FORMULA GR-2
MACHINE SPECIFICATIONS

CAPACITY:
10-3/4" dia. 3 jaw grinding chuck -
Maximum outside dismeter of work = 5-1/2"
13-3/4" dia. 3 jaw grinding chuck -
Maximum outside dianeter of work ® 8-1/2"
Fixture or face plate on spindle nouse -
Maximum outside diameter 16"

WORK SPEEDS:
160 RPM
240 RPM
325 RPM
480 RPM

TABLE TRAVERSE RATE-
0-35 feet p.r mirute (Hydraulic)

WORKHEAD SWIVEL:
Maximum with guard - 150
Maximum wittout guard - 35°
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SECTION I

FORMULA REFORT, WORK SHEETS AND INSTRUCTIONS
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FARTS:

MATERIALS :
. L

WORK STATION:

.~ o0

ARPPLICATION:

. ANALYSTS:

- L0
~ OPERATIONS ::”

" ALLOWED TIME:

. . N " ‘/.
ALLOWANCES :

.

FORMULA GR-2
HEALD 72-A INTERNAL GRINDER

FCRMULA REPORT

.All parts-which are withir. capacity of the machine.

‘Al}1l Internal Grinding, including Traverse, Plunge, Taper, Radius
and Face Grin ding.

A1l matgrlats comncnly grouﬁd on an Internel Crinder.
Department b37~1; Heald 72-A Internal Grinder.

Set-up =~ Time in decimal hours as computed from set-up
work sheet. - o ;

‘Ench‘Piecé'- Time-in decimal hours as «~mputcd from each
piece work sheet.  ~ :

‘A1l times shdwn on work sheats and in charty are expressed in
levelled decimal hours without allowances. A standsard ailowance
of 15% must be added to'all total times to compansate the average

: operacor fcr fatigue, personal and unavctdabie delays, and re-

quxred wheal -«chunges.
. hY ° . . .

*This Form&!q appiles .to all operations commonly performed on the

Heald ):*A"vtetnal Grinder.

“~

Ttme values c nrained in thxs Formu.a app.:y to operations as
pertormed on the.Heatd 72-A Internal Grinder during October 1956.
1t chere‘are any future changes in methods, conditions, material,

.or equiprent- the time values must be revised to compensate for

" such’ cbanges

Basic e: emenit times were, determined by direct observation ari
lpplication of MTM data. Coastant time values showm on work
sheets were deveioped by synithesizing basic elements.

To-ls a~d grin‘irg uqulnmerL such as 0"-1" chrometer, 5" Scale,
Ailen Wreno~ies, Cper end Wrencmes, Diamerd Dressers, Dressing
"sricks”, and Hammers arc assumed to be readily available to the
operat v, eith:r from nis own tocl box or from a ro-wnrker’«,

Machine equiprent such as Chucks, Chuck Jaws, Wheelheads, Face
Plates, Grindlag wh2e!s and pletters, Chuck Spliers, Finger back
Stops, Radius Dresser, Tullls, and Nuts and Bolts are assumed to
be availsble at the department *ocl rabinets or wheclhead storage
rack.

Jest Availasie Cop



PROCEDURE

Msasuring devices and tools such as Height Gages, Verniers,
Indicators, Large Micrometers, "V Blocks,and parallel Bars,
which are not specified on the operation sheet must he ob-
tained from the Tool Crib. Special toaks and gagas listed
on the operation sheet are delivered to tha operator by the
transfer man. The transfer man aleso brings parte to the
machine and removes completed parts. It is assumed that the
operator is capable of setting up the machine and meking sll
adjustments recessary to produce dimensionally correct parts.
The first correct piece produced by the operator must be
checkeéd by the Supervisor and approved before additional
pieces are run. The first piece must be submitted to imspec-
tion for approval after it is approved by the Supervisor.

Set-up - Operator is assigned a job by his Supervisor, clocks
in on set-up and returna to the Supervisor for blueprint and
instructions, The operator then studies his operation sheet
and blueprint, gets “he required tools and equipment and
proceeds to set-up his machine. All neceéssary trial cuts,
aligmments and setting adjustments are part of the set-up.

The operator subaits his first correct part to his Supervisor
for approval, then turns the pert over to Inspe:tion, clocks
off set-up and on piece part time, and returns - machine.

Each Piece - Opergtor gets a part from floor or bench, places
it in holding device and performs the necessary grinding oper-
ations. All required gauging and machine aljustment necessary
to maintain dimensionally correct parts iare performed by the
operatcr,




FORMULA GR-Z

HEALD 72-A INTERNAL GRIMDER

HORY SREET - SET-UP
Oper. ¢ SP/SC¥
e, ¥o. . Dazacrintion Hours | Occ. | Hours
R-a 1 Set-Up, : Initial And Machins |1.1202 1 11.1202
: Set up Holding Jevice:

ZeA | 27 3 _Jaw Chuck +7186

8 1 37 Additional For Finger Back Stops .2841

L 23 Pixture .2133

D 45 Fixture on Masnetic Chuck | ,0256

E 34 Face Plate .1965

Z 2 Additional for Workhesd Guard 20
1. G 33 Extended Pridps 22965
E-A 38 et-up;: Recius Dresser .3230

-A 21 ] Align: Wheelhezd with Shim 0531

det-yp Stops:

b-a 11 Bach Table Traverse or Stop Dogl .0044

B 12 One Ta:le Rarrel Ston! .0074

c 13 Ona Workhaoad Barrel Stop| .0157

D 14 Each Additfonal Barrel Stop] ,.0202

~A 49 Supervissr ‘s First Flece Asproval ,1152 1 +1152
J=A Trial Grind Time Allowed:

Rach Plece Time X 3w —_—
GCazs Fach Size ®x 0300 »
. TOTAL.
TOTAL TIME
ALLOWANCE %

ALLOWED TIME

v b
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Ho. __Degeription
ZE Consisne Pexr Placn
Rendle Pare:
&3 R 8¢ or lese  L0O3S
Lh o , over 5% 8030
1604 3 e g?nck L0037
42 5@" gnetic Cousk veas
F-3 ' Finture y
K-52 Steady rest (XY !
True~-up Part: . !
10 Andizater ond Hasder L0167
8 ndicgtor and Adézag g sc:gus (3L
Index Berrel Stop:
1 Zach bla Stee  LOOLS
16 Ez:h Workhead Stop ,0039
Freu Whaels '
s
139 N
Dafurr VET
13 na i
47 Bach Aés%%:ional Sha:g Eudg,& L0008 %
iGauging Required:
Gau-

Hachine Time: ‘

TRAVERSE GRIMD
1-No.of Strokes__x __ Time Per In/Stroke(Ch.2)x__ Lgth
2-Ho,of Strokes__ x Time P In/Stroke{Ch.2)x__ Lpth

PLURGE GRIND

l-Steck Removal =~ x —__ Time Per .001" (Ch.3)

2-=Stock Removal x Time Per 001" (Ch.3)

3<8tcck Removal X Time Per 001" (Ch.3)
FACE GRIND

3tock Removal (Cﬁ é)
Ho. of Rev. x Time Per Rev. {Ch.4)

TOTAL

Tezal Time

Allovance %

Allcyed Time
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WORK SHEET nvinucrms . .
SEx-U?

1=A Initial and maching set-up is allowed once per job order.

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

2= Additional for finger back stops in chuck {s sllowed once per job order
where fimger back stops are used in & 3 Jaw Grinding Chuck. These Back
Steps peruil osch piece part to maintain a coanstant location in the
chuck. This time is allowed in addition to 2-A..

2-C Set-up fixture ic allowed once per job order when a fixture is used as
a holding device. This time is allowed only when the fixture mat be
mouated on the machine spindle nose or 9a a face plate.

2-D Set-up fixture om magnatic chiuek is allewed once per joh order vhen a
fixture is used as a holding davice. This time i3 alloved only when
the fixture ic mounted on a magnetic chuck.

2-p Set-up face plate is ailowed once per jcb order when a face plate is
used as & holding device. This time is allowed when either a fixture
or a plece part is (0 be mounted om a face plate.

2-7 Additienal for vorkheed guard 1s allowed once vhen the workhead guard ‘
mist be raueved te vermit the workhead to swivel over 15°. Under 15°
the verkhoad can be svivaled without removing the guard.

3-8 Additionsl set-up for extended bridge is allowed once per set-up when
sa extended bridge grinder is used. This time includes setting up a
stesdyrest and positioning of the workhead on the extended bridge.

3=-A Set-wp Rodius Drusser is allowed once per job order whem a radius
dresser is used.

h=A Aliga vheelhead with shim is allowed once per job order for aligning the
wheelhead with shim stock. This time is 2llowed only vhen face grinding
to a squareness of 6' or lese, and/or when face grinding to a di-cnuon
of a totel tolerance of .002" or less.

S5=A Set-up each table traverse or stop dog is allowed once per job order
for each table traverse or stop dog. Traverse dogs sre used only for
travarse grinding. The stop dog is used for plunge grinding, face
grinéding and as a safety stop for traverss grinding.

5-8 Set-up one table barral ntq; is allowed onca per job order when only
one table stop is required.

T e e R e ORIt = S e s

i ———



5«C
5«D

6=A

1=K

8=A

9=A
9-3
10=A

10-3
10-C

10-D

FORMULA GR-2

Set-up one workheas Larvel stop is alloved omce pexr job order whem only
ons vorkhaad atop is required.

Set-up each additional barrel stop is allowed once per job order for
each additional stop on the vorkhead or table barrel stop. This time
is alloved in additiom to 5-B and/or 5-C.

Supervisor's first piece apprcval is allowed once psr iod order.

Trial grind time is allowed once per job order. Each firat piece
time is obtained by multiplying the total time from each pince work
sheet by- 3 ¥ checking time. Checking time is obtained by multiplying
the number of dimensions to be held in the operatiom by .0300 hour.

EXAMPLE: Time per piece = ,023 hr. - 2 dimensions to be held.
(Time per piece x 3) ¢ (no. of dimensions x .0300 kr.) =
(,0250 hr. x 3) ¢ (2 x 0300 hr,) = ,0750 hr # .0600 hr, =
21350 hr, = Trial Grind Time.

RACR PIKCE

Constant per piece is allowed once for each piece. One occurrence {a
allowad for each additional dimemsion to be ground.

For Example: An operation which calls for griadinz two dismeters and

one face would require two additional occurrences. Additional occur-
rences are slso allowed wiere clcese tolerances require a seriaes of
sizing cuts. In this case one occurrence is allowed for each sising cut,

Rules for detsrmining the number of sizing cuts roquired:

(1) Diameter tolerance cf ".0003 or less allow 3 sizing cuts.

(2) Diameter tolerance of ".0004 to ".001 allow 2 sixzing cut.

(3) Step dimension tolerance of -",003 or less aliow 2 sizing cut.

Nandle part 54 ér less is allowed once for each piece weighing 5¢ or less.
Randie part over S# is allowed once for each piece weighing over 5¢#.

3 Jaw Chuck is allowed once for each picce using & 3 Jaw chuck as a
holding device.

Magnetic chuck is allowed once for each piece using a magnetic chuck
as & holding device.

Fixture is allowed once for esach piece using a fixture as a holding
device. This time i{s cbtained from Formula F-3.

Steadyrest is ailowed ‘once for each piece vhen 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.




11-A

11-3

12-A
13-A

13-3

13-C

14~-3

15-A

FORMULA GR-2

True-wp part with indicator and hammer i3 allowed once for each piece
where & piecs part held in a fixture must be trued-up with an indicator
and a hamer.

True-up part with indicator and adjusting screws is allowed once for
each piece where a piece part, held in a fixture, must be trued with
an indicator and adjusting screws.

Index each table barrel stop is allowed once for each additiomal table
stop required.

Dress wheel dismeter with diamond is allowed once for each piece.
Allov twice when a length of hole to be ground is 3" or more.

Drees wheel face or radius by hand is allowed once for each time the
face of grinding vheel is dresased by hand to face grind or to grind
a fillet inside a blind hole. Allow omce per pisce for each face;
1/2 for eash fillet.

Dress wheel with radius dresser is sllowed once for each time a radius
or a grinding vhesl is dressed with a radius dresser.

Daburr one sharp edge is allowed cace for the first or single sharp edge.

Deburr aach additional sharp edge is allowed once for each additionsl
sharp edge. .

Gauge time values are obtained from gauging Formula GAU-1. Allow
sufficient gauging to insure the accuracy of the opsration sheet
telerances and naval ordnance specifications.

Rules to determine the approximate number of gaugings required:

(1) Whean the tolerance cf a dismeter exceeds .003 the allowed
inspoction time {Chart 1-C from NOPF Gauging Formula GAU-1)
shall be used. Por a tolerance of ",002 and under the
following rules will apply.

(2) Yor a tolerance of ".00i1 to ".002 allow 1 gaging

(3) Por a tolersnce cf ".0007 to ".001 allow 2 gagings

(k) Yor a tolerance of ".0004 to '.0006 allow 3 gagings

(5) Por a tolerance cf ".0003 cr less allow &4 gagings

(6) When a tolerance of a step dinension exceeds ".005 allow 1 guging
(7) PYor a step dimension of ".003 to .005 allow 2 gaginge

(8) TYor a step dimension of lass than ",003 allow 3 gagings




16=A

16-8

16-C

FORMULA GR-2

Machine Time - Traverse grind values are computed from Chart #2.
Chart #2 shows the rscommended amaunt of stock to be removed per
stroke for a given material and the tims in decimal hours for ome
inch of stroke.

To obtain the number of strokes required, divide the total stock to
be removed by tiae amount of stock to be removed per stroke.

EXAMPLE: Grind a hardened steel bore diamseter 3.000" long from 1.380"
diameter to 1.406'" diameter and hold a 32 micro finish.

The amount of stock to be removed = ,026"

From Chart #2: Steck to be removed 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 = (.026 divided by .0002 ¢ 8 = 130 + 8 = 138

Traverse Grind Time = Number of strckes {(138) x Time for inch stroke
(.0003 hr.) x length of Bere {(3".000) = 138 x .0003 hr x 3".000 = ,1242

Plunge grind values are computed from Chart #3. Chart #3 shows the
tim¢ in decimal hours to rough grind .001'" stock of a given material

.and the time to finish grind.

EXAMPLE: Plunge grind a carbon steel part, vhose bore dimmeter is
1.'%35, to a finish size of 1.'W48 diameter.

From 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.'%48 - 1.'%35 = 013"
The time to remove .013" = (13 x .N013 hour) + (4 x .0013 hour) (see
note Chart #3) = ,0169 hour + .0052 hour = ,0221 hour

Face grind valuez are obtained from Chart #4.

EXAMPLE: Pace grind an alloy steesl part with a workhead speed

of 160 RPM and .008" stock to be removad. A required 32 RMS (finish)
must be obtained.

From Chart # obtain the time to remove .008'" stock = ,0046 ¢ 10
revolutions of workhead for a 32 RMS (finish) with a time value of
.0001 hr. per rev. = 0046 hr., # (10 x .0001 hr.) = ,0046 hr. ¢

.0010 hr, = 0056 hr. = total time.
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SECTION 11

CHARTS




NOPF GADGING POBSEILA CAU-1
Chart 1

Use Instr, K" %thptm ’ Allowed

[

Mo, Mo, ,
Sele 1 K-2  Scale digessige te 1/16" 0025
1 K3
.
2

Scale
“"
Scale

K-S Measure dimeasion wp to 3",
Outside K-€ MNeasure dim, over 3" up to 12%. Read to .0075
. Hicrometar 3 .001
K-7 Measure dim. over 12", Fesd to .001 .0092
Add. for rn‘% ggcﬁclonr than 5001, . 0018
K-11 Measure dim. to AY. Read to .00L .0118
Inside K-1Z Measure dim. owver 4" up o 12", Read to .0124
Micrometer & .001
K-13 MNeasure dim. over 12", Read t» .001 .0151
Add. for reading wie. glg’.t thaa , 001 ,%};
Depth K15 Measure dimenoion up to 3" .
5 K-16 HMsasure dimension over I . 0067
Micrometer E-1" Adiitional for s difficult positiom .ggg;
Vernier K-36 Measure dimension under 12" .01%,
Calipers é K-37 Meisure dimension over i2" . 0136
Depth
Yernier T X-38 Mearure dimeasion 0" to 12" . 0140
Vernier X-4Q0 Medaure dimeusion L0167
Reight Gauge 8 F-44 Measure dim. with Indicator & Gauge .0159
Blocks
Telescope or “Measure dim. with telescope or small
Ball Cauge 9 k=9 hcle gegs, .%
Plug .2€ Use piug gauge under 2", .
Gauge 10 X-2™ Usa piug getuge cver 2", .0037
Thread ! Ring thd, gxuge) see charts l-a & 1-b ,0022 ¢
Cauges 11 K-8 P,ug *wd. gauge)
Cutside K-30 Use :pri-g caliper up to 8" . 0104
Calipers 12 £-33 Uz firm joint calipers 8" to 24" . 0140
Inside K-3i Usa spring calipers up to 8" .0109
Calipers i3 X-34 Use firm joir? cslipers 8" to 24" 20180
Surface Use surface gauge with indicator and
Gauge 14 K-44 gaugs blocks. 0139
Yeeler
Gauge 13 K-47 Use fesisr gauze each point, . 0030

Radius Angle 1 X-l' Use, Redius, Angle, or Profile Cauge. . 0045
Profile K-19

Adjustable

Parallels 17 X-2. Use sdjustable parallels, . 0083

Electro

Limit Cauge 18 ' K-48 Use eleciro limit gauge . 0092

Dial Bore 19 X-.9 Use Aigl bore or Frecisionaire gauge . 0065

Precisiounaire

Square or 20 K.J? Uem y3j.gre cr protractor, . 0044
. Frotractor

Comparator 21 X.5. Megzire one dinension 0470

22  K-% Tu-h Additioral Dimension 0325




FORMULA GR-2
CRART #2 - VERSE CR
Recommended RPM Stoc al Per Stroke
and Grinding Time Per Inch of Stroke

) Stock to be removed per stroke in inches
Hardened Carbon and| Brass, Inch
Avail | Steel, Corr.| Alloy Bronze & Stroke
(1, ] Res. Steel Steel Copper Time in
30 sry 30 _Sru 73 _SrM Hours
480 . 0001 .0002 .0002 Jﬁxs
325 .000) ' .00020
480 Ty 0002 .0002 00015
0 .0001 +00025
12%5: ,0002 00020 '
480 .0002 .00015
) ,0001 00030
[ 32 ,0002 .00020
480 .0002 0001
| 160 .0002 .00030
240 .0002 00025
325 , . 0002 00020
) 000y .0002 ] .00030
) ,0002 .00025
160 ,0002 .0002 .00030
“‘ * ) -sz 0@25
sp-7g_1rso ,0002 .0002 .0002 .00030

It is recommended that additional strokes be alliowed
for the following:

A total dia. tolerance of .001 or less allow 8 strokes
A 63 1S allow & strckes

A 32 DS allow 8 strokes

A 16 BMS or better allow 12 strokes

WOTE: Yor a bore 3/8" dia. and under where the length is at least
2 times the dia. use 25% of the recommended stock removal per stroke,
and 4 times the number of additional strckes.

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

For a bore of over 5/8' dia. where the length is at least 4 times the
dia., use 75% of the recommended stock removal per stroke, and 2 times
the number of additional strokes,

orind Time = = LxNxT
Where L - Length of Stroke
Where N - Mumber -f Strckes =  (Stock to be removed )

(Stock removal per stroke)
. Where T = Tiwe tn hours pér one inch of stroke




FORMULA GR-2
CHART #3 - Plunge Grind
Grinding Time Yor .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, Bronge and Copper; Remove '".00007 Per Rev.
‘ Time in Dec. Mrs. to Ramove '',001 Stock I
Bore | Hardened Steel Alloy & Brass,Bronzd
Dia. ST Avail] Corr. Res. Steel Carbon and Copper
8& |30 137 0008
F‘;‘.L §0-75 480 .0004 .0006
30 240 «0010
L/2" 50 325 .0005
15 480 . 0006
30 160 .0014
SO 325 .0005
15 480 . 0006
30 160 .0016
50 240 .0007
13 325 .0007
30-50 160 - .0014 .0010
75 240 .0010
20-50=75 160 .0018 .0013 .0015
30-50-75 160 ,0021 0015 ,0016
30-50-75 |160 .0024 .0018 .0017
30-50=75 160 .0027 .0020 .0018
30-50-75 160 .0030 ,0022 .0021
30-50~75 160 .0033 .0014 20026
30-50=75 160 .0036 .0026 20027
30-50-75 160 .0040 .0030 0030

NOTF: A:iw the time for an additional .004" to cover the time
required for Sparkout.

e ot~ + =
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1 325 | .00005

CHART #4

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

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

Avzg! Time e e o L — e St
_JReM | Per Rev. 00 ] w02 ] .00 [ .00
160 L oaospa 00 1 Lutse 0036 1,006
a0 lodue o eGoae T 0us | L0028 ].001}
12y} _oueoy_wwrs b L00we | L0001 f,000

L0006 = W3

etals 480 00004 0008 L0010 ] .0012 [.001
Derivation of Chart 4. .016
RP

RPM = Revolutions per minute, .01

S = Amount of stock to be removed,

in Dec. Hours (Consrant)
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GRIND TIME

— 1

Remove ,0001" Per Rev,
Remcve .0002" Per Rev.

lowed for Sparkout where a 32
8 required.

RMS is

TR T T e T NS R e BT T T RS
removed {n inches, _ . __ ..
.006 ] .00r ] L008_ 1 009

.0049_0056" |.0063 f.0070

- g - e -y

J-00i6"00st Tranue 10051 7
_0

1808 1007 ;05" [0096. ];

.011

.0116

“1-008 1]
0061 ]

.0027 10031 1,003 1.0038 _].0041 ].0044
0021 [.0024_1.0026_1.0029_].0031 |.0034
.0018_].0020_].0022_].0024_].0026 ].0028

f 0006 = Allowed Time
minute in Dec. Hours

eed Per Revelution
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SECTION III

LIST OF CONSTANTS AND SYNTHES1S
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X-1

x-2

X-3

X-4

X-5

X-6

X-7

K-8

X-9

X-10
X-11
X-12
x-13
X-14
X-15
X-16
X-17
X-18
X-19
X-20
x-21
x-22
x-23
x-24
X-25
X-26
x-27
x-28
x-29
x-30
X-31
X-32
X-33
X-3%
K-35
X-36
X-37
X-38
X-39
X-40
X-41
K-42
X-43
X-4b
K-45
X-46
=47
K-48
K-49

LIST OF CONSTANTS

Initial and machine set-up

~ Set-up workhead guard

Use one screw

Use each washer

Obtain tool from toolbox

Obtain and lay aside tool on banch
Obtain tools in cabinet

Set-up surface gage and indicator

Use indicator

True-up object with indicator

Set-up one table traverse or stop dog
Set-up -ne table barrel stop

Set-u; cne workhead barrel stop
Additicnal sst-up for each barrel stop
Index table barrel stop one position
Index workhead barrel stop one position
Change grinding wheel

Mount Wheelhead

Change quill on wheelhead

Set=up wheelhsad

Align wheelhsad with shim

C:r.atant per piece

Dress wheel face by hand .

Mount fsce plate

Remove chuck, fixture or face plate
Mzunt 3 jaws in chuck

Set-up 3 jaw chuck

Grind jews

Set-up coolant

Set-up truing unit

Align workhead

Dress diameter of wheel with diamond
Set-up machine

Set-up face plate

Sst-up fixture

Assambie 3 chuck finger stops

Set-up finger back stops in chuck
Set-up radius dresser

Dress radius of wheel with radfus dresser
Use air chuck

Use epxrirg chuck

Use magneric chuck

Handle part 5# and under

Handle part over 5¢

Set up fixture on magnetic chuck
Deburr sharp edge

Deburr each additional sharp edge
True-up part in fixture with adjusting screws
Superviacr's first pilece approval

FORMULA GR-2

ny
112015.3
2727.0
626.6
100.8
667.4
164.3
6610.8
658.1
635.2
1674 .2
436.6
763.2
1574.0
2022.1
153.0
387.7
2643.7
4130.5
2320.4
12676.0
5310.7
660.2
129.3
9667.2
4992.7
i2062.1
71859.0
37042 .4
1416.0
12509.1
21382.7
803.3
5763 .8
19652.6
21326.8
164769.3
28412.9
32299.4
740.8
304.9
363.3
2293.0
350.1
500.1
2559.4
172.7
83.0
2142.6
11521.4



K-50
K-51
K-52
K-53

Set-up workhead on extended bridge
Set-up steadyrest on extended bridge
Use steadyrest on extended bridge
Mditional set-up for extendad bridge

FORMULA GR-2

16440.7
11387.7

365.2
29654.3

+ 1644
1139
.0037
«2965



k-1

k-2

k=3

K-

K=-5

k=6

k=1

K-8

K-7
x-8
X-33

A-4
B-4

"~ K=$

D-2
K3

A-2
B-2
c-2
D-2

E-2
F-2

O WX

O X™AH Q0

T <

SYNTHESIS

Initial and machine set-up

FORMULA GR-2

Dec
nu Rours

112015.3  1.1202

Walk to supervisors desk or timekeeper &
return 6387 .2x2
Walk to tool crib and return

Study blueprint and operation sheet(average)
Obtain tocls in cabinet

Set-up surface gage & indicator

Set-up machine

Time to clean machine

Set-up workhead guard

12774 .4

12637.2
5000.0
6610.8

658.1

57634 .8

16700.0

271271.0 202723

Mount workhead guard

Remove workhead guard

Obtain and lay aside tool on bench 164.3x2
Walk to rear of machine and return 3%7,.2x2
Tighten or loosen each screw with wrench 88.2x6
Use one screw

iise one screw

267.6
181.2
328.6
79 .4
529.2
626.0

626.0 __.0063

Move esach screw to hole and engage

Run down each screw by hand

Run out each screw by hand and lay aside
Tighten or ioosen each screw with wrench 88.2x2

Use esach washer

110.7
162.1
176.8
176 .4

Place each washer on stud
Remove and lay aside each washer

Obtain tools from tool box

Open and close toolbox draver 57.4x3
Get tool from toolbox and return 63.0x6
To workbench and back

Obtain and lay aside tool on bench

To workbench and back
Pick up and lay aside tool

Obtain tools in cabinet

Walk to cabinet & return 2337.2x2
Obtain and replace tool in cabinet 99.0x6
Open & close cabinet doors 85.7xk
Pickup and lay aside tool 67.1x12

To workbench and back 97.2x2

Set up surface gage ard indicator

Assemble indicator to surface gage
Disassamble indicator from surface gage



K-9

K-10

X-11

K-12

K-13

K-14

K=15

K-16

8-3
S-4
K-6

K-11
r-3

p-2
J-4

G-4
n-2
K-6
K3

r-3
H-2
G-4
K-5
K-3
L-2

z:.:a:
[ S

FORMULA GR-2

SYNTHRSIS Dec

(Contd) ™ Hours
Use indicator 435.2 10044
Read indicator 90.1
Wipe small object off with clothk 110.,0
Move imndicator to part 70.8
Obtain and lay aside tool on bench 164.3
Truwe~up object with indicator 1674,2 10167
Use indicator 435.2 .
Tap object with hasmer 102.3x3 306.9
Read indicator 90.1x2 180,2
Pick up and lay aside tool 67.1
Turn workhead spindle by hand = 58.1x10 581.0
Turn workhead spindle with "jog' button 34.6x3 103.8
Set-up one table traverse or stop dog 436,6 20044
Move one table traverse or ctop dog 215.2
Adjust one table traverse or stop dog 73.8x3 221.4
Set-up one tabls barresl astop 743.2 0074
Set-up one table stop dog 436.6
Move table by hand 153.3x2 306.6
Set-up one workhead barrel stop 1574 .0 .0157
Tighten or loosen each nut with wrench 88.2x4 352.8
Move workhead barrel stop unit to or from

indicator 38,3x2 76.6

Pick-up and lay aside tool 67.1x3 201.3
Index barrel stop one position 153.0
Obtain and lay aside tool on bench 164.3
Use one screw 626.0
Addicional set-up for each barrel stop 2022.1 10202
Move table by hand 153.3x2 306.6
Index barrel stop one position 153.0
Pick-up and lay aside tool 67.1
Obtain tools from toolbox 647 .4
Use one screw 626.6
Adjust one table stop dog (Sim.Mot.Pat.) 73.8x3 221.4
Index table tarrel stop one position 153.0 +0015
Index barrel stop one position 153.0
Index workhead barrel stop one position 387,7 +0039
Index bsrrel stop position 153.0
Move workhead cross slide 148.2
Move workhead cross slide to dial reading 86.5



K-17

K-18

K-19

K-20

K-21

)
1-3
X-3
K-6
G-4
u-3
K-32

u-2
z-2
A-3
D-3
$-3
3
G-4
D-2

K-6
K-3

X-2
K-3
K-6
G4
D=3
8-3

K=-17
K-18
K-19

V-2
W-2

X-22
W-3

K-23
G4
K-6

FORMULA CR~-2

SYNTARS1S Dec.

(Cont 'd) . ™ ours
Change grimding wheel 2643,7 02584
Mcunt & remove grinding wheel 239.4
Dress dismeter of wheel with carborundum''stick"” 451.4
Use one screw 626.6
Obtain & lay aside tool on bench 164.3
Pickup and lay aside tool 67.1x2 134.2
Set stop on wheelhead cross slide hardwhoel 224 .5
Dress diameter of wheel with diamond 803.3
Mount wheelhead 4130,.5 20413
Mcunt and remove wvheelhead 413.6
Mount and remove whelhead drive bdelt 208.4
Tighten and locsen wheelhead drive belt 140.8
Raise and lower grinding wheel guard by hand 318.0
Wipe large cbject off with cloth 163.4x2 326.8
Tap cbject with hammer 102, 3x2 204 .6
Pick up and lay aside tool 67.1x3 201.3
Tighten or loosen each screw or nut with wrench

88.2x6 529.2

Adjust length of wheel guard 41,7
Obtain and lay aside tool om bench 164.3x3 492.9
Use one screw 626 .6x2 1253.2
Change quill on wheelhead 2320.4 .0232
Block wheelhead spindle 212.3x2 424 .6
Mount & remove quill (Sim.Mot.Pat.) 626.6
Obtain and lay aside tool on bench  164.3x2 328.6
Pick up and lay aside tool 67.1x6 402.6
Raise and lower wheelhead drive guard(S.M.P) 318.0
Yire small object with cloth 110.0x2 220.0
Set-up wheelhead
Walk tc wheelhead storage rack & return 3237.2
Obtain ard replace wheelhead at storage rack 344.2
Change grinding wheel 2643,7
Mcun” wvheelihead 4130.5
Charge quill on wheelhead 2320.4
Align wheelhead with shim 5310.7 0331
Pla.e shim urnder wheelhead 118.1x2 236.2
Rem:>ve shim from under wheelhead 89.8x2 179.6
Tighten c¢r loosen each screw with wrench 88.2x8 705.6
Operate machine each dimension 660.2x3 1980.6
Bring grinding wheel to face of work with
facing attachment 62.7x3 188.1
Use 6" scale - Formula GA-1 (K-2) 250,0x3 750.0
Clean~up grind the face est. 150.0x3 450,0
Dress wheel face by hand 129.3x3 387.9
Pick up and lay aside tool 67.1x4 268.4
Obtain and lay aside tool on bench 164.3



K-22

K-23

K=-24

K-25

K-26

W-1
E-3
L]

G-2
§-3
R-3
Z-3
L-1

Pl
R-4

E-2
G=4

K-6

PORMULA GR-2
Dec.
™ Hours
SYNTHESIS
(Cont 'd)
Constant per piece 660,2 20066
Set table traverse speed 54 .6%2 109.2
Reverse table traverse by hand 35.2x2 70.4
Mcve wvheelhead cross slide 90.3x2 180.6
Hydraclic trable traverse time (est) 300.0
Press vheel face by hand 129.3 20013
Dress face of grinding wheel with carborundum
"stick" 129.3
Mcunt face plate, chuck or fixture 9667,2 .0967
Lock and unlock workhead spindle 71.2x4 284 .8
Wire object off with cloth 163.4x2 326.8
Blow off part with air 117 .4x12 1408.6
Obtain and lay aside chuck removing board 397.8
Put chuck, fixture or face plate on spindle
rose 156.1
Place b:12 in chuck, fixture orface plate
& run in 414 ,0x6 2484 ,0
Tighten bclt in chuck, fixture or face plate
with wrench 211.9x12 2542.8
Pla:e ea:h washer on: bolt 56.2x6 317.2
Pizk ur and layaside tool 67.1x6 402.6
Tu>n workhead spindle by hand 58.1x20 1162.0
Ob*air. ard lay aside on bench 164.3
Remcve chuck fixture or face plate 4992.7 0499
Rem:-ve chuck. fixture or face plate from
sgindle nce 95.8
itk and unlock workhead spindle 71.2x2 142 .4
s2zen bolt in chuck, fixture or face plate
with wrench 211.9x6 1271.4
Run cut belt in chuck, fixture or face plate
and ‘ay asgide 322.9%6 1937.4
Obtair ar< lay aside chuck removing board 397.8
Objain and iay aside tool on bench 164 .3
2ur~ wirkhead spindle by hand 58.1x10 581.0
Pick up ard lay aside tool 67.1x6 402.6
Mcur> 3 jaws in chuck 12062.1 . 1206
Mcunt ard remove one chuck jaw 75.6x3 226 .8
Turn workhead spindle by hand 58,.1x12 697.2
Wire swall cbject off with cloth 110.0x9 990.0
Use one screw 626.6x12 7519.2
Crease one jav in 3 jaw chuck 125.5x3 376.5
Open and close chuck jaws 123.4x3 370.2
Obtain and lay aside tool on bench  164,3x3 492.9
Addiricral to tighten and loosen screw
with ailen wrench 132.0x9 1188.0
Pick up and lay aside tool 67.1x3 201.3



K=-27

K-28

K-29

K-30

K-24
K-26
K-28
Q-1

K-20

R-1
R-1
K-22

Ued

K-32
L-2
K=41
U-1
K-9

S-4
V-2

TE
rs N

LI S
(PO LI 2

TOTREeYe”
wSsoN
~N

FORMULA GR-2

Dec

SYNTHRSIS ™ Hours

(Cont 'd)
Set-up 3 jaw chuck 12186
Mount chuck 9667.2
Mount 3 jaws in chuck 12062.1
Grind jaws 37042.4
S&t pressure of chuck 411.3
Set-up wheelhead 12676.0
Grind jaws 23042 .4 3204
Place spider in chuck and remove 354 .8x6 2128.3
Open and close chuck jaws 123.4x9 1110.6
Ccnrvant per piece (S.M.P.) 660.2x8 5281.6
Che -k dia. of jaws (GAU~1(K-26) 440,0x8 3520.0
Grind jaw time (average) Est 16700.0
Stcne sharp edges of 2 jaws 1262.4
Turn workhead spindle by hand 58.1x3 174 .3
Press dia. of wheel with dismond 803.3x5 4016.5
Adjus® spider to size (S.M.P.) 73.8x6 442.8
Place part in chuck (S.M.P.) 365.3x2 130.6
Obtain and lay aside part 116.4x%2 232.8
Use indicator 435.2x2 870.4
Read indicator 90,142 180.2
M.ve indicator to part 70, "8x2 141,06
Wipe ~f¢ hclding surface of 3 jaw chuck 58'",.8x2 117.6
Piace ard remove part from 3 jaw chuck 66".1x2 132.2
Sat-up ccsiant 14616,0 0142
Positizn coolant pipe 78.7x2 157 .4
Adi st ccolant flow 131.2x2 262.4
Waik to side of machine and return 294.2x2 588.4
Pick up and lay aside tool 67.1
Tighten cr l:osen each nut with wrench B88.2x2 176.4
Obtain and lay agide tool on bench 164.3
Ser. ; rrutwg unit 12509,1 _ ,1251
Insert acrd remove diamond in holder 102.8
Ser truing unit for automatic diamond rise 309.9

103,.3x3

Mr2e **. {ng unit forward or back 113.1x2 226.2
Move truing unit base 216.4
Tighter «r loosen each nut with wrench 88.2x32 2822 .4
Wipe emall object cff with cloth 110,0x2 220.0
Waik ¢ rear of machine and back 397.2x7 2780.4
Op €rate v hire each dimension 660.2x6 3961.2
Obtain and ay aside tool on bench  164.3x3 492.9
Pi:k-up and lay aside tool 67.1x6 402.6
Use 2ne s rew 626.6



K31

K-32

K-33

K-35

c-3
K=32

De2
B3

K-9
K-22
K6

E-3
L-3
T-2
w-1

K-20
K-31
K-29

K-24
K=25

K-34
K~10

FORMULA GR-2

Dec
SYNTNES]1S ™ Hours
{Cont 'd)
Align workhead 22138
Swivel workhead to adjust taper of work 117.ixk 469.6
Dress diameter of wheel vith diamend 803.3x5 4016.5
Pickup and lay aside tool 67.1x5 335.5
Tighten or loosen each nut with wrench 88.2x32 2822.4
Svwivel work 1/2" taper per foot 296.6
Walk to rear of machine and raturn 397.2x5  1985.0
Use indicator , 435.2%4 1740.8
Operate machine each dimension 660.2x5 3301.0
Obtain snd lay aside tool on bench 164 .3
Clsan-up grind time average (est) 600.0x5 3000.0
Check taper with gage (GAU-1(X-49) 650.0x5  3250.0
Dress diameter of wheel with diamond 0080
Reverse tegble travel by hand 35.2x3 105.6
Meve vheelhead cross slide 90.3x2 180.6
Lower truing diammond by hand 57.9
Set tabdle traverse speed 54 .6x2 109.2
Wheel dress time (average) est. 350.0
Set~up machine 5763.8 3263
Set~up vhealhead 12676.0
Aligh workhead 21382.7
Set-up coolant 1416.0
Set-up truing unit 12509.1
VWalk to side of machine and return 7451.6
Turn master switch on or off 90.2x2 180.4
Walk to rear of machine and return 397.2x2 694 .4
Mount & remove front or rear splash guard
. 204 .7x2 409.4
Turn vheelhead or hydraulic motor on or off
112,.7x64 450.8
Open or close air supply for hose 159.8x2 319.6
Set workhead spindle speed 144 .8 144 .8
Set-up face plate 19652.6 +1965
Mount face plate 9667 .2
Remcve chuck, fixture or face plate 4992.7x2  9985.4
Set-up fixture 213
Slt-'\lp fixt“te (S.N.P.) 1965206
Trie-up object with indicator 1674 .2



K=36

K-37

K-38

K-3

D-2
G-4
K-35
K=7

K-36

$-3
$-3
r-1
J-1
T-4
K-6

G-4
K-22

F-3
E-4

K-3
R-1

K=-23

FORMULA GR-2

SYNTHESIS

Assamble (3) chuck finger stops

Dec
™V Hours

14769.3 .1477

Walk to vise and return

Use vise~(Form. F-2(K-8) 243.5%6
Use one screw 626.6x3
Use 6" scale~(FPorm GAU-1(K-2) 250 .0x6
Tighten or loosen each screw 88.2x6
Pick up and lay sside tool 67.1x9

Obtain tools from .tool box
Obtain tools in cabinet

1537.2
1461.0
1879.8
1500.0
529.2
603.9
€A7.4
6610.8

Set-up finger back stops in chuck

Assemble (3) chuck finger stops

Use 6" scale (For. GAU-1 (K-2)

Wipe large object off with cloth 163.4x3
Wipe small object off with cloth 110.0x3

Mount one finger back stop 1204 .2x3
Regcsition one finger back stop 54.2x6
Remove one finger back stop 306.9x3

Obtain ard lay aside tool on bench 164.3x2
Tutn wcrkhead spindle by hand 58.1x12
Pick up and lay aside tzol 67.1x3
Operats machine each dimension

Turn vheelhead motor on or off 112,.7x2
Wait for wvheelthead to stop  EST

Turn w.rkhead spindle crn or off with turn
button 34 .6x4
Move table by hand

Additional! to tighten and locosen screw with

allen wrench 132.0x3
Use one screw 626.6x3
Open and close chuck javs 123.4x2
Clean vy grind fingers of stops EST

Dress wheel face by hand 129,.3x3

Se%” up radius dresser

48612.9 2841

14769.3
250.0
490.2
330,0

3612.6
325.2
9:0.7
328.6
697.2
20i1.3
660.2
225 .4
700.0

138.4
15433

196.0
1879.8
246.8
1700.0
J87.9

24290,4 ,3230

Remcve and replace diamcnd holder unit
Mount and remove radius dresser
Dress radfus of wheel with radius dresser

740.8x10
Set radius on radius dresser 38.5x10
Use one screw 626.6x8

Pick up and lay aside tcol 67.1x20

86.2
88.2
7408.0

385.0
5012.8
1342.0



K-38

K-39

K-40

K-41

K-42

K-43

K-b4

SYNTHESIS Dec
“(Cont 'd) ™ Hows
(Cont 'd)
D-2 Tiguten or loosen each screw with wraench
88.2x11 970.2
k-6 Obtain and lay aside tool on bench 164.3x11 1807.3
J=3 Move whealhead cross slide 163,3x4 653.2
U=3 Set stop on wvheelhead cross slide handvheel 224,5
$-3 VWipe mmall object off with cloth 110.0x2 220.0
K=22 Operate machine each dimension 660.2x10 6602.0
Clean up grind (average) EST 300.0x10  3000,0
Use radius gauge GAU-1 (K-24) 450,0x10 4500.0
Dress radius of wheel with radius dresser 150.8 0074
L Move whaelhead cross slide 90.3x2 180.6
T-2 Raize ~r lower truing diamond by hand 57.9%2 115.8
B«  Reverse table travel by hand 35.2
Wel Se= table traverse speed 54 ,6v2 109.2
Dress time {(average) EST 300.0
Use air chwck 304.9 0030
8«1 Oper and cleose chuck jaws (sir) 63.0
T-1 Piace and remove part frem 3 jaw chuck 66.1
V-3 Wipe ff holdimg eswurfaze of 3 jaw chuck 58.8
R=3 Bl:w ¢ff part with air 117.0
Use #;ving chuck 65.3 20037
R-1 Oyex and close chuck jaws {spring) 123.4
T-1 Place ard remcve part from 3 jaw ~huck 66.1
V-3 Wipe cff holding surface of 3 jaw chuck 58.8
R-¥ Blcw off part with air 117.0
Use magnetic chuck 2293.0 .0229
K-10 True~up nbject with indicator 1674 .2
C-1 Tirn chuck magrec on and off 211.8
M-4 Mcunt and remcve part or fixture from
magretic chuck 80,2
S-3  Wipe lsrge ¢bject off with cloth 163.4x2 326.8
Hardle _arr S# and uvader 3501 ,0035
U-1 Lay aside ard cbtair new part 116.4
R-3 Bl.w «4f yar. (air) 117.0
G=3 Raiie =nd lower workhead guard 116.7
Mardle part rver 5# _ 500.1 .0050
H-4 1lay aside ard cbtain new part 266 .4
R-31  Biow - £f part ‘air) 117.0
G=2 Ralxe ard lower workhead guard 116.7

PORMULA GR-2




FORMIULA GR~2

SYNTHESIS
(Cont 'd)
Dec.
py, | Hours
K=45 Set-up fixture on magnectic chuck 2539.4 10236
K=42 Use magnetic ‘chuck 2293.0
R-4 Lay aside and obtain new part(Sim.Mot.Pat) 266.4
K-46 Deburr sharp edge __ 172,7 A0017
N~4 Deburr sharp edge with stcne 172.7
K=47 Deburx each additional sharp edge 83,0 0008
N-=4  Deburr each additional sharp edge with
st.ne 83.0
K-48 Treeoup part ir fixture with adjusting
screws 4630,8 0645
K=9 Use indicator 435.2
S Turn workhead spindle with job button
3% ,.6x2 69.2
T Turn workhead spindle by hand.58.1x6 348.6
Y Resd indicat:r 90.1x6 540.6
V-4 Tighten and loocsen thumb screw hand tight
107 ,0x7 749.0
K-49 Supsrvie-r's first piece approval 11521.4 .1152
A Walk to aupervisor's desk awd return
(without instructions) 1387.2
G=4 Pick up snd lay aside blue gprimt or
piece part 67.1xx 134.2
L Time f-r s.perviscr to st.dy bluerrint
ard cperatizn shee: 5000.0
GAU-1 Time tr ctezk earh dirensian (average)
1000 .0x5 5000.0
K~50 Set~u; w:rkhead cn extsnded bridge 16440.6 1664
X4 Move werkbead *n entercad bridge 36" (aver.)
1222.7x2 2645 .4
K-6 (Obtain ard ilay aside rocl on ben-h
164 .3x4 657.2

D-2 Tightea or lcosen each nut with wrench
88.2x32 2822.4

Vo4  Tighten or locsen nut by hand (S.M.P.)
' 107.0x32 3424 .0

G-4 Pickup ard lay aside tcol 67.1x12 805.2

S$-3 Wipe c¢bject of with clcth large cbject 1307.2
163.4x8

R~4 Tighten <r Jc:isen nut :r wrnrkhead (S.M.P)
211.9x16 1390.4

- H Walk t: rear cf machine & return 397.2x4 1588.8



K=51

X-52

K=53

Y-4
=6
D-2
v-4

- G~b

$-3
R-3

R=4

-4
A=S
K-9

W=-4

X-50
K51
K-52

FORMULA GR-2

SYNTHRSI1S
(Cont 'd)
Dec,
nu Hours
Set-up steadyrest on extended bridge 11387,7 1139
Mount steadyrest on bridge & remove 700.0
Obtain and lay aside tool on bemch 164.3x4 657.2
Tighten or loosen sach nut with wrench 88.2x30 2646.0
Tighten or loosen ni.: by hand (S.M.P.) 107.0x4 428.0
Pickup. and layaside tool 67.1x5 335.5
Wipe large object off with cloth 163.4x2 326.8
Blow off part with air 117.0x2 234.0
Tighten or loosen nut on steadyrest (S.M.P.)
211.9%4 847.6
Set one steadyrest jaw to part 406 ,0x3 1218.0
Adjust one steadyrest jaw to part 268,9x10 2689.0
Use indicator 435,2x3 1305.6
Use steadyrest on extended bridge 365,2  ,0037
Close & open steadyrest on extended bridge 365.2
Additional set-up for extended bridge 29654,3 12965
Set-up work head ' 16440.6
Set-up steadyrest 11387.7
Use steadyrest 365 .2x5 1826.0
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’ FORMULA GR-2

SECTION IV

TABLE OF ELEMENTS AND METHODS ANALYSIS SHEETS
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LTI IR LYY VYT T YT YT

&1
. g
¢-1
-1
81
-1
~1
o 4
3-1
1-1
u-i
u-1
p-1
qQ-.
R-1
s-1
T-1
U-1
v-1
w1
x- 1

¢lose cabinet doore
, close tool box drawer
e teol from tool box amd replace

fe work benzh a1d back .
fwrn whee' head, ' hydraulic or cooleat motor on or off

‘fuetn vorkhead spirile with jog button

Turs workhead spindie !/4 turn by hend
Mjust length of wheel guard

Assamble {ndicator to surface gage
Sisassemblas indizator froe surfaze gage
Set indicator to cobje-t

fRead indicator

Position coolant pipe

Mjuet coclamt flow

fura chuck magnet on and cff ‘e.ectro ragnet)
Turm chuck ragnet om and o[ . permanent wagne:)
Nount end remcve ore zhuck law

Malk o vise ord relurm |

Nowmt ome finger tack stop in chozk

Crvagee one 1gv o the 1 ;aw huck

Piace spjder t 3 jaw ctu-k atd remcve
Reposit - on 1 back stop tr thuti

vt chuck Fixtare or taie plate on apir’ s - cea
Rewrove chuzk, fivru e cv fa-e plate fow spincle ~~se
Open or c.cee air "hu k value

Set atr chuck preisure

Set pressure cf 3 .~z i k

Oper and cloee Vo« -aus  yrita R

Open and -'car hu X awe 3 cruns

P.ace a~d remcve f50 F L 3 rew Lk

Lay aside avd oboarr nmey rarg 5% 273 unler,
Se vorktea: sri-2ie -pecd |

Set tab.e travevev <pekd Yy icaulic,

Ru- down each niu: by “an,

.

12637,
233.2
3297.2



n2

FpEgres
‘1&%2%&
e

i§s
A

P !E!

e
;

barral step eus pesitien

one teble reverse or step dag ¢

wet ous teble teverse ov step dog

se or lowet stop dog tongus

Incert amd vemove diamond im holder

Set truimg unit for sutomatic diamond rise
Set trip for avtomstic diemond cise

Nove truing unit forward or beck 3"

Nove truing uni* base )"

13

‘Place shim under vheelhead

fsmove shia from wnder vheelhead

Block vheelhead spindie to remove and mownt quill
Mount and remove grinding wvheel om quill

Mount and remove vheelhead drive bel:

Tighter and loceen vheelhead drive be'l:
Swive! workt ead for 1/2" taper pe- f-or
Swivel worklhesi to sdjust tape o &' ix ic8d
fsise and (ower grinding whee! gusrda by hard
Beverse table traverse by ha~d
Move tad.e by heni one-half {e-t
Raise ari lower workhesd guard
Mount #v2 remove frort ct rear sp.ask guor”
Move wheelheal .rocs ¢igl: (Ser uf;
Move whee.head '>-¢4 ¢ .i¢ (.prevat.:n
Move wotkhead cress «iige coe maltl (=~
Move work“ead ¢r~3+ ¢liie * 11al rea:-¢

Cr clca: 8 aupd:v i1 hree
T.p‘bjr' with barmes
Blow of f par* :ainy

Wipe obje-* -f! werth sn (as " Svs.. -bie-t
' Ca-= 1. Latge zhiec®
Cress diamstec t wree. wi°h _acdbi u-aur "o x"

Set stop cr whee hear “roes & 1le t 371 wheel

Yipe off nol-ing surface o¢ 3 jaw:

Bring grinting whee 5 f4:¢ of work with facing arzachment
uviess tace ¢f grinting whee. witr carb:rundum "st17k"

o whee. .
Dress fate f pr: -irg whiel with cach- - imqdur Mer k"
{ope~ar.cr
btain a7~ & - t ' i LeT L1fR S .

-

B re Pnﬂn Q .
. AT
by YR Loy 1‘R'orin"




A-4
B-4

D~k
X4
P-4
G4

J-h
H-4
N-4

)
R-4

S-4
T-b
U-4
V-4
W-4
X4
Y-&
Z-4
A-5

FORMULA CR-2
TAELE OF EKLEMEMTS

Mo: at workbhead guard

Remove workhead guard

Rmmove and replaca diamond holder unit

Mount and ramove radius dresser

Additional to tighten and loosen screw with Allen wrench
Set radius ou radius dresser

Pick wp and lay asida tool

Lay saide and obtain new part (over 5¢)

Move workhead barrel stop unit to or from indicator
Mount and remcve part or fixture on magnetic chuck
Deburx sharp edge with stonas

Each additional sharp sdge

Place bolt in chuck, fixture or face plate and run in
Run out bolt in chuck, fixture or face placa and lay aside
Tighten or loosen bolt in chuck, fixture or face place
with wrench

Move indicator to part

Remove one fiager back stop in chuck

Stona sharp edges of 3 jaws

Tighten snd loosen thumb screw hand tight

Closa & Open sxtended bridge steadyrest

Move workhead on extended bridge 36" (average)
Mount stesdyrsst on exteaded bridge & ramove

Sat one staadyrest jaw to part

Adjust one steadyrast jaw to part

ng

267.6

181.2
8.2

132.0
38.5
67.1

266.4
38.3
80.2

172.7
83.0

414.0

322.9

211.9
70.8
306.9
1262.4
107.0
365.2
1222.7
700.0
406.0
268.9



METHODE AMALYSIS CRAXT
Description-Left HRend No. LA, ™U

18.6
675.0
5000.0
10.6

wWithout instructions

Walk to tool crid and return

Walk to cabinet and return

Walk to wheelhead storage rack and recurp
18.6

750.0

k 1700.0

.8.6

_._30.0

i3,

Obtein & replace wheeltead ar staray« rack
33.90

Replace

A Walk to supervisor's desk or timskeeper end return

(el
| 3] 4
EST

TC1
wir

TCl
wisor

TC)
wisor

€1
w20P
EST

w20P

T8l
wsop
EST

TCL
WsOP

B

&%
GlA
MI4T
AB
e
Ml1&329%
RL1

PORMULA CR-2

Description Right Na

To supervisor
Receive {mstructions

Return

Te tool erid
Wait for service

return

To cabinet
Search & select

Return

To storage area
Search & select

R-tumm = machize
Hhzolhead
‘emove

Lay on cart



NETHODS ANALYS1S CRARY

Mr‘”‘“‘wt u .o ‘.c.o m .o..

7 Obtaia end veplece tool im cabinmet
: %,
?

.

o»r

e
GIA

_a_:*lﬂll

Replace _ _a':*

G Walk to sid: of machine and'return
18.6
135.0
18.6

—i

N Walk to rear of machine ard veturn

18.6
l”.o
l‘.‘
1”.0
2.2
J Turn mester switches on or off
To switch . 29.0
GlA 2.0
Open or close M3A 4.9
nl 2.0
To 2nd switch R1OB 11,5
GlA 2.0
Opea or close M3A 4,9
! Rl 2.0
AB 3i.9
90.2
L Study blueprint end operation sheet
5000.0
M Open and close cabinet 2o0ors
8.7
2.2
Same motion pattern 23.1
2.0
rZ N
.0
25.5
0

C1
wiae

wiae

EST

R.0A
GiA
M27B

R28B
G5
M28A
RL2

FORMUIA GR-2
Descriptio=-Left Nend

To tool

Toc. from cabinst

To side of ma~tine

Return

To rear of machine

Return

Cunse d:eo-



PORMULA GR-2
METRODS ANALYSIS CHART

Description-Left Hend No. L.N. T R.H, Wo. Description-Right Nemd
¥ Open end close tool box drawer

15.86 R16D To draver
2. Gla
8.9 w8 Open
2.0 ml
64 DB To drawer
Same wmotion pattern . 0 65
. 8.1 wWeA Close
0 M2

Bi r1és To balamce

P Get tool from tool box and replace

12.9 1128 To tool
9.1 OAD
13.4 MI12B Tool to body
15.2 Ml2C Tool to drawer
10.4 PlNst Lay in dzawer
§,0 nl
Q To wotk bench and back
18.6 TIC1 To bench
30.0 w2?
18.6 1TIC] To machine
3.0 w2r
9.2
R Turn vheel head, hydrauiic or collant motor on or oft
§S18C! 20.6
To button ] 29.0
[ 1§
GS .0
Push button AP2 10.6
RL2 .0
AB 3t.9
To balan:e $Si8C1 20 6
.27
S Tumn workheai spind.e witt jsg buiton
To jog button R1%D 18.4
(5] .0
Push button - ARPL’ 16,2
RL2 .0

3.6



S o R s . - -
. ,(',\1} Jsﬁﬂb'{.gn -

‘. j".“» o . .
e

Descriptiocn-left Nend Bo. L.K, ™

o spiadle R24D 21,3

GlA 2.0

Turn spindle MI2C10 20.8

bl al 2.0

Te ance rze “,!

’ .1
Mjust leagth of vheel guard

12.9

2.0

c.0

16.8

2,0

41.7

Assemble indicator to surface gage

To surface gage R16B 15.8
Gla 2,0

Gage to work area M163 15.8
‘ G2 5.6

11.5%

2.0

Hold surtace gage base *AP1 16,2
1..8

2,0

11.5

2.0

16.2

* 8.0

22.4

RLL 2.0

To indicator RibB 5.8
GlAa 2.0

To work area M16B 15.8
Hoid G2 .6
11.%

2.0

16.2

4.0

11.2

8.0

11,2

4.0

16.2

To indicator holder RL: 2.0
RED baod

: 2.0

T 7Tura vorkheed spindle one-quarter tura by hand

R128

GiA
L {¥

LA

R10B
GlA

a1
8D

GiIA
APl
MEB
G2

KL1

REL

GlA
APl
MtB
G2

M4C
G2

MtB
APL

TORGALA OR-2

No. Description-Right Namd .

To guard
4 Lengthen or shortea

To sugface gage arm
Swing atm wp
To indicator holder

screv

‘0} Loosen screw

To indizator arm
1ock screw

} Loosen lock screw

LR

Swing indicator arm

Tighten lock screw

NN



A 4 s atlpeee oa.

roReLA GR-2
METRODS ANALYSIS CRART

Description-Left Nead Wo. L.H, ™U K. No. Description-Right Nead
V (comtinued)

Align holes in holder {z APl 32.4
MfC 2.0
13.3 M10C To indicator helder
21 o. m . ‘
3.6 MiC Into holder
5.2 M2C Swing to positiom
G2 5.6
Tighten indicator holder{s MfB 8.0
4 G2 22.4
2 APl 32.4
mi__2,0
432.5
W Disassemble indicator from surface gage
To indicator holder R16B 15.8 R16 To indicator
20 Gla
Arl 16.2
Loosen screw 4 MEfB 8.0
4 G2 22,4
7.5 D2 Ramove indicator amm
16.9 WAB
nt 2,0
To indicator ‘MB 6.4
GlA 2,0
5.6 G2
16.2 APl ) Loosen indicator
2.9 MlB
2.0 mni
4.0 R2B
' 2.0 GlA Swing Indicator ara
4.6 M2B }
G2 5.6
2,0 nm!
4.0 R2B To s:rew
2,0 C.A
2.9 MiB } Tighten screw
16.. AP
RL1 2.0
15.8  MlhB Lay indicatcr aside
2.0 ml
To surface gage base R16B 15.8 Ri6B To surace gage arm
GIA 2.0 GlA
Hola . APY 16.2
10.6 M8B Fold am
RL1 2.0 KL

2t
~
e
-

[= ]



S

P NN

Description-Left Hand No.

X Set imdicator to object

METHODS ANALVSIS CHART

L.H,

™V

Set imndicator on table and hold M12C 15.2

Y Read indicator

Z Position coolant pipe

8.6

-

[
ON SNV NWVIN
PO WNNWPO

—

»
L4
F 5
.

w

GlCl
M2C
P2SE
EF
RL1
RiOE

tr
-

4

R 2B
CIA
ATt
Ml

:
I

FORMULA GR-2
Mo. Description-Right uﬁnd

To surfaz,; gags arm
Swing down
To indicator

Alagn indicator to
object

To dial

Turn dial to line

&4 Read indizator

To pipe

)
6} Move pipe
6)



METRODS ANALYSIS CHART

Description-Left Hand No. L.H. TMU

A-1 Adjust collant flow

R.H., Mo,

R163
Gla
APl
M£C
ST
.l

magnet)
M16C
F1SE
P2SSE
G2
M2B10
RL1

R4D

C'AA /A

MLB D/
LK
1Y bB

Fi.'B
GiA
MiBA
MIA
MiC
F2SE

M18B

15.8
2.0
32.4
4.0
75.0
2.0
. 131.2
B-1 Turn chuck magnet on and off (electro magnet}
To switch R24B 21.5
Gla 2.0
Turn on M3A 4.9
ni 2.0
To balance R24E 19.2
To switch R24B 21.5
Gl1A 2,0
Turn of f 3 M 20.1
2 MiB 11.4
RL1 2,0
To balence R24E 19,2
125.8
C~1 Turn chuck magnet on and otf (permanent
s 7
Yy b
19.7
5.6
9.0
' 2.0
8.4
2.0
1..0
15 .M
10t 2
Turn off 108,
PR
D~1 Mount and remove ore chuck iaw
2.9
2.0
1/.6
2.5
3.4
16.2
2.0
7.0
+.0

i

Nl
V.|
[
(-

NN

\V"

PORMULA OR-2

Descripticn-Right Rand

Vaive
Increse or decrease flow

Tlow time

Wrench fo chuck

Wrench in socket

Turn on

Remove wrench
Tc¢ body

To jaw

Jaw to chuck
Align jaw

Position hoies

Remove and lay aside



FORMULA GR-2
METHODS ANALYSIS CHART

Description-Left Rand Mo. LN, ™U R.E, No. Description-Right Nand

E-1 Walk to vise and return

18,6 T1ICl
750.0 wsop To vise
18,6 TaCl
750.0 wsOp Return
1537 2
-1 Mount one finger stop in chyck
To screv ., 15.8 Rl168 To stop
2.0 GIA
Screw to stop M8C 11.8
Screv through PISE $.6
Stop { M2A 3.6
RL1 2.0
18.7 M!6C Stop to chuck
750.C &RST Time for positioning
in obstructed area
To stop R16D 17.0
Hold GlA 2.0
2.0 RLl
15.8 R16B To wrench
2.0 GIA
18.7 M16C Wrench to screw
25.3 P2SSD
5.6 & Hold
RL1 2.0
To nut R156B .58
GiA 20
Nut to chuck Ml4C 16 9
k] 2 1€ 8
Nut to screw Y3 M 6.0
B2SD 2.8
580 MB 20
40.0 R. 2D Tighten
47 5 RuB .4
3.0 C1A -9/
16,2 AF.
Ri.s 7 % LIZE
i B M ER La, aeide
1.0 R.
W 2
G-1 Grease one jaw ¢n tre 3 jaw -ruck
M FC* %7 MI6C Crease gun to chuck
P2SD 21.8 p28D Grease gun to fitting
Hold grease gun’ r2 5 6 Q2
36 0 M2AS 6 } Pump grease
"6 MIB 6
M'6B 9 M 6% Gun te body

¥

.
Ll
~,
e
.

r



METHOBS ANALYSIS CHARY

Description-Left Hand No. L.H. ™U

H-1

Place spider in 3 jsw chuck and remove

To spider R10D 1
G3

RL1
To ba.ance R10E

»— -
D B/O TN - VO N
. e e

-

_— A NN
NO R~ OO WO

. .

e
J
“\
-

s ]

Reprsiti-n one back itep in :huck
]

[~ i o}

SO L O e

1
2.

X v,

i
3

R.H, No.

M20C
P38SD
MlC 6
G2 6

R2D

Gla Ny
MfC
G2

APl

w o
AN

RLi

R'2E

RL2D

GlA

PISSD

MIC 6
G2 5.
M208

RéD
G A
MiC 3
EF 3
RL!
R6E

Put ‘uck, fixiure ur ta: - v.ate n spirdle n-es

3,0
Same vstiol pattuers t ok

. ——— i

MI0B3IC
!

AF

M RCAC
[

M T 3
F23D

G2

AP

RL .

FORMULA GR-2

Description-Right Nand

Spider to chuck

Into chuck

To exact location

Hold against back of
~huck

To balance
To spider

Remove splder

To body

To stop

Repcetition
Look

Io ba.anc

Ic board on bea

Mount or spini!=2 ncse

A" ig> boles

Seat against nose



Description-Left Hand

FORMULA GR-2

METHODS ANALYSIS CHART

No. L.H, ™Y

R.H,

No. Description-Right Nand

M-1 ‘IIIDVC chuck, fixture or face plate from spir ;e nose

N-1

P-l

R-1

Same wotion pattern

Open or .lose air chuck valve

Set air chuck pressure

Set pressure of spring -huck

Open an: -lose chuck jaws (spring * .-k

To lever
Open jaws

To baiarnce
To lever
Close jaws

To ba.anze

7 s
S

’
£ R’
]

- ————— -

“.01.3

SS1¢C. Y
R2:¢B PE S
M10ALQ ‘b.e
RL! x.0
SSlaCL 17.U
RI12B 2.9
‘ClA 20
$512¢) 17.0
Mec

RL]

20
5.0 __.1.0
1 4

G'A
935
RLI
1908
EF
AS

To board on bed
To body
To valve
<
5 Open or close
3
A
To valve
y
5 ) Open or close valve
Y
L
2 Look at pressure gauge
Roi to tension nut
6 Rrd into hole of nut
b
6 “Turn aut
&

Yo other b=
Rci %2 body



Description-Left Hend

s-1

U-1 lay asiie and obtain new par: , .-3er %'

Open and close chuck jaws (air chuzk)

To valve lsver

Open

Close

Se% wcrikhead spindie spes:

To switzh huttox
Oper rorta:t

To krob

Turn knodb

Close :zn-ract

To balan-2

. AT p——

METHODS ANALYSIS CMART

L.H, ™U R.H, Ne.
R20B 18.6
G:A e.0
M6B 29
Ll 2.0
J1.$
31,5
. 63.0
8.0 M&C
16.2 F2SE /
6.7 MIC >
5.6 G2
2.0 MEC .
2.0 KHI
15,7 R20E
X408
2.9 CiA
€.9 MeB
66
i».8 “ "k
19,¢ T h
MO A
2.0 RL
AN/ Riw:
2.0 N}
h.‘.\ M. .
L B
ELR v}
—
S31%5C LW
K. 2D LK
ot .0
Al . 0.6
RL! L0
R'B 7.8
G.A 2.
MeC 8.0
Ge 5.6
A¥. b2
Ko 2.0
S5 kL -
P

FORMULA GR-2

Description-Right Nemd

Part to chuck

Into chuck

To balance
Limited out by
Eiement R-1

Remove part

T2 body

lLes {r box

Y ansther part
Remove pare

o di~g device

*



Description-left Bemd Wo. L.N, T™MU RN, No. Description-Right Read
W-l Set table traverse speed (hydraulic)

15.8 116 To traverse laver
2.0 °u
7.8 23» With thumd
i6.8 @2 k1 } Adjust speed -
16.2 mcC 3
2.0 ml

' R 34.6

X~1 Rum dcwm eech nut by hand

w

KLl

20.0 R2» 5

10.0 Gla 5

23.0 M2» 5 Run down nut
16.2 AP . Hand tighten
10,0

79.2



METHODS ANALYSIS CHART

Description-Left Hand No. L.H. ™U

A-2

Move aach screw to hole and erngage

[Ty — Py
[N N N. N. W - R N- N RV
- » - * - - -

S

ccormOoOvO®

put
—
o
.

-4

Run down each s:rew by Far3

Codad

-

omNWwEO

'Y

o
»
-
-

GiA
MlB
R1iB
APL
Ll

Run out each screw b, band and la. asiae

1.5

32.0

6.4

:.a

37.5

4.0

: 12,4
.0

78,8

0y

RiOB
GiA
M1B
RL.
RiB
D.E
M128
RL.

Tighten cr 1-o82~ east <-rew or r:t with wre

il.?
.7
3e.%
. 3.“
5.6
4.0

———

1N

Place each washer cr stui

1¢.8
3.5
1®,7
1b 2
.0

LA

MC

PISSE
AF!
M4B
G2
DiE

R16B
GiB
M.6C
PLSF
R

ww e
\'-.V—/

13
16
13 .

16

~

16
16

b

o W
LS

Description-Right Nend

To screw
To hole
To thread

Engage thread

Turn screw

dand tighten

To screw
Run out

Remove screw
La. aside

Wrer~h to sorew
On a~vey
Tighvren or jerosan

1c washer

Washer to stud

K



NETHODS ANALYSIS CMART

Ducrtyﬂ.u-l.of: Rand Wo. L.H,

F-2 Roemove and lay aside each vasher

To lock pin
Lock -pind.le- {

To lozk pin

R16D
GS
AP2
MlA
L2
Ri 6D
GlA

MiB
D2E
R

NH-2 Index barrel stop one position

-
Wi W

15.8
3.5
7.3

13.8

443

G-2 Lock and ‘'unlock workhead spindle

b
~4
»

owvovuoOoOOWwWeOO

[
(S X =]
L] - -

[

NNNON N
* e o

lo

~4
-
.

N

[ 3 »
- N~
.- € e * &

WO v ry N N0
.
Ol oe0 w0 o~

168
Gl»
bas
ne
nl

%

M2C10

RL1

$s18C2
B
ALer
G'A
M3C
KL.
AB
3.8C2

FORMULA GR-2
Description-Right Nead
To washer

Remove
Lay aside

To spindle

Turn spindle

To barrel stop

Inddx

To balance



B -

FORGLA GR-2
METHODS ANALYSIS CHART

Ducrtpuon-uft Nand Mo. L.N. ™ R.H. No. Description-Right Read

J-2 MNove one table reverse or stop deg

12,9 R128 To lock screw
10.0 Gla S
16.2 art
14.95 M S Loosen .
10.0 ml S -
' 10.0 11} 4
To adjusting ecrew R10B 11.9 ? To dog
) - cla 2.0 A
Disengage D2E 7.5
: M1A 2.5
21.) M2 3 Move dog 6"
1.2 G2 2
G2 5.6
Ingage acjusting ( MiC 3.6
screw 1 AP2 10.6
L 2.0 m!
5.3 13 To lock screw
10.0 GlA % |
14.5 Mlp 5
8.0 ml 4 Tighten lock screw
10.0 RiB 4
6.2 AP .
2.0 N
217.2
L-2 Adjust cne rabis vreverse ov stop dog.
12.9 R1ZB In aljusiing screw
.0 GiA 3 7
10.2 MiC 3 ) Turn screw
' 6.0 Q. 3
0 KRB 2}
" .+ EF 3/ Leok
L &% R2E 7~ balaace
-30-
M-2 Raise ~r .owe; : o icg trra.e
iC.¢ SS18C°
iees K @b To stop
T G.A
4.%  M3A Ra‘se or lower tongue
(.0 R
20.6 ssiBC To balernce

ﬂl’l('l‘f&L GCOTY WhS OF N 03 QUALITY.
TR IRA R IR AR A B S TR B BTSN

R



FOMMULA GR-:
UETRIOS ANALYSIS CuART

mt%”m'm Band . L.A. e .n, We. ".‘ri'.’fcn’n".‘.'_ Rend .
¥-2 Imsert end venove diamsad ia holder

Sigmond o helder weoc 22,1
e belder ne 16.2
nl 2.0

™ Salense 2208 167
™ Siamead . . x208 18.6
) ) m 2..

m ' m . 7o°

b

. P=2. Sot truing walt for sutomstic dismend rise

X208 1.6 R200 To am
c“ 2.0 Gu .
3 am 8.6 A1 ) 1
3 MEC 6.0 mC 3 To posic:--
3 62 6.8 G2 3
a9 @ 3)

i ﬂﬁ' nl

@2 %ot trip for sutenatic diasond rise

2.0 »
129 ni2» Ty tetp
2.0 ¢a )

8.7 M 3 Move %rip 1
16,8 G2 ‘l}
2.0 m.

_8%‘% AD I~ ba avze
103,

B-2. Move trwing walt fcrvard o back 3"

uz' 20.1 u;, ' R VR A B
GiA 2.0 Gia
2 AR 1N AP 2} o e
2 N 4.0 n¢ ]
M3IC5 9.3 ze Move
62 .6 G2
P2SSE 3.7 PssE AL
ni .0 AL
RR?® 8.0 RE by gees

.Aso‘.




Description-left Nend . LN, . R.H, Wo. Description-Right Band .

$-2 Move truing wait base 3"
’ 1.3 N To truing wait base
2.9 6Gla
2.4 AN 2
4.0 wnen 2 Loocsen base
5.6 2
, E 2.6 8102
To bese \ 268 8.6
Cla' 2.0
5.6 @& .
3 am 8.6 M 3
3 MICIO 23.1 MWIC10 3 ’ Move unit base 3" ¥
2 (¥ ] 1.2 62 2 ;
.l 2.0 W , ‘
a8 R24R " To belence :
216, .
T=2 Naise or lower wheel truing diamond (by hemd)
2.9 M6 To lever
2.0 @A
8.1 W Retse
2.0 ml EE
_8_,* o To balar:ce '
¥-2 MNourt and remove wheelhead
12.9 R10D To vheelhead
2.) G.A
16.2 AR :
40.2 M20€30 Wheeihes Co machine
3.6 G2
. 16.2 aml )
8.8 M.OC30 whee.tesd to pcoition .
26.6 P2WST - .
26,5 MECYO Meu-r. i
26,6 F2nsSe :
$.6 (2 _ oo
8.9 MY J
Same mction pattern 2.0 nt ;
2.9 R.9 Tr. wr.ealhs g !
2.0 CA +
2.6 AP > 1 Looser
4,0 MA 2 ,
6.2 AR ) '
14.1  m%C10 1
160' G2 3 ’/ WVC ;
4.0 MfC /3 i
4.1 M5C .2
1.8 DX / :
5.6 CZ
. 5.6 MINCHRD La asie
2.0 R

‘!
I

[
*
[,



V-2

U2

| 2

» dia
fhin to vheeihand

1

1

Shin wnder vheelhead

Remove shim from under wheelhead

1o shia

Ssmove
Layeside

MEESS AMSLYSIS CRART
Bessripticn-loft and WM. L.N.
Noce thin wider vheslheod

née
Gl®
mec

R16D
Gis
s

wi6s
ni

13,8
3.5
18.7
15,8
2.0
l‘.t
13,0
10.6
5.7

5.8
2.0
16,2
15.8
3.5
5.2
.3.0
15.8
2.0

Block vheelhead spindle to remcve and

To wheelhoad spivdie
Tuza spindle

T epindle
and hold

~oo

GlA
M5C

c2
MtC

15.8

2.0
13,3
11.2

13
i1,.8
4.0

— o
~
e o o

"N
BN O
L ]

* L]

[ ]
OGONM~NMOOMPMPPONNOW

R
.
(-

d
L

M2820

a6
Gla

N,

roRIULA GR-2 ,

Description-Right Nemd.

To vheelhead -

Loosen vheelhead
Ratse

Lower

7~ whee'' sad
L.ose: vhee head
Raise

1 -wer

To block

Yo puli’ay
Pre"3 ~n bH rek
Rl -3¢
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WETIINS ANALYSIS CRART ,
Dessription-Left hend s, L., DW RN, Wo. Beseriptica-Right Send-
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X-2 (econtinmwed)
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Y=2 Qemove and mount grinding wheel on ‘uill

G2

Semeve wheel end screw . M14D
frem quill

To screw R
GlA
Wheel to quill M1 6C
Moun® on qui.. { P2SE
MiB

E

X

5.6
16,6

.90
4.6

5.6

4,0
2.0
2.9
7.3
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% bleck
Nis pin

Lay pia end bidek astée

To scrow

. Hove screw (a vhesl hole
Grasp whee!
} Rercve vheol from seoew
Lay whee oside
Tc bic:t¢e

Bictrer "o screwy
Rl tter cr ecrew
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1Y wvhae. ¢

Iteel to ecrew
7 ee. - screw
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Rir-ter t. am-oy
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PORMULA GR-2
METHODS ANALYSIS CHART

Description-Left Namd Mo. L.H. ™U R.H. No. Descriptior~-Righs Mard
2«2 Mowmt end remove wvheelhead drive belt

2.9 R12p To beit
2.0 Gla
To belt @ 20.6 M24B Belt to vheelhead
GlA 2.0
Belt to motor Pulley  Ml2C  15.2 @
Mount belt ( 3 @62 16.8
_ 3 wmc" 10,2
7.3 MSA Draw belt to wheelhead
puiley
16.8 G2 3
10.2 MlC 3 Mount belt
L 2.0 nml}
To wotor pulley RISD  18.4 Q-T] To wheelhead puiley
Gl1A 2,0 Gla
MAC 8.0
{ 2 G2 11.2
Remove belt 2 18.4
& 20.6 M24p Remove btelt & lay asi‘e
2.0 nl
To balance R12K 11.8 RI12E Te balance
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. NETHODRS AMALYSIS CRHART

A-3 Tightem end leosea wheelheal drive beit

B-3

Ced

2-3

14.6

.0

17.0

Uoe both haands 16.2
) 10.7

1Y z.o
26,7
2.0
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Swivel the work head i/2" raper per {~ot
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G.A
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nl

RYOE To balarce

40 7 58182
15.8 R163 7o warm knub
60 6la 8 :
120.6 T906 8 , Sw.vel workhesd
. 160 mni 8 .
37.8 T1%s 7 v
60.7 SSIRC2
96 6
Bech adaition 1/2" taper 199,64
Svive)l workhead ro aijast taper or align ioad
40 7 $5.8C2
‘5.8 Ri6B To werm™ anchd
¢ 2.0 GaA
16,2 TO0L Shove. #okEhia:
2.0 m.
60 7 sS18C2
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FORMULA GR-2

METHODS AMALYSIS CHARY

Description-Laft Read Wo. L.N.

X-3

r-3

G-3

Revexse tabls traverse by hand

To lever

Reverse Tatle

Move tabls by hand ohe-half inch

To engaging lever

Pull lever up

Tinal lever engagément

Disengage

Rach additiomal 1/2"

Raise and lower workhead guard
To gusrd handle

Raise guard

To balance
To guard

Lower guard

RER
Gla
Arl
M3A
nl

R6B
ClA
Arl
MIA

APl
M1A

c2

APl
M2A
nl

R16B
Gla
M20C
RL1
R0E
RI0B
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M20C
RL)
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RH, No. Description-Right Nand
$817C1

BB To hand wheel

GlA

M16C - Turn hand wheel

c?

1C10 Move table 1/2"
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s$s12cl
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FORMULA GR-2

METHODS ANALYSIS CHART

Description-Left Rand No. L.H, ™U

R.H. No. Description-Right Hand

H-3 Mount and remove front or rear splash guard

29.0

CCOS OO N

"4

LS

319
204,

J=3 Move whee'heal cross siide (Set-up,
10.1

2.0

149,

2

o~

.
- - a———

163,

AV

L-3 Move whee'head ~rnss «lide rcperation,

10.1

wlobrmmowen

M-3 Move Worktead cross s'ide ¢ half inch

40,7

Each additiona. 1/8" IEAA

B To gusrd on floorx

GlA

AB

M18C To mackine

P2NSE Or mazhine

P1SSE -

!

R10RB Te guard

Gl1A

D1E ; Remove

M6B ‘

B Lay aside

RL!

AB To balarce

RBR 7o Far 1 wheel

GlA

10¢Yn Move 3007

RLi

RAR 15 b i- iwheel

G A

3.0 LraTe 1D ApPrAXLTAL ¢
proat.on

RLY

R..B jo ra jwbee!

G A i

M'e 3 Move It @e«s %

G2 T e g om

EF v,

R

§8 M7 To han-vte >

TH

G'A

4Clo Move one inch

Rl

ss' 8¢? Tr balan-e
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METNODS ANALYSIS CNART

™U

N-3 Move Wnrkhead cross slide to dial reading

R-3

5-~3

12.9
19.6
220‘
29.2

2.0
86,5

Open or close air supply for hose
: 4
2

Tap object with hamrer
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Blow off part (air)
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olecorvooce rwvwowe W
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Wige object off with cloth
Case I ~ Small cbicct

Case ]JT1 - Large object
Case I 1

R10D
M3A
M3
| <4
RL1

R20B
GlA
M16B
M6B
M20B
RL1

M63B

6

Mo.

4
&4
4

FORMULA GR-2

Description-Right Nead

To crank handle

Tap handle with hand

Read dial

To air hose
To valve

Open or close valve

To work area

Hammer to object

Hammer object

To nozzle

Off hook
To part

Press button
Blow off

To hook

Into hcok

Tn balance.

To cloth
Cloth to par:

Wipe off
Lay clotr aside

Adzitional wiping

Y
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PORMULA GR-2
METHODS AMALYSIS CMART

Descrkption-left Meed Wo. L.K. TN R.H, NWo. Description-Right Mam

7-3

v-3

v-l

w3

x-3

Dress diamster of vheel wich éarbonuu "stick"

12.9  R128 To "stick"
2.0 GCla
18.7 Mié6C "Stick” to wheel
400.0 esT Dress time °
\ . 15.8 M6 Lay aside

‘ ) z !1'0 n

Set step on wvheelhead cross siide hand wheal
11,5 Ri0B To compenssting knob
30.0 G.A 1S
73.5 M 15 / Tumn knobd
3.0 xl 15

5

,“" off holding surfaces of 3 jaws with hand

14.2 R120 To jaw
17.1 w3 377 wWipe 3 jaws
14.6 R 2
2.9 Ri2s To balsnce
s [ ]
Bring griading wheel to tace of work with facing attachment
15.8 R168 To .ever
2. Gla
5.7 MiB =
29.2 g 4 Wheel to work
. 8.0 MmtcC 4
.0 i
62.

Dress face ot grinding wheel with carborundum 'stick'' (new vhee °
Operator has "erti k" in hand after dressing diameter

9.2 M5C To whee.
250.0 EST Dress t.me:

8.0 M3 T> balance
267.2
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FORMULA GR-2
METRODS AMALYRIS CHARY

Description-Left emd Wo. L.M. TMU R.N, No. Description-Right Ramd
Y-3 Dress face of grimding wheei with carborundum "stick" (operatiom)

12.9 12128 To ‘stick”
2.0 Gia -
20.6 MI&C To vheel
75.0 BsT Dress time .
. 17.0 wWiss Lay aside
' ;.g nl
: . 129.3
Z-) Obtain snd lay aside chuck removing board
1.6 TCl
3.0 wr To bench
.0 8 To board
2.0 Gla
3‘.’ “
3.2 ™2
30.0 way To machine
18.2 w203 rard under chuck
0 Rl
198.
98.9 Remove & lay asids
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PORMULA GR-2

~° METHOBS ABALYSIS CHART ‘

Du;ﬂptuu-l.ut Rend No. L H,r ™U - R.H. No. Description-Right Nemd
A4 Mount vorkheed guard |

35.0 M20830 Guard on bed
: 3.¢ G2
Sams motion . 16.2 aAn1 ’
Pattera ot 37.9 MeCH Gusrd to workhead
4.6 PISD .
' : 5.6 G2
17.7 mCl> To next poeition
8.0 PISD
42.6 APZ2 &
.0 MtB 4
nl
1‘ .‘
3-4 BRemove Workhead guard -
: 25.8 'Y To guard
2.0 @G .
Seme wotion pattern 2.6 AP2 & /
8.0 nf3 4 Remove guard
2.4 G2 4 f
23.6 D2 2
17.0 Mm8s Lay on bed
5.6 G2
16.2 Arl
i8.2 M20B To body
181.2
C~4 DRemove and replece dismond holder wunit
s i135.8 R1é6 To unit
2.0 GCla
7.5 D2r Remove
15.8 M6 Lav aside
2.0 m
43.1
Replace 43.1
$6.2
D-4 Mount and remove racdius dresser
25.6 M20C5 Dresser to truing umit
5.6 PISE )
5.6 G2 } Alin
. 2.0 mc
' 5.6 riss /
. 2.0 ml
18.6 R20B To dresser
2,0 ¢la
21,2 M20B: Remove

3



Description-Left Hand Wo. L.H. ™MU L.H. MNo. Description-Right Nedd

E=4 Additional to tighten and loosen screw with Allen vreach
13.3 MmoC Pipe to Allen wremsh
11.2 s
8.9 M6B Tighten screy
16.2 arl }

: 6.0 ik
. . %i_.* Mo To balence
Loosen 66.0
132.
F-4 Set radius on radius dresser
To dresser mz 129 G To diemond holder
GlA 2.0 ¢Gla ’
3.6 MNIC } Position
2.0 , nc
16.2 APl
ALl _ﬂ‘% nl
G-4 Pick up and lay aside tool
Same as element 2-2 in Formuls GR-1 '
. 67.1
H-4 Lay aside and obtain new pazt (over 3¢4)
21.6 M16B10 To body
18.6 TIC1
30.0 w2r
Same motion pattern 1.9 8 To box
' 21.4 M16B10 Lay in box
2.0 ml
15.8 R16B To another part
2.0 Gla
21.4 M16B1O Remove
1.9 As
18.6 TIC)
30.0 w2p To machine
21.4 M16B10 To holding device
266.4
J-4 Move workhesd barrel stop unit to or from indicator
R12B 12.9 R12B» To unit
. Gla 2.0 Gla -
3 MiC 10,2 MIC 3 . To or from indiecator
, 2 G2 11.2 @2 2
RL! 0 ml

38.3
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Description-Left Nand Wo. LN, ™U L.H, No., Deseriptiom-Right Na
W-4 Mownt amd remove part or fixtire on magnetic chuck
6.9 MAB To chuek
3.6 MIC
32.4 P28 2 Align
2.0 ml
\ 6.4 M3 To part
16.7 MOCS Slide off
\ . 7.5 D2
. *,; MAB To bslance
N-4 Deburr sharp edge with stone
17.2 R18B To stomne
2.0 GlAa
25.5 M24C Stons to odge
To jog button R12D 14.2
GS
APl 16.2
7%5.0 ST Burr time
(m2d 20.6 M24B Lay aside stones
2.0 ml
1727
Each additional sharp edge
' 8.0 M4C
75.0 EST Burr tims
83.0
" P-4 Place bolt in chuck fixture or face plate and run in
To bolt R16B 15.8
GlA 2.0
Bolt to chuck ' M16C 18.7
Time for restricted area EST 100.0
S, 30 nMiB 87.0
Rua bolt in 30 RLl 60.0
29 R1B 72.5
29  GIlA _38.0
414.0
Q-4 Run out bolt in chuck, fixture or face plate ard lay aside
To bolt R16B 15.8
30 GlA 60.0
Run bolt out ' 30 MIB 87.0
[ 29 R 58.0
v 29 RI1B 72.5
_ nZD 11.8
Lay aside 1168 15,8
RL1 2.0
322.9

R e

wi‘

NETHOBS ANALYSIS CRART




Deseriptica-loft Band Wo.L.N. BN

R-4 Tightem cr lessen bolt in chuk, fintuse or 1.« plats with weensh

13.9
75.9
N.s
2.3
3.6
v 84

8-4 lMove iadicstor to part
) 15.8
2.0
12.2
3.6
5.2
16.2
2.0

it

T-4 Remove ome timger back stop im chuck
12.9
‘2.0

To aut R14D 15.6
Gla 2,0
G2

Remove and lay aside nut M163 1

A 55&%

»,}1‘
FomeRA -2
R.E., We. Deseripticn-Right hau
Mmec Wrensh %0 delt
720 3
M3 I3 Tighte
s 3
e 2
an 2
mnee Yrench te dedy
a6 7o indiester stand
alA
Mo 7o work
“ .
uec Indicater to vork
. P28 '
nl
Ri2s To balames
| 1% ] To wreash
GlA
MieC Wreach to serew
2880
G2
M 20
Ml 20 Leseem
Riz 19
Cla: 19
74
G2 Pala wreach
74 ]
Md To stop
Cla
M6 femove and lay aside
stop )
nl
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Description-lLeft Hend We. LN, DWW
U-6 Stone sharp edges of 3 jaws ,
17.2

2.0

20.6

1200.0

20.6

!

18
Cla
M248
BT
M4
nl

V-4 Tigh-er and locsen thumb screw hamd tight

12.9

- ' oo
OGN NNNe-ON

* . [ ] -
NMNNOBONNND

[ 2

b

%

R12»
Gla
M23
G2
APl
nl
R12»

'GlA

Al
74 ]
G2

a1

NN
N

.
2 |
2
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FORULA GR-2
Descriptin-Right Ham:
To stome
Stone jawe

Stoning time
Lay stome asidse

To screw

Tighten

To screw

Loosen



Description-Left Rand

FORNLA GR-2

METHODS ANALYSIS CHART
LA, TW R

Weh Close & Open extended bridge steadyrest

To upper sectiem

Suing dowa

NHend to balance

. To steadyrest

Swing up
NHand to balance

40.7 ss18c2

Qi 1215 s

2.0 Gl
. 13.9 N10C

3.6 G2
2.0 Nte
1.0 ALl
10.1 G
2.0 GlA
8.9 ]
16.2 APl
RL1 2.0 RL1
R12K 11.8 R128
40.7 Ssl8c2
40.7 8182
12.9 R12B
2.0 ClaA
16.2 APl
8.9 M3
2.0 RL1
R16B ~  15.8 (%)
GlA 2.0 [
23.8 M22¢
RL1 2.0 RL1
R2UL 19.2 R24E
40,7 $818C2
365.2

5

Description-Right Nand

Step te the right
To upper sectien of

steadyrest
Swing down
Align

To clamp

Swing clamp up
and secure steadyrest

Hend to balamce
To work area

Step to left
To clamp

Remove steadyrest clamp

To staadyrest

Swing w»

Nand to balamce
Step to left



Description-Left Nand

&)

| ®

Cramk te piaiom
Crank en pinien

To rack
Move pinion to new pos.

To rack
Move pinion to new sos.

L.K. ™

Move workhead on extended bridge 36" (averags)

150.0
W6C 10.3
P2ssE 19.7

2.5
\ , 5.6
200.3

R128 12.9

& 7

RL1 2.0
12.9

2.0

200.3

2.0

R128 12.9
GlA 2.0
68.7

RL1 2.0

12.9
2.0
200.5

5.6

KEYRIDS ARALYSIS CRART

wior
NeC
rasse
NlA

¢2
)
RL1

R

Ll

No. Description-Right 1}

To xear of machine
Crank to pinfiea
Crank on pinion

Move werkhead 12"
2 loosem mut slament
To eramk
Move pinien to nev
2 Tightem nut element
To crank
Move workhead 12"
2 LlLoosen nut slememt
To crank
Move pinion to new p
2 Tighten nut elament
To crank
Move workhead 12"

Remove crank

To fromt of mschine



PORMLA GR-2
® METHOBE AMALTSIS CHART
Description-Left Nend ¥o. LE. TW R, No. Description-Right Nend
Y=4 Mount steadyrest on extended bridge & remove

29,0
To steadyrest R12B 12.9 Ri2» To steadyrest
GlA 2.0 GlA
31.9 AS
. 18.6 ™cl
. ’ 3%.0 2o To bridge
lay steadyrest om swivel Mi6c2S 33,0 niect3 Lay steadyrest on swive)
plate plate
' G2 5.6 G2
Steadyrest to slot wecl0 13,3 0 Stesdyrast to slot
keyway into slot PSSy s52.1 PISSd keyway into slot
G2 3.6 G2
8lide steadyrest on plate m2clo 9.7 mclo Slide steadyrest on plsat
and bold 2.0 aLl
10.1 R6D To 'I" bolt
2.0 GlA
19.7 r2sse Align 'T" to slot
2,9 RL1 :
12.9 R10D To 2nd "T" bolt
. 2.0 GlA
’ 19.7 P2ssk Aliga "T" to slot
2.0 RL1l
@ 15.8 R163 To steady rest
2.0 GlA
S1ide steadyrast 6 mesl0  36.6 ME310 6 Siide steadyrest
to position 5 G2 28,0 G2 3 ) to pesitiom
RL1 2.0 RL1
Rand to balance © @IZP w2 mee Hand to balance
15.8 R16B To steadyrast
' 2.0 GlA
Slide steadyrest to Arl 16.2 Arl Slide steadyrest to
edge of plate { 8 Mil0  s6.8 MIB1O 8§ edge of plate
G2 5.6 G2
Remove from slot D2 11.8 D2D Remove from slot
To body @ 29.3  M16825  To body
13C 18.6 T3C1
3%.0 w2ro
29.0 ]
Lay aside M12B25 26.3 M12p25 Lay aside
RL1 + 2,0 RL1
31.9 AS To balance
700.0



¢ METHODS AMALYSIS CHART
. m |

D..lﬂ.pllu-h!t lﬂl Mo. LO..

2-4 Set ene steadyrest jaw to part

To jav and held R163
GlA
aLl

Nand to balamce . " miex’

A-3 Adjust one steadyrest jaw to part

FONWILA GR-2

15.8
0.0
116.0
0.0
100.0

406.0

14.2

8.0
26.8
8.0
15.9
29.2
15.8
20.0
20.0
20.0
18.0
73.0
268.9

R163

M1B
RLl
R1B
R16E

40
3

L RPN

10
10

10

Description-Right Nac

To jew adjusting sere

Turn screw to move
Jow

Nand to balance

To wvheelhead quill
with indicator

Turn quill and sweep
indicator over dicmet
of part

To adjusting screw

Tura screw to move ja

Look at indicator




teription-Left Nand

)

Set cae steadyrest jmr te part
To jow and held

Nand . to balence

METHODS ANALYSIS CHARY
L.X, ne R.R.

R163 5.8 n168
GlA 0.9 (-7 )

118.0 |
RL1 %.0 Rl
160.0 Rl

R16R R162
2

4djust one steadyrest jaw to part

14.2 R12®

8.0 Gla
26.8 H3C

8.0 RL1
15.9 RS
9.2 4
15.8 R168
20.0 Gla
20.0 nfs
20.0 RL1
18.0 RED
73,0 4

268.9

40
3

Description-Right Raad

Yo jav adjusting screw

Tura scrow to move
Jou

Nand to balance

To vheslhead quill
with indicater

Tura quill and sweep
indicator over dismeter
of part

To adjusting screw

Tura screv to move jaw

Look at iadicator



