle part 5# and under 350.1 .0035
X-44 Handle part over S5 500.1 .0050
X-45 Set up fixture on magnetic chuck 2559.4 .0256
1-46 Deburr sharp edge 172.7 .0017 4
1-47 reburr each additional sharp edge 83.0 .0008
1-48 True-up part in fixture with adjusting screws 2142.6 .0214
1-49 Supervi.•cr's first piece approval 11521.4 .1152

_. I



FIOIJIA GR-2

K-50 Set-up workhead on extended bridge 16440.7 .1644
K-51 get-up steadyrest on extended bridge 11387.7 .1139
1-52 Use steadyrest on extended bridge 365.2 .0037
1-53 Additional set-up for extended bridge 29654.3 .2965
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SYMISfRI8 Dec
TH sour__s

K-I initial and machine set-up 112013S 1.1202

A Walk to supervisors desk or timekeeper & 12774.4
return 6387.2x2

B Walk to tool crib and return 12637.2
L Study blueprint and operation sheet(average) 5000.0
K-7 Obtain tools in cabinet 6610.8
K-8 Set-up surface gage & indicator 656.1
K-33 Set-up machine 57634.8

Time to clean machine 16700.0

K-2 Set-up workhead guard ,_ 2727.Q .0273f
A-4 Mount vorkhead guard 267.6
3-4 Remove workhead guard 181.2
K-6 Obtain and lay aside tool on bench 164.3x2 328.6
H Walk to rear of machine and return 397.24 794.4
D-2 Tighten or loosen each screw with wrench 88.2u6 529.2
K-3 Use one screw 626.0

K-3 line one screw 626.0 .006.3
A-2 Nove each screw to hole and engage 110.7
3-2 Run down each screw by hand 162.1
C-2 Run out each screw by hand and lay aside 176.8
D-2 Tighten or loosen each screw with wrench 88.2x2 176.4

K-4 Use each washer 100.8 001O
1-2 Place each washer on stud 56.2
r-2 Remove and lay aside each washer 44.6

K-5 Obtain tool# from tool box 6(A7.4 .0065
N Open and close toolbox drawer 57.4x3 172.2
P Get tool from toolbox and return 63.0x6 378.0
Q To workbench and back 97.2

K-6 Obtain and lay aside tool on bench 164.3 .0016
Q To workbench and back 97.2
G-4 Pick up and lay aside tool 67.1

K-? Obtain tools in cabinet 6610.8 .0"1
C Walk to cabinet & return 2337.2x2 4674.4
F Obtain and replace tool in cabinet 99.0x6 594.0
M Open & close cabinet doors 85.7A 342.8
G-4 Pickup and lay aside tool 67.1x12 805.2
Q To workbench and 'back 97.2x2 194.4

K-S Set up surfac gag*e and indicator 658.1 .0066-
V Assemble indicator to surface gage 432.5
W Disassemble indicator from surface gage 225.6

-*-- ,r a -~e



FoWVLA GR-2
S1IIEEMI8 Dec

(Coutd) THU Hours

K-9 Use indicator 435.2 .00"4
Y lead indicator 90.1
8-3 Wipe small object off with cloth 110.0
S-4 move indicator to part 70.8
K-6 Obtain and lay aside tool on beach 164.3

K-10 Tru-"p object with indicator 1674. .0167
1-9 Use indicator 435.2
C-3 Tap object with hiener 102.3x3 306.9
Y Read indicator 90.lx2 180.2
0-4 Pick up and lay aside tool 67.1
T Turn vorkhead spindle by hand 58.1x10 581.0
S Turn workhead spindle with "Jog" button 34.6x3 103.8

K-l1 Set-up one table traverse or stop do& .004
J-2 Nove one table traverse or atop dog 215.2
L-2 Adjust one table traverse or stop dog 73.8x3 221.4

K-12 Set-up one table barrel stop 743.2 .0074
K-li Set-up one table stop dog 436.6
F-3 Move table by hand 153.3x2 306.6

[-13 Set-up one workhead barrel atop 1574.0 .0157
0 D-2 Tighten or loosen each nut with wrench 88.2x4 352.8
J-4 Move workhead barrel stop unit to or from

indicator 38.3x2 76.6
G-4 Pick-up and lay aside tool 67.1x3 201.3
x-2 Index barrel stop one position 153.0
[-6 Obtain and lay aside tool on bench 164.3
X-3 Use one screw 626.0

[-14 Additional set-up for each barrel stop 2022.1 ,0202
F-3 Move table by hand 153.3x2 306.6
R-2 Index barrel stop one position 153.0
G-4 Pick-up and lay aside tool 67.1
K-5 Obtain tools from toolbox 647.4
K-3 Use one screw 626.6
L-2 Adjust one table stop dog (Sit.Mot.Pat.) 73.8x3 221.4

K-15 Index table barrel stop one position 153.0 .0015
H-2 Index barrel stop one position 153.0

K-16 Index workhead barrel stop one position 387.7 .0039
H-2 index barrel stop position 153.0
m-3 Move workhead cross slide 148.2
m-3 Move workbead cross slide to dial reading 86.5



FOPJWL G0-2

SY~flIUSI8 Dec.
(Coat d). THU Bourg

K-17 Mhange grieding wheel 2643.7 .02"

Y2 Mcunt & remove grinding wheel 239.4
T-3 Dress digmeter of wheel with carborunduamstick" 451.4
1-3 Use one screw 626.6
K-6 Obtain & lay aside tool on bench 164.3
G-4 Pickut and lay aside tool 67.1x2 134.2
U-3 Set stop on wheelhead cross slide hardvhsal 224.5
K-32 Dress dimeter of wheel with diamond 803.3

K-18 Mount wheelhead 4130.5 .0413
U-2 Mcant and remove wheelhead 413.6
Z-2 Mount ad remove whelhead drive belt 208.4
A-3 Tighten and loasen wheelhead drive belt 140.8
D-3 Raise and lower grinding wheel guard by hand 318.0
S-3 Wipe large object off with cloth 163.4x2 326.8
Q-3 Tap object with hmuer 102.3x2 204.6
G-4 Pick up and lay aside tool 67.1x3 201.3
D-2 Tighten or loosen each screw or nut with wench

88.2x6 529.2
U Adjust length of wheel guard 41.7
K-6 Obtain and lay aside tool on bencti 164.3x3 492.9
K-3 Use one scrw 626.6x2 1253.2

K-19 Change quill on wheelhead 2320.4 .0232
X-2 Block wheelhead spindle 212.3x2 424.6
K-3 Mount & remove quill (SiA.Mot.Pat.) 626.6
K-6 Obtain and lay aside tool on bench 164.3x2 328.6
G-4 Pick u and lay aside tool 67.1x6 402.6
D-3 Raise and lower wheelhead drive guard(S.M.P) 318.0
S-3 Wise mall object with cloth 1l0.0x2 220.0

1-20 Set-up wheaelhead 12676.0 .126§
D Walk tG wheelhead storage rack & return 3237.2
2 Obtain ard replace wheelhead at storage rack 344.2
1-17 Change grinding wheel 2643.7
K-18 4knr. wheelhead 4130.5
K-19 Charge qi.ill on wheelhead 2320.4

1-21 Align wheelhead with shim 5310.7 .0531
V-2 Plaz;e shin under wheelhead 118.1x2 236.2
W-2 Rm,.,ve shin from under wheelhead 89.8x2 179.6
D-2 Tighten cr loosen each screw with wrench 88.2x8 705.6
1-22 Operate machine each dimension 660.2x3 1980.6
W-3 Bring grinding wheel to face of work with

facing attachment 62.7x3 188.1
Use 6' scale - Formula GA-I (K-2) 250.0x3 750.0
Clean-u grind the face est. 150.0x3 450.0

K-23 Dress wheel face by hand 129.3x3 387.9
G-4 Pick up and lay aside tool 67.1x4 268.4
K-6 Obtain and lay aside tool on bench 164.3



FOURMA GR-2

Dec.
TMU Hours

M& TISIS
(Cont 'd)

K-22 Constant per piece 660.2 .0066
W-l Set table traverse speed 54.6x2 109.2
Z-3 Reverse table traverse by hand 35.2x2 70.4
L-3 Ncve wheelhead cross slide 90.3x2 180.6

Hydratlic table traverse time (eat) 300.0

1-23 Dress wheel face by hand 129.3 .0013
Y-3 Dresu face of grinding wheel with carborundum

"stick" 129.3

X-24 NMunt face plate, chuck or fixture 9667.2 .0967
G..2 Lock and unlock workhead spindle 71.2x4 284.8
s-3 Wipe object off with cloth 163.4x2 326.8
R-3 Blow off part with air 117.4x12 1408.8
Z-3 Obtain and lay aside chuck removing board 397.8
L-I Put chuck, fixture or face plate on spindle

Vose 156.1
P-4 Place •:lt in chuck, fixture orface plate

& run in 414.0x6 2484.0
R-4 Tighten belt in chuck, fixture or face plate

with wrench 211.9x12 642.8
z-2 Pla:e ea:h washer on- bolt 56.2x6 337.2
G-4 Pi:k up and layaside tool 67.1x6 402.6
T Tu-n workhead spindle by hand 58.1x20 1162.0
K-6 Obtair. ard lay aside on bench 164.3

K-25 Rmcve ch.:k fixture or face plate _-_4992.7 .0499
H-i Ran.ve chu~k- fixture or face plate from

sf indle nose 95.8
G-2 L¢ck and unlock workhead spindle 71.2x2 142.4
R-4 L:Zven bolt in check, fixture or face plate

with wrench 211.9x6 1271.4
Q-4 Run ciut bclt in chuck, fixture or face plate

and ýav aside 322.9x6 1937.4
Z-3 Obtair arv lay aqlde chuck rmoving board 397.8
K-6 Oblain and lay aside tool on bench 164.3
T ':uur wtrkhead spindle by hand 58.lxlO 581.0
G-4 Pick .,p ard lay aside tool 67.1x6 402.6

K-26 Mc.•r' ' jaws in chuck 12062.1 .1206
D-1 Mc,:.nI ard remove one chuck jaw 75.6x3 226.8
T Turn workhead spindle by hand 58.1x12 697.2
S-2 WiFe small cbject off with cloth llO.Ox9 990.0
K-3 Use one screw 626.6x12 7519.2
G-I Grease on* jaw in 3 jaw chuck 125.5x3 376.5
R..l Open apd close chuck jaws 123.4x3 370.2
K-6 Obtain and lay aside tool on bench 164.3x3 492.9
E-4 Addvtcral to tighten and loosen screw

vith ailen wrench 132.0x9 1188.0
IG4 PIcK ur and lay aside tool 67.1x3 201.3



FORMLA GR-2

Dec
SYrIISIS THU Hours
(Cont 'd)

K-27 Set-up 3 Jaw chuck 71859.0 .7186
K-24 Mount chuck 9667.2
K-26 Mount 3 jaws in chuck 12062.1
K-28 Grind Jaws 37042.4
Q-1 Set pressure of chuck 411.3
K-20 Set-ap wheelhead 12676.0

K-28 Gririd Jaws . .. 7042.4 .3704
H-1 Place spider in chuck and remove 354.8x6 2128.8
R-1 Open and close chuck jaws 123.4x9 1110.6
K-22 Ccr.v*ar.t per piece tS.M.P.) 660.2x8 5281.6

CVe,.k dia. of Jaws (GAU-I(K-26) 440.0x8 3520.0
Grir•d jaw time (average) Eat 16700.0

U..4 Stcne sharp edges of 3 Jaws 1262.4
T Turn workhead spindle by hand 58.1x3 174.3
K-32 Dress dia. of wheel with diamond 803.3x5 401b.5
L-2 Adjust spider to size (S.MP.) 73.8x6 442.8
K-41 Place part in chuck (S.M.P.) 365.3x2 110.6
U-I Obtain and lay aside part 116.4x2 132.8
K-9 bse indicator 435.2x2 870.4
Y Read indicator 90".t2 180.2
S-4 ?.ve indicator to part 70."8x2 141.b
V-3  Wipe eff hclding surface of 3 jaw chuck 58".8x2 117.6
T-1 Piace ard remove part from 3 jaw chuck 66".1x2 132.2

K-29 Sot-up cc,-!ant 1416.0 .0142
Z Posit1-n coolant pipe 78.7x2 157.4
A-I Adj:st ccolant flow 131.2x2 262.4
G WaLk to side of machine and return 294.2x2 588.4
G-4 Pick ip and lay aside tool 67.1
D-2 Tighten cr Iosen each nut with wrench 88.2Y2 176.4
K-6 Obtain and lay aside tool on bench 164.3

K-30 Sef. . rr•-tqg unit 12509.1 .121
N-2 Insert aod remove diamond in holder 102.8
P-2 Seý triitg unit for automatic diamond rise 309.9

103.3x3
R 2 14-ve "-tng unit forward or back 113.1x2 226.2
S-" M'ove truing unit base 216.4
D0-2 lighter .r loosen each nut with wrench 88.2x32 2822.4
s-3 Wipe small object off with cloth l10.O2 220.0
H Walk t. rear of machine and back 397.2x7 2780.4
K-22 Oirate iat~hre each dimension 660.2x6 3961.2
K-6 Obtain iiad *a-, tvtde tool on bench 164.3x3 492.9
G-4 Pi~k-up and lay aside tool 67.lxb 402.6
K-3 Use tne s.rew 626.6



FORIUfl GR-2
Dec

STNIMSIS ME or
(Cent 'd)

9-31 Align verkheed 21382.7 .2138
C-3 Swivel werkhead to adjust taper of work 117.4x4 469.6
K-32 Dress dieter of wheel with dianmed 803.35 4016.5
G-4 Pickup and lay aside tool 67.lx5 335.5
D-2 Tighten or loosen each nut with wrench 88.2x32 2822.4
1-3 Swivel work 1/2" taper per foot 296.6
I Walk to rear of machine and return 397.2x5 1986.0
K-9 Use indicator 435.2x4 1740.8
K-22 Operate machine each dimension 660.2x5 3301.0
K-6 Obtain and lay aside tool on bench 164.3

Clean-up grind time average (eat) 600.0x.5 3000.0
Check taper with gage (GAU-l(1-49) 650.Ox5 3250.0

K-32 Dress diieter of wheel with dimond 003,3 .0080
1-3 Reverse table travel by hand 35.2x3 105.6
L-3 Have wheelhoad cross slide 90.3x2 180.6
T-2 Lower truing dimond by hand 57.9
W-1 Set table traverse speed 54.6x2 109.2

Wheel dress time (average) eat. 350.0

K-33 Set-up machine 57634.8 .5763
K-20 Set-up wheelhead 12676.0
K-31 Align workhead 21382.7
K-29 Set-up coolant 1416.0
K-30 Set-up truing unit 12509.1
.G Walk to side of machine and return 7451.6
J Turn master switch on or off 90.2x2 180.4
E Walk to rear of machine and return 397.2x2 694.4
U-3 Mount & remove front or rear splash guard

204.7x2 409.4
R Turn wheelhead or hydraulic motor on or off

112.7x4 450.8
P-3 Open or close air supply for hose 159.8x2 319.6
Y-1 Set workhead spindle speed 144.8 144.8

K-34 Set-up face plate 19652.6 .1965
K-24 Mount face plate 9667.2
K-25 Remove chuck, fixture or face plate 4992.7x2 9985.4

K-35 Set-up fixture 21326.8 .2133
K-34 Set-up fixture (S.J.P.) 19652.6
K-10 Trtr-up •bject with indicator 1674.2



IFO1UfA GR-2
Dec

STNTRIgIS TM Hours

K-36 Assemble (3) chuck finger stops 14769,3 .1477

9-1 Walk to vise and return 1537.2
Use visae-(Form. F-2(K-8) 243.5x6 1461.0

K-3 Use one screw 626.6x3 1879.8
Use 6" scale-(Form GAU-I(K-2) 250.0x6 1500.0

D-2 Tighten or loosen each screw 88.2x6 529.2
G-4 Pick up and lay aside tool 67.1x9 603.9
K-5 Obtain tools from.tool box 647.4
K-7 Obtain tools in cabinet 6610.8

K-37 Set-up finger back stops in chuck 28412.9 .2841

K-36 Assemble (3) chuck finger stops 14769.3
Use 6" scale (For. GAU-l (K-2) 250.0

S-3 Wipe large object off with cloth 163.4x3 490.2
S-3 Wipe mall object off with cloth llO.0x3 130.0
F-I Moant one finger back stop 1204.2x3 3612.6
J-1 ReFcsition one finger back stop 54.2x6 325.2
T-4 Remove one finger back stop 306.9x3 9A.7
K-6 Obtain and lay aside tool on bench 164.3x2 j28.6
T Turn wcrkhead spindle by hand 58.1x12 b97.2
G-4 Pick up and lay aside ttol 67.1x3 201.3
K-22 Operate machine each dimension 660.2
R Turn wheslhead motor on or off 112.7x2 272.4

Wait for wbeelhead to stop EST 700.0
S TTurn wvrkhead spindle on or off with turn

button 34.6x4 138.4
F-3 Move table by hand 111.3
1-4 Additional to tighten and loosen screw with

allen wrpoch 132.0x3 .96.0
K-3 Use one screw 626.6x3 1879.8
R-1 0en and close chuck jaws 123.4x2 246.8

Clean ui grind fingers of stops EST 1700.0
K-23 Dress wheel face by hand 129.3x3 387.9

K-38 Set u; radius dresser 32299.4 .3230

C 4 Remeve and replace diamcnd holder unit 86.2
D 4 MoLpt and remove radius dresser 88.2
K-39 Dzess radius of wheel with radius dresser 7408.0

740.8x10
F-4 Set radius on radius dresser 38.5xlo 385.0
K-3 Use one screw 626.6x8 5012.8
G-4 Pick up and lay aside tcol 67.1x20 1342.0



VFOIJLA GR-2

SMI SIrES Dec
(Coat 1d) TM now_.

K-38 (Cont'd)
D-2 Tighten or loosen each screw with wrench

88.2x41 970.2
K-6 Obtain and lay aside tool on bench 164.3xll 1807.3
J-3 Move wheelhesd cross slide 163.3x4 653.2
11-3 Set stop on wheclhead cross slide handwheel 224.5
S-3 Vife mall object off with cloth l10.0x2 220.0
K-22 *erate machine each dimension 660.2x10 6602.0

Clean up grind (average) IST 300.0x40 3000,0
Use radius gauge GAU-1 (K-24) 450.OxlO 4500.0

K-39 Dress radius of wheal with radius dresser 750.8 .0074

L P•ve wheeihead cross slide 90.3x2 180.6
T-2 Ralte "r lower truing dimd by hand 57.9x2 115.8
E-? Reetse table travel by hand 35.2
W-1 Seo table traverse speed 54.6v" 109.2

Dress tine (average) EST 300.0

K-40 Use air chmek 304.9 .0030

S-1 %enwr and close chuck Jaws (air) 63.0
T-1 Plase and remve part from 3 Jaw chuck 66.1
V-3 Wipe cff holdL"g pmrfa:e. of 3 Jaw chuck 58.8
R-3 31% cff part with air 117.0

K-41 Use tiring chuck 365.3 .0037
R-I Orf. asrd close chuck Jaws (spring) 123.4
T-I Place and remove part from 3 Jaw '.huck 66.1
V-3 Wipe c.ff holding surface of 3 Jaw chuck 58.8
R- 3  BIv cff,,art with air 117.0

K-42 Use magnetic chuck _ 2293.0 .0229
K-10 Trte-up object with indicator 1674.1
C.1 Thrn chuck magnet on and off 211.8
M-4 Mount and remove part or fixture from

magreti.. chuck 80.2
S-3 Wi;e larg object off with cloth 163.4x2 326.8

K-43 Hardle artt 5# ard vader 350.1 .00Q35
U-i Lay agide ard cbtair mew part 116.'4
R-,3 BI;% c'ýf .art. jair) 117.0
G-3 Ralte a'd lower workhead guard 116.7

K-44 Nar.dl ;art rver 5# 500.1 .0050
H-4 lay aside ar.d cbtair, new part 266.4
R-3 B-V - if part 'air) 117.0
G-3 Rolse ard lover wcrkhead guard 116.7



F701JA Gt-2

MITITSIS
(Coat Id)

Dec.
'nl Rours

K-45 Set-up fixture on magnectic chuck 2559.4 .0256

K-42 Use magnetic chuck 2293.0
R-4 Lay aside and obtain now part(Sim.Not.Pat) 266.4

K-46 Deburr sharp edge 172.7 .0017
N-4 Deburr sharp edge with stone 172.7

K-47 Deburr each additional sharp edge 83.0 .0008
N-4 Deburr each additional sharp edge with

st•.ne 83.0

K-48 •ra-tp part ir fixture with adjusting
screws 4450.8 .0s5

K-9 Use indicator 435.2
S Turn workhead spindle with job button

34.6x2 69.2
T Turn workhead spindle by hand.58.1x6 348.6
Y Read indicat.-r 90.1x6 540.6
V-4 Tighten and loosen thumb screw hand tight

107.0x7 749,0

K-49 Superviovr's first piece approval 11521.4 .1152
A Walk to supervisor's desk aud return

(vithont instructions) 1387.2
G-4 Pick up and lay aside blue griat or

piece part 67.tx4 134.2
L Time f-r &vFerviscr to stAy bl,.eFrint

ar4 irqeratI•n sheet 5000.0
GAU-1 Time tr cetck earh ditenutin taverage)

1000.0x5 5000.0

K-S0 Set-u;t w-rkhead en ext anded bridge 16440.6 .1644

X-4 Kcwye wcrk~bead -n t er;eok bridge 36" (aver.)
1222.7x? 2445.4

K.-6 Obtain ar.i Lay ast.de rorl .n ben-h
164.3x4 657.2

D-2 Tighten cr Icosen each nut with wrench
88.2x32 2822.4

V-4 Tighten or locsen nut bty hand (S.M.P.)
107.0x32 3424.0

G-4 Pickup ard lay aside tcol 67.1x12 805.2
S-3 Wipe cbj*er cf with Llctb Large cbject 1307.2

1b3.4x8
R-4 Tighten <r Jctsen nut :r wrrkhead (S.M.P)

211.9x16 3390.4
"H Walk t- rear cf mach~ine & return 397.2Y4 158§8
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SgTRmISI8
(Coat '4)

Dec.

1-51 Set-up steadyrest on extended bridge 11387.7 .1139

74- Nount steadyrest on bridge & remove 700,0
K-6 Obtain and lay aside tool on bench 164,3x4 657.2
D-2 Tighten or loosen each nut with wrench 88.2x30 2646.0
V-4 Tighten or loosen nt. by hand (S.M.P.) 107.0x4 428.0

.G-4 PickupL and layauide tool 67.1x5 335.5
S-3 Wipe large object off with cloth 163.4x2 326.8
R-3 Slow off part with air 117.0x2 234.0
R-4 Tighten or loosen nut on eteadyrest (S.L.P.)

211.9x4 847.6
Z-4 Get one steedyrest jaw to part 406.0x3 1218,0
A-5 Adjust one ateadyrest jaw to part 268,9x10 2689.0
K-9 Use Indicator 435.2x3 1305.6

1-52 Use steadyrest on extended bridge 365.2 .0037

W-4 Close & open steadyrest on extended bridge 365.2

1-53 Additional set-up for extended bridge 29654.3 .2965

K-50 Set-up work head 16440.6
K-51 Set-up steadyrest 11387.7
K-52 Use steadyrest 365 o2x5 1826.0

t
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SECTION IV

TABLE OF ELEMENTS AND METHODS ANALYSIS SHEETS



-a to &A~Y ~ ds or tiombops mi retur fir
3 Wi 89~ Wu~u12637.2

C fe dMOOd *W 2)7.2
.10 in S s 1 t ma ami lotum 327 .2
S at Storw "tus 344.2

41W to S *to= k M ""o

JAan 914 cabinet doeirs .
'I . Oi close toot box duseer 3.

.Wtool from tool box ad r1eplce3.
I* Work bon~ eh4-d b&& 7.
turs se.h#e4. - ydrsu1l.c or coolant oonrof11.

I.*m uwuhead SIPLVIe with jag buttoa 34.6
IW& vorkbeed spindle 1/4 torn by hmkd56.

. Adjust length of iA..I guard 4.
T 404 10 indicator to surface an* 432.5
V Rsmse~le Ledl :tor [ror ufcegg 225.6

It Set Indicator to obje-t 1.24.3
I sed iftdlcater o0.1

S Position zootermt pipe 1.

601 Adjust mclant flCw 131.2
lbm1 tuft cbeck magnet on~ and o~ff 'e.ectro Dagnet) 125.6
C- I Torn chuck ragnet ca and of f r"rvane'~¶ wagne- j 211.6

NowRut, and t'tmcve orve :'-Uack ýAw 75.4
oft%51 to vise .td raur 1537.2

7-1 Usit one f1naer.taks to i fr-: 12"4.2
`%I rV&A 0" tr ~er the 3 ;u .huck 125.5

.- Place epider 1 3 jawi r~u'k 4ýi roiwve M5. C
J-1 IpSt .-i.. ba~k qk'cp ir :hu-Ji' 54.2
L-1- Put ebwck 'ui~#JTe ý:r ta,- FIae 17n 9,iit -q 156.1

V-1 armn or Ccpts air --.~ vai, 6.
P-1 Set air Chuck preit'ire .44.*1

Q.Set aresaure Cf .,1 11 . . 3

3-1 Ope n and I'q c 4t ~w, 1; 4.'.3.0
14I ?.&te ard renic.e F,% ( --o 2- ia 66.1
U1-I Lay aside a-d obei nw. T--rz .6.43
V-1 Set vorkklea-t -ri-i 144.8
W-1 Set t~bse trav.Er- 4-re tWau'.J, 54.6
X- Ru-r dewr each -;A," by afý 79.2



-2. Move each scaem to hole M~d am""7
5-2 bm dam each symi by hamE 12.
C-2' bm out oscb screm by bead mW lay asd. Pe.
D-2 flauem or tseam so*k scm of bat with MONA6.
8-2 Ftser 0 umb e abi stud .
7. temsh and law eee seiied). 113"

0-2 Lm* and vlo* mwelach epte 44
W.2 lInde. berrel stup am -pasittesm3.

i*2 mm me table maree of st" 6 so niMa I..-2 Adjust ous table *wevaes mr step 61
U-2 Wus, or Imst stop ft taespu G6.5
3-2 baeort and remove diem&a is bolder iA
P-2 lot truain unit for sutomastic ft m a rise 115.9 .
4.2 set trip for automatic Eteussi It". ins3
S-2 15mi trains unit base 3"8 2104
1-2 Oaiso or bier'tr'.Lq~ dismnod by baud 57.91!
V-2 busnt and reae whoulbead 413.6
T-2 place Ashi under Whoelhead 1.16.1
9-2 bamw. shim from under mbeelbead 0*4
2-2 Block vh..lhead opindie to rvem and inimat quill 318)
1-2 Mount and mrem, Sriading wheel em quill 23.4
2-2 bait and remove O"Othead drive belt M3.4

A-) Tighter and 1o~en Achmeado& drive bo': 1460
B-3 Swivel w..drkead for It."' taper p.- .-o! M.0
C-3 Swivel workh~oad to edj-jst rapt :) * ip co &j 117.4
8-3 Not" and ',war grinding wheel gsard by hard lIsA
8-3 Reverse tab~.' traverse by ha-cl
7-3 Hove tab~e by henie one-half i' 5.
C-3 Raise mid lowor wrýIesl s..iar4 1~
8-3 Moist ar, remove fvr-rt cc reat spiase Suor'4
J-3 Have eheelheai ~ro~t * 4 Se! ut, 10.3.
L-3 Move whoshead r~i *.,.e (.:.tetw'.n IS.)
14-3 Move vorirhead ýoees 'c~ie coe $,a: 1- 146.2
V-3 move W-WI'eal Cr'i, 'ii~ 1, list r8a.S~ *6
7-3 Open or r~c4'! a;. ~4.Pv 1-.t h:.e15.
Q.3 ?spf~bjae witth I~Wwer 102.3
1-3 Slow off por, -aitp 111.0
S-3 Wipe oble-t Af voth ( S"Tý.. *blet 11O.0

Ca-- 1. S.kiiie fb,.#,' 163.4
T3CreCII diMta Itc 4WteP, WV%' 451.4~~a",

u-3 ecsot p or w,-ee h.ea:_ :roitt s i-e ts--. whree 224.5
V I !Ape co!f i 'rfa*e c.9 3 Jawet 56.8

I siting grr~t.1;mg w-et -. ivts ef wc~rk wdithi facing ai-tachmeint 62.7
.%-3 uies* face cl 'iv wh~ee. wi- rarb:rucium sxI

OW 1A+ V 267.2
1-3 Are..y fsa-e f Fu - 1-'.c wiTI cictr" ,-dur "-. 1

(OpOT a T  29.
Z-3 bt di~nor-~ a - tý j 97.

F'rr c IA

11.0 bL%.o11-



FYORILA GR-2

TABNL OF XLUMMTS

A-4 mmo, At worihead guard 267.6
3-4 Rove workhead guard 181.2
C-4 Imove and replace dismond holder unit 86.2
D-4 Mount and remove radius dresser 88.2
1-4 Additional to tighten and loosen screw with Allen wrench 132.0
7-4 Set radius on radius dresser 36.5
G-4 Pick up and lay aside tool 67*1
1-4 Lay aside and obtain now part (over 5#) 266.4
J-4 Hw*e vorkhead barrel stop unit to or fram indicator 38.3
M-4 Mount and remove part or fixture on magnetic chuck 80.2
M-4 Deburr sharp edge with stone 172.7

lach additional sharp edge 83.0
P-4 Place bolt in chuck, fixture or face plate and run in 414.0
Q-4 Run out bolt in chuck, fixture or face place and lay aside 322.9
1-4 Tighten or loosen bolt in chuck, fixture or face place

with wrench 211.9
S-4 Move indicator to part 70.8
T-4 Remove one finger back stop in chuck 306.9
U-4 Stone sharp edges of 3 Java 1262.4
V-A Tightes mad loosen thumb screw hand tight 107.0
v-4 Close & Open extended bridge steadyrest 365.2
X-A Hove vorkhead on extended bridge 36"(average) 1222.7
Y-4 Mount steadyreat on exaded bridge & ramove 700.0
Z-4 Sat one steadyveat jaw to part 406.0
A-5 Adjust one steadyrest ja to part 268.9



lOOKJLA G0-2

MSIIIOSS AIALTSIS CNAaT

Description-Left Reed PD. L.U. INU 3.1. No. Description uIout ft

A Walk to supervisor's desk or timekeeper mad return
18.6 TlI

675.0 V457 To supervisor
50.0 at Receive i.struetioes

18.6 TKII

. V$P Return

Without instructiona 1367.2

B Walk to tool crib and return
18.6 TIC1

2100.0 W140P To tool crib
"6N0.0 m1r Wait for service

16.6 TIC)
2100.0 W14OP return

12637.2

C Walk to cabiuet and return
16.6 TKIC

300.0 W7OP To cabinet
'700.0 EST Search & select

18.6 TCI
300.0 W20P Return

23'7 2

D Walk to wheelhead storage rack and ereurr,
'8.6 712

750.0 W50? To storage aro
1700.0 EST Search & select

":8.6 T1C"
__0.0 W!OP P-tv,.- - ,acht.e

3.' 37. I

E Obtain & replace whee[Fead at , ra.k

1-.4 14'%".•-*•h a

i.0 GA
'".9 M1e47ve
3..7 AS
37.. jBrz
17,8 M14325 Lay on cort

Replace _ .
•*4.



Deacriptio-Left Niod Ib. L.E. IU a.L. No. heacriptioet-Left SRmd

I Obtsis sd trplae tool is cabinet
94.4 SIB To tool
1.0 CIA

A MM Tool from cabinet

Replaes

9 Walk to aids of mahLe aid'returm
19.6 2Kl

135.0 W7 To side of -a-tiune
18.6 TKI

1. P eturn

N Walk to rear of machine ard return
18.6 TKIC

160.0 W12P To rear of machine
16.6 TDCI

I§..0 Wl27 Return
397 .2

J Turn master switches on or off
TO Switch 2 " 9.0

GIA 2.0
Open or close K3A 4.9

ILI 2.0
To 2nd switch 1101 11.5

CIA 2.0
Open or cose M3A 4.9

DLI 2.0
As 31.9

90.2

L Study blueprint and operation sheet
5000.0 EST

M Open and close cabinet !onr,
A.7 R.OA 1zý --
2.0 GIA

Sae motion pattern 23.1 M2AB Or.ý- "'
2.0 ILI

24.4 &28B Tc ! c'r
.0 G5

25.5 M28A C"o-e d:e-
.0 RL2



POmA 03-2

iniini •ALTSISK COW

Descrtptioa-Left Rmed So. L.R. IM 3.o go. Descripttes-31"it Mid

N Open' ad close tool box dirmer
15. RIGS To drape
0,0 CI

6.9 "a Op...
2.0 In4
6.4 mk To dramr

Sane mtion Pattern .0 as
6.1 M i Cloe.

.0 .L2
342 1.16 To hafelm

7 Get tool from tool box end replaee
12.9 3125 To tool
9.1 03

13.4 NIi2 Tool to body
15.2 U12C Tool to drMer
10.4 PliES Lay in drawer

Q To work beach and beck
18.6 TDCI To beach
30.0 12P
18.6 TiCI To machine
30 0 W2?

I Turn wheel head, hydraulic or collent motor oa or off
SSISCI 20.6

To button 1 29.0

GS .0
Push button A02 10.6

IL2 .0
AB 31.9

To baln.:* SS18C1 20 6
, .?.7

S Turn workheeal epin4.e witA J-iS bL-ton
To jog-button IM'D 18.4

G5 .0
Push button APi 16.2

IL2 .0



mmm OUULA a-aum £LUU QR-I

Decriptia-Ioftmd no. .L.3. lug a.m. No. Dsscrtptio..-35t mod

T Tim oeduse4d spiadle one-quartor turn by hand
To OsIe 1243 21.3

CIA 2.0
Tom spiadle N12C1O 20.8

ILI 2.0
To baliea 3123

V AdJust legth of wheel guard
12.9 R123 To guard
2.0 CIA
C.0 WC 4 lemethen or shorten

16.6 G2 3
2.0 F11

41.7

V ssmble indicator to ourtace Vage
To surface &age 1163 15.8

GCI 2.0
Gaoe to work are 163 15.8

G2 5.6
11.5 Rio3 To surface as&e mU
2.0 CIA

sold surtace gage base *API 16.2
I.. HoC Swing ars up
2.0 IL1

11.5 ltD To indicator holder
screw

2.0 GIA
16.2 API
8.0 Nfl 4 Loosen scrw

22.4 G2 4
ILI 1.0 iL

To indicator RIB 15.8
GIA 2.0

To work area NibB 1518
Hold G2 .. 6

11.5 Rev To indi.iator arm
Lock screw

2.0 G)A
L6.2 API
4.0 Nt! 2 Loosen lock screw

11.2 G2 a
8.0 WdC Swing indicator arm
Li.2 G2 C)
4.0 Nt3 2, Tighten lock ecrew

16.2 AN2

To indicator holder ALL 2.0
Ron 2..5
G, GA 2.0



FORMA 3-2
MIS W AMULS18 CL~

Deocription-Left UM& Nb. L.. TKU &.A. 1b. Description-Mot 3 nd

V (continaed)
Alig holes in bolder (2 API 32.4

Mf C 2.0
13.5 NIOC To indieator bolder
21.5 P2D
3.4 ItC leto bolder
5.2 N2C Swis to posttiom

G2 5.6
Tighten in4icator holds 1 3"8.0

0 2 22.4
2 AP 32.4

432.5

W Disassembte indicator from surface aga
To indicator holder 1163 15.8 RI& To indicator

2.0 CIA
API 16.2

Loosen screw 4 Mfl 8.0
4 G2 22.4

7.5 D29 Remove indicator aim
16.9 'B )

ILl. 2.0
To indicator "341 6.4

GIA 2.0
5.6 G2

16.2 APl ) Loosen indicator
2.9 IB1
2.0 ]ALI
4.0 R23
2.0 GIA wivnu Indicator am
4.6 M2B J

G2 5.6
2.0 LI
4.0 R2B To screw
2,0 C.4 1
2.9 MIB 'lighten scrw

16.: APi
RL1 2.0

15.8 M16b Lay inftcatcr a"id
. .0 UL1

To surface gage base R16B 15.8 1165 To surface gqe arm
61A ".0 GIA

Hold API, 16.2
10.6 MOB Fold arm

RLI 2.0 ILI
225.6



FORMWA C1-2

ME9hODS A• W•SIS CHART

Description-Ldft Rand No. L.N, TKU a.m. No. Deecription-light Hand

X Set indicator to object
Set indicator on table and hold H12C 15.2

8.6 163 To surfa-- esae an
2.0 CIA

11.8 MSC Swing dowm
2.0 ILl

10.1 R6D To indicator
2.0 GIA

16.2 P2SE Align indicator to
object

2.0 RLI
5.9 R2D To dial
7.3 GICI
5.2 H2C Turn dial to line

16.2 MEP2
7.3 EF
2.0 RLI

10.5 RiOE
S24.3

Y Read ind~cator
29 2 EF 4 Read indicator
60.0 E_- T

Z Position coo:ant pipe
i *. P,2B To pipe
2.) CIA

lr .2 ,All

., ib 6 m Move pipe
33.6 6)
2.0 I.7 .7



F0NWU 03-2

am=OSS ANALYSIS CUAIT

Description-Left Hand No. L.H. TIU RI.. 1o. Descriptica-3I$t usmd

A-1 Adjust collart flow
15.8 3161 Valve
2.0 GCA

32.4 API 2 7 Ineb. or decree fi.,
4.0 NfC o)

75.0 BT flow time
2.0 3.L1

131.2

2-1 Turn chuck magnet on and off (electro mxgnet)
To switch 3241 21.5

GIA 2.0
Turn on M3A 4.9

iRl 2.0
To balance 1.24E 19.2
To switch 3243 21.5

GIA 2.0
Turn off f 3 M3C 20.1

2 M31 11.4
iLl 2.0

To balance R241 19.2
125.8

C-1 Turn chuck magnet on and off (permanent magnet)
1,' 7 M1I6C Wrench to chuck
Sb FISE

19.7 P2SSE Wzench in socket
3.b G2
9.0 M.2810
2.0 RLI
8.4 R4D Turn On
2.0 C..A

h,.b ?4 '•43
"., r,?E Remove wrench

-__.. V bs Tc body
109

Turn oft 10%.-4

D-1 Mount and remove one -buck iv;-
12.9 FP.'B To jaw
2.0 (,tA
1.. Mi8A Jaw t, chuck
2.5 MIA Align Jaw
3.4 MIC

16.2 P2SE Position hcoes
2.0 RLI
10.0 M18B Remove and lay aside
2.0 R"

75.6



F0IN" Gt-2

T-, T10S1 ANALYSIS CHAlR

Description-Left Rand No. L.N. TmU IR.. No. Description-Right RHad

9-1 Valk to vise and return
18.6 TIC1

750.0 SOP To visa
18.6 TUCI

750.0 WSOP Return
1537 2

7-1 Mount one finger stop in chtk
To screw . 15.8 2163 To stopGIA 2.0 GiA

Screw to stop m8c 11.8
Screw through f PISS 5.6
Stop MZA 3.6

ILl 2.0
18.7 H4:6C Stop to chuck

750.0 IST Time for positioning
in obstructed area

To stop R16D 17.0
Noll GIA 2.0

2.0 iLl
15.8 1163 To wrench
2.0 GIA

18.7 Xu6C Wrencb to screw
25.3 P2SSD
5.6 "22 Hold

RLI 2.0
To nut R16B ,5 8

GiA 2 0
Nut to chuck M14C i6 9

,3 G2 1i 8
Nut to screw M3 C 6.0

It 2SD -8.

SA0 4 8 2C~
40.0 .L. 21 Tighten
4' "i RAB .,4

3.O CtA 9)
t6.Z AF.

ER La. aoi.e
?.0 L.

G-1 Greafe one Jaw c" r0e 3 jaw -uck
-'6c" ,. 7 M16C Crease gun to chuck

PSD 21.8 P25 Grease gun to fitting
Hold grease gun' r.2 5 6 ,z

3b 0 M2AW 6 Pump grease
b M-'8 6

M'6B i M h6 Sun to body



FOIMULA OR--2

)rNMoU ANALYSIS CHART

Description-Left Hand No. L.H. THU RH. No. Description-Right Ne.d

H-1 Place spider in 3 jma c'huck and remove
22.1 M20C Spider to chuck
52.1 P3SSD )
20.4 MIC 6 Into chuck
33.6 G2 6

To spider hIOD 12.9
G3 5.6

5.9 12D
2.0 GIA
b.0 MfC I T ro exact location

16 8 G2 3
16.,' API Hold against back of

"shuck
RLI 2.0

lo balance RIOE 10.5
?.0 RL1

.I1.9 It ?E To balance
14 2 1,,2D ro spider
2.0 GIA

5,1 P3SSD Removt e.ptdsr
20.4 MIC 6
28.0 G2 5
18.2 M2OB To body

3•4.8

J-1 Repp-itin one baCk ;tccp in -huck
I0 1 R6D To stop

2.0 GA

10 2 MIC 3 Repciltion
2:.q EF 3 Look

"0 RL,
0.. R6E lo ba.anc'-

V-I Put ".uc-k, f ixure ,,r taý n.afe 'i s ir'1e , n-cf
3 .'ý M20B30 Ic board on bea

6. AF
. C Mount or splnilli nmes

3 A'Ign to)es
8 F2ýD

5.h G2
." AP:'. Seat against nose

2U RLA



FORKUKA GR-2

ilnm S ANALYSIS CART

Description-Left land No. L.H. THU R.R. Mo. Description-RIght lamd

M-I Remve chuck, fixture or face plate from spitý',e nose
Sae notion pattern 5.6 02

33.4 MISS30 To board on bed
5.6 G2

16.2 API
35 0 N20530 To body
95.6

N-1 Open or lose air chuck valve
29.0 S
12.9 1121 To valve
10.0 G•A

40.0 HM5 5 Open or close
10.0 11.1 5
31.2 15B 4
"1!:.9 AS

465.0

P-I Set air chuck pressure 29.0 S To valve
'0.0 C,'A S
27 0 T9gS 5 , Open or close valve
10.0 RL1 5)
'. .6 190S 4
14.6 EF 2 Look at pressure gauge
ý!.3 AS

Q-l Set pressure of sp.ing -huck
0.7 M•C, Rol to tension nut

,,0 b PSD 6 Rl-d into hole of nut
36.6 '., 6

140.; l..,gB 0 6 '.:urn nut

A7 d, I~2 - c otl'er bc:e
f M• ',? Roi *o body

-4j .3

1-1 Open ana :lose chuck javit ispring .) ý-k

To lever RZB

Open Jawy M1OAIO
RLI 2.0

To baiance SSItC" 07.U
To lever RIZB . .

"CIA ? 0

SS12C l1.0
cloae jaws

RLI 2 0
To ba~anme SS ___

t .1.4



VOIWULA O3-2
1UU2M AMALYSIS CUART

Description-Left Hand go. L.R. THU 1.1. Me. Description-tht Had

S-I Opm and close chuck jaws (air chuck)
To valve lover t203 1W.6

G•A 1.0

Open N65 e.9
31.1 2.0

31.5
Close 31.5

63.0

T-1 Place and remove part f-ce 3 jaw chuck
8.0 N4C Part to chuck

16.2 F2SE
6.7 M3C Into chuck
5.6 G2
2.0 ,fC
2.0 !L!

15.' 120E To balance
AAW Limited out by

E&eMnt R-1
•.0 C•A

6.9 M4B Remov* part
66

U-1 Lay asile and obtain nev part ,.2eer 3.r
" body

•�,� La, Ir box
.' • RL

A4.4 3>n - 5ther part
.:.0 @4*

." 4,-r .- Reove part
' •.6 R:

'. gdevice

V-i Set wcrkheed &pl-nie sp.
SS1JC );&.'

To w•wtO, t,•-to-. R
.0

Oper rorta:t AF- .0.6
RL2 .0

To knob Rk'B 7.8

G-A 2.1
Turn k nob M4C 8.0

close :•.6:A?'. .

To bda..e SS .



FOMMUz O3-2
108 MiNLTSIs CUR

Deecripeie.oLett Rand Ib. LIl. 11W RUl. INo. Deecriptiom-3lJht 11Rad J

V-1 Sor table traverm speed (hydraulic)
15.6 3163 To traverse lever
2.0 CIA
7.S 153 With thm

16.8 02
10.2 NlC 3

54.6

1-. 1 um dtamn each nut by hand
20.0 R21 5
10.0 GlA 5
23.0 M25 5 1w. down nut
16.2 API, Hand tighten
10.0 ILI 5
79.2

mmI



70I01LA Ga-2

13flVTH AVALYSIS CRMT

Description-Left aud No. L. R. THU R.H. No Descripttou-RKit 3u"d

A-2 love each screw to hole and eorage
15.8 X161 To screw
2.0 0iA

18.7 M6(C To hole
5.6 1133
8.0 Ac To thread

16.2 P2S3
18.4 K25 4
8.0 MiL 4 1agaSe thread

12.0 325 3
6.0 CIA 3/

110.7

B-2 Run down each screv by 14ar:
30.0 G.A 1 Turn r
46.4 M13 16
37.5 111 15
16.2 A?, H hand tighten
32.0 ILI 16

C-2 Run out each (rew b, l'bord and 1., asice
i .5 RUos To screw

3:.3 G:A 16
46.4 MIB 16 . Run out
321. 3 RL'A 16
37.S %'B :1
4.0 DKE Remove screw

12.4 MI2B La, aside
2.0 IL.

D-2 Tigtten c~r -i t ' -rew *r r 't with vro "tI

.,.7 P2SSE On -w
3'.'. AVI 2 Ti-shen or lr•.-,

3.R ,B 2)
.6 02

4 .0 DIE

E-2 Place each washer cr. stull
ICA.' R16B 1Ic washer
3.5 CGI

10.7 M.6C Washer to stud
"ih'- P2S1

7.0 RL



FOWL*A ca-2
ISSSS AMLY8IS cow

bescriptiom-Left rmid MD. L.t. "MU 1.1. No. Description-lUigt ind

r-2 am&, and lay aeide each washer
2S.8 1162 To veaber
3.5 011
7.5 D21 lemve

15.6 N163 Lay aide

G-2 Lock and'unlock vorkhead spindle
To lock pin 316D 17.0SG5 .0

Lock spindle AjP2 10.6
MIA 2.5S

IL2 .0
To lotk pin RE6D 17.0 Jig To spindle

CIA 2.0 G A
9.7 142CIO Turn spindle

MlI 2.9
021 7.5
MLI 2.0 RLI

71.2

R-2 Index barrel stop one position
40.7 SS1C2
29.0 B

2. iTo barrel stop
2.0 GA
6.7 M3C Index
2.0 RLI

31.q AB
40.7 Sz'.RC2 To balance

153.0



S.•lm- • - -

FOiMOA 0-2

ImuOm N iLYSn CowT

Doscriptlon-Left IHad Me. L.U. PU R31. No. DestriptLeam-10t

J-2 Move one table sewerse or stop dog
12.9 3125 To lock screw
10.0 CIA 5
16.2 AlP
14.5 111s 5 Loosen
10.0 3LI 5
10.0 313 4

To adjusting screw 110R 11.5 ( To dog
GfA 2.0 CTA

Disengage D21 7.5
MIA 2.5

21.3 14255 3i Move dog 6"
i1.2 C2 2J

G2 5.6
Ingage 8c3:u0t1tn M;C 3.4

screw , AP2 10.6
AL's 2.0 ILI

5.3 L335 To lock screw
10.0 GIA 5
14.5 10i
8.0 ILI 4 Tighten lock screW

10.0 315 4
.6.2 AP)
2.0 3ALI

217.2

L-2 Adjust cne tab!* reverie or sto~p dog.
12.9 112B Io a';i, tng screw
6.0 G-A "

i0.2 M1C 3 Tur scres
6.0 II 3
,.0 t:' 2 1
.; EF I / Lcok

. t K?E - t:ace
"-3.;,

M-2 Raise rr -ow:v Jrtz tkrr;-

K•. 4 6 To st.op

4.4 M.•A Raese or lower torgue
1.0 IL

20.6 SSikC- To balsnce

y.. . .. -'W , ' 0' ,, 0? ,.N Q .



b. b.tdou 2_. 22.1

l baw NIb 16.2
U.1 2.0

StoO

NNW** , 7 .0

FI2- Wot tystub uOit for automatic dim" inr
an 1806 oft To arm
GIA 2.0 GIA

3 62 16.*11z 3
31.9 IC 3

ILI ILI8.

4.2 $et U4tp foe istmetic dtlowd nee

29.0 a
12.9 R.125 : "r;

2.0 G!a
9.7 W a.l 3 "Ova t.rtp 3"
16.6 G2 l1
2.0 I , ^

31 9 t-

1t. 1UwO trot% ait forwer or beck Y'
1221 20.1 t2..3 L, 22 z
Gia 2.0 GiA

2 APl !;.4 A?" 2 .-
2 x..C 4.0 WOC a J

M3C5 9.3 ,3:!
G2 9.6 G1
P2SSL .. ' ?SSI A . -
M, 1 :.0 ILL.:
2.1 q.0 .. A

A , ,"



5. lvetwS eitbe. "21.5 91 T tnm emit bow.
2.0 63*

12.4 Wi 2
4.0 Nft 2 Loosem bees

lb bee" a"0 ASA
61* 2.0

5.6 42
3 WII 48.6 AK 3
3 MICIO 23.1 NOCXO 3 ove ait be". 3
2 02 11.2 al 2

ILI 2.0 ILI

1-2 31.of IsiVTs: bee taimsI dismuu (by hisll

2.0 f"
6.1 N ..
2.0 .

33A 03 To belw..-

V-2 Ibemt min ueinwe wbeelb~e4
12.I 1100 To vbhesihoa
2.3 G.A

16.2 AP.
40.2 420C30 lkfelhoe to .scUm
3.6 G2

15.2 Arl
26.8 W.OCIO Mbesit~od to pcolittm

24.5 t*06C40uO
26.6 12USD
5.6 c?

Smem action patteri 2.0 IRL,

.0 CA

17.4 A? p Looser.
4.0 KMU 2;

,6.2 LEI
14.1 MWC10
16.6 G2 3, Recv*
4.0 K(C 2
.4.1 MSC3

S.6 3~c 2

L ~6



realm& CS-2

bSS!Ltt6Lt Nod 1b. LUS. DO 33.. Wc. Doss4ipti..s-fLt~g~ We.

T-2 MOMe d" 04er ObkHesie
1b Aftm 31141 .

G2s 3.5
r-M to ubawed~ vMIC 15.7

1s.s 11.5 To wb..2head
2.0 0am

16.: *ft Looses vUkelbeed
13.0 sasas PAtS*

13.0 N2520 Lover

5-2 boom bim gnuom ufet wth.elhead

2.0 GIA

,I* ekus 1165 15.6 Rai*&
cis 3.5

ILI 2.0

1110 Sleek be"h. Spldle to ceseve MWd Uouzt guit. i
15.5 Rift To b1 "k
2.0 CIA

03.5 xIOC To pul~ey
I1&.2 G2 2 P-~"b.' k

2.0 GA

To ab"b spi ivil 3.5 M10-,q, b

"Mw Oviedle 2 G2 .
Mihbold 2 IifC 0

2.0 ILI
16.7 3203 'Fe. b~
26.7 R30D Tr P~r I-. ru.ýev
2.0 0G.A

5.6 C?



ft"Tritusam-Left hnd lb. I.E. 36 LU.3 lb. lailntptim"t End*

1-2 (eemtanud)
8.6 lb b Wee

3.0 etA
12.2 of Ly p" am bid*k "A"~

lU;

T02 owew MA must sartat wheel on 'utli
02 5.6

Sn ws weel ad @crew .)443 14.6 to octin
from. quVll

2.0 CIA
4.6 N25 Amv screw is 06"1 bole
5.6, 63 Creep uheel

To Scre R23 4.0
CIA 2.0

2.9 mis ft"ew V'eel ff
7.5 021

2.0 U.!
5.9 120 To bic"-tic

:zt3 nc aBc.'er ýo sc.m
!6.2 ".?SE A! ,ttor et~ *cw

2.0 P1.
8.6 163 8i~
I2.0 GlA

i 0.1 MRC I*-,**! r'- screw
6,2 P29E ) e. scviv

.0 1Z.

16.2 .S

**0 t- qw:! l 6 1.7 1~

HOWc.' On .2S i'w
M o u t ~ i q .. i ~ (N i b ~ 2.

:SL. -~k-2



FODJ~qLA 03-2
MI~tlNE dM ,YSXS CHARTFOU&O-

Decripttam-Left ind NM. LoA. TPU I.o. mo. Descripcior -Righ: Eard

2-2 Ne•at and rmm*e ubeeltad drive belt
".2.9 R123 To belt
2.0 GlIA

To belt 20.6 I245 Belt to wheelhead
P A ~2.0 e m

belt to mtor Polley N12C 15.2 \MP
Nomt belt 02 16.8

M1C 10.2
7.3 NSA Drw be.t to ve!head

pu;ley
16.8 C2 3
10.2 NiC 3 mount belt

ILI 2.0 Ill
To motor pulley 118D i 8.4 fm To vheelhead pu,:•y

G1A 2.0 A
m~c 6.0

2 02 11.2
Remove belt 218.4

20.6 N24B Remove belt & lay asLe
2.0 ILI

To balance 3121 11.8 3129 7c, bsaýnce

SI



3sm"ritimvas ct anmd Th. Logo Urn top* ga. Descric:1". ftl- e

A-3 ?S0sm ami 1..mm stslhea! dri.ve belt
14.4. S143 To u

17.0 SS.II
W" bothbob" 16.2 WI tTiotte beit

210. 31A10

2.0 G.&

10.7 WbA1O
2.0 SIL

22.9 6)05 To -balsrce

11-3 Swivel the work beed !/21' tape,! per
4sQ 7 S9 SC2
15.8 2165 To war% knub
.60 CIA a~

129.6 1q06 A ' b~vp', workhee.
16 0 ~IL o
37.8 TOOS 7
40.7 SS,%C2
M-6

web dafitiom 1/2" taper 19.

C-3 late.*rI' Ivrkedt adjjnbtw tapr ba80 alig h'adl

2.0 N.A

II 2.0 IL.
4 ~ 0 slec3

3_ Vloe4..1ver gion t#Af.vs r b h-



SALTS IS C;ATM 
-2

D~eacript/s-eL~f Ud 11. L.X TKU 3.3. No. Description-Itght gmod

1-3 Reverse table traverse by hand
To lever DAN 10.1

CIA 2.0
Severe Table API 16.2

M3A 4.9
L 2.0

.35.2

7-3 Nave table by hmd kae-balf inch
17.0 SSI2CI

To aeemaing lever R68 8.6 163 To hand wheel
CIA 2.0 CIA

Poll lever up API 16.2
MIA 2.5
19 18.7 1416C Turn hand wheel

final lever egagqimeut API 16.2
MIA 2.5

5.6 G2
19.6 1 j0 Move table 1/2"

02 5.6
Dhisge 5dAIPI 16.2

NZ 3.6
ILI 2.0

17.0 SS12Cl

lach additional 1/2" 14.4

0-3 Watse and lower vorkhead guard
To guard bodle 1163 15.6

* CIA 2.0
Raise guard M20C 22.1

ILI 2.0
To balsm.c 1301 22.9
To guard R303 25.8

CIA 2.0
Lover Suard M20C 22.1

RU 2.0
116.7

pm



FOXMUIA GR-2
NITUODS ANALYSI CART

Description-Left Xmid No. L.R, THU R.H. No, Description- Right Rnd

H-3 Hount and remove front or rear splash g,'.ard
29.0 3 To guard on floor
2.0 GIA

31.9 AS
20.4 MISC To machine
21.0 P2NSE Or ma:hine
9.1 PISSE
2.0 KlI

11.5 RIOB To guard
2.0 GIA
4.0 DIE Rerove
8.Q M6B -

"Q 0 B Lav aside

' 0 RUi
31.9 AS To baar c

204.7

J-3 Move wber'heal cross 'i½de kS.t-up,
10.1 R8B To - AT 1 wUe1l
1.0 GIA

449.2 1000 '1c-r,.300"
2.0 RLAS~163.3

L-3 Move wheelbesa ýrns• %.ide 'cperation,

2.0 G.
1 C 3/.!.0 .', to ipprotr sý-

2.0 RLI
12.9 Rf.B o , C- ee
2.0 G

-0.2 4'rC 3 Y' tr e.~ '

.1.9 EF
2.0 11'.

M-3 Move Workdpad cross ie c-- b4!' in:[-
40.7 SS MCý To 1,'an"'

2.0 G'A
62.8 4C00 Move ono inch
2.0 lIi

40.7 Ss"8C? Tn balanwe

Eacb addltiona, 1/8"1



IOWIULA G1-2
MniM ANALYSIS OIUIT

S Description-Left Sed NO. LK THU i.H. No. Description-lihgt ead

N-3 Move Whrkhaad cross slide to Oial reading
12.9 RI1D To crank handle
19.6 13A 46 Tap handle with head
22.8 133 4
29.2 7 4 Read dial
2.0 ILI

86.S

Z-3 Open or close air supply for hose
42.9 S820C2 To air hose
29.0 3

AMq To valve
2.0 GIA
8.0 I4C Open or close valve
2.0 ILI

31.9 AN
42.9 $S20C2 To work area

15V.8

Q-3 Tap object with hamper
18.7 M16C Haimmer to object
5.6 PISS

41.4 WI4 6 7 Hmer object
* 36.6 N4A 6)

102.3

R-3 Blow off part (air) 12.9 112B To nozzle
2.0 GIA
8.9 1461 Off hook

13.4 M121 To part
Ar

10.6 AP2 Press button
27.6 H4B 4 slov off
17.0 mis1 To hook
5.2 M2C
5.6 PASE Into hcoo
2.0 RLI

11.8 R12F To balance
117.0

S-3 Wipe object tff with cloth
Case I - Small iblcct

18.6 R20B To cloth
2.0 GIA
15.8 MI6B Cloth to part
53.4 M61 6 Vipe off
18.2 M201 Lay €lott aufie
2.0 R11

Case I1 - Large object 110.0

Case I 110.0
53.4 M61 6 Ad•ttional wiping

163.4



. tFOhA Ga-2

ftevk,, ,-*M t Mod Ub. L.U. IM A.R. No. •06c:,rptiou-Right OmW

T-3. See" di tOtr of whoel Viiit carboriwdm "'stick"
12,9 1123 To "stick"
2.0 CIA

18.7 to16C "Stick" to wheal
400.0 35? Dress ti•e
15.8 1463 Lay aosde

U-3 set step on ueelaboed cross slide hand wheel
11.5 M1O3 To compensating knob
30.0 G.A is
73.5 HMA 15 t Turn knob
30.0 ALI 15s
S135 14,

V-3 hip. off holding surfaces of 3 Jaw with hand
14.2 112D To Jaw
17.1 N3B 3 wipe 3 jaws
14.6 13D ?
12.9j R123 To bW, nc.

I-3 Iriag gria1ing wheel to tace of work with facing attachme--t
15.8 R161 TO ever
2.0 CIA
5.? M433

29.2 IF 4 Ubeel to work,6 .0 HIte 4

*"2.0 ILI

1-3 kOee face ot grtr4ing wheel with carborundum 'stlck'(nw whpe"
Operator has "sotk" tVi hand aofter dresis. dtittere

9.2 LSC To whoe.
250.0 AST Dress t~r*"

8.0 MI!B T-) baian:e
267.2



FO34MJLA 09-2
Ja O8M"LY•; CHART

Descriptiom-Ldt uNit 3.. L.A. 1n3 Ro. No. Deocriptume-3iht Uw

Y-3 Drees gae* of WamdL" wheeL vwth carbsndmdun "stick" (operatio.)
12.9 1011 To 'stick"
2.0 CGA

20.4 MKiC To wheel
75.0 U1T Dress time
17.0 lasS Lay aside

|0 ILI

Z-J Obtaim and lay aside chuck remov n8 board
16.6 TBC1
30.0 W2P To beoch
2Y.0 S To board
2.0 CIA

31.V AS
31.2 P&W
30.0 WV2 To machine
18.2 1120 '.3ari u=der chuck

_9_. Remove & lay aside
ifl .6



i $ -~-•llabeeJ•mv• -..

IUDU NLTSIS CNAn FR AG-

Des.riptim.-Le•t bnd No. Lo, THU I. f.t. No. Descrptiom-lAbt SWm

A-4 Niew veukbuad guard
35.0 2OS1O Guard on bed

Same motin 16.2 AP*"
fttom 37.9 MUK30 Guard to vodkeod

5.. 02
17.) NbC 1 To next positione.b 738D

42.4 Ai2 4
4.U NtB 4

76f -.6

3-4 Bamove Wbrkhead guard
25.8 'a30 To guard
2.0 G01

Sron notion pattern 42.4 12 4 /
8.0 Nts 4 Remove guard

22.4 02 4
23.6 3 2
17.0 Ian Lay on bed
5.6 @2

16.2 API
18.2 M205 To body

!81 .2

C-4 8mome and replace diamond holder unit
15.8 3163 To unit
2.0 GIA
7.5 D2R Remove

15.8 3165 Lay aside
2.0 ILI

43.1
8lplace 43.1

D-4 Mount and remove radius dresser
25.6 M20C5 Dresser to trutig unit
5.6 PS11
5.6 62 A) i-n
2.0 HtC
5.6 P115 )
2.0 AIm

18.6 R201 To dresser
2.0 GIA

21.2 M20B! Remove

-W7



room" O--2
1311096 ANALYSIS COam

Description-Left Hand No. L.N. 'DiU L.H. No. Deacriptton-ULght Nid

9-4 Additional to tighten and loosen scrw with Allen vwruch
13.5 NIOC Pipe to Allen aume
11.2 PlSD
e.9 N65 T• grta n sealm

16.2 APl t

4.0 DIg
12. HI0 To balance

Loosen

F-4 Set radius on radius dresser
To dresser R125 12.9 ( To diamond bolder

CIA 2.0 GLA
3.4 IC C Position
2.0 EC J

16.2 AP1
ILI ._J ILI

G-4 Pick up and lay aside tool
Sam as element Z-2 in Formula GR-I

67.1

1-4 Lay aside and obtain new part (over 5#)
21.4 116310 To body
16.6 TDCI
30.0 121

Same motion pattern 31.9 3 To box
21.4 M1610 Lay in box
2.0 AI1

15.S 316B To anotrer part
2.0 CIA
21.4 116%10 Remove
31.9 AS
18.6 TUCI
30.0 W27 To machine
21.4 M16BI0 To holdti"g d-vice

266.4

3-4 Hove workhead barrel stop unit to or from indicator
I12B 12.9 1121 To unit
CIA 2.0 CIA

3 HIC 10.2 NIC 3 To or from Indictor
2 C2 11.2 62 2

IL! _ 320 AI1317



IommuA 03-2

uuALTIS COW

Deacription-Left. mmd go. L.A. I L.A. No. Deseriptim-lh4St so

N-4 Nemet md rame part or fiztdre oen mq tic chuck
6.9 M45 To chuck

3.4 NIC
32.4 fPS3 2 Aligp
2.0 ILI
6.4 1*3 To part

14.7 NIC5 Slide off
, 7.5 1St

_ 43 To balance

1-4 Deburr sharp edge with stone
17.2 118B To stone
2.0 CIA

25.5 124C Stone to odao
To Jos button 3120 14.2

05
API 16.2

75.0 15T Burr time
S20.6 M24D Lay aside stone

2.0 RIl

Each additional sharp edge

8.0 "4C
75.0 EST Burr time
83.0

P-4 Place bolt in chuck fixture or face plate and run in
To bolt R161 15.8

GIA 2.0
Dolt to chuck ?416C 18.7
Time for restricted area EST 100.0

30 HI 87.0
RIm bolt in 30 RLI 60.0

29 RID 72.5
29 CIA 58.0

414.0

Q-4 Run out bolt in chuck, fixrure or face plate arAd lay aside
To bolt R16B 15.8

30 CIA 60.0
Run bolt out 30 MIB 87.0

29 RLI 58.0
7Z9 RiB 72.5

W2D 11.8
Lay asids 116B 15.8iuL1 2.0S~322.q



• t IMDN A 4l*

98oa"ritimm-Lent n b. LUN. 3.3. 0. be rpiem- U bat

n4 T-dIsm cr loo belt is Ieo, ginwms or a..-* oplasm Wilk wh
13.5 SM rom " blat
75.9 1235 3
31.0 M8 3 Upem
n.6 -" 3•

MA.4 M 2' t•J men mo to boo

8-4 Nwe tudlster to pert
i.8 3M1 luOdg estr so
2.0 slk

12.2 gif 1b 90k
5.6 as
5.2 USW- maire t a.m

16.2 . fm
2.0 *.- 1 312 To belm.s

T-4 Iovo -o ttager bhck stop ia dhuck
12.9 3I23 Tou rme
"2.0 a"
16.7 MneC gvrck to 0m
25.3 121

To out 1140 15.6
CIA 2.0

5.6 @2
56.0 Nis 20
40.0 II 20 • aeom
47.5 315 1t
36.0 C1A* 19
7.5 323

02 5.6 02 MAN .remck
M25

8.4 MD o setop
2.0 CIA

&emove and lay aslde nut 41643 15.8 14165i lmý MW lay wide
stop

I I III~ ~I LII 0 ILII I I Hl II I



FORMA C3.2

3~WO mmmi uuz cow
Descripttoe-Left land *9. Lol. 1N RB.i. b. Doecriptim-p.it am

U-4 stone dhkrp edgee of 3 jws
17.2 313 To stone
2.0 ClA

20.6 2481 Stone Jon
1200.0 UT Stoning tim
2.6 Has Lay stom "ais

V-4 Ti,-e.r * loosen thumb scrw hand titgt
12.9 3125 To sern
2.0 CIA
9.2 W2l 2 Tighten

11.2 02 2
16.2 API
2.0 &el

12.9 I125 To screv
2.0 CIA

16.2 £11
9.2 NM2 2 I Loosen

11.2 02 2

*!

U

2. 1.



lYMEA Em-.

ais A iwsz cuff

Deseription-Left Smsd goo L..t. 5 1.11. NO. Doeert tisaft bt lend

W-4 Close & Open extended bridge steudyrost
"40.7 8816C2 Step to the rSebt

To upper Bseetin 11.5 3245 To upper eetion of
S2.0 CIA steedyreet

wia$ dsam 13.5 NIOC Swiss down
5.8 01, ' Ali~m

,.2.0 Wie 32.0 11,

10.1 385 To cIMP
2.0 CIA
6.9 NS& owing clp up

16.2 API sod seaur* steedyrost
311, 2.0 31.1

lRad to belance R123 11. R123 used to belmee
40.7 2516C2 To work aree

"40.7 5S1S= step to left
12.9 IU25 To clmp
2.0 CIA

16.2 API "J Remove steedyreet clamp
8.9J

S2.0 31.1
To teadyret 3163 15.8 ) To ,teedyoeet

CIA 2.0 G1A
owing up ( 23.8 M22C Swing up

31.1 2.0 1L1
lad to balance 3243 19.2 3243 seud to balance

40, L S OC2 Step to left
365.2



POMUI1A 03-2

OumW ANUALMIS CUAlT

bo.erlptis-Left land g.. L.3. 2 R.os. NO. Doecruption-liSht I

1-4 Nve warkbed on eatemid bridse 36" (iwvrage)

150.0 VifP To rea of machi..
Crak to pinluo NxC 10.3 N6C Crnk to plateo
Crank an plates f p253 19.7 M8263 Crank On pluats

2.5 MIA
C§5.6 02

200.5 S.O6 NMve vorkhed 12"

2.0 IL.
- - 2 Loses nut elment

To rack U123 12.9 RUB To crank
CIA2.0 CIA

NHM pinite to saw poe. 68.7 SN) nova plnaeo to saw p

ILl 2.0 iLl
- - 2 TLghteu nut element

12.9 RU3 To crank
2.0 CIA

W.5 5-io-. Move vorkheed 12"

S- -- 2 osees anut element
To rlek 1123 12.9 R123 To crank

CIA 2.0 CIA
NMve Piaten to M poe. M 68.7 ,5•MS ) ov platin to Saw p

IL1 2.0 iLl
- 2 Tighten nut elamset

12.9 3121 To crank
2.0 CIA

200.5 5040) Move vorkhead 12"

5.6 02
8.9 M63 Remove crank

18.6 TICI
195.0 W13P To front of machine

1222.7

I



SUUZA @3-2

um AV MALTSIS €INT

Description-Left lad so. L.O. 1I R.N. No. Deeeriptite-Ri•bt lud

T-4 uasnt steedese ea emte ded bridge & rmowe

29.0 2
To steedyreet 112 1.9 3125 To steedyrest

CIA 2.0 CIA
31.9 AS
18.6 YUCl
3a.0 WOO To bridge

Lay steadyreat on iwival MIW25 33.0 MlEC 25  Lay steedyret on Swivelplate plate
02 5.6 02

steadyreet to slat MCI10  15.3 IWlo SteadyTret to slot
keyway into slot P3810 52.1 P3M80 keyway Into slot

G2 5.6 02
slide steedyrest ae plate N2C 10  9.7 MC 10  Slide steedyrwet em plat
sad bold 2.0 3I.1

10.1 350 To IT" bolt
2.0 01A

19.7 P2531 Aign 1"1 to slot
2.0 i1.1

12.9 I10D To 2nd 'T" bolt
2.0 GIA

19.7 P2551 Align 'T" to slot
2.0 3.1

13.6 am To steedy rest
2.0 GIA

slide steedyfest 6 WSl0 36.6 1ff 510 61 Slide steedyreet
to position(5 G2 28.0 C2 5) to peeitiom

31,1 2.0 1Ll
load to balance ( R 14.2 R163 Hand to balance

15.8 R165 To steedyrest

2.0 GIA
Slide steedyrtes to A PI 16.2 API Slide stedyrest to
edoe of plate 8 M1110 56.8 1I1I0 8 edge of plate

G2 5.6 G2
lmove fran slot D2 11.8 D2D Rmove from slot
To body4 29.3 16525 To body

18.6 TICl
34.0 W2PO
29.0 S

Lay aside M12325 26.3 N12525 Lay aside
Il 2.0 31,1

31.9 AS To balance
700.0



POUWIA .R-2

uinm ANAiIzS Ca'r

Ieserlptiom-Left land No. L.l I1 a.I. No. Daecription-light so

3-4 Set me steadyreet ji to part

To Jw ad bold R163 15.8 1165 To jaw adjusting sert
CIA 00.0 CIA 40)

116.0 KID 40 Turn crw to tmeo
331 00.0 3LI 401 ja

100.0 RIB 39/
Dead to balance R3163' J.3 R161 lRnd to balance

406.0-

A-S Adjuat oe steadyrest ja to par:

14.2 3123 To uheelbead quill
with indicater

8.0 CIA 4
26.8 N3C 4 Turn quill ad oveep
8.0 31 4 indicator over diae t

15.9 R33 3 of part
29.2 4 J
15.8 3163 To adjusting screw
20.0 CIA 10
20.0 Nfg 10 Turn screw to aove ja
20.0 3LI 10
18.0 UfS 9
73.0 XF 10 Look at indicator

268.9

I



lom" 0-2

sewiptio-Left lead No. L.l. 3I R.N. me. Deartpttoa-llskt Need

4 set ega steadfrnst Jew to part

'To jaw OWd bold l1 1.58 116S To jaw adjustIag Germ
CIA 40.0 CIA 40

11. NIS T0 Tu screw to vie

1 0.0 RIBn "I

lead to balance 11R6 - 3106 sand to balance

I Adjust one stoedyrost jw to part

14. 3 13D To uboolkead quill
with Indicator

26.8 xS Turn quill and wosep
5.0 3lt i Indicator over dimeter

15.9 of part
29.2 v 4
15.8 11"3 To adjustifm germ
20.0 CIA 10
20.0 Nfl 10 Turn gcrw to move ja
20.0 31. 10
15.0 ifB 9
73.0 IF 10 Look at indicator

206.9


