
TECHNICAL 
LIBRARY "y/a^^cr^ 

AD-E400 660 

CONTRACTOR REPORT ARLCD-CR-81019 

ULTRA-HIGH SURFACE SPEED FOR 

METAL REMOVAL, ARTILLERY SHELL 

RICHARD F. PUGH 
MICHAEL R. WALSH 

JONES ft LAMSON DIVISION 

TEXTRON CORPORATION 

SPRINGFIELD, VT 05156 

RAYMOND F. POHL 
PROJECT ENGINEER 

ARRADCOM 

JULY 1981 

US ARMY ARMAMENT RESEARCH AND DEVELOPMENT COMMAND 
LARGE CALIBER 

WEAPON SYSTEMS LABORATORY 
DOVER. NEW JERSEY 

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED. 



The views, opinions, and/or findings contained in 
this report are those of the author and should not 
be construed as an official Department of the 
Army position, policy or decision, unless so desig- 
nated by other documentation. 

Destroy this report when no longer needed. Do 
not return to the originator. 

The citation in this report of the names of com- 
mercial firms or commercially available products 
or services does not constitute official endorse- 
ment or approval of such commercial firms, prod- 
ucts, or services by the U.S. Government. 



UNCLASSIFIED 
SECURITY  CLASSIFICATION  OF THIS  PAGE (When Data Entered) 

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS 
BEFORE COMPLETING FORM 

1.    REPORT NUMBER 

Contractor  Report  ARLCD-CR-81019 

2. GOVT ACCESSION  NO. 3.    RECIPIENT'S CATALOG NUMBER 

4.    TITLE (and Subtitle) 

ULTRA-HIGH  SURFACE   SPEED  FOR METAL  REMOVAL, 
ARTILLERY   SHELL 

5.    TYPE OF  REPORT & PERIOD COVERED 

6.    PERFORMING ORG.  REPORT NUMBER 

7.    AUTHORfa; 

Richard  F.   Pugh and Michael  R.   Walsh, 
Jones  &  Lamson  Division,   Textron  Corporation 
Raymond  F.   Pohl,   ARRADCOM,   Project  Engineer 

8.    CONTRACT OR GRANT NUMBER(-sJ 

DAAK10-80-C-0n29 
9.    PERFORMING ORGANIZATION  NAME AND ADDRESS 

Jones  &  Lamson Division 
Textron  Corporation 
Springfield,  VT     05156 

10.    PROGRAM ELEMENT. PROJECT.  TASK 
AREA a WORK UNIT NUMBERS 

n.    CONTROLLING OFFICE NAME AND ADDRESS 

ARRADCOM,   TSD 
STINFO  Div   (DRDAR-TSS) 
Dover,   NJ     07S01 

12.    REPORT DATE 

July   1981 

13.    NUMBER OF PAGES 

310 
14.    MONITORING AGENCY NAME ft  ADDRESSfJ/d(Horen( from Controlling OUIce) 

ARRADCOM,   LCWSL 
Munitions   Systems Division   (DRDAR-LCU-M) 
Dover,   NJ     07801 

15.    SECURITY CLASS, (of this report) 

Unclassified 
15a.    DECLASSIFI CATION/DOWN GRADING 

SCHEDULE 

16.    DISTRIBUTION STATEMENT (ol this Report) 

Approved  for  public   release;   distribution unlimited. 

17.    DISTRIBUTION STATEMENT (ol the abatract entered In Block 20, If ditlerent from Report) 

18.    SUPPLEMENTARY NOTES 

19.    KEY WORDS (Continue on reverse side II necessary and Identify by block number) 

High  speed machining 
Metal   removal 
Tool  wear 

20.    ABSTRACT (Catittniie on revera» af<*» ff n«c<>«»«ry and Identify by block number) 

Four  types  of   steel   (AISI  1340,   4140,   4340,   and  HF-1)   which  are  commonly 
used   in  large   caliber  projectile manufacture were machined with  five  types  of 
tools  at  different  hardness   ranges  representing  the  as-forged  and  the heat- 
treated  condition.     Results   show  that machining   speeds   can  be  increased   signi- 
ficantly over  current  practice using  the present  available  tooling. 

DD , JAN 73    l473 EDITION OF  » MOV 65 IS OBSOLETE UNCLASSIFIED 
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 



SECURITY CLASSIFICATION OF THIS PAGEfWian Data Bnlend) 

SECURITY CLASSIFICATION OF THIS PAGEfHTien Data Entered) 



SUMMARY 

Using a special dynamometer lathe as the basic tool, Jones & Larason 

Research engineers have documented data for ttie use of high surface cutting 

speeds to good advantage. Improvements, as compared to data presently published 

in the Machining Data Handbook, 3rd Edition, range as high as 400% dependent upon 

wortcpiece material and cutting tool material. 

Four different grades of work-piece materials were tested, using 

five different grades of cutting tools. 

Three of the projectile materials were tested at tiiree different 

hardness ranges, and the fourth was tested at two hardness levels. 

A. total of over 800 different cutting conditioas and paraiaeters 

were studied. Tool life lines, tool load, speeds, feeds, depth of cut, cutting 

tool materials and geometry were thoroughly analyzed. 

The results point towards further study in terras of optimum machine 

design characteristics and horsepower requirements. 
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INTRODUCTION 

The purpose of this effort is to demonstrate the feasibility of ultra-high 

surface speed for metal removal in turning operations. The end goal being criteria necessary to 

improve the productivity of the turning operations required in the manufacture of artillery 

shells. 

1 he dynamometer lathe, initially designed by Jones & Lamson to study high 

velocity turning techniques, serves as the basic tool for this work. 

Other equipment used by Jones & Lamson Metal Turning Research 

Engineers during this project include: Recording equipment, tachometer, toolmaker's 

microscope, profilometcr and a Bausch and Lomb Model ILS Metallograph. 

Aside from finding the optimum methods for machining this type of product, 

it is also desirable to identify the new machine parameters that will be necessary to take full 

advantage of this work in improving manufacturing methods and technology. 



EXPERIMENTAL PROCEDURE 

THE PROCESS 

The work-pieces are chucked in the dynamometer lathe and the end of the 

work-piece supported by a hve-center. The surface speed, in feet per minute, of the uncut 

diameter, is adjusted by using a hand-held tachometer. The feed rate is set in inches per 

revolution. 

A cut of the proper depth, .100" for "rough" and .050" for "finish ", is taken 

until the feed load reaches a pre-determined amount of increase of at least 50% of the sharp 

tool load at start of cut. The cut is then stopped. The wear land, of the cutting tool insert, is 

measured by use of a toolmaker's microscope, and the results are recorded. 

1 he wear-land is that area on the clearance face and nose radius where chemical 

and mechanical removal of some of the cutting tool material has taken place. 

The diameter of the turned portion and the length of cut are measured. The 

circumference is then calculated, and muhiplied by the length of the turn in inches which 

provided a value of square inches of machined surface. This value becomes a point on log-log 

paper of square inches of machined surface versus surface speed in feet per minute. A new 

surface speed is used for finding another value of square inches of machined surface. When the 

second point is plotted, the slope of the line is estimated and a third point will confirm the slope 

and location of the line. This line is the tool-life line. 

This process is repeated at various feedrates, so the optimum feedrate can be 

determined. The optimum feedrate is found by using the combination of surface speed and 

feedrate which gives the highest production index for a predetermined amount of tool wear. 

The production index is obtained by finding the largest product of surface 

speed in feet per minute and feedrate in inches per revolution. The production index is a 

number that is used for comparing one set of cutting conditions to another, on the same 

operation and is directly proportional to the metal removal rate. The surface speed used is 
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determined from the life-line plots by using 2,500 square inches of machined surface as the 

reference tool-life. The economic factors for tool life may change for various operations in 

different plants. However, for purposes of this effort, 2,500 square inches was used as the 

reference for comparative purposes. 

For comparison purposes, feed-rates were held to a maximum of .033 inches 

per revolution for all materials. Some materials exhibit feed-sensitivity at high feed rates 

which may result in lower production indexes. 

Once the optimum feedrate was determined, the life-line for each type of 

carbide tooling was found. The same procedure was used to determine the optimum 

parameters for ceramic tools. The highest feed used in testing the ceramic inserts was .022 

inches per revolution. Past experience with ceramic inserts indicated, that excessively high 

tool loads arc encountered at high feed rates. While determining the tool loads, insert 

breakage was experienced at these high feed rates and was also experienced at increased 

depths of cut. 

When the tool loads were recorded, the work-piece surface speed was 

extrapolated by using the reference tool-life of 2,500 square inches of machined surface, and 

the feed used was that which gave the highest production index. Various depths of cut were 

taken, and the tangential, feed, and radial tool loads were recorded. When conducting tests to 

find tool loads, only sharp tools were used, and the inserts were inspected for any chips or 

nicks before being used. 

While conducting the tests, some poor chip conditions were encountered 

when lower feed-rates were tested. These conditions are noted on the data sheets when they 

occurred. In general, chip conditions were acceptable during roughing cuts and should not 



present problems. During finish cut tests, some problems with chip control were encountered, 

expecially with the higher hardness materials. 

WORK-PIECK MATERIALS 

I he project was conducted with work-piece material of lour (4) types of steel: 

HF-land AIS14I40, AlSI434()and AISl 1340. The AISI 4140and AiSI 4340materials were 

purchased as 6" diameter bars, which were cut to suitable length for machining. The AISI 1340 

and H F-1 materials were not commercially available in small quantities, so projectile forgings 

of these materials were used. The AISI 1340 material had been hot-forged for heavy-wall 

M-483 pro|cctile metal parts and the H F-1 was hot-forged for XM-795 projectile metal parts. 

I he u-rtified copies of the chemical analysis of AISI 1340, AISI 4140, AISI 4340 and HI-1 

may be lound in the documentation for these materials. See Figures 14 to 17 pages 23 to 26. 

The bars and the projectile bodies were heat-treated to the following 

hardnesses to simulate the "rough"and "finish" machining conditions of projectile bodies. See 

Table I, page 5. I wo hardness conditions were considered for finish machining. 

Material 

AISI -1340 

AISI -4140 

AISI - 4340 

HF-1 

"Rough" 

Machining 

21   Re 

33/35 Re 

35/38 Re 

28/29 Re 

"Finish" 

Machining 

28 Re 35/37  Re 

28/30 Re 47/50 Re 

33 Re 49/50 Re 

42 Re 

For "rough" machining tests, the projectile bodies were checked for hardness 

using a King Brinell Hardness Tester, and machined with no heat-treatment. 7 he hardness 

was taken for each projectile body and recorded as the projectiles were used. For "finish" 

machining tests, all materials were heat-treated to the proper hardness. 



Material Conditions and Specifications used in Projectile Manufacturing. 

MAIERIAL AISI- 1340 AISI-4140 AISI -4340 HFl 

Hardness - 
"Rough" Machining 25 Re 30 Re 36 Re 30 Re 
"Finish" Machining 

1st Condition 29 Re 33 Re 31 Re 38 Re 
2nd Condition 38/40 Re 42/44 Re 48/50 Re ~— 

Surface Finish - 
• 

"Finish" Cuts 125 A.A. 125 A.A. 125  A.A. 125 A.A. 

Depth of Cut - 
"Rough" .100 .100 .100 .100 
'Finish" .050 .050 .050 .050 

NOTE: 
Ihe "Roughing" Cut is open tolerance-part not finished to size - merely to remove 
material object is "true" the part and hold concentricity. 

I he "Finish" Cut is done to establish size and maintain surface finish. 

A.A.- Arithmetic Average 

TABLE 1 - MATERIAL CONDITIONS 

5 



The metallographic preparations of the eleven samples for microscopic 

examination were done using standard metallographic methods. Sections were cut using a 

water-cooled abrasive cut-off wheel, then mounted in bakelite (phenolic powder). These 

samples were ground with 240, 320,400, and 600 grit silicon carbide papers, then polished with 

0.3 micron alpha alumina powder on a microcloth lap. All samples were etched with a 3% 

Nital solution and photographed at lOOX and 1,000X magnification using Polaroid Type 55 

Film on a Reichert Metallographic Microscope. 

The 6"diameter bars (AISI-4140 and AISI-4340) were checked for hardness 

prior to machining and as the diameter was reduced by approximately one inch, the hardness 

was checked again. This was repeated until the hardness had dropped to an unacceptable level. 

When using ceramic inserts, the end of the work-piece was chamfered with a 

45 lead angle tool to reduce the shock of entry for the ceramic tool. This was done in all cases 

and helped to alleviate the tool breakage, although some breakage still occurred. The hot- 

press (G-10) ceramic was the grade being used when unexplained breakage would occur. 

Because of these inconsistencies, the data for cold-press (G-30) ceramic was used for 

production indexes, as shown in the data sheets. 

CUTTING TOOL MATERIALS 

The five (5) cutting tool materials tested were tungsten carbide, titanium 

coated tungsten carbide, ceramic (AL   0   ) coated tungsten carbide, hot pressed cermet (AL ^ 

0    +TIC) and cold pressed pure ceramic (99.75% AL -, 0 .,) inserts. Figure I page 7, is a 

designation sheet explaining the symbols used for inserts. 

The tungsten carbide was Carboloy Grade 350, which has been in use for over 

twenty years. The titanium coated tungsten carbide was Kennametal KC-810, a multi- 

coated general purpose steel cutting grade. The ceramic coated tungsten carbide was Carboloy 

570. 



DESIGNATION SYMBOLS FOR THROW-AWAY INSERT NUMBERS 

I 23456 78 9        10 

CARBIDE 

CERAMIC 

T N M G 4 3 3 

C N G 4 5 4 A .008 20 

5 6 

SHAPE 

R-Round 

S-Square 

1 -Triangle 

P-Pentagon 

D-Diamond 55'^ 

O-Ociagon 

C'-Uiamond 80^ 

H-Mcxagon 

I -Reuangk- 

B-Parailcltigrain HT' 

M-Oiamond Hb 

A-Purailelugrani H5° 

E-Paralieiogratn 5>" 

P-Parallclogram 70° 

V-Parallciogram  ^3" 

CLEARANCE 

N-0° 

A-r 
B-5° 

C-7° 

P-IO° 

D-I5° 

E-20° 

F-25° 

(.-30° 

CLASS 

Cutting Point Thickn 
A = i.0002 ».00l 
B = *0002 ».005 
C = 10005 *.00l 
n = t 0005 »,005 
E = « 001 1.001 
g = '.001 *.0O5 
♦♦ M = i.002 * 004 *.0O5 *• U -- I 005 4. 312 '005 
R = Blank with giind stock 1.005 

un all surfaces *005 
S - Blank with grind stock 

on top 2 nd bottom 
suiiaccs only. 

TYPE 

A-Wiih hole 

B-Wiih hole and one 
countersink 

C-With hole and two 
countersinks 

D-Smallcr than V*' 
I.e. with hole 

E-Smailer than %' 
I.e. without hole 

F-Clamp-on type 
with chipbreakcr 

G-Wiih hole and 
chipbreakcr 

H-With hole, one 
countersink and 
chipbreaker 

J-With hole, two 
countersinks and 
chipbreaker 

K-Smallcr than 'A" 
I.e. with hole 
and chipbreaker 

L-Smaller than '/," 
I.e. without hole 
with chipbreaker 

SIZE 

o 

■5 ^ 
» 5 

~ —   c 

f ES.^ 

THICKNESS 

«    .  o 
-so „■ 

°   o   I • 
■§ -I "^ 
rj >3 ■£ , 

E E 

10 

( LTTING POINT 

Kadius or Flats 

(.)-Sliarp coiner 

1-1/64 Radius 

2-1,; .12 Radius 

.VV'M Radius 

4-1'16 Radius 

6-1/.12 Radius 

«-l;8 Radius 

OTHER 
CONDITIONS 

A-Ground all over-light 
honed 

B-Ciroiind all over-heavy 
honed 

C-Ground top and bottom 
only-light honed 

D-Ground top and bottom 
only-heavy honed 

E-Unground Insert-honed 

F-lInground Insert-not honed 

•Shall be used only when required, 

••hxacl tolerance is determined by size of insert. 

WIDTH OF 
CHAMFER 

IN 
INCHES 

ANGLE OF 
CHAMFER 

IN 
DEGREES 

DIMENSIONS OF "K" LAND 

Figure 1: 



The hot press cermet, GIO, (black ceramic) and cold press ceramic, G-30, 

(white ceramic) were from Babcock and Wilcox, Rochester, Michigan. These particular 

grades were selected because of the extensive experience in their application. 

The tool holders used for these tests had zero degree lead angles; that is, the 

cutting edge is 90« to the centerline of the work-piece. This condition is a standard procedure 

for tool testing. (See Figure 2 on page 8). 

When testing the carbide grades, plain and coated, only one side of the insert 

was used. The heat from the cutting process travels through the insert, so the opposite side may 

give erratic results. For machining these materials, the thickness of the insert will be an 

important consideration. 

OBSERVATIONS OF METALLOGRAPHIC SPECIMENS 

Of the eleven workpiece samples taken for metallographic examinations, six 

were processed at Dartmouth College - Thayer School of Engineering and five were processed 

at Jones and Lamson with the following results. 

General Observations 

I.) Samples labeled R or Rough (those used for rough turning operations) have a coarse 

structure indicating little or no heat treatment. 

2.) Samples labeled F (those used for finish turning operations) have been heat treated. 

3.) The  heat  treated  samples,  those  used  for  finish  turning,  show  a  finer  more 

homogeneous structure. 

Specific Observations 

AISI-1340 -Rough turn condition: (21Rc) This material shows grains of ferrite (white) and 

pearlite (dark) with some ferrite at the previous austenite grain boundaries. (Sec 

Figure 3, page 12.) 



Finish turn condition: (Re 28) Photomicrograph shows a fine dispersion of ferrite and 

either pearlite or bainite. Even at high magnification it is not possible to 

distinguish between fine pearlite and bainite. See Figure 4, page 13. 

Finish turn condition: (Re 38) This photomicrograph displays a structure typical of a 

tempered martensite. See Figure 5, page 14. 

AISI-4140-Rough turn condition: (33/35 Re) The structure of this material is coarse grained, 

with ferrite and bainite present. The material is not martensitic. Hardness should 

be approximately 30 Re. See Figure 6, page 15. 

Finish turn condition: (Re 28/30) A fine grained microstructure dominates this 

photomicrograph. This is evidence of subsequent heat treatment from the 

rough condition. See Figure 7, page 16. 

Finish turn condition: (Re 42/44) This material exhibits a structure typical of a 

tempered martensite. See Figure 8, page 17. 

AlSl-4340-R()ugh turn condition: (35/38 Re) The microstructure of this material is very 

similar to that of AISI 4140. The grain size is large, and ferrite and bainite are 

present. See Figure 9, page 18. 

Finish turn  condition:  (Re 33) This  material  is also similar to  its  AISI  4140 

counterpart. The microstructure is fine-grained, and there is evidence of heat- 

treatment between the rough and finish materials. See Figure 10, page 19. 

Finish turn condition: (Re 48/50) The finish turn condition exhibits a tempered 

martensitic structure with a moderate degree of banding evident. 

See Figure 1 I, page 20. 
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HF-1-Rough turn condition: (28/29 Re) A predominatly pearlitic microstructure is 

evident. See Figure 12, page 21. 

Finish turn condition: (Re 42) There is an abundance of alloy metal carbides 

precipitated through the material. These are the small white spots in the 

lOOOX photomicrograph. The matrix is composed of fine pearlite or bainite. 

See Figure 13, page 22. 
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Metallographic Sample 
AISI-1340 - "Rough" - 20/22 Re 

lOOX 

lOOOX 

Figure 3 
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Metallographic Sample 
AISI-1340 - "Finish" - 28 Re 

IIP*' 
i 

.:-i9-''^0>iM- 

% 
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%-^ I? 

lOOOX 

Figure 4 
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Metallographic Sample 
AISI-1340 - "Finish" - 38/40 Re 

100X 

1000X 

Figures 
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Metallographic Sample 
AISI-4140 - "Rough" - 33/34 Re 

'■^f'i^Wf^^ 

J   # 

lOOX 

i 

lOOOX 

Figure 6 
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Metallographic Sample 
AISI-4140 - "Finish" - 27/30 Re 

lOOX 

"-* "W^: "-*    MJ^" ■*'--?*• ■#'y^^. Wi^ ' "1 

lOOOX 

Figure 7 
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Met'allographic Sample 
AISI-4140 - "Finish" - 42/44 Re 

100X 

1000X 

Figures 
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Metallographic Sample 
AISI-4340 - "Rough" - 36/39 Re 

t?v.»*v'^ V* 

lOOX 

P 
»: «■ *.,^^:,. -, 

lOOOX 

Figure 9 
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Metallographic Sample 
AISI-4340 - "Finish" - 33 Re 

t jK,*seb^     ' Ok 

lOOX 

K . * 

lOOOX 

Figure 10 
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Metallographic Sample 
AISI-4340 - "Finish" - 48/50 Re 

100X 

Sf    . 

.■•^•»%"X€ 

1000X 

Figure 11 
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Metallographic Sample 
HF-1 - "Rough" - 28/31 Re 

lOOX 

„'?»!(*-'?-:fS 

lOOOX 

Figure 12 
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Metallographic Sample 
HF-1 - "Finish" - 41 Re 

WflliiT ^^a.'"a 
lOOX 

-aftfc "mse^ 

*M 

lOOOX 

Figure 13 
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Results of Turning Tests: 

From the following tables, it can be seen that significant improvements can be 

achieved using the machining conditions found in the tests over those recommended in the 

Machining Data Handbook, 3rd Edition. Table 2 documents the "roughing-cuts" data, and 

Table 3 documents the "finishing-cuts" data. 

For the "roughing-cuts", the percentage increases in the productivity index 

ranged up to 148% for carbide and 209% for ceramic tooling over the data in the Machining 

Data Handbook . I n each case, the reference inserts were coated carbides, and the comparison 

materials were 570 carbide and G-30 (cold-press) ceramic. 

The results of the finishing-cuts gave similar increases, as those for the 

roughing-cuts. The productivity index increase was up to 200% for carbide inserts and 419% 

for ceramic inserts. 

The tool load charts show the power requirements for the spindle and the tool 

carrying slide, when using the various types of cutting materials at the proposed cutting 

speeds. I here is a considerable increase in spindle power requirements, when ceramic cutting 

tools are applied. The power requirements for all of the materials tested are shown on the 

"Summary of Results" sheets, at the beginning of each material section. 

Overall, it can be seen that by using the results of this effort, significant 

increases in metal removal rates can be achieved. 
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AISI 1340 Projectile Material - "Roughing" Cuts-21 Re 

Table 4, page 31 is a summary chart showing the results of the life-line and 

tool load tests on AISI 1340 material. Figures 18 through 21, pages 32 to 35, depict the results 

of the variety of individual tests that were made in the roughing cuts of the AISI 1340 steel. 

Table 5 through Table 10, page 36 through page 41, contain the tabulations of data used in 

plotting the previous charts. 

This material is feed-sensitive. As the feed is increased, the production index 

will reach a peak and then decrease with an additional increase in feed rate. For these tests, the 

peak came at .025 inches per revolution feed. See Table 4. 

1 he titanium coated carbide did not give as good a tool life as that provided 

by tungsten carbide at .025 inches per revolution feed. The hot-pressed (G-iO) ceramic gave 

almost equal tool-life for both .015 and .022 inches per revolution feed rate. The cold-pressed 

ceramic (G-30) gave similar results as the G-IO, except that the slope of the life-line was lower 

than the G-IO life-line. 

The tool loads were similar for the three grades of carbide, but when the tool 

load tests for G-iO were tried, the tool broke at .200 depth of cut. This was due to the 

"briltleness" of G-IO and the small inscribed circle (.500") of the test insert. 

When conducting the life-line test, there was some non-uniform wearing of the 

insert flank. The nose was wearing more than the insert flank so the nose wear-land value was 

used in plotting tool life-lines. To the user, this means that a well-directed, copius supply of 

coolant should be used when machining this material. 
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SUMMARY OF RESULTS 

"ROUGHING CUT" 

MATERIAL 
HARDNESS 
TOOL LIFE 
DEPTH OF CUT 

AISI-I340 
217/241 Bhn. 
2500 In^ of Machined Surface 
.100 Inches 

Tool Cutting 
Material 

S.F.M. Feed 
In./Rev. 

Prod. 
Index 

Tangential Tool 
Load - Lbs. 

.100 Depth of Cut 

350 450 .022 9.9 — 

350 430 .025 10.7 730 

350 300 .033 9.9 — 

KC-810 410 .025 10.2 760 

570 700 .025 17.5 800 

G-10 1000 .015 15.0 — 

G-10 970 .022 21.3 680 

G-30 870 .015    . 13.1 480 

G-30 830 .022 18.3 ^" 

HP. 
100 Depth 

of Cut 

9.51 

9.44 

16.97 

19.99 

12.65 

TABLE 4:      AISI-1340 Results of Tests 
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2000 

Figure 19:   Tool-Life Lines of Listed Cutting Materials on AISl 1340 Steel at 223/235 
Brinell Hardness for .025 Inches/Revolution Feed. 

Depth of Cut-.100 Inches 
Tool Holder   - MTANR-164 (0" Lead Angle) 
Insert -TNMG-433 
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10,000 

200 300    400^500 1000 2000 

CUTTING   SPEED-FEET   PER   MINUTE 

Figure2l:   1 ool-I.ilc Lines of Listed Cutting Materials on AISI 1340 Steel at 217/238 
Brinell Hardness for Listed Feed-Rates. 

Depth of Cut - .100 Inches 
Tool Holder    - CCGNR-164 (0" Lead Angle) 
Insert - CNG-454 .008 ,x 20" Grade G-30 
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Date:                     7/22/80 

Depth of Cut:         -lOO APPROX 

Hardness:            SEE TAB. 

Coolant Application:   TOP 

• 

Material:       AISI 134O 

Coolant:       TRIM-SOL 20 :1 

Tool Description: 

Holder:         MTANR-164 

Insert: TNMG-433 
L..                                                                                                                                                   1 

d LU 
QUJ 

ii 
Z 

OS 

" Ui 
Q. 
tn 
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a 

ox 
tUh- 
zo 
ocz 

lu £ v< 
2< 

O 

UJ 

SHEI L  HARDN] ;SS  228/ 235  BHN 

1 350 700 .022 6.325 6.175 3.8 73.7 .022 80.4 .024 

2 II 500 " II II ■    18.4 357 

2a If II II 6.175 5.955 10.125 189.4 .013 
547 TOTAL 
1010   .024 

3 II 600 II •■ It 6 112 .015 180   .024 

SHEI L  HARDN] ;ss 228/ >35  BHN 

4 II 600 .025 6.330 6.133 12.56 242 .041*N 
NOSE 
140 

WEAR 
.024 

5 II 650 II II II 2.1 40.5 .012*N 
NOSE 

81 
WEAR 
.024 

6 II 700 II 11 II 2.7 52 ,055*N 
NOSE 

23 
WEAR 
.024 

7 II 500 11 II II 2.6 50 

7a II II II 6.133 5.945 14.8 276.4 ,0105 746 .024 

SHEI L  HARDN] SS  228/ >35 BHN 

8 350 650 .033 6.330 6.110 1.45 
TOO F ^ST 

NOTES: 

TABLE 5     : DATA FOR LIFE LINES 
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Date:                      i/ii/m 

Depth of Cut:         .100 APPROX 

Hardness:             ^p^ TAR 

Coolant Application:    TOP 

• 

Material:            AISI 1340 

Coolant:             TRIM-SOL 20 :1 

Tool Description: 

Holder:               MrANR-i64 

Insert:                TNMG-433 
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s lELL HAR DNESS   2; 8/235  BHN (cont'c .) 

9 350 600 .033 6.330 6.110 1.3 25. .023% 
NOSE IWEAR 

26 1.024 

10 I! 400 It II II - - - 

11 II 400 n II II 16-3/4 324 .0215 360 .024 

12 II 350 II 6.135 5.955 19.75 369 .009 985 .024 

NOTES:          RUN  NO.   10 TOOL  BROKE 
BAD   "HOLE"   IN  SHELL 

*WEAR LAND  ON NOSE USED 

TABLE 6     : DATA FOR LIFE LINES 
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Date:                    7/2V8O Material: AISI 1340 

Depth of Cut:       .100" APPROX. Coolant:         TRIM-SOL 20 :1 

Hardness:           SEE DATA 

Coolant Application:     TOP 

Tool Description: 

Holder:      MTANR-164 

Insert:       TNMG-433 
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SH] ;LL HARD JESS  22j /235  BHN 

1 KC-81d 850 .025 6.338 6.145 5.2 100 .017 142 .024 

2 M 650 M II II 15.1 291.5 .015 466 .024 

[] M 550 ?I 6.145 5.968 20.1 377 .011 822 .024 

SHI :LL HARD JESS  228 /228 BHN 

4 t? 5()0 .025 6.338 6.172 20.9 405 .0085 L144 .024 

NOTES: 

TABLE 7     : DATA FOR LIFE LINES 
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Date:                     7/24/80 

Depth of Cut:         .100 APPROX 

Hardness:             SEE DATA 

Coolant Application:     TOP 

• 

Material:         AISI 1340 

Coolant:         TRIM-SOL 20 :1 

Tool Description: 

Holder:           MrANR-i64 

Insert: TNMG-433 
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SHI LL  HARD! lESS  228 /228 BHN 

1 570 850 .025 6.330 6.136 8.25 

la 11 11 II It II 20.6 397.6 .008 1193 .024 

2 II 1100 M 6.136 5.941 6.25 117 .0065 431 .024 

3 11 1200 11 11 6.007 6.625 125 .0175 171 .024 

NOTES: 

TABLE 8     : DATA FOR LIFE LINES 
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Date:                      7/25/80 

Depth of Cut:         .100 APPROX 

Hardness:             SEE DATA 

Coolant Application:   TOP 

• 

Material:       AISI 1340 

Coolant:        TRIM-SOL 20: 

Tool Description: 

Holder:         CCGNR-164 

1 

Insert: CNG-454     820 
L..._.                                                                                                                                                1 
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is 

a 
z 

UJ 

SHE] L HARDN; !SS  228/ 241  BHN 

1 G-IO 1200 .015 6.335 6.160 8.1 157 .0035 670 .015 

2 It 1100 II II II 11.3 220 .0022 L490 .015 

3 It 
1000 II 6.160 5.945 17.8 332 .0024 2080 .015 

SHEI L  HARDN :ss 228/ 241  BHN 

4 G-lO 850 .022 6.230 6.030 19.25 365 _ 
CUT  1 
CONTtNUED 

4a t1 II It 6.030 5.925 19 719 .002 3390     .015 

SHEI L HARDN: ;ss 235/ 241  BHN 

5 G-10 1100 .022 6.330 6.162 6.375 123.4 .004 463 .015 

6 11 1200 tl tl II 12.75 246.8 .0075 493 .015 

7 II 1000 II 6.162 5.970 19 356 .002 2670 .015 

NOTES: 

TABLE 9     : DATA FOR LIFE LINES 
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Date:                 7/29/80 

Depth of Cut:     .100 APPROX. 

Hardness:         SEE DATA 

Coolant Application:   NONE 

Material:       Aisi 1340 

Coolant: 

Tool Description: 

Holder:         CCGNR-164 

Insert: CNG-454  -  820 
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SHEI L  HARDNl ;SS  217/ >38 BHN 

1 G-30 1200 .01! 6.350 6.225 7 137 .002 1027 .015 

2 II 1400 II It M 12.1 237 .006 590 .015 

3 H 1100 M 6.225 6.050 19.1 363 .0052 1047   ,015 

4 II 1000 II 6.050 5.850 19.1 351 
CUT  1 
CONxiNUED 

4a II II 11 5.850 5.670 19.6 700 .0065 1615   .015 

SHEL L HARDNl ;s's - 23 3/241 BHN 

5 G-30 1400 ,022 6.320 6.140 9.25 178.4 .006 446 .015 

6 fl 1200 II II M 9.85 190 .005 570 .015 

7 II 1000 II 6.140 5,950 19.0 336 - 

7a 11 II II 5.950 5.780 19.0 681 .0072 1418 .015 

NOTES: 

TABLE 10   : DATA FOR LIFE LINES 
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TOOL LOAD VERSUS DEPTH OF CUT 

Material:      AISI 13^ Holder:     Qp [fAD ANGLE 

Hardness:     235/255 BHN Insert:      T.ftlG-i|33 

Feed Rate:     .025 IN./REV. Grade:     350 

Surface Speed:    ^430 F, 
2400 

Coolant: TRIFl-SOL 20:1   TOP 
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Figure 22  TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

Material: 

Hardness: 

Feed Rate: 

Surface Spec 
2400- 

AISI 13^ 

235/255 Bm 

.025 IN./REV. 

»d:   410 FT./FIIN. 

Holder:     OP HAD ANGLE 

insert:        TmG^33 

Grade:       KC-810 

Coolant:    TRIM-SOL 20:1 TOP 

2000- 
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Figure 23: 1 
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TOOL LOAD VERSUS DEPTH OF CUT 

Material:      /^jgi 231:10 ^°^^^''     0^ LEAD ANGLf 

Hardness:     235/255 BHN insert:       TIflG-^33 

Feed Rate:     .025 IN./REV. 

Surface Speed:    700 F ■ /MI N ■ 
2400 

Grade:       570 

Coolant:    TRIM-SOL 20:1      TOP 
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Figure 24 TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

Material:        AISI 1340 Holder:       0^ LEAD ANGLE 

Hardness:      235/255 BHN ""sert: CNG-454 

Feed Rate:     .022 IN./REV. Grade:        G-10   820 

Surface Speed:     970 F./MIN. Coolant:     TRIM-SOL 20:1 
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Figure 25: TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

Material:      AISI 13^10 "oWer:      {p LEAD ANGLE 

Hardness:     235/255 BHN '"sert:        m-l&\   820 

Feed Rate:     .015 IN./REV. Grade:       G-30 

Surface Speed:    870 F./MIN. Coolant:     |\JONE 
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Figure 26: TOOL LOAD CHART 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:   AISI 13^10 HARDNESS:    235/255 BHN 

INSERT: TNMG-^33 

GRADE:  350 

SURFACE FEED: 

FEEDRATE 

im       COOLANT: TRIM-SQL 
FT./MIN.       20:1 TOP AfPLIC. 
.025 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.050 

.100 

.150 

.200 

^00 
1100 
W50 00 

?05 

520 

INSERT: TNMG-433      SURFACE FEED:   ^10 COOLANT: TRIM-SOL 
FL/MIN. 20:1 TOP APPLIC. 

GRADE: KC-810 FEEDRATE   -0^5 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.050 

.100 

.150 

.200 
1160 
1540 

320 
520 
720 

210 
250 

410 

COOLANT:_ TRIM-SOL .NSERT:  m^33       SURFACE FEED:  M OOO^^^^^..^^^.^ 

570 FFFDRATP    .0^5 IN./REV. GRADE: 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

:i 
.150 
.200 

1200 
560 

yo 
740 

370 
385 

TABLE 11 DATA FOR TOOL LOAD CHARTS 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:   AISI 1340 HARDNESS:   235/255 BHN 

INSERT:  CNG-454   n 
.008x20^ 

GRADE:   G-10 

SURFACE FEED:   9^0^j^COO^A|.y^-^gL 

FEEDRATE   .022 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

:i5o 
.200 

1000 i ■ i 

INSERT:  CN6-454   ^ SURFACE FEED:   870 COOLANT: NONE 
.008" X 20° FT./MIN. 

FEEDRATE GRADE:   5.30 .015 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.050 

.100 

.150 

.200 

2^ m 
720 
960 

100 
260 

INSERT: 

GRADE: 

SURFACE FEED: 

FEEDRATE 

COOLANT; 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.050 

.100 

.150 

.200 

TABLE 12 DATA FOR TOOL LOAD CHARTS 
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AISI 4140 Projectile Material - "Roughing" Cuts-33/35 Re 

Table 13, page 51 is the summary of tests done on AlSl 4140 steel. It presents 

the results of the life-line tests for the various cutting materials and feed rates, as well as the 

horsepower calculations using the tangential tool load values from the charts. 

Figures 27 through Figure 30, pages 52 to 55 depict the results of the variety of 

tests that were made during the roughing cuts in the AISI 4140 material. Tables 14 through 20, 

pages 56 through 62, contain the corresponding data for these figures. 

The life-lines of this material were plotted at .015, .022, .025, .033, and .047 

inches per revolution feed-rates. As the feed-rate was increased, the production indexes also 

increased, but for comparison purposes with other carbides, a maximum feed-rate of .033 

inches per revolution was used. 

1 he hot-press and cold-press ceramics did show some difference from past 

results in that an increase in feed rate did not require a lowering of surface speed. 1 his means 

that it IS better, from a tool life standpoint, to use the higher feed rate of .022" for higher 

production rates. This increase in feed-rate does cause an increase in the tangential tool load 

which increases the horsepower required for a cut. 

Different "K" lands on the ceramic inserts were tested to determine the effect 

on the too! loads when the feed rates were changed. When the feed-rate was lowered on inserts 

with equal "K" lands, the tool loads decreased. This is similar to other commonly used 

materials because when the horsepower is calculated, the feed is a factor. When the "K" land 

width was increased, keeping the angle the same, the tangential tool load increased only 

slightly. However, the feed load almost doubled in value. This means that the power source, 

driving the tool slide, should have the capacity to handle these larger loads. 

49 



This material also shows the effect on wear land as the lead-angle of the tool is 

changed. Figures 41 through 45, Tables 24 through 28, pages 76 to 85. When these charts were 

evaluated, it was concluded that they served no useful purpose and that this work would not be 

done for the other three materials. 
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SUMMARY OF RESULTS 

"ROUGHING CUT" 

MATERIAL 
HARDNESS 
TOOL LIFE 
DEPTH OF CUT 

AISI-4140 
302/321 Bhn. 
2500 In^ of Machined Surface 
.100 Inches 

Tool Cutting 
Material 

S.F.M. Feed 
In./Rev. 

Prod. 
Index 

Tangential Tool 
Load - Lbs. 

.100 Depth of Cut 

HP. 
.100 Depth 

of Cut 

350 330 .015 4.95 — — 

350 285 .022 6.27 — — 

350 275 .025 6.88 — — 

350 255 .033 8.42 900 6.95 

350 230 .047 10.81 — — 

KC-810 320 .033 10.56 840 8.15 

570 360 .033 11.88 800 8.73 

G-10 840 .015 12.6 — — 

G-10 810 -.022 17.82 800 19.64 

G-30 780 .015 11.7 — — 

G-30 760 .022 16.72 800 18.43 

TABLE 13      AISI-4140 Results of Tests 
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200   300 40(^660        1000       2000 

CUTTING SPEED-FEET PER MINUTE 

Figure 27:   Tool-Life Lines of Carboioy Grade 350 on AlSl 4140 Steel at 311/321 
Brineli Hardness for Listed Feed-Rates. 

Depth of Cut-.100 Inches 
Tool Holder    - MTANR-164 (0" Lead Angle) 
Insert -TNMG-433 
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Figure 28:  Tool-Life Lines of Listed Cutting Materials on AISl 4140 Steel at 311 / 321 
Brinell Hardness for .033 Inches/Revolution Feed. 

Depth of Cut - . 100 Inches 
Tool Holder    - MTANR-164 (Qo Lead Angle) 
Insert -TNMG-433 

53 



1 u.uuu- '~~ ̂ ^^ r" — — —   ■M   H 
■  "" ■ ^ 

o f\ f\ rt_ .015" WEAR LAND 
6000" 

UJ 
O4 0 0 0- \ V . 
O \ \ \ 
lU \ A 
C3 ^ f\ f\ f\ \ \1 ^2000 

\ 1\ \ u 1- ^ 
\ 

—« i rt n n- \ I \ 
\ 

13 1 u u u \ ^ \ 
O i. l\ V ^-^" i\ 

OC    <5 n ft- \ y 
-^ L r-in 

UJ \ 
r   T     I     TJ^ 1 
r. in     y^ \]LJ ".015 In./Rev 

\ 
022 In./Rev. 

u\ 
\ 1 \ 

4 0 0" \ \\ UJ \ 
\\ O \ \ , 

< 
IL      Oft ft- ^ \ \ \ 
•r    ^ u u- ^ \ \ 
flc ^ ̂  \ 1 \ 

z> I   1   IXI \ \ \ 
(A 

.fJK)   /■ \ \ . 

Q    100- 
.033 In./Rev. "I \ \ \ 

r .024'WEAR LAND \ " i \ \ 
\ \ 

Ul \ y 1 

^      Rn- ) \ I —          D U 
X \ \ \ \ ^ \ 
^           Aft \ A 1 <        4 0- \ \\ 

Z \ \\ 
V \ 

u. \ \ 
O        20- \ 

\ 
c< \ 
Z 1 

L_ 

_ __ _ _^ ^^ — ■^^- - ^ r^am wmtm   ~ \ _ ^ 

200   300 46(f 

CUTTtNG SPE 

500        1000       2000 

ED-FEET PER MINUTE 

Figure 29:   lool-Lite Lines of Listed Cutting Materials on AISl 4140 Steel at 31 1/321 
Brinell Hardness lor Listed Feed-Rates. 

Depth ol Cut - .100 Inches 
1 ool Holder    - CCGNR-164 (0» Lead Angle) 
Insert - CNG-454 .008 x 20" Grade G-10 

54 



1 u.uuu- — "" ■ ■>■ ■ ^ 

o n f\ rt_ .015" WEAR LAND 
6000" 

III 
#ffl  A   f\ f\ f\^ w 4 O O O- V I 
o ss 
Ul ^ 

^ 
V N \ G-30 

>.0I5 In. 
L         t         1 

/Rev.  ' 
1      1      1 

^2000- 
\ Ns ^ 

K 
> \s / V , V 

">% 1 o n n- \ ?' 
>i\ r 

^  1 ^J \j \j ii /. . >\ o V / V\ 
\ / \ 

EC    An n. \ r i-3b /■'■'. 
122 In /Rev 

\ S    6 0 0- 
\ ( V 
\ \ 
\ L^ 4 U U \ \ V III 

o 
^ A > 

\^ V 
< 
IL    on r\- ^ V A •^     iC U U ^ \ V 
fiC /I V N 
I) ^ \ , \ 
(0 " .033 In./R \   V 
Q    100- 

JV. \ 
r.U24    WILAK LAIMJ 

\ lU ^ 

^      fin- —          D U 
X \ 

\ 
<^         AC\. \ 1 <       40- \ 

> 

V 1   . 
II. \ O        2 0- 
M z 

^ ^^ 
200   300 46(r 

CUTTING SPE 

600        1000       2000 

ED-FEET PER MINUTE 

Figure 30:   I ool-l,ife Lines of Listed Cutting Materials on AlSl 4140 Steel at 302, 321 
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Depth of Cut - . too Inches 
1 ool Holder    - CCGNR-164 (0" Lead Angle) 

Insert - CNG-454 .008 x 20« Grade G-30 
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Date:                  3/5/80 

Depth of Cut:       .100 

l-lardness:           311/321 BHN 

Coolant Application:   TOP 

Material:        AISI 

Coolant:         TRIM- 

Tool Description: 

Holder:           MTANR 

4140 

SOL  20:1 

-164 

Insert: TNMG- 433 
1 .                                                                                                                      1 

d 
z 
a. 

UJ 

0" 

■ z 
OS 

i-u. 

o[{J 
Q. 
(0 

si 
ii n a 

ox 
lUh- zo 
flcz 
H-J 

Qz 0 
Z 

Ul 

0 

1 350 750 .022 6.005 5.805 .700 - - roo FKST 

2 650 11 " .4 7.29 .021 8.33 .024 

3 600 11 II ■5.4 98 .047 50 .024 

4 500 M 5.805 7.3 133 .018 L77 .024 

5 450 ft II 7.2    . 131 

5a It 5.805 5.605 2.95 183 .014 
183 TOTAL 
313  1 .024 

5b It II " 1.75 _ _ 

6 400 II " 16.4 288.8 .017 408 .024 

DECREAS I FEED T 3   .015  IN/1 EV. 

7 350 750 .015 5.605 5.405 .4 - - TOO   ^AST 

8 II 700 II II •■ .95 - - TOO   ^AST 

9 ir 650 II " II 3.15 53.5 .035 36     .024 

NOTES: 

TABLE    14: DATA FOR LIFE LINES 
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Date:                3/5/80 

Depth of Cut:    . loo 

Hardness:        311/321 BHN 

Coolant Application:   TOP 

Material:         AISI 4140 

Coolant:         TRTM-sni, 20 

Tool Description: 

Holder:            MTANR-164 

:1 

Insert:            TNMn-433 
1                                                                                                                             1 
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R
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HARD vIESS   CHI CK - 321/3 Ll 

10 350 500 .015 5.605 5.405 11.8 200 .014 343 .024 

11 600 II 5.405 5.205 5.6 91.6 .0145 152     .024 

12 450 .025 II II .55 -    WRO^ G FEEI RATE) - 

13 II II fl II 6,7 109.5 .023 114     .024 

14 350 II 5.605 5.405 4.9 83.9 

14a " It II 5.450 5.225 8.3 136.2 

14b II " 5.225 5.005 12.6 418 .015 670 .024 

NOTES: RUN   5b-TIP  CRACKE 
RUN   7   -CHIP  niD N 
RUN  8-BAD  CHIP 
RUN  9-BAD 
RUN   10-BAD  CHIP 
RUN  11-BAD  CHIP 

D 
OT BREAi V. 

TABLE   15 : DATA FOR LIFE LINES 
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Date:                    3/6/80 

Depth of Cut:        .100 

Hardness:           SEE CHART 

Coolant Application:    TOP 

( 

Material:       AISI 4140 

Coolant:        TRIM-SOL 20 :1 

Tool Description: 

Holder:          MTANR-164 

Insert:           TNMG-433 
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Q. 
V) 

as OH 
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1^ Z|u 
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ox 
UJI- 
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ocz 

Q 
Z 

LU 

0 

z<a:Z> 

HARDNEJ S  CHECK 302/311  Bt N 

1 350 400 .033 5.205 5.005 8.6 135 .022 147 .024 

2 11 350 It 5.005 4.805 21.1 318 .016 477 .024 

3 It 400 .047 4.805 4.605 1.0 14.5 .028 12.4 .024 

4 II 300 !l It •• 19.9 290 .0175 397 .024 

HARDNEE S   CHECK -  302 BHN 3/7/8 ) 

1 ^C-810 400 .033 4.640 4.425 20.9 290 .0145 480 .024 

2 n 450 .015 4.425 4.225 20.85 276 .006 1106 .024 

3 II n .033 4.225 4.025 20.8 263 .021 300 .024 

NOTES:        RUN  NO.   2   (KC-810)   GOOD  CHIP  CONDITION 

TABLE   16 : DATA FOR LIFE LINES 
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Date:                  3/10/80 

Depth of Cut:     -lOO 

Hardness:         321 BHN - INITIAL 

Coolant Application:      TOP 

Material:     AISI 4140 

Coolant:     TRIM-SOL 20 :1 

Tool Description: 

Holder:       ^f^ANR-l64 

Insert:         TNMG-433 
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1 570 450 .033 5.985 5.700 21.5 385 .016 577 .024 

2 II 500 11 5.700 5.601 11.5 202.5 .0165 294 .024 

NOTES: 

TABLE   1 7 : DATA FOR LIFE LINES 
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Date: 3/10/80 

Depth Of Cut:     lOO 

Material: AISI 4140 

Coolant: TRIM-SOL  20:1 

Hardness:       321 BHN 

Coolant Application:    TOP 

Tool Description: 

Holder:     CCGNR-164 

Insert:      CNG-454 - .008 x 20° 
Grade    G-IU    Hnf    PrPQc,    ^'p-rarmV 

d 
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z 
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Ui 
a uj 

<i 

z 
OS 

Q. 
(0 

O 

ax 
UJI- zo 
3UJ 
I--J 

Qz Q 

< - 
UJ 

1 G-10 1200 .015 5.700 5.605 10 176 .004 

la tl 5.605 5.400 12.6 213.7 - 
TOOLI 
FAILID 

2 1000 " " 8.9 151 

2a II 5.400 5.207 15.4 403 .008 755 .015 

3 1100 II II 6.1 

3a n 5.207 5.005 10.4 163.5 .008 305     .015 

4 1400 5.205 5.010 11.0 173 - TOOLI 
FAILtD 

HARDl ESS  CHE :K - 302 BI JJ 

5 G-10 1000 .022 5.010 4.808 9.6 145 .005 435     .015 

5a It II II 11 II 7.3 - - 
T^ANKiOF TCC 
:HiFpiD on 

6 II 850 .022 5.040 II 4.5 _ _ 

6a ir II " 4.808 4.608 .5 
COM? .ETE 

7 II II II II II 18.9 273.6 

NOTES: 

TABLE   18 : DATA FOR LIFE LINES 
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:0^x. 

Date:                     3/10/8O 

Depth of Cut:        .100 

Hardness:            321 BHN 

Coolant Application:    TOP 

Material:      AISI 4140 

Coolant:       TRIM-SOL 20 :1 

Tool Description: 

Holder:       CCGNR-164 

Insert:        CNG-454 - .008 x 20° 
Grade  C-IU Hot  Press  Ceramic 
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7a G-IO 850 .022 4.608 4.410 15.3 485 
 ! 
.005 1456   .015 

- 

. . _ 
NOTES: 

TABLE   19 : DATA FOR LIFE LINES 
61 



Date: 

Depth of Cut: 

Hardness: 

Coolant Applies 

5/12/80 

.100 

302/321 BHN 

tlon: 

Material:      AISI 4140 

Coolant:       NONE 

Tool Description: 

Holder:        CCGNR-164 

Insert: CNG-454  -   .008 X  20° 
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1 G-30 1000 .015 5.930 5.730 5.12 92.2 

la II II fl 5.730 5.530 5.06 87.9 .006 

lb 11 II If 5.530 5.330 21.75 544.3 .008 1020 .015 

2 It 1100 M 5.330 5.130 21.62 348.5 .008 653 .015 

3 II 1400 II 5.130 4.930 9.75 151 .0065 348 .015 

FEED CHANGE - NEW B, ^R         317/2 21  BHN 

4 G-30 1200 .022 6.005 5.800 8.5 154.8 .006 387.J   .01! 

5 11 1400 M 11 M 5.625 102.5 .0055 279.f   .01! 

6 II 900 11 II M 7-5/8 140 

6a II II 11 5.800 5.600 21.62 520.2 .0058 134  1   .01! 

NOTES: 

TABLE  20: DATA FOR LIFE LINES 
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TOOL LOAD VERSUS DEPTH OF CUT 

Material: AISI ^M Holder:        (p [£J^ ANGLE 

Hardness:      302/321 BHN Insert: TNF16-^33 

Feed Rate:      . 033 IN, /REV. Grade:        350 

Surface Speed:     280 FT./MIN. Coolant:      TRIM-SOL 20:1   TOP 
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Figure 31   TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

Material:     AISI ^M Holder:    0° LEAD ANGLE 

Hardness:   302/321 BHN 'ns®rt:      TlflG-433 

Feed Rate:   .033 IN./REV. ^'^^^'-      KC-810 

Surface Speed:  3^0 F./MIN. Coolant:   TRIM-SOL 20:1     TOP 
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Figure 32: TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

Material:      AISI ^W Ho^er:     QP LEAD ANGLE 

Hardness:   302/321BHN '"s®^:      TNM6-^33 

Feed Rate:    .033 IN./REV. ^'^^^'-      570 

Surface Speed:   370 F./MIN. 
2400 

Insert: 

Grade: 

Coolant:   TRIM-SOL 20:1    TOP 
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Figure 33: TOOL LOAD CHART 

65 



TOOL LOAD VERSUS DEPTH OF CUT 

Material:       AISI mO Holder:      Qp [fAQ mOE 

Hardness:     302/321 BHN '"sert:        Q^G-454   820 

Feed Rate:     . 022 IN. /REV. Q''««*«=       G-10 

Surface Speed:      SOOF.^IN. Coolant:     TRIM-SOL 20:1 
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Figure 34: TOOL LOAD CHART 
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Material:     AISI ^M 

Hardness:   302/32I BHN 

Feed Rate:   ,022 IN./REV. 

Surface Speed:    780 FT,/MIN, 
2400 -■  

TOOL LOAD VERSUS DEPTH OF CUT 

Holder:    {f [fAD ANGLE 

'"*«^=     CNG-^5^    820 

Grade:     g_30 

Coolant:   [^Qf£ 
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Figure 35: TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

AISI ^m "°'«^«''=     0° L£AD ANGLE Material: 

Hardness:     302/321 BHN 

Feed Rate:    ,015 IN./REV. 

Surface Speed:    850 Fl.Min. 
2400 

Insert: CNG-45^  820 

Grade: G-10 

Coolant: NONE 
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Figure 36: TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

Material:      AISI ^ll^ Holder:     (P [£p^ i^q£ 

Hardness:   302/321BHN '"»»rt:     CNG^54   2020 

Feed Rate:   .015 IN./REV. Grade:      G-10 

Surface Speed 
2400 

850 FT./MIN. Coolant:   NONE 
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Figure 37  TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

Material:     AISI ^ll^ Holder:    (P L£AD ANGLE 

Hardness:   302/321 BHN Insert:      CNG-^S^I   2020 

Feed Rate:   .015 IN./REV. 

Surface Speed:    750 F. /FlIN. 

Grade:     G-30 

Coolant:   NONE 
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Figure 38 TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

Material:    AISI ^WO Holder:   (P LEAD ANGLE 

Hardness: 302/322 BHN ""sert:    SEE ELOW 

Feed Rate: .015 IN./REV. ^'^^^■-    6-10 

Surface Speed 
2400 

850 F./MIN. Coolant: [\|ONE 
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Figure 39: TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

Material:        AISI ^1^ Holder:       0° LEAD ANGLE 

Hardness:     302/321BHN Insert:       SE ELOW 

Feed Rate:     .015 IN./REV. Grade:       G-10 

Surf ace Speed:   850 F./FIIN. Coolant:     NONE 
2400 

2000 

O z 
o 
Q. 

Q 
< 
o 

o 
o 

1600 

1200 

800 

400 

RADIAL inAD^ 
> 

rm-u^ 
.020" X 20^ LAND 

      -    — 
^,.,^— — •  

/   

           \' rw-'-ifli 
X iOO? x20^ LAND 

0                  .0! 50                .1( 0               .If so                .2( )0               .250 
DEPTH OF CUT IN INCHES 

Figure 40: TOOL LOAD CHART 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:   AISI 4140 HARDNESS:    302/321BHN 

INSERT:   TNF16-433    SURFACE FEED: 

GRADE:    350 FEEDRATE 

9Qn        COOLANT: 
ff:/MIN.        20:1 TOP 
.033 IN./REV. 

BIM-SOL 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.050 

.100 

.150 

.200 

460 
880 

1400 
1750 

160 

760 

220 
240 

340 

INSERT:   TI^FlG-433     SURFACE FEED: 

GRADE:   KC-810 FEEDRATE 

340        COOLANT:  TRIM-SOL 
FTTfllN.       20:1 TOP APPLIC. 
.0^ IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.050 

.100 

.150 

.200 

400 
800 

1300 
1700 

220 

840 360 

INSERT:   TlflG-433 

GRADE:    570 

SURFACE FEED: 

FEEDRATE 

370        COOLANT: TRIN-SOL 
F./MIN. 20:1 TOP APPLIC. 
.033 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.050 

."200 

400 
800 

1240 
1600 

150 

700 

230 
270 
310 
330 

1ABLL2I   DATA FOR TOOL LOAD CHARTS 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:    AISI L\m HARDNESS:   302/321 BHN 

INSERT:  CNG-454 ^  SURFACE FEED:   800 COOLANT: TRiri-SOL 
.008 X 20° FT./niN. 20:1 TOP APPLIC. 

GRADE: G-10 FEEDRATE .022 IN./RPy. 
DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.050 

.100 

.150 

.200 

395 
810 

1200 
X 

480 
X 

m 
X 

INSERT:  CNG-454   ^   SURFACE FEED:   780 COOLANT:   NONE 
.008 X 20P F./MIN. 

FEEDRATE GRADE:  (3.30 .022 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.050 

.100 

.150 

.200 

380 
800 

1220 
1610 

490 
675 350 

INSERT: 

GRADE: 

CN6-454   ^ SURFACE FEED:  850        COOLANT:   NONE 
.020 X 20° FL/MIN. 

FEEDRATE G-10 .015 IN./REV. 
DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.050 

.100 

.150 

.200 

280 
575 
835 

1050 

200 

40 
960 

300 
340 
360 
375 

TABL E22 DATA FOR TOOL LOAD CHARTS 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:   AISI 4140 HARDNESS: 302/321 BHN 

INSERT:   ^f^!^ SURFACE FEED:    8^/^j^_ COOLANT: NONE 

GRADE:   G-10 FEEDRATE    .015 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

i 
.150 
.200 

700 
920 

75 
520 

i^; 

INSERT:   CNG^54   ^ SURFACE FEED:    750 
.020 X 20° FT., 

GRADE:   G-30 FEEDRATE 
/FlIN. 

.015 IN./REV. 

COOLANT:  NONE 

DEPTH 
OF CUT 

.050 

.100 

.150 

.200 

TANGENTIAL 
TOOL LOAD 

290 
560 

1040 

FEED 
TOOL LOAD 

320 
770 

1005 

RADIAL 
TOOL LOAD 

INSERT: 

GRADE: 

SURFACE FEED: 

FEEDRATE 

COOLANT: 

DEPTH 
OF CUT 

.050 

.100 

.150 

.200 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

TABLE 23  DATA FOR TOOL LOAD CHARTS 
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WEARLAND  VERSUS   LEAD ANGLE  OF  TOOLHOLDER 

MATERIAL:     AISI 4140 

HARDNESS:   302/3U BHN 

SURFACESPEED:   280 F.MN. 

.012 

.010 

(0 
m 
X 
o 

.008 

.006 

< 
UJ .004 

.002 

FEED RATE:     .033 IN./REV. 

HOLDER:     SE CHART 

INSERT:     - 

GRADE:     350 

•« 

0 15° 3 0° 45°        .500 RD. 
LEAD   ANGLE   OF   TOOLHOLDER 

FIGURE 41WEARLAND   FOR   LISTED  CUTTING 
MATERIAL 
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WEARLAND VERSUS LEAD ANGLE OF TOOLHOLDER 

MATERIAL:     AISI ^4140 

HARDNESS:   293/302 BHN 

SURFACE SPEED:   3^10 F./MIN. 

(0 
Ul 
z 
o 

Q 
z 
< 

< 

FEED RATE:      .033 IN./REV. 

HOLDER:      SE CHART 

INSERT: 

GRADE:        KC-810 
.U 1 £.- 

€\ 1 (\- • U  1 U 

nn A- • 1/ u o 

no6- 

n n A - .\j\j*\ 

CiCi'i t\3\J ti 

n- 

0 15° 3 0° 45°        .500 RD. 
LEAD   ANGLE   OF   TOOLHOLDER 

FIGURE ^2     WEARLAND   FOR   LISTED   CUTTING 
MATERIAL 
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WEARLAND  VERSUS   LEAD ANGLE  OF  TOOLHOLDER 

MATERIAL:      AISI ^1^0 

HARDNESS:     302 BHN 

SURFACE SPEED:     370 F.MN. 

.012 

(0 

o 

Q 
z 
< 

FEED RATE:      .033 IN./REV. 

HOLDER:      SE CHART 

INSERT: 

GRADE:        5/0 

.010 

.008 

.006 

< 
ui     .004 

.002 

 ■  

0 15° 30° 45°       .500 RD. 
LEAD   ANGLE   OF  TOOLHOLDER 

FIGURE 43    WEARLAND   FOR   LISTED  CUTTING 
MATERIAL 
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WEARLAND   VERSUS   LEAD ANGLE   OF   TOOLHOLDER 

MATERIAL:      AISMl^O FEED RATE:      .022 IN./REV. 

HARDNESS:     302/3U BHN HOLDER:        SE CHART 

SURFACE SPEED:   850 FT.MN. INSERT: 

GRADE: G-10 
.012 

.010 

CO 
Ul 
X 
o 

.008 

.006 

fiC 
< 
Ul .004 

.002 
  

— 1 -I— —I——  
0 15° 30° 45°        .500 RD. 

LEAD   ANGLE   OF   TOOLHOLDER 

FIGURED    WEARLAND   FOR   L8STED   CUTTING 
MATERIAL 
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WEARLAND   VERSUS   LEAD ANGLE   OF   TOOLHOLDER 

FEED RATE: .015 IN./PEV. 

HOLDER: SE CHART 

INSERT: 

GRADE: G-30 

MATERIAL:     AISI ^1^ 

HARDNESS:    302/311 BHM 

SURFACE SPEED:    750 FT./fllN. 

in 
m 
z 
o 

o 
z 
< 

< 
111 

.012- 

/\  H f\ ,U 1 \J- 

n n fi - .U U o 

t\n a .U U D- 

f\ f\ A .Q04 - 

n n o .UU <e - 

0-     

0 15° 30° 45°        .500 RD. 
LEAD   ANGLE   OF   TOOLHOLDER 

FIGURE 45    WEARLAND   FOR   LISTED   CUTTING 
MATERIAL 
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Date: 

Depth of Cut: 

Hardness: 

Coolant Appllcf 

3/18/80 

.100 

302/311 BHN 

itlon:  TOP 

Material:    AISI 414O 

Coolant:     TRIM-SOL 20 :1 

Tool Description: 

Holder: 

Insert: SEE  TAB 
1                                                                                                             1 

d 
z 

C
A

R
B

ID
E

 
G

R
A

D
E

 

C
U

TT
IN

G
 

S
P

E
E

D
-F

T/
M

IN
. 

FE
ED

 
IN

./R
E

V
. 

R
O

U
G

H
 

D
IA

M
E

TE
R

 

TU
R

N
E

D
 

D
IA

M
E

TE
R

 

TU
R

N
E

D
 

LE
N

G
TH

 

M
A

C
H

IN
E

D
 

A
R

E
A

-I
N

2
 

W
E

A
R

-L
A

N
D

 
IN

C
H

 

IN
 2 

O
F 

M
A

C
H

IN
E

D
 

S
U

R
FA

C
E

 A
T 

IN
C

H
E

S
 

O
F 

W
E

A
R

-L
A

N
D

 

O"  LEAI ANGLE ■ INSERT IN 

 i 

siG-433 

1 350 280 .033 5.810 5.610 21.688 382 .008 400 .0084 

L5° LEAI ANGLE  • • INSERT TN ^G-433 

2 350 280 .033 5.610 5.410 21.625 367.7 .0068 400 .0074 

30°  LEAI ANGLE  ■ ■ INSERT TN ^G-433 

3 350 280 .033 5.412 5.217 21.5 352.4 .0058 400 .0064 

4 5° LEAI ANGLE   ■ ■   INSERT   SN ^G-433 

4 350 280 .033 5.217 5,024 21.25 335.4 .0048 400 .0057 

1/2" RC UND  INS] ;RT   -  RNMG- 43 

5 350 280 .033 5.024 4.833 21 318.8 .0055 400 .0069 

NOTES: 

TABLE 24: DATA FOR WEAR-LAND BAR GRAPHS 
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Date:                 4/21/8O 

Depth of Cut:      .100 

Hardness:         293/302 BHN 

Coolant Application:     TOP 

Material:     AISI 4140 

Coolant:      TRIM-SOL 20 :1 

Tool Description: 

Holder: 

Insert: SEE TAB 
1                                                                                                                        1 

d z 

C
A

R
B

ID
E

 
G

R
A

D
E

 

C
U

TT
IN

G
 

S
P

E
E

D
-F

T/
M

IN
. 

FE
ED

 
IN

./R
E

V
. 

R
O

U
G

H
 

D
IA

M
E

TE
R

 

TU
R

N
E

D
 

D
IA

M
E

TE
R

 

TU
R

N
E

D
 

LE
N

G
TH

 

M
A

C
H

IN
E

D
 

A
R

E
A

 -
 I

N
2

 

W
E

A
R

-L
A

N
D

 
IN

C
H

 

IN
 2 

O
F 

M
A

C
H

IN
E

D
 

S
U

R
FA

C
E

 A
T 

IN
C

H
E

S
 

O
F 

W
E

A
R

-L
A

N
D

 

0° LEA] ) ANGLE - TNMG-433 

1 FRC M LIFI -LINE  Cl lART 1200 .024 400 .008 

15°  LEA] ) ANGLE - TNMG-433 

2 KC-310 340 .033 4.833 4.639 21.0 306 .0051 400 .006( 

30° LEA] > ANGLE - TNMG-433 

3 KC-810 340 .033 4.639 4.450 20.875 291.8 .0045 400 .006; 

i5° LEAI ANGLE ■  SNMG-433 

4 CC-810 340 .033 4.450 4.267 20.75 278 .004 400 .0058 

1/2"  RC UND INS; :RT - RNMG- 433 

5 CC-810 340 .033 4.267 4.070 20.625 263.7 .0045 400 .007 

NOTES: 

TABLE 25: DATA FOR WEAR-LAND BAR GRAPHS 
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Date:                     5/8/80 

Depth of Cut:        .100 

Hardness:            302 BHN 

Coolant Application: TOP 

Material:    AISI 4140 

Coolant:    TRIM-SOL 20 :1 

Tool Description: 

Holder: 

Insert:        SEE TAB 

d 
z 
z 
=) 

C
A
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B

ID
E
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. 

FE
ED

 
IN

./R
E

V
. 

R
O

U
G

H
 

D
IA

M
E

TE
R

 

TU
R

N
E
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N
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F 
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E

A
R

-L
A

N
D

 

f  

"0°" L EAD  ANG] ,E  -   INSERT TNMG-4; 3 

1 570 FRi )M LIF L-LINE  C HART 1600 .024 400 .006 

15°  LE AD ANGLl -  INSERT rNMG-43; 

2 570 370 .033 3.940 3.745 20.63 243 .0045 400 .0079 

30° LE AD  ANGLl ;  -  INSERT 5NMG-43: 

3 570 370 .033 3.745 3.543 20.5 228 .0045 400 .0078 

45° LE AD  ANGLl ;   -  INSERT 3NMG-43: 1 

4 570 370 .033 3.543 3.342 20.38 214 .003 400 .0056 

1/2" R ouND IN: lERT   - RNMG -43 

5 570 370 .033 3.342 3.140 20.13 199 .0038 400 .0076 

NOTES: 

TABI E 26: DATA FOR WEAR-LAND BAR GRAPHS 
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Date: 

Depth of Cut: 

Hardness: 

Coolant Applies 

5/12/8 

.100 

302/31 

Itlon: 

0 

1 BHN 

TOP 

Material:      AISI 4140 

Coolant:      TRIM-SOL 20:1 

Tool Description: 

Holder: 

Insert:          SEE TAB 
1—                                                                                                                 1 

d z 
z 
3 

C
A

R
B

ID
E

 
G

R
A

D
E

 

C
U

TT
IN

G
 

S
P

E
E

D
-F
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FE
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N
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S
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R
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T 
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C
H

E
S

 
O

F 
W

E
A

R
-L

A
N

D
 

0°  LEAE ANGLE  • ■ INSERT ON 3-454 

1 G-IO 850 ,022 FROM LI FE-LINE CHART  1400 /.015 400 .0043 

15°  LEA D ANGLE -   INSERT   S vIG-454 

2 G-10 850 .022 4.040 3.830 20.25 244 .033 400 .0057 

30° LEA D ANGLE -   INSERT   S ^IG-454 

3 G-10 850 .022 3.830 3.630 20. 228 .0035 400 .0065 

45° LEA D ANGLE -   INSERT   S >IG-454 

4 G-IO 850 .022 3.630 3.430 19.75 213 .003 400 .0056 

.500" R DUND  -  ] NSERT   RNG- i5 

5 G-10 850 .022 3.430 3.230 19.5 198 .0035 400 .007 

HARDNE 3S CHECI -  302/293 BHN 

NOTES: 

1 ABLE 27; UA lA FOR WEAR-LAND BAR GRAPFiS 
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Date:                   5/15/80 

Depth of Cut:       .100 

Hardness:           302/321 BHN 

Coolant Application:     ^^^^ 

Material:       AISI 4140 

Coolant:       NONE 

Tool Description: 

Holder: 

Insert: SEE TAB 

. 

d z 
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0° LI ;AD ANGL: i  -  INSE RT  CNG-454 

1 G-30 750 .015 3.995 3.798 20.38 243.1 .006 400   .0099 

15° 1 ,EAD ANG .E  -   INS ERT  SNG-45' 

2 G-30 750 .015 3.798 3.595 20.31 230 .005 400 .0087 

30° I ,EAD ANG .E  -   INS ERT  SNG-45' ■ 

3 G-30 750 .015 3.595 3.405 20.25 217 .004 400 .0074 

45° I ,EAD ANG .E  -   INS ERT  SNG-45' 1 
4 G-30 750 .015 3.405 3.205 20.25 204 .0032 400 .0063 

HARDNE ;S  CHECK -     286 BHi I 

NEW I AR  -  t ARDNE5 S   302 B IN 

.500 ROUND  - INSERT RNG-45 

5 G-30 750 .015 3.312 3.117 19.25 188.5 .003 400 .0064 

NOTES: 

TABLE 28: DATA FOR WEAR-LAND BAR GRAF'HS 
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AISI 4340 Projectile Material 'Roughing Cuts"35/38 Re 

Table 29, page 87 is a summary showing the results of the life-line tests and 

load charts for AISI 4340 material. The large increase in production indexes, is significant 

when the feed is increased while using ceramic inserts. 

From previous experience, it was found that the selection of the proper 

"K"-land was important. Further study may prove that even more production gains can be 

had when this is done. 

Figure 46 through Figure 49 pages 88 to 91, depict the results of the individual 

tests that were made during the roughing cuts in the AISI 4340 material. Tables 30 through 34, 

pages 92 through 96 are the corresponding data sheets. 

When machining AISI 4340 with various carbide tools, plain and coated, a 

large difference in tool life was discovered when using different grades of cutting tools. 

Life-lines show that the proper selection of carbide grades is of paramount importance. 

When the hot-pressed ceramic (G-10) inserts were tested, an increase in feed 

rate allowed an increase in surface speed for the same amount of tool wear. This condition is 

not normal, but has been encountered before. When using cold-pressed ceramic (G-30) inserts, 

similar results were observed, although not as pronounced. 

86 



SUMMARY OF RESULTS 

"ROUGHING CUT" 

MATERIAL 
HARDNESS 
TOOL LIFE 
DEPTH OF CUT 

AIS1-4340 
321/364 Bhn. 
2500 In2 of Machined Surface 
.100 Inches 

Tool Cutting 
Material 

S.F.M. 

350 300 

350 260 

350 235 

KC-810 290 

570 400 

G-10 800 

G-10 880 

G-30 700 

G-30 750 

Feed 
In./Rev. 

Prod. 
Index 

Tangential Tool 
Load - Lbs. 

.100 Depth of Cut 

HP. 
.100 Depth 

of Cut 

.022 6.6 
. 

.025 6.5 — — 

.033 7.76 1100 7.83 

.033 9.57 960 8.44 

.033 13.2 1040 12.6 

.015 12.0 — — 

.022 19.36 700 16.97 

.015 10.5 — — 

.022 16.5 700 15.91 

TABLE 29:  AISM340 Results of Tests 

87 



1 u.uou-i — ■"" ■^ ■■- 

A f\ f\ f\- 
.024" WEAR LAN u 

6000" 
lil 
/R A n f\ />_ O 4 0 0 0- \ 1 

O \ \ 
lU y \ 

I \ V ^2000" 
\ 

^ 
^ \ 

\ > ̂ \ r- \ \ 
1- V \ ^ 3 1 u u u \ \ V o \ \ \ 

\ \ \ 
OC    An f\- \ , \ \ S ^"0 \ \ , \ 

A  f\ f\ . 
\ ^ 1 k V \ \ 4 0 0" \ \ \ UJ 
\ \ \ O \ \ ) 

< 
It    on n. \ V V ^  022 In./Rev. 
'^    <: U 0- \ \ \ 
OC \ \ \ 
^ \ > 
<0 \ \ 

1 n n- > \ ^ Q     1OO ^■^ \ \ 
^' \ \ UJ - \ \ 

^       ftn- 
u.vi in./ Ke\ > 

^ 
—         O O 
X ^ \ > L 

^      4n. ,^ \ V <        4 0' /' \ V \ 

s 
t ^ \ \ N ■ 

.\IZ.J   111 ./ Kev \ \ V 
u. \ »i ^ 

■ 1 

O        20- 

M 
z 
^ ^ — — -J -^ — -^ 1  1 

200 300    AOCysbO 1000 2000 

CUTTING   SPEED-FEET   PER   MINUTE 

Figure46:  Tool-Life Lines of  Carboloy Grade 350 on AlSl 4340 Steel at 332/364 
Brinell Hardness for Listed Feed-Rates. 

Depth of Cut -.100 Inches 
Tool Holder    - MTANR-164 (0» Lead Angle) 
insert -TNMG-433 
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10,0 0 0 

200 300    46tf560 1000 2000 

CUTTING   SPEED-FEET   PER   MINUTE 

Figure 47:   Tool-Life Lines of Listed Cutting Materials on AISl 4340 Steel at 321 /332 
Brinell Hardness for .033 Inches/Revolution Feed. 

Depth of Cut - . 100 Inches 
Tool Holder    - MTANR-164 (0" Lead Angle) 
Insert -TNMG-433 
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Figure 48:   Tool-Life Lines of Listed Cutting Materials on AISI 4340 Steel at 321 /332 
Brineli Hardness for Listed Feed-Rates. 

Depth of Cut - .100 Inches 
Tool Holder    - CCGNR-164 (0" Lead Angle) 
Insert - CNG-454 .00« x 20" Grade G-10 
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Figure 49:   Tool-l/ile ot Listed Cutting Materials on AISl 4340 Steel at 321 / 340 Brinell 
Hardness tor Listed Feed-Rates. 

Depth of Cut - . 100 Inches 
Tool Holder    - CCGNR-164 (0» Lead Angle) 
insert - CNG-454 .008 x 20" Grade G-30 
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Date:                      6/5/80 

Depth of Cut:          .100 

Hardness:              340/364 Bro 

Coolant Application:    TOP 

I 

Material:        AISI 4340 

Coolant:        TRIM-SOL 20 :1 

Tool Description: 

Holder:           MrANR-i64 

Insert: TNMC-433 

6 
z 
z 
z> 
QC 

Z 
OS 

ollj 
Q. 0 

ox 

ZO 
ocz 
3UJ 
I--J 

Qz 

u 
1  

0 
Z 
<x 
-H 0 
flc z 
< - 
UJ 

0 

0|g^d: 

1 350 600 .022 6.007 5.807 7/8" - - TOO   7AST 

2 tl 550 11 II II 3-3/16 _ _ 
EXCESSIVE 
WEAR 

3 II 500 Tl II II 5 91.2 .011 199   .024 

4 II 400 II II II 11.69 213.3 .0105 i87.5 .024 

5 II 350 II 5.808 5.608 13-5/16 234.5 .014 402 .024 

HARDNE ;S  CHECK 340/332 

6 350 350 .022 5.808 5.608 7-3/16 126.6 

6a M 11 11 5.608 5.419 14-1/4 368.7 .009 983 .024 

7 II 550 II II II 2-1/2 42.6 .018 56.8 .024 

_ FEED  C lANGE     - 

8 350 500 .025 5.608 5.419 2-3/8 40.4 .015 64.6| .024 

9 II 350 II 5.419 5.220 19-1/16 321.8 .0165 468       .024 

NOTES: 

TABLE 30 : DATA FOR LIFE LINES 
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Date:                 6/5/80 

Depth of Cut:      lOO 

Hardness:         340/364 BHN 

Coolant Application:      TOP 

Material:        AISI 4340 

Coolant:        TRIM-SOL 20 :1 

Tool Description: 

Holder:           MrANR-i64 

Insert:           TNMO-433 
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-     FEE! CHANGE _ 

10 350 450 .033 5.615 5.418 1-7/16 24.5 .023 25.5 .024 

11 II 300 II 5.220 5.015 19 299.3 .016 449 .024 

12 II 400 II 5.425 5.225 1.5 24.6 

12fl. It II II 5.225 5.025 1.5. 48.3 .023 50.4 .024 

NOTES: 

TABLE 31   : DATA FOR LIFE LINES 
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Date: 

Depth of Cut: 

Hardness: 

Coolant Applicc 

6/19/80 

.100 

321/332  BHN 

itlon:     TOP 

Material:        AISI 4340 

Coolant:         TRIM-SOL 20 

Tool Description: 

Holder:           MrANR-164 

:1 

Insert: TNMG-433 
L_                                                                                                                                         1 

d 
z 

LU 

ii 
Z 

OS 
2 p 

Q. 
(0 

si 1^ ii 
ox 
UJI- 
zo 
flcz 
3I1J 
i--i 

UJ £ 

u 
2< 

Q 
Z 

UJ 

o|S^d: 

^0,     g 

1 KC-81C 500 .033 6.010 5.820 2.687 - - 
EXCESSIVE 
WEAR 

2 II 450 »! tl II 1.75 32 .030 25.6   .024 

3 II 350 It M It 10.31 188.5 .015 302     .024 

4 II 400 II 5.820 5.620 3 53 .021 60.s]  ,024 

- CHANGE INSERT GRADE  - 

5 570 550 .033 5.820 5.620 1-1/2 26.5 .0165 38.5 .024 

6 11 450 II 6.010 5.830 6.75 124 

6a 11 If II 5.820 5.620 7.625 258.6 .012 517.2I  .024 

7 II 500 M tl II 6.375 106.5 .0145 176.3]  .024 

1  

NOTES: 

TABLE 32 : DATA FOR LIFE LINES 
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Date: 

Depth of ( 

Hardness 

Coolant / 

Dut: 

i: 

kppllct 

6/23/80 

.100 

itlon:      TOP 

I 

Material:          AISI 4340 

Coolant:          TRIM-SOT, 20 n 

Tool Description: 

Holder:            CCGNR-164 

Insert: CNG-' ̂ 54 - ! ] X 20° 
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1 G-IO 1000 .015 5.655 5.425 13-3/32 223.4 .004 

la II II 5.855 5.655 3-1/16 54.4 

lb 11 11 5.655 5.425 8-3/8 420.5 .006 1051 .015 

2 G-10 1100 5.425 5.220 13-7/8 227.5 .0055 620.( .015 

3 II 1200 II II 7-5/8. 125 .004 470       .015 

3a II 11 5.220 5.020 - 
BROKI 
OF CA 

; AT START 
T 

HA IDNESS  C HECK - : m  BHN 

NEW ikR - m. RDNESS   : 132/321  BHN 

1 G-10 1100 .022 5.990 5.795 9.25 168.4 

la II II II II II 12.44 394.8 .0058 1021 .015 

2 II 1200 II 5.795 5.602 9-7/8 - - 
T0( 

RRm 
L 
F, 

3 II II II II " 11-7/16 201.3 .004 754.{ .015 

4 II 1400 II 5.602 5.402 5-7/16 92.3 .004 346 .015 

NOTES: 

TABLE 33 : DATA FOR LIFE LINES 
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Date:                   9/3/80 

Depth of Cut:      .100 

Hardness:          321/340 BHN 

Coolant Application: 

Material:         AISI 4340 

Coolant:          NONE 

Tool Description: 

Holder:            CCGNR-164 

Insert: CNG-454  - 8 X  20° 
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1 G-30 1200 .015 5.605 5.417 7.6 129 .0075 259   .015 

2 !f 1100 If II II 8.2 139.5 .0055 380.1   .Olf 

3 II 1000 II 5.417 5.220 11.9 195 .0055 
NOTE       1 

532     .01! 

CHM GE FEED- RATE 

4 G-30 1100 .022 5.417 5.270 9.3 154 .007 330 .01! 

5 It 1000 M 5.270 5.040 15.9 252 .0065 581     .01! 

6 II 900 11 5.270 5.060 5.2 83 - 
CUT'   1 
CONltNUED 

6a II 11 II 5.060 4.860 21.0 403 .0075 806   .015 

NOTES:          NOTE 1 - POOR Ci 
LONG  S' 

IIP COND 
rRINGY C 

IT ION 
URLS 

TABLE 34 : DATA FOR LIFE LINES 
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TOOL LOAD VERSUS DEPTH OF CUT 

Material: 

Hardness: 

Feed Rate: 

Aisi ^m 

332/3^10 BHN 

.033 IN./REV. 

Surface Speed:    235 F./FIIN. 
2400 

Holder: 0° LEAD ANGLE 

Insert: TNF1G^33 

Grade: 35Q 

Coolant: TRIM-SOL 20:1    TOP 

2000 

o 

o a. 
z 
o 
< o 
-J 
o o 

1600 

1200 

800 

400 

.050 .100 .150 
DEPTH OF CUT IN INCHES 

Figure 50: TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

Material:       AISI 43^ Holder:      {p LEAD ANGLE 

Hardness:    332/340 BHN '"sert:       TNMG-433 

Feed Rate:    . 033 IN./REV. ^"^^^'-      KC-810 

SurfaceSpeed:    290 F./MIN. 
2400 

Coolant:    TRIFl-SOL 20:1    TOP 

2000 

O 

< 
O 

O 
o 

1600 

1200 

800 

400 

.050 .100 .150 .200 
DEPTH OF CUT IN INCHES 

.250 

Figure 51: TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

Material:        AISI ^3^ Holder:       {p LEAD ANGLE 

Hardness:      332/340 BHN Insert:        1TMG^33 

Feed Rate:      .033 IN./REV. Grade:        570 

Surface Speed:     400 F./MIN. Coolant:     TRIM-SOL 20:1     TOP 
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Figure 52: TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

Material:      AISI ^1340 Holder:      0° LEAD AMGLE 

Hardness: 

Feed Rate: 

321/340 BHN 

.022 IN./REV. 

Surface Speed:  800 FT./niN. 

Insert: CNG-454  820 

Grade: G-10 

Coolant: TRIM-SOL 20:1 TOP 
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Figure 53: TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

Material:        AISI 43^ Holder:       {p LEAD ANGLE 

Hardness:      321/3^10 BHN '"sert:        CNG-454   820 

Feed Rate:     .022 IN./REV. G''a«'«=       G-30 

Surface Speed:   750 F./niN. Coolant:     NONE 
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Figure 54 TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

Material:       AISI ^3^10 "o'«*«f=      CP L£AD ANGL£ 

Hardness:     332/340 BHN '"^^'^^       CN6-454   820 

Feed Rate:      .015 IN./REV. ^'™-        G-10 

Surface Speed:   800 F./MIN. 
2400 

Grade: 

Coolant:     TRIM-SOL 20:1   TOP 
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Figure 55: TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

Material:        AISI 45^ Holder:       (P LEAD ANGLE 

Hardness:     332/340 BHN Insert:        CNG-454    2020 

Feed Rate:      .015 IN./REV. Grade:        G-10 

Surf ace Speed: 800 F./MIN. Coolant:     TRIM-SOL 20:1   TOP 
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Figure 56: TOOL LOAD CHART 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL: AISI A340 HARDNESS:   332/340 BHN 

INSERT:  m^33     SURFACE FEED:   235^i,. COO^ANyR^p-JOL 

GRADE:   350 FEEDRATE    .033 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.050 

.100 

".200 

570 
;1L0 

2100 

m 
500 
7V 

0 

INSERT:   TNMG-433 

GRADE:   KC-810 

SURFACE FEED:    290 
F./MIN. 

FEEDRATE 

COOLANT: TRIM-SOL 
20:1 TOP AffLIC. 

033 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.050 

.100 

".200 

500 
960 

IW 
1900 I i 

INSERT:   TM^^33     SURFACE FEED:   ^/r^i^i^COO^^^^f) ^ffj^^^ 

GRADE:   570 FEEDRATE    .033 IN./REV. 

DEPTH 
OF CUT 

.050 

.100 

.150 

.200 

TANGENTIAL 
TOOL LOAD 

550 
_080 
1590 
2050 

FEED 
TOOL LOAD 

840 
1040 

RADIAL 
TOOL LOAD 

285 
335 
365 
380 

TABLE 35 DATA FOR TOOL LOAD CHARTS 

104 



TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:   AISI ^3^10 HARDNESS:   321/3^ BHN 

INSERT:  CNG-45'^   ^  SURFACE FEED 
.008 X 20° 

GRADE:   G-10 FEEDRATE 

i:   800 COOLANT: TRIM-SQL 
FL/MIN. 20:1 TOP APPLIC. 

.022 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.050 

.100 

.150 

.200 

360 
680 

1060 
TOOL BROKE 

i 280 

INSERT 

GRADE:   5.30 

CNG-454   „  SURFACE FEED:   750        COOLANT: NONE 
.008 X 20° FT.MN. 

FEEDRATE .022 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.050 

.100 

.150 

.200 

360 
680 

10^ 
1340 

125 
300 i 

INSERT: 

GRADE: 

SURFACE FEED: 

FEEDRATE 

COOLANT: 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.050 

.100 

.150 

.200 

TABLE 36 DATA FOR TOOL LOAD CHARTS 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:   AISI 43W HARDNESS:  332/3^ BHN 

INSERT:   CNG-^54   ^ SURFACE FEED: 
.008 X 20° 

GRADE:    G_IO FEEDRATE 

800        COOLANT: TRIM-SOL 
F./MIN.       20:1 TOP APPLIC. 
.015 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.050 

.100 

;200 

250 

720 

110 
2^ 

125 
.55 

205 

INSERT:   CNH5'4 ^ SURFACE FEED: 
.020 X 20° 

GRADE:   G-10 FEEDRATE 

800        COOLANT: TRIM-SOL 
F./MIN.       20:1 TOP AFPLIC. 
.015 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.050 

.100 

.150 

.100 

290 
595 
860 

1120 

:00 
■90 

768 
1000 

260 
290 
310 
325 

INSERT: 

GRADE: 

SURFACE FEED: 

FEEDRATE 

COOLANT; 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

'.200 
 :          J 

TABLE 37 DATA FOR TOOL LOAD CHARTS 
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HF-1 Projectile Material-i'Roughing" Cuts 28/29 Re 

Table 38 page 108 is a summary of tests made in H F-1 material. It presents the 

results of the life-line charts, and calculations of the horsepower for various materials from the 

tool load charts. 

Figure 57 through Figure 66, page 109 to 124, depict the results of the 

individual tests that were made during the roughing cuts in the HF-1 material. Tables 39 

through 46 pages 114 through 126 contain the data for these curves.      Figures 67 and 68 and 

Tables 47 and 48 contain information relavent to the "rock-in" tests. 

This material is extremely "feed sensitive" when being machined by plain carbide. 

The slope for the .022 in. / rev. feed rate is much lower than the slope for .015 in. / rev. feed rate. 

When the titanium coated inserts are used, the results are reversed. The life-lines have steeper 

slopes. The ceramic coated carbide also gave a difference in life-line slopes, with the .022 

in./rev. feed rate life-line having a steeper slope than .015 in./rev. feed rate life line. 

When using hot-press ceramic (G-10), the life-lines for both the .015 in./rev. 

and the .022 in./rev. feed rates were almost identical. This means that the higher feed rate 

should be used wherever possible. 

For equal tool life, the cold-press ceramic (G-30) had about a 20% lower 

cutting speed at .022 in. / rev. feed than at .015 in./ rev. feed rate. However, the increase in feed 

rate is more than enough to give a higher production index at the higher feed rate. 

The tool loads are 25% lower than those found while machining AISI 4340 

for the same depth of cut, at the proper surface speed. Tool loads in HF-1 material are also 

10% lower than the loads when machining AISI 1340 and AlSl 4140. 

In all cutting tests for this material, chip-breaking was not a problem. The 

chips were small and should be easily disposed of. When the "rock-in" tests were made, the 

"rock-in" was at a lower .007 in./rev. feed rate and the chips broke in small curls. "Rock-in" is 

entering the work at an acute angle to the center-line of the work-piece, so clearance is allowed 

for the geometry of the cutting tool. 
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SUMMARY OF RESULTS 

"ROUGHING CUT" 

MATERIAL 
HARDNESS 
TOOL LIFE 
DEPTH OF CUT 

HF-1 
262/293 Bhn. 
2500 In2 of Machined Surface 
.100 Inches 

Tool Cutting 
Material 

S.F.M. Feed 
In./Rev. 

Prod. 
Index 

Tangential Tool 
Load - Lbs. 

.100 Depth of Cut 

HP. 
.100 Depth 

of Cut 

350 290 .015 4.35 600 5.28 

350 160 .022 3.52 — — 

KC-810 350 .015 5.25 760 8.06 

KC-810 330 .022 7.26 — — 

570 405 .015 6.08 — — 

570 420 .022 9.24 720 9.17 

G-10 630 .015 9.45 ■   — — 

G-10 640 .022 14.08 640 12.41 

G-30 610 .015 9.15 520 9.61 

G-30 470 .022 10.34 — — 

TABLE  38    HF 1 Results of Tests 
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Figure 57;  Tool-Life Lines of Carboloy Grade 350 on HF-1 Steel at 269/277 Brinell 
Hardness for Listed Feed-Rates. 

Depth of Cut-.100 inches 
Tool Holder    - MTANR-164 (0" Lead Angle)   , 
Insert -TNMG-433 
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200 300    46(r660 1000 2000 

CUTTING   SPEED-FEET   PER   MINUTE 

Figure 58:   Tool-Life Lines of Kennametal Grade KC-810 HF-I Steel at 269 Brinell 
Hardness for Listed Feed-Rates. 

Depth of Cut-.100 Inches 
loo! Holder    - MTANR-164 (0« Lead Angle) 
Insert -TNMG-433 
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Date:                 8/1/80 

Depth of Cut:     .100 APPROX. 

Hardness:         269/277 BHN 

Coolant Application:     TOP 

Material:       HF-I 

Coolant:       TRTM-SOT, ?O-I 

Tool Description: 

hlolder:         KTAR-164 

Insert: TNMr:-43T 
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350 500 .022 6.41 6.25 12.8 251 .023 262 .024 

2 400 II II II 13.2 259 .015 414 .024 

3 300 Tl 6.25 6.05 20.9 398 .018 530 .024 

4 600 It II II - - - 
TOO  FAST 

3R0KEN  TOO] 

5 500 .015 6.41 6.22 11.7 229 .018 304      .024 

6 400 M .. II 14 274 .0085 773 .024 

7 300 II 6.22 6.02 25.5 482 .006 L929 .024 

NOTES: 

TABLE 39  : DATA FOR LIFE LINES 
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Date:                    8/4/80 

Depth of Cut:        .100 APPROX. 

Hardness:            269 BHN 

Coolant Application:    TOP 

Material:       HF-I 

Coolant:        TRIM- 

Tool Description: 

Holder:          KTAR- 

SOL  20:1 

L64 

Insert: TNMG-' !(33 
1                                                                                                            1 

• 
0 
z 
z 

UJ 

3° 

Z 
OS 

i-u- 

is 
Q. 

QUJ 

U.2 if 
0 

ox 
lUh- 
zo 
ocz 

Qz uj£ z 

< - 
UJ 

0 

1 iC-810 600 .015 6.405 6.202 1.7 33 .0085 93.5 .024 

2 500 II II II 9.0 175 .010 421 .024 

3 450 II II 11 16.1 314 .0125 602 .024 

A 400 !l 6.202 6.0 25.4 479 .010 1150 .024 

5 500 .022 6.395 6.220 1.5 29 .011 64 .024 

6 400 If M II 16.9 330 .0105 755     .024 

7 350 II II 11 8.4 164 - 
CUT 
CONTtNUED 

7a II II 6.220 6.037 22.9 596T .012 1192   .024 

NOTES: 

TABLE 40 : DATA FOR LIFE LINES 
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Date:                     8/4/80 

Depth of Cut:         -lOO" APPRO: 

Hardness:             SEE DATA 

Coolant Application:     TOP 

K. 

Material:         HF-I 

Coolant:         TRIM- 

Tool Description: 

Holder:          KTAR- 

SOL  20:1 

164 

Insert: TNMG- 433 
- - 
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a. 
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lUnr 

U.2 

xS 

11 
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QX 
UJI- 
zo ocz 
3I1J 

UJ ±. v< 
2< 

z 
■i o 

UJ 
-o£o< 

SHE] ,L  HAR] INESS  : !69/283 5HN 

1 570 650 .015 6.405 6.230 20.1 393 .012 787 .024 

2 fl 800 11 " II 7.4 145 .008! 409 .024 

3 M 500 II 6.230 6.050 24.75 470 .009 1254 .024 

SHE] ,L  HAR )NESS !69/294 3HN 

4 570 700 .022 6.402 6.210 3.9 76 .028 65 .024 

5 ■' 550 ■■ II II 12.7 248 .0105 566 .024 

6 tt 500 M II 11 10.8 211 .009 562 .024 

7 II 450 II 6.210 6.008 26.75 505 .0085 1426 .024 

NOTES: 

TABLE   41 : DATA FOR LIFE LINES 
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Date:                         8/5/80 

Depth of Cut:             . lOO 

Hardness:                 SEE TAB 

Coolant Application: 

Material:         HF-I 

Coolant:          TRIM-SOL 20 :1 

Tool Description: 

Holder:           CCGNR-164 

Insert:             CNG-454 - .008 x 20° 
1                                                                                                        1 
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HARDNE 5S   269/: 93  BHN 
 1 

1 G-IO 1000 .015 6.400 6.250 15.1 296.5 .007 635     .015 

2 M 1200 II II It — 
TOOU 
BROKE 

3 II It It 6.250 6.085 8.1 155 .004f 516     .015 

4 It 800 II II II 10.7 204.5 .002! 
.01b 

1227.3 

HARDNE 5S  262/: 69  BHN 

5 It 1000 .022 6.402 6.260 14.5 285 .005! 778 .015 

6 

7 

tl 1200 II " II 6.6 130 .005 389 .015 

II 800 II If II 6.0 118 _ 

7a ■■ It It 6.260 6.080 10.5 318T .0045 1060 .015 

NOTES: 

TABLE 42 : DATA FOR LIFE LINES 
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Date:                   7/31/80 

Depth of Cut:        lOO 

Hardness:           262/269 BHN 

Coolant Application: 

Material:        HF-I 

Coolant:         NONE 

Tool Description: 

Holder:           CCGNR-164 

Insert:            CNG-454 - .oos x 20° 
L                                                                                                                                                                 1 
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 1 

G-30 1000 .015 6.392 6.242 18.7 367 .008 J87.6 .015 

2 !I 1400 II 11 " 9.0 176.5 .0085 311.5 .015 

3 It 800 11 6.242 6.042 16.00 304 .004 L139 .015 

4 II 1200 II II II 10. 190 .0055 517 .015 

NOTES:      RUN NO.   3 HAD "SING"     AND POOR FINISH 

TABLE 43 : DATA FOR LIFE LINES 
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lK};-.,rS%'»44"i*''tS&- i. ''M:!^?^Kf^it 

Date:                         8/28/80 

Depth of Cut:             .100" APPROX. 

Hardness:                 269/269 RHN 

Coolant Application: 

Material:         HF-1 STEEL 

Coolant:          NONE 

Tool Description: 

Holder:           CCGNR-164 

Insert: CNG-454  -   .008 X  20° 
1                                                                                                        1 
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1 G-30 1200 .022 6.405 6.232 5.7 111.5 .0055 304 .015 

2 II 1000 II If 6.235 11.1 217.4 .012 272 .015 

3 II 1100 II It 6.238 9.7 190.0 .020 
FLANK 
CHIPPED 

4 II 800 II 6.235 6.081 20.1 391.6 .010 5874-°'' 

NOTES: 

TABLE 44 : DATA FOR LIFE LINES 
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TOOL LOAD VERSUS DEPTH OF CUT 

Material:      HF-1 Holder:     {P LEAD ANGLE 

Hardness:    269/277 BHN Insert:       T^MG-il33 

Feed Rate:    .015 IN./REV. Grade:      350 

Surface Speed:   285 F./FIIN. 
2400 

Coolant 

2000 

o 

o 
Q. 

< 
o 

o o 

1600 

1200 

800 

400 

.100 .150 .200 
DEPTH OF CUT IN INCHES 

250 

Figure 62:    TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

Material:      HF-1 ^       Holder:     (P [£j^ /^g|£ 

Hardness:   269/277 BHN '"8«rt:      TNMG-433 

Feed Rate:    .015 IN./REV. G^ad®:      KC-810 

Surface Speed:     330 FT./MIN. 
2400 

Grade: 

Coolant:    NONE 
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Figure 63:   TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

Material:       HF-1 Holder:     0° LEAD ANGLE 

Hardness:     269/277 BHN insert:       TNMG-^33 

Feed Rate:    .022 IN./REV. 

Surface Speed:    /|10 FT. /NIN. 
2400 

Grade:       570 

Coolant:    NOI^JE 
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Figure 64:   TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

Material:       HF-1 Holder:      (P LEAD ANGLE 

Hardness:      269/277 BHN Insert:        CNG-^5^     820 

Feed Rate:     .Q22 IN./REV. Grade:        G-10 

Surface Speed:   599 FT./IVUN, Coolant:     NQ^JE 
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Figure 65:    TOOL LOAD CHART 
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Material: 

TOOL LOAD VERSUS DEPTH OF CUT 

HF-1 Holder:      (P LEAD ANGLE 

Hardness:      269/277 BHN 

Feed Rate:      .015 IN./REV. 

Surface Speed:     600 FT./MIN. 
2400 

Insert: CNG-45i|    820 

Grade:        G-30 

Coolant:      f^QNE 
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Figure   66:     TOOL LOAD CHART 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:    HF-1 HARDNESS:   269/277 BHN 

INSERT:  TNM6-433     SURFACE FEED:   285^^^^,   COOLANT:   NONE 

GRADE:   350 FEEDRATE    .015 IN./REV. 

DEPTH 
OF CUT 

.050 

.100 

.150 

.200 

TANGENTIAL 
TOOL LOAD 

320 
600 
880 

1120 

FEED 
TOOL LOAD 

290 
'420 

RADIAL 
TOOL LOAD 

INSERT:  Wh-^^     SURFACE FEED: 

GRADE:   KC-glO FEEDRATE 

330        COOLANT: NONE 
FT./MIN. 
.022 IN./REV. 

DEPTH 
OF CUT 

.050 

.100 

.150 

.200 

TANGENTIAL 
TOOL LOAD 

^0 
800 

1160 mo 

FEED 
TOOL LOAD 

670 
820 

RADIAL 
TOOL LOAD 

5it0 

INSERT:   TNMG-433     SURFACE FEED: 

GRADE:    570 FEEDRATE 

410        COOLANT:    NONE 
FL/MIN. 
.0^2 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.050 

.100 

.150 

.200 

420 
800 

1120 i 180 

400 

TABLE 45     DATA FOR TOOL LOAD CHARTS 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:   HF-1 HARDNESS:  269/277 BHN 

INSERT:   CJ^G-^S^i      SURFACE FEED:  590 COOLANT: NONE 
FT./MIN. 

GRADER 

DEPTH 
OF CUT 

.050 

.100 

.150 

.200 

x?nQ FEEDRATE   .022 IN./REV. 

TANGENTIAL 
TOOL LOAD 

380 
720 

1000 
12^ 

FEED 
TOOL LOAD 

m 
270 

500 

RADIAL 
TOOL LOAD 

200 

3^10 

INSERT: 

GRADE: 

CN6-454 
G-3 

X 

SURFACE FEED: 

2oO FEEDRATE 

600^^^,   COOLANT:   NONE 

.015 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.050 

.100 

.150 

.200 

310 
560 
800 
920 

120 
260 m 
500 

180 

250 

INSERT: 

GRADE: 

SURFACE FEED: 

FEEDRATE 

COOLANT: 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.050 

.100 

.150 

.200 

TABLE 46   DATA FOR TOOL LOAD CHARTS 
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TEST: "Rock-In" tests using Cold-Press Ceramic on XM-795 Projectile bodies of HF-1 

Material 

These tests were done prior to the life-line tests on HF-1, so there was no 

previous experience with this material. The purpose of the test was to determine whether 

ceramic inserts could be used in the concentric rough turning of projectile bodies. 

Attached is a data sheet and photographs of the shell after tests showing the 

condition of the outside diameter of the shell as well as the grooves that were machined. See 

Tables 45 and 46, and Figures 67 and 68. 

The machining was done on a numerically controlled lathe so the tool paths 

could be controlled. The tool "rocked" into the work at a 60" angle for a depth of .200 inches, 

then turned parallel with the workpiece centerline for. 100 inches. The tool then returned 90" 

to the centerline to clear the work. The tool holder used had a 45" lead angle and was arranged 

for a Yg" I.e. square insert. 

Using a surface speed of 1200 feet per minute and a feed-rate of .007 in. / rev. 

for both the "rock-in" and the parallel turn, one corner of the insert machined 17 grooves; with 

another corner, 12 grooves were machined. 
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Date: 

Depth of Cut: 

Hardness: 

7/3/80 

.100"   1-n   .700" 

269 BHN 

Material: 

Coolant: 

Tool Descrl 

Holder: 

HF-1 

TRIM 

ption: 

-sm. 70.1 — 

Coolant Application: NONE CSDNN-205 

Insert: SNG-544 
1-                                                                                                     1 
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1 G-30 900 .007 6.400 — _ NOTE  1 

2 II II II II _ NOTE   2 

3 II 1200 II If 6,200 _ 

4 If tl " II 6.100 SAME  ED ;E OF [NSER'^ 
5- 

19 
II II II II 6.000 II              M II II 

NOTE  3 

20 II 1400 II 6.410 6.210 NOTE  4 

NOTES:       NOTE  l  -   .006" x  30° K-LAl 
TURNING  FEED   .015   IN./REV. 

NOTE  2  -   .012 X  30° K-LANI 
TURNING FEED CHANGED TO   .0105   IN./Rl 

NOTE   3   -  STOPPED AT  END 01 
CHATTER. 

NOTE  4   - NOTE  INCREASED  SI 
HARDNESS. 

sID.     TOOL  F 

D.     TOOL  FA 
=:v. 
?  SHELL.     T 

JRFACE   SPEE 

AILURE,   CUT  TOO  DEEP. 

ILURE,   CUT  TOO  DEEP. 

OOL WORN,   STARTING TO 

D.     NEW  SHELL/   SAME 

TABLE 47 
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Date:                    7/3/80 

Depth of Cut:       '^^^" ^° -^oo" 

Hardness:           269 BHN 

Coolant Application:       NONE 

Material:           HF-I 

Coolant:           TRIM-SOL 20 :1 

Tool Description: 

Holder:             CSDNN-205 

Insert:              QNC-'^/.A 
L..                                                                                                                                                                  I 
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21- 
G-30 1400 .007 6.410 6.010 _ NOTE  5 

24- 
36 II 1200 11 II " NOTE  6 

NOTES:     NOTE 5 - SAME EDGE OF INSERT,   TEST STOPPED DUE TO TOOL 
CHATTER:     EXCESSIVE TOOL  WEAR 

NOTE  6  - NEW  INSERT  FOR    #24,   SAME EDGE TO  #36.     TEST 
STOPPED AT  END  OF  SHELL.     TOOL WORN. 

TABLE 48 
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FIGURE 67 
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FIGURE 68 
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AISI 1340 Projectile Material - "Finishing Cuts" - 28 Re Hardness 

The surface finish requirement for this material was 125 A.A. (Arithmetic 

Average) as shown on Table 1, page 5. This limited the feed for these tests to .0II inches per 

revolution. The depth of cut was .050 inches as designated in Table 1. 

With the combination of low feed and shallow depth of cut, chip-breaking 

was one of the largest problems during the testing of this material. The swarf came off the tool 

as long stringers, and in most cases would not break. Some of the new molded-in chip- 

breakers should be tried on this material to alleviate this problem. 

The tool-life curves gave some interesting results in that the carbide tools, 

either plain titanium coated or ceramic coated, would operate at similar surface speeds for 

equal tool life. The titanium coated carbide gave the highest cutting speed for equal tool life, as 

shown on Table 49, page 133. 

The ceramic tools gave a lower surface cutting speed than shown on the tests 

for "roughing" cuts. Where the feed is lowered, this lowers the cutting speed for equal tool life 

by a substantial amount as can be seen by comparing Figure 69 on page 134 and Figure 20 on 

page 34. 

When comparing the production indexes for the various cutting materials, it 

is obvious that ceramic cutting tools will give a much higher production rale than carbide. 

1 he horsepower requirements for various tool geometries are shown on 

Figures 70 to 79, pages 137 to 146. See also Tables 52 through 55, pages 147 through 150. In 

most cases, the round inserts will consume horsepower at almost double the rate as triangular 

inserts. However, they are operating at double the feed rate. Therefore, there is some energy 

saving when round inserts are used. 

Figure 81, page 152 shows the results of varying nose radius and its effect on 

surface finish. As the nose radius increases, the finish gets better. Figure 80, page 151 shows the 

effect of changing surface speed on surface finish. In this case, there is very little effect. Tables 

56 and 57 contain the corresponding data. 

132 



SUMMARY OF RESULTS 

"FINISHING CUT" 

MATERIAL 
HARDNESS 
TOOL LIFE 
DEPTH OF CUT 

AISI-I340 
269   Bhn. 
2500 In^ of Machined Surface 
.050 Inches 

Insert Insert SFM Feed Prod. 
Grade Style In./Rev Index 

350 TNMG^33 350 .011 3.85 

KC-810 TNMG-433 370 .Oil 4.07 

570 TNMG-433 330 .011 3.63 

G-10 CNG^54 670 .011 7.37 

G-30 CNG^54 630 .Oil 6.93 

350 RNMG-43 350 .022 — ■ 

KC-810 RNMG^3 370 .022 — 

570 RNMG-43 330 .022 — 

G-10 RNG-45 670 .022 — 

G-30 RNG^S 630 .022 — 

Tangential Tool 
Load - Lbs. 

.050 Depth of Cut 

HP. 
050 Depth 

of Cut 

210 2.23 

200 2.24 

210 2.1 

240 4.87 

210 4.01 

380 4.03 

390 4.37 

440 4.4 

380 7.72 

360 6.87 

TABLE 49:   AISI-1340 RESULTS OF TESTS 
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10,000 

200 300    460^600 1000 2000 

CUTTING   SPEED-FEET   PER   MINUTE 
Figure 69:   Tool-Life Lines of Listed Cutting Materials on AISI 1340 Steel at 269 

Brinell Hardness. 
Feed - .Oil Inches per Revolution 

Depth of Cut-.050 Inches 
350, KC-810, 570: Holder - MTANR-164 (0" Lead Angle) 

Insert-TNMG-433 
G-10, G-30: Holder - CCGNR-164 (0" Lead Angle) 

Insert - CNG-454 .008 x 20o 
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Date: 

Depth of Cut: 

Hardness: 

9/8/80 

.050 

269 BHN 

Material:             Aisi 1340 

Coolant:              TRIM-SOL 20:i 

Tool Description: 

Coolant Application: TOP Holder:                MTANR-164 

Insert:                 TNMG-433 
1-                                                                                                                1 

■ 
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z 
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UJ 
QUI 
59 
2« 
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OS 

a 
(0 
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IIJ^ 1^ 
if 

ox 
lUh- 
zo 
flCZ 

Qz 

u 
O 
Z 

lU 

O 

i^i2»3 

1 350 500 .011 6.234 6.131 10.85 208.9 .009 557 .024 

2 " 600 II II 5.7 109.7 .006 439 .024 

3 11 700 6.131 6.032 6.3 119.3 .012 238.7 .024 

4 KC-81( 600 II II 8.1 153.4 .005 736.7   .024 

5 II 700 6.032 5.936 8,5 158.5 .008 475.51 .024 

6 II 800 II 11 8.5 158.5 .0095 400.4   .024 

NEW  SH ULL/SAMI HARDNESS 

7 570 700 .011 6.290 6.190 11.7 111 .b .0085 624.4   .024 

8 II 800 11 II II 8.1 157.5 .007 540     .024 

9 II 900 11 6.190 6.089 8.0 153 .008 

1 

459 .024 
1 

NOTES:     VERY POOR  CHIP   CON rROL.     A LL TESTS  HAD   STRINGERS. 

TABLE   50: DATA FOR LIFE LINES 
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Date:               9/9/80 

Depth of Cut:  .050 

Hardness:      -^M R™ 

Coolant Application: TOP:   a-io 

Material:              AISI 1340 

Coolant:              TRIM-SOL 20 :1 

Tool Description: 

Holder:                 CCGNR-164 

NONE:     G-30 
Insert:                  CNG-454 
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1 G-IO 1100 .011 6.089 5.979 6.2 116.4 .003 582.^   .015 

2 II 900 II 5.979 5.889 12.8 236.8 .004 1014. 
.015 

9 

3 II 1000 II " II 7.3 135.0 
CUT    1 
CONTINUED 

3a " II II 5.889 5.785 12.3 358.5 .0055 977.J   .015 

NEW  SH ELL/SAM] ; HARDNESS 

4 G-30 900 .011 6.235 6.138 19.0 366.3 .006 915.^   .015 

5 II 1000 " 6.138 6.038 19.5 369.8 .0065 853.J   .015 

6 II 1100 II 6.038 5.938 20 373 .0095 589       .015 

NOTES:     VERY POOR CHIP CONTROL,    STRINGERS SMALLER FOR G-30 
THAN  G-10. 

TABLE   5 1 : DATA FOR LIFE LINES 
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TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL:      /^jgj ^z^ 

HARDNESS:    269/277 BHN 

SURFACE SPEED:    350 FT./FIIN. 

FEED RATE:      .QU IN./REV. 
1200 

HOLDER: \^m-m  0° LEAD ANGLE 

INSERT: WG^33 

GRADE: 350 

COOLANT: TRIM-SOL 20:1   TOP 

1000 

CO 
Q 

o 
Q. 
Z 
O 
< o 

o o 

800 

600 

400 

200 

.025 .050 .075 .100 

DEPTH OF CUT IN INCHES 
125 .150 

FIGURE   70 : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:      AISI 13^0 

HARDNESS:    269/277 BHN 

SURFACE SPEED: 370 F./MIN. 

FEED RATE:   ,0U IN./REV. 
1200 

HOLDER: WANR-164   0° UN} ANGLE 

INSERT: TNMG-433 

GRADE: KC-810 

COOLANT: TRIM-SOL 20:1   TOP 

1000 

Q 

o 
OL 

< 
o 

o 
o 

800 

600 

400 

200 

.050 .075 .100 .125 

DEPTH OF CUT IN INCHES 

FIGURE 71   : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL:     AISI im 

HARDNESS:    269/277 BHN 

SURFACE SPEED:     .330 FT./MIN. 

HOLDER: ^m-M 

INSERT: -f||MG-i|33  0° LEAD ANGLE 

GRADE: 570 

COOLANT: TRIM-SOL 20:1   TOP 

Q 

o 
Q. 

< 
o 

o 
o 

1000 

800 

600 

400 

200 

.050 .075 .100 .125 

DEPTH OF CUT IN INCHES 

FIGURE    72: TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:     /^jsj ;^^ 

HARDNESS:   269/277 BHN 

SURFACE SPEED:   670 F./FIIN. 

FEED RATE:    .QU IN./REV. 
1200 

HOLDER:    cCGNR-164  0° LEAD ANGLE 

INSERT:      CNG-^s^i   .008 X 20P 

GRADE:       G-10 

COOLANT: TRIFI-SOL 20:1  TOP 

1000 

Q 
z 
o 
Q. 
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o 
o 

800 

600 

400 

200 

.050 .075 .100 .125 

DEPTH OF CUT IN INCHES 

FIGURE   73 : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL:     AISI 13^ 

HARDNESS:   269/277 BHN 

SURFACE SPEED:   630 FT./MIN. 

FEED RATE:     .QU IN./REV. 

HOLDER:    CC6NR-16^  0° L£AD ANGLE 

INSERT:      CNG-^5t|    .008x20° 

GRADE:       G-30 

COOLANT: |\JONE 
1 ^\f\M 
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200- 

0- 

CO o z 
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7^ o o 4AMrprn) iL— 
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1 / \l lULJ 1    1 / 
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«k  ^ 

y^ 
FEED LOAD ^1 ^ y/' ^ "^ 

>^ 

^> y^ 
^ 

^^:::i-— :^^ ^^— \ 
-^ ^—^ \ RADIAL LOi \D 

■"^ 

\ 

1              .0. 25           .0{ 

DEF 

>0           .Oi 

>TH OF 01 

'5            .11 

JT IN INC 

)0        .i: 

HES 

25 
1 

.15 

FIGURE    74 : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:     AISI 13^0 

HARDNESS:    269/277 BHN 

SURFACE SPEED:   350 F./MIN. 

''^^^"mo   '022 IN./REV. 

HOLDER: 

INSERT: 

GRADE: 

PRANR-15^ 

RNMG-^5 

350 

COOLANT: JRIFl-SOL   20:1   TOP 

1000 

Q z 
o a. 

< o 

o 
o 

800 

600 

400 

200 

.050 .075 .100 .125 

DEPTH OF CUT IN INCHES 

FIGURE    75 : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL:     /^j3j ^3^^ 

HARDNESS:    269/277 BHN 

SURFACE SPEED:    3/0 F./MIN. 

•"^^^^M^o" -022 IN./REV. 1200 

HOLDER: PRANR-16i| 

INSERT: RNFG-^3 

GRADE: KC-810 

COOLANT: TRIM-SOL 20:1 

1000 

CO o 

o 

Q 
< 
o 

o o 

800 

600 

400 

200 

0- 
.025 .050 .075 .100 

DEPTH OF CUT IN INCHES 
125 .150 

FIGURE    76 : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:     /^isj -[^^ 

HARDNESS:    269/277 BHN 

SURFACE SPEED: 330 F./MIN. 

FEED RATE:     .022 IN./REV. 
1200 

HOLDER: 

INSERT: 

GRADE: 

PRANR-85^ 

RNMG-^3 

570 

COOLANT: TRIM-SOL 20:1   TOP 

1000 

0) 
Q 

i o 
Q. 

< o 

o o 

800 

600 

400 

200 

.025 .050 .075 .100 .125 

DEPTH OF CUT IN INCHES 
.150 

FIGURE     77: TOOL LOAD CHART 
144 



TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:    /^J3j ^M 

HARDNESS:   269/277 BHN 

SURFACE SPEED:     650 F.MN. 

PEED RATE:    .022 IN./REV. 
1200 

HOLDER:     CRGNR-164 

INSERT:      RNG-i|5 .008 X 20° 

GRADE:      G-10 

COOLANT: TRIM-SOL 20:1   TOP 

1000 

Q 

o 
Q. 

< 
o 

o 
o 

800 

600 

400 

200 

.050 .075 .100 

DEPTH OF CUT IN INCHES 

FIGURE   78 : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:     AISI 1340 

HARDNESS:   269/277 BHN 

SURFACESPEED:   630 F./FIIN. 

FEED RATE:     .U22 IN./REV. 

HOLDER:    CRGNR-164 

INSERT:       RNG-45 .008" X 20P 

GRADE:       G-30 

COOLANT: NONE 
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FIGURE   79 : TOOL LOAD CHART 
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'^^;^y.-;,i/,";v^^j j:,-,-ri,: 

TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:    AISI 13^ HARDNESS:    269/277 BHN 

INSERT:   TNMG^33 

GRADE:    350 

SURFACE FEED: 

FEEDRATE 

350        COOLANT: TRIM-SOL 
FT./f^IN. 20:1 TOP APPLIC. 
.OU IN./REV. 

DEPTH 
OF CUT 

.025 

.050 

.100 

.150 

TANGENTIAL 
TOOL LOAD 

120 
220 

600 

FEED 
TOOL LOAD 

50 
120 
2^5 
360 

RADIAL 
TOOL LOAD 

0 

INSERT:   TNFlG-^33     SURFACE FEED: 

GRADE:   KC-810 FEEDRATE 

370        COOLANT: TRIM-SOL 
FT./MIN.        20:1 TOP APPLIC. 
.011 IN./REV. 

DEPTH 
OF CUT 

.025 

.050 

.100 

.150 

TANGENTIAL 
TOOL LOAD 

120 
220 

580 

FEED 
TOOL LOAD 

250 
365 

RADIAL 
TOOL LOAD 

,10 

:.60 
.80 

INSERT:   TlflG-433     SURFACE FEED: 

GRADE:    570 FEEDRATE 

330       COOLANT-TRIM-SOL 
F./MIN.        20:1 TOP APPLIC. 
.011 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

m 
2^0 m 
600 

60 
120 
230 
330 

100 
120 
:30 
60 

ABi H52 DATA FOR TOOL LOAD CHARTS 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:   AISI 1340 HARDNESS:   269/277 

INSERT: CNG^5JJ ^^ SURFACE FEED 

GRADE:  GIO 

670 
FT./FIIN. 

FEEDRATE   .011 IN./REV. 

COOLAWXTRIM-SOL 
2M1(P APPLIC. 

DEPTH 
OF CUT 

.025 

.050 

.100 
.50 

TANGENTIAL 
TOOL LOAD 

130 
230 m 
600 

FEED 
TOOL LOAD 

55 
115 
240 
355 

RADIAL 
TOOL LOAD 

110 

INSERT:    CNG-454   ^SURFACE FEED: 
.008" X 20° 

GRADE:    G-30 FEEDRATE 

630       COOLANT: NONE 
FT./MIN. 
.011 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

160 
240 
440 
600 

250 
3/0 

175 
190 

INSERT: 

GRADE: 

SURFACE FEED: 

FEEDRATE 

COOLANT: 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.050 

.100 

.150 

lABLi 53 DATA FOR TOOL LOAD CHARTS 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:   AISI 13^ HARDNESS:   269/277 BHN 

INSERT: RNMG-43 

GRADE:  350 

SURFACE FEED: 

FEEDRATE 

350 COOLANT: TRIM-SOL 
F./FIIM 20:1 TOP APPLIC. 

DEPTH 
OF CUT 

.025 

.050 

.100 

.150 

TANGENTIAL 
TOOL LOAD 

280 

800 
1000 

' mum 
FEED 

TOOL LOAD 

2^ 
430 

RADIAL 
TOOL LOAD 

210 
310 
500 
660 

INSERT:    Wh-^^      SURFACE FEED: 

GRADE:    KC-810 FEEDRATE 

COOLANT:JRIt1-S0L 370       COOLANT- 
F./MIN.       20:rT0PAPPLIC; 
.022 IM./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

240 

-   ^ 
11?0 

50 220 
330 
560 
740 

INSERT:    tWlG-43      SURFACE FEED: 

GRADE:     570 FEEDRATE 

50 '.mm. COOLANT . TRIM-SOL 

.022 IN./REV. 
20:1 TOP APPLIC. 

DEPTH 
OF CUT 

.025 

.050 
400 
.150 

TANGENTIAL 
TOOL LOAD 

200 
400 
760 

1120 

FEED 
TOOL LOAD 

40 
100 
260 
420 

RADIAL 
TOOL LOAD 

160 
280 
520 
660 

TABLE 54 DATA FOR TOOL LOAD CHARTS 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:   AISI   13^10 HARDNESS:  269/277 BHN 

INSERT:   RNG-^5       SURFACE FEED:  650 COOLANT: TRTM-SOL 
.008"x20P F./FIIN. 20:1 TOP AFPLIC. 

GRADE:   G-10 FEEDRATE   ,O22 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

200 
^00 
7^ 

1080 

^ 200 

6i|5 

INSERT:     RNG-45      SURFACE FEED: 
.008" X 20° 

GRADE:     b-30 FEEDRATE 

630        COOLANT:   NONE 
FT./MIN. 
.022 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

200 
400 
720 

1080 

100 
2^ 
390 

220 
350 
540 
695 

INSERT: 

GRADE: 

SURFACE FEED: 

FEEDRATE 

COOLANT: 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

TABLE 55 DATA FOR TOOL LOAD CHARTS 
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SURFACE SPEED VERSUS SURFACE FINISH 

350 r 

UJ 

i 

3 

300 

250 

200- 

150 

100 

50 

SURFACE SPEED (1.0)-370 FT./MIN. 

MATERIAL • 

HARDNESS• 

FEED RATE • 

DEPTH OF CUT 

INSERT • 

GRADE• 

HOLDER• 

COOLANT• 

A IS I-1340 
269/277 BHN. 

.011 IN./REV. 
.050" 

TNMG -433 

KC-810 

MTANR -16Z| 

TRIM-SOL 20:1 

•7225 .85 1.0 1.15 

SURFACE SPEED MULTIPLIER 

Figure 80: 

151 
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TOOL NOSE RADIUS VERSUS SURFACE FINISH 

ftfln 

300- 

250- 

200- 

150- 

100- 

50- 

0- 

SURFACE SPEED 

MATERIAL • 

HARDNESS• 

•370 FT./MIN. 

AISI-1340 
269/277 BHN. 

FEED RATE • 

DEPTH OF CUT • 

INSERT• 

GRADE • 

HOLDER• 

COOLANT• 

.011 IN./REV. 

lU 
O 
< 

.050" 

SEE DATA SHEET 
LU 
> KC-810 
< 

SEE   DATA   SHEET o 
1- 
LU TRIM SOL 20:1 

X 
1- 
oc 
< 

< 
< 

I 

X 

u. 
UJ 

< u. 
oc 
U) 

.031 .047 .062 .094 

TOOL NOSE RADIUS- INCHES 
.250 

Figure 81 
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Date:             9/10/8O 

Depth of Cut: .050 Inches 

Hardness:    269/277 BHN 

Coolant Application:  Top 

Material:           AISI 1340 

Coolant: Trim - Sol 20:1 

Tool Description: 

Holder:  MTANR-164 (O° LEAD ANGLE) 

Insert:    TNMG-433 
1                                                                                                                       1 
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1 KC-81( 267 .011 .7225 87 

2 II 315 II .85 82 

3 11 370 II 1.0 87 

4 II 425 II 1.15 85 

5 II 490 " 1.3225 85 

1  

  

NOTES: 

I AHI i 5(r.     DATA FOR SURFACE FINISH TESTS 
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Date:              9/10/80 Material: AISI 1340 

Depth of Cut: .050 Inches Coolant: Trim - Sol 20:1 

Hardness:     269/277 BHN Tool Description: 

Coolant Application:  Top Holder:   SEE NOTES 

Insert:     SEE NOTES 
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1 <;c-8io 370 .011 .03125 150 

2 It IT II .0469 87 

3 ti It II .0625 65 

4 II II It .09375 45 

5 fi II II .250 22 

NC )TES: TOOL HOLDER/: LNSERT 
KTAR-16A         ■] rNMG-432 
KTAR-164         1 rNMG-433 
KTAR-164         1 rNMG-434 

WTJNRS-205         1 rNMG-566 
PRANR-854         I lNMG-43 

(.500" 0 ROUND INSERT) 

TABLE   57:   DATA FOR SURFACE FINISH TESTS 
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AISI 1340 Projectile Material - "Finishing Cuts" - 38/40 RC 

The tool life curves for 321 / 340 Bhn material, Figure 82, page 157 and Tables 

59 and 60, pages 158 and 159, showed a cutting speed of 660 feet per minute for both G- i 0 and 

G-30 ceramic material. The tool-life curves for this material, at 269 Bhn, showed cutting 

speeds of 670 for G-10 and 630 for G-30, but at 0.11 inches per revolution feed rate instead of 

.015 used in the 321/340 hardness tests. From this, it shows an increase in feed rate and an 

increase in hardness did not chance the cutting speed, for equal tool-life, by an appreciable 

amount. 

The surface finish charts. Figures 93 and 94, pages 174 and 175, show this 

material does nol behave any differently at a higher hardness than at a lower hardness value. 

Data for these charts are on pages 176 and 177. Tool loads for both round and straight sided 

mserts are shown in Figures 83 through 92, and in Tables 61 through 64, pages 170 through 

:73. 

Chip-control, at both 269 and 321 / 340 Brinell hardness, was a problem witli 

this material during "Finish" turning cuts. The chips are strong enough after the cutting 

process to resist bending, so the molded-in chip breakers on carbide tools used in the tests were 

of little or no value. The chips came off the cutting tool in long "stringers" with little or no 

effect from the chip groove. The ceramic tools gave better chip-conditions, and after crater 

formation on the face of the inserts, the chips were broken in very small pieces. Adjusting t he 

angle and width of the "K" land will alter the chip conditions and a good chip condition should 

be attainable. 
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SUMMARY OF RESULTS 

FINISHING cur 

MAIERIAL 
HARDNESS 
TOOL LIFE 
DEPTH OF CUT 

AISI-I340 
321/340 Bhn. 
2500 In^ of Machined Surface 
.050 Inches 

Tangential Tool HP 
Insert Insert SFM Feed Piod. Load - Lbs .050 Depth 
Ciradc Style In./ Rev. Index .050 Depth ol Cut of ( ut 

350 TNMG-433 160 .015 2.4 280 1.36 

KC-8I0 TNMG-433 310 .015 4.65 260 2.44 

570 TNMG^33 470 .015 7.05 260 3.70 

G-10 CNG-454 660 .015 9.90 240 4.8 

G-30 CNG-454 660 .015 9.90 230 4.6 

350 RNMG-43 160 .022 — 420 2.04 

KC-8I0 RNMG-43 310 .022 — 390 3.66 

370 RNMG-43 470 .022 — 360 5.13 

G-10 RNG^5 660 .022 — 370 7.4 

G-30 RNG-45 660 .022 ..__. 370 7.4 

TABLE 58:  AISI-I340 Results of Tests 
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10,000 

100 200 300 400     500 1,000 

CUTTING SPEED - FEET PER MINUTE 
Figure 82:     Tool-Life Lines of Listed Cutting Materials on AISI 1340 Steel at 32! / 340 

Brinell Hardness. 
Feed - .015 Inches per Revolution 

Depth of Cut - .050 Inches 
350, KC-XIO, 570: Holder- MTANR -164 (0« Lead Angle) 

Insert-TNMG-433 
G-10, G-30: Holder - CCGNR-164 (0» Lead Angle) 

Insert-CNG-454 .008x20" 
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Date:               i/2i/8i 

Depth of Cut:   . 050 

Hardness:       340 BHN 

Coolant Application: TOP 

Material:               AISI 1340 

Coolant:                  TRTM-SOT, 20:1 

Tool Description: 

Holder:                 KTAK-I64 

Insert: TNMG-433 
[,.....                                                                                                                        1 

d 
z 
z 
=> 

Ui 
QUJ 
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UJI- 
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KZ 
3UJ 
I--J 

Qz 

is 

O 
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-^ o 

UJ 
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zi-i- 

i 

—   -1 

H50 
1 

400 .015 6.265 6.165 9.25 179 .009 477 .024 

2 IT 500 n II 
15.6 123 .0095 328 .024 

' 
IT 600 II M 20.3 91 .008 273 .024 

<\ 11 300 6.165 6.070 13.5 257 .0075 824 .024 

5 X-8i0 500 If II 2.3 43.8 It 140 .024 

f n 40fi II II 4.6 87.7 

6 a II II 6.070 5.975 6.5 209.7 .008 630 .024 

7 M 350 fl II 13.5 253 .0055 1106 .024 

8 570 500 5.975 5.880 17.7 327 .0065 1207 .024 

9 

10 

TI 700 II II 3 55.4 .011 121 .024 
It 600 5.880 5.785 14.8 269 .0085 760 .024 

NOTES: 

TABLE 59   : DATA FOR LIFE LINES 
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Date: 

Depth of Cut: 

Hardness: 

Coolant Application: ' 

L/22/8I 

.050" 

321/340 

rOP:     G- 

BHN 

10 

Material:              AISI 1340 

Coolant:              TRIM-SOL 20: i 

Tool Description: 

Holder:                CCGNR-164 

NONE:     G-30 
Insert:                  CNG-454   820 
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flC C
A

R
B

ID
E

 
G

R
A

D
E

 

C
U

TT
IN

G
 

S
P

E
E

D
-F

T/
M

IN
. 

FE
ED

 
IN

JR
E

V
. 

R
O

U
G

H
 

D
IA

M
E

TE
R

 

TU
R

N
E

D
 

D
IA

M
E

TE
R

 

TU
R

N
E

D
 

LE
N

G
TH

 

M
A

C
H

IN
E

D
 

A
R

E
A

 -
 IN

2
 

W
E

A
R

-L
A

N
D

 
IN

C
H

 
IN

 2 
O

F 
M

A
C

H
IN

E
D

 
S

U
R

FA
C

E
 A

T 
IN

C
H

E
S

 
O

F 
W

E
A

R
-L

A
N

D
 

1 G-10 800 .015 6.238 6.135 21 404.7 .0055 1103 .015 

2 ti 900 6.135 6.035 11 208.6 .0045 695 .015 

3 '• 1000 M II 5 94.8 .003 434 .015 

4 G-30 900 6.035 5.935 11.1 207 .004 776 .015 

5 II 1000 •■ " 9.3 173 .005 520 .015 

6 " 800 5.935 5.840 15.8 290 .004 1087 .015 

NOTES: 

TABLE  60: DATA FOR LIFE LINES 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:     AISI 13^ 

HARDNESS:   321/332 BHN 

SURFACE SPEED:   160 FT.MN. 

''EEDRATE:    .015 IN./REV. 
1200 

HOLDER: 

INSERT: 

GRADE: 

CTNAR-i5^ 

350 

COOLANT: TRIM-SOL 20:1   TOP 

V) 

o 
Q. 

o 
< 
o 

o 
O 

1000 

800-- 

600 

400 

200 

.025 .050 .075 .100 

DEPTH OF CUT IN INCHES 
125 .150 

FIGURE   83 : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF COT 
MATERIAL:    AISI 1340 HOLDER: C[NAR-i54 

HARDNESS:   321/333 BHN INSERT: m%-Wj 

SURFACE SPEED:   310 F./FIIN. GRADE: KC-810 

FEED RATE:    .015 IN./REV. 
1200 

COOLANT: TRIM-SOL 20:1   TCP 

a 

O 
Q. 

< 
o 

o 
o 

1000 

800 

600 

400 

200 

.050 .075 .100 

DEPTH OF CUT M SNCHES 

.125 .150 

FIGURE 84    :TOOL 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:   AISI 13^10 

HARDNESS: 321/332 BHN 

SURFACE SPEED: i|70 F.MN. 

FEED RATE:   .015 IN./REV. 
1200 

HOLDER:   CrNAR-15'4 . 

INSERT:     Tt^-433 

GRADE:     570 

COOLANT: TRIM-SOL 20:1   TOP 

1000 

o 
o. 

Q 
< 
o 

o 
o 

800 

600 

400 

200 

.025 .050 .075 .100 .125 

DEPTH OF CUT !N INCHES 
150 

FIGURE 85   : TOOL LOAD CHAFT 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:       AISI 1340 HOLDER: 

HARDNESS:      321/332 BHN INSERT: 

SURFACE SPEED:     ,01S IN./REV.        GRADE: 

CCGNR-164 

QNG-^54-820 

G-10 

FEED RATE: 
1200 

.015 IN./REV. COOLANT:    TRI^-SOL 20:1   TOP 

1000 

o 
0. 

< 
o 

o 
o 
I- 

800 

600 

400 

200 

.025 .050 .075 .100 .t25 

DEPTH OF CUT IN !iS!CHES 

FIGURE 86   : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:       AISI 1340 HOLDER:       CCGNR-164 

HARDNESS:     321/332 BHN INSERT:        CNG-^454-820 

SURFACE SPEED:   660 FT./MIN. GRADE: G-30 

FEED RATE: 
1200 

.015 IN./REV. COOLANT:    NONE 

1000 

O 
a. 

< 
o 

o 
o 

800 

600- 

400- 

200 

TANGEMTLl LOAD 

 (. 

:^S^ 

.025 .050 .075 .103 

DEPTH OF CUT IH iHCHEB 

,125 .150 

FIGURE 87   : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:        AISI 1340 

HARDNESS:      32I/332 BHN 

SURFACE SPEED:   160 F.MN. 

FEED RATE:    .022 IN./REV. 
1200 

HOLDER: PRANR-164 

INSERT: RNFlG^3 

GRADE: 350 

COOLANT: TRIM-SOL 20:1  TOP 
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o a. 

< 
o 

o 
o 

800 

600 

400 

200 

j 

/ 
/ 
/ 

/ 
y 
f 

/ 

TANGF^Ii iL. LOAD / RATIIAI  in \n    ^ 
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// 
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\ V ^FFFTl lOAn 
^,^^ 

^ ̂ ^"^^ 

0              .0 25            .01 50            .0- '5            .11 )0            .1i 25            .1 10 
DEPTH OF CUT IN INCHES 

FIGURE 88   : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:       AISI 13W 

HARDNESS:      321/332 BHN 

SURFACE SPEED:    310 F.MN. 

FEED RATE:     .022 IN./ REV. 
1200 

HOLDER: PRANR-16i| 

INSERT: WIG-43 

GRADE: KC-810 

COOLANT:    TRIM-SOL 20:1   TOP 

1000 

o 
CL 

< 
o 

o 
o 

800 

600 

400 

200 

.050 .075 .100 

DEPTH OF CUT IN INCHES 

FIGURE 89   : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:       AISI 1340 

HARDNESS:     321/332 BHN 

SURFACE SPEED:   470 F./MIN. 

FEED RATE:     .022 IN./REV. 
1200 

HOLDER: PRANR-164 

INSERT: RNMG-43 

GRADE: 570 

COOLANT:   TRIM-SOL 20:1   TOP 

1000 

CO o z 
o 
Q. 
z 
o 
< o 

o 
o 

800 

600 

400 

200 

.050 .075 .100 

DEPTH OF CUT IN INCHES 
150 

FIGURE 90   : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:       AISI 1340 

HARDNESS:     321/332 BHN 

SURFACE SPEED:   660 FT./FIIN. 

FEED RATE: 
1200 

.022 IN./ REV. 

HOLDER: CRGNR-164 

INSERT: RNG-^|5   .008 X 20P 

GRADE: G-10 

COOLANT: TRIM-SOL 20:1  TOP 

1000 

(0 a 

o 

o 
< 
o 

o 
o 

800 

600 

400 

200 

.025 .050 .075 ,100 .125 

DEPTH OF CUT IN INCHES 
150 

FIGURE 91    : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL:      AISI 13^ 

HARDNESS:    321/332 BHN 

SURFACE SPEED:   660 FT./MIN. 

FEED RATE: 
1200 

.022 IN./REV. 

HOLDER: CRGNR-164 

INSERT: RNG-^5   .008x20° 

GRADE: G-30 

COOLANT: NONE 

1000 

CO a 

o 

< 
o 

o o 
I- 

800 

600 

400 

200 

.025 .050 .075 .100 

DEPTH OF CUT IN INCHES 

.125 .160 

FIGURE 92   : TOOL LOAD CHART 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL (VSATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:  AISI 1340 HARDNESS: 321/332 BHN 

INSERT:  TlflG-433 

GRADE:   359 

SURFACE FEED: 160 
F./FIIN. 20:1 TOP'APP 

FEEDRATE  ,oi5 IN./REV. 

COOLA,NT:jRI(^-^0L 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 
520 

iS 120 

INSERT:  TOG-^33 

GRADE:   KC-810 

SURFACE FEED: 

FEEDRATE 

310        COOLANT: TRIM-SQL 
n.mm.    20:i TOP APPLIC. 
.015 IN./REV. 

DEPTH 
OF CUT 

.025 

.050 

.100 

.150 

TANGENTIAL 
TOOL LOAD 

m 
260 

700 

FEED 
TOOL LOAD 

60 
10 

RADIAL 
TOOL LOAD 

INSERT:   TNFIG^33      SURFACE FEED: 

GRADE:    570 FEEDRATE 

^70       COOLANT:TRIFi-S0L 
FT./MIN. 20:1 TOP APPLIC. 
.015 IN./REV. 

DEPTH 
OF CUT 

.025 

.050 
,00 
.50 

TANGENTIAL 
TOOL LOAD 

m 
260 
i}90 
680 

FEED 
TOOL LOAD 

60 m 
420 

RADIAL 
TOOL LOAD 

ABLE6I   DATA FOR TOOL LOAD CHARTS 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:   AISI 13^0 HARDNESS:   321/'332 BHN 

INSERT: CNG-454   ^ 
.008x20° 

GRADE: GIO 

SURFACE FEED: 

FEEDRATE 

660 
FT./MIN, 
.015 IN./REV. 

COOLANT: TRIM-SQL 
20:1 TOP #LIC. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

:ioo 
.150 

^5 120 

240 

INSERT:     CNG~454     SURFACE FEED: 
.008" X 20^ 

GRADE:     ^ ,„ FEEDRATE 
 n-jll  

660        COOLANT:  NOE 
F./MIN. 

DEPTH 
OF CUT 

.025 

.050 

.100 

.150 

TANGENTIAL 
TOOL LOAD 

120 
235 
460 
660 

FEED 
TOOL LOAD 

40 
100 
240 
380 

RADIAL 
TOOL LOAD 

120 
170 
205 
240 

INSERT: 

GRADE: 

DEPTH 
OF CUT 

.025 

.050 

.100 

.150 

SURFACE FEED: 

FEEDRATE 

COOLANT; 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

TABLE62   DATA FOR TOOL LOAD CHARTS 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:   AISI 13^ HARDNESS:   321/3W BHN 

INSERT:  RItlG-43 

GRADE:   350 

SURFACE FEED: 

FEEDRATE 

160 COOLANT: TRIM-SOL 
FT./MIN. 20:1 TOP APPLIC. 

.022 IN./REV. 

DEPTH 
OF CUT 

.025 

.050 

.100 

.150 

TANGENTIAL 
TOOL LOAD 

2^0 
^20 
800 

1160 

FEED 
TOOL LOAD 

50 
110 
So 
^20 

RADIAL 
TOOL LOAD 

INSERT: 

GRADE: 

RNMG-43 

KC-810 

SURFACE FEED: 

FEEDRATE: 

310 COOLANT: TRIN-SOL 
n.mm.     lo-.i TOP APPLIC. 
.022 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

220 m 50 280 

INSERT:    RN|V|G-^3      SURFACE FEED: 

GRADE:     570 FEEDRATE 

m 
.0^ IN./REV. 

COOLANT: TRIM-SQL 
20:1 TOP APPLIC. 

DEPTH 
OF CUT 

.025 

.050 

.100 

.150 

TANGENTIAL 
TOOL LOAD 

200 

720 
1080 

FEED 
TOOL LOAD 

^00 

RADIAL 
TOOL LOAD 

200 

660 

TABLE63    DATA FOR TOOL LOAD CHARTS 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:    AISI 1340 HARDNESS:     321/3^ BHN 

INSERT:   RNG-45     ^SURFACE FEED: 
.008" X 20° 

GRADE:   Q-IQ FEEDRATE .022 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 
200 
380 

40 
100 

180 
300 

INSERT:   RN6-45     ^SURFACE FEED: 
.008" X 20^ 

GRADE:   G-30 FEEDRATE 

660^,,,, COOLANT:  NONE 
FT./MIN. 
.022 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

210 
390 
700 

1000 

100 
220 
340 
530 
700 

INSERT: 

GRADE: 

SURFACE FEED: 

FEEDRATE 

COOLANT: 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

iioo 
.150 

- 

I ABi F 64      DATA FOR TOOL LOAD CHARTS 
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SURFACE SPEED VERSUS SURFACE FSNISH 

tKtX u jou r 

300- 

250- 

200- 

150- 

100- 

50- 

0- 

SURFACESPEED(1.0).310  FT./MIN. 

MATERIAL.                  AISI-1340 

HARDNESS-                 321/340 BHN. 

FEED RATE-                  .015   IN./REV 

^ DEPTH OF CUT'           .050" 
UJ 
(3 INSERT-                        TNMG-433 
^ 
Q GRADE'                         KC-810 
< HOLDER-                      MTANR-164 
f\ 

u COOLANT •                   TRIM - SOL 20:1 
^ .^ 
i 
1 1 
i 

I 

i 
I 

•7225 .85 1.0 1.15 

SURFACE SPEED MULTIPLIER 
Figure 93 
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TOOL NOSE RADIUS VERSUS SURFACE FINISH 

3501 

300 

250 

UJ 
O 
< 

o 
UJ 

t:     200 
flC 
< 

■ 

< ■ 
< 

150 

z 
E 
lU o 
< 
11. 
cc 
CO 

100 

50 

SURFACE SPEED .310  FT./MIN. 

MATERIAL * 

HARDNESS• 

FEED RATE • 

DEPTH OF CUT 

INSERT • 

GRADE• 

HOLDER• 

COOLANT• 

AlSI-1340 

321/340 BHN. 

.015 IN./REV. 

.050" 

SEE DATA SHEET 

KC-810 

SEE   DATA  SHEET 

TRIM SOL 20:1 

.031 .047 .062 .094 

TOOL NOSE RADIUS- INCHES 
Figure 94 

.250 
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Date:              1/22/8I 

Depth of Cut: .050 Inches 

Hardness:     321/340 BHN 

Coolant Application:  Top 

Material: AISI 1340 

Coolant: Trim - Sol 20:1 

Tool Description: 

Holder:   KTAR-164 

Insert:     TNMG-433 
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R
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1 KC-810 224 .015 .7225 180 

2 ?I 264 11 .85 II 

3 11 310 11 1.0 II 

4 If 356 II 1.15 II 

5 II 410 .. 1.3225 160 

NOTES: 

TABLE 65    DATA FOR SURFACE FINISH TESTS 
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:'-fi:-p>sm^0iy )f^':thi,l>-<vi^)'- 

Date:              1/22/8I Material: AISI 1340 

Depth of Cut: .050 Inches Coolant: Trim - Sol 20:1 

Hardness:      321/340 BHN Tool Description:    SEE NOTES 

Coolant Application:  Top Holder: 

Insert: 
1                                                                                                              1 
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R
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1 KC-81C 310 .015 .03125 260 

2 II II II .0469 200 

3 II n II .0625 150 

4 II II ir .09375 60 

5 II 1! It .250 40 

NC 
1  

)TES: TOOI . HOLDER /INSERT 
KTAR-164 TNMG-432 
KTAR-164 TNMG-433 
KTAR-164 TNMG-434 

WTJNRS-205 TNMG-566 
PRANR-854 RNMG-43 
(.500"  0  ROUI TO   INSERT) 

ABIE 66    DATA FOR SURFACE FINISH TESTS 
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AISI 4140 Projectile Material - 'Finishing" Cuts - 28/30 Re Hardness 

Table 67, page 179, shows the large increase in production indexes that occur 

when ceramic tools are used. An 80% increase over the best carbide tool can be realized when 

applying the cold-press ceramic, and even higher gains when the hot-press is used. See also 

pages 180 to 183 for more information on tool life line. 

The horsepower requirements for the various tools are listed in Table 67, page 

179. These requirements range from 4 horsepower for carbide to 12 horsepower for a ceramic 

round tool. 

Figure 107, page 199, shows the effect of changing nose radius on surface 

finish, and shows that as the nose radius is increased the surface finish gets better. Figure 106 

page 198 shows the effect on surface finish when changing surface speed. The results are 

inconclusive. 

The chip conditions for these tests were better than with AISI 1340, but 

should be greatly improved for production purposes. The application of some of the new style 

chip breakers may help in solving the chip problem, which would be a necessity in an 

automated process. 
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SUMMARY OF RESULTS 

"FINISHING CUT" 

MATERIAL 
HARDNESS 
TOOL LIFE 
DEPTH OF CUT 

AISI-4140 
262/286 Bhn. 
2500 In2 of Machined Surface 
.050 Inches 

Insert 
Grade 

Insert 
Style 

SFM Feed 
In./Rev. 

Prod. 
Index 

Tangential Tool 
Load - Lbs. 

.050 Depth of Cut 

HP. 
.050 Depth 

of Cut 

350 TNMG-433 390 .015 5.85 280 3.31 

KC-810 TNMG^33 500 .015 7.5 280 4.24 

570 TNMG-433 560 .015 8.4 260 4.41 

G-10 CNG^54 950 .015 14.25 260 7.48 

G-30 CNG-454 1180 .015 17.7 260 9.30 

350 RNMG-43 390 .022 — 390 4.61 

KC-810 RNMG-43 500 .022 — 400 6.06 

570 RNMG-t3 560 .022 — 390 6.62 

G-10 RNG-45 950 .022 — 360 10.36 

G-30 RNG-45 1180 .022 — 360 12.87 

TABLE 67:  AISM140 Results of Tests 
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CUTTING   SPEED-FEET   PER   MINUTE 
Figure 95: Tool-Life Lines of Listed Cutting Materials on AISl 4140 Steel at 262/286 

Brinell Hardness. 
Feed -.015 Inches per Revolution 

Depth of Cut-.050 Inches 
350, KC-810, 570: Holder - MTANR-164 (0« Lead Angle) 

Insert-TNMG-433 
G-10, G-30: Holder - CCGNR-164 (Qo Lead Angle) 

Insert - CNG-454 .008 x 20" 
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Date: 

Depth of ( 

Hardness 

Coolant / 

:ut: 
: 

^PPllCfl 

9/15/80 

.050" 

286 BHN 

tlon: TOP 

Material:            AISI 414C 

Coolant:            TRiM-ani, 

Tool Description: 

Holder:               KTAR-164 

) 

?n;i 

Insert:     TNMn-433 
. 

• 
o z 
z 
cc 

UJ 

|i So 

z 
OS 

a. 
(0 

■ 

111^ OK} 
QX 

zo 
KZ 
3IU 

Qz 

U is 

O 

-Ho 

lU 

1 350 500 .015 5.960 5.866 21.0 387 .011 844 Al 
2 II 700 5.866 5.766 5.9 107 .0135 190 

#1 
.024 

3 II 600 II " 7.7 139.5 .009 372 .oii 

4 KC-810 800 II II 4.9 88.8 .011 194 
in 

.024 

5 II 700 5.766 5.667 10.8 229.5 .012 460 .oil 
6 II 600 5.866 5.766 2.5 45 _ 

CUT 
CONT miEJL 

6a II II 5.766 5.667 10.1 180 
CUT 
CONTINUED 

6b II II 5.667 5.570 10.2 403.5 T .011 
#2 

880     .024 

7 570 800 5.667 5.570 10.9 190 .006 763 Al 
8 II 1100 5.570 5.470 5.5 94.5 .007 324 

n 
.024 

9 II 700 II II 15.5 266 _ 
CUT 
mNT ■'^lETi 

9a II 11 5.470 5.370 6.5 375.5 T .007 1287 
.024 
5 #1 

NOTES: #1 

#2 

BAD  CHIP  CONTE 

FAIR CHIP  CONT 

.OL  -  STl 

ROL  - C( 

LINGERS 

DNTINUOUS  C URL 

TABLE   68: DATA FOR LIFE LINES 
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Date:                          9/17/80 

Depth of Cut:              .050" 

Hardness:                 262/269 BHN 

Coolant Application: TOP :    c-io 

Material:             AISI 4140 

Coolant:             TRIM-SOL 20 :1 

Tool Description: 

hlolder:               CCGAR-164 

NONE:     G-30 Insert: CNG-454 -    820 
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1 G-IO 1200 .015 5.475 5.370 9.2 155 - 
CUT      #1 
CONTINUED 

la II II It II •• 5 84 - 
CUT        #1 
CONT  NUED 

lb (1 tl II 5.370 5.272 6.5 107.5 - #1 

346.5 .005 1040 .015 

2 II 1000 II II II 15.3 253.5 — CUT       #1 
rnMT WTn7n 

2a n II II 5,272 5.198 20.8 339.5 _ 
#1 

593 .004 lllh. i   .01! 

3 G-IO 1400 M 5.198 5.108 20. 321 .0075 
#1,4 

642     .015 

1 G-30 II " 5.108 5.005 10.6 166.5 - 
CUT   1   #2 
CONTINUED 

la II '. II II II 9.3 146 ^ 
#2 

312.5 .004 L172 .015 

NOTES:         ON CHIP CONTROL 
//I   -   CONTINUOUS CURL 
#2     -     CONTINUOUS  CURL 
#3     -     CONTINUOUS  CURL 
#4     -     NOSE WEAR 

- LONG 
- MANAGEABl 
- LESS  THAI' 

.E 
I  6" LONG 

TABLE 69 : DATA FOR LIFE LINES 
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Date:                        9inim 

Depth of Cut:             .050" 

Hardness:                idilib^ BHN 

Coolant Application: TOP:    G-IO 

Material:             AISI 4140 

Coolant:             TRIM-SOL 20 :1 

Tool Description: 

Holder:               CCGAR-164 

NONE:     G-30 Insert:                CNG-454   -   820 

d z 

C
A

R
B

ID
E

 
G

R
A

D
E

 

C
U

TT
IN

G
 

S
P

E
E

D
-F

T/
M

IN
. 

FE
ED

 
IN

^R
E

V
. 

R
O

U
G

H
 

D
IA

M
E

TE
R

 

TU
R

N
E

D
 

D
IA

M
E

TE
R

 

TU
R

N
E

D
 

LE
N

G
TH

 

M
A

C
H

IN
E

D
 

A
R

E
A

 -
 I

N
2

 

W
E

A
R

-L
A

N
D

 
IN

C
H

 

IN
 2
 

O
F 

M
A

C
H

IN
E

D
 

S
U

R
FA

C
E
 A

T 
IN

C
H

E
S

 
O

F 
W

E
A

R
-L

A
N

D
 

2 G-30 1200 .015 5.005 4.9Q7 19.9 307 CUT   1     #2 
CONTINUED 

2a II II II 4.907 4.812 19.9 301 _ 
n 

608 .004 2280 .015 

3 II 1600 If 4.812 4.716 19.8 293.5 .006 734 
#3 

.015 

NOTES:       ON CHIP CONTROL 

#1     -     CONTINUOUS  CURL     -     LONG 
#2     -     CONTINUOUS   CURL     -     MANAGEABLE 
//3     -     CONTINUOUS  CURL     -    LESS  THAN  6"  LONG 
//4     -     NOSE WEAR 

TABLE 70 : DATA FOR LIFE LINES 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:      ^j3j ^^^O HOLDER: mim-m (OP LEAD ANGLE) 

HARDNESS:    286 BHN INSERT: im-^55 

SURFACE SPEED:    390 R./MIN. GRADE: 350 

FEED RATE:    .015 IN./REV. 
1200 

COOLANT:  TRIM-SOL 20:1   TOP 

1000 

CO o 

o 

< o 

o o 

800 

600 

400 

200 

150 

DEPTH OF CUT IN INCHES 

FIGURE 96   : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:       ^i3j ^^^ilQ HOLDER:       flW[^\{-li^ (QO l£AD ANGLE) 

HARDNESS:     286 BHN INSERT:        TNMGJ|33 

SURFACE SPEED:     500 FT./MIN. GRADE: KC-810 

''^"fjol)     ■Ol^IN./REV.        COOLANT:   JRIM-SOL 20:1   TOP 

1000 

o 

o 

< 
o 

o 
o 

800 

600 

400 

200 

.050 .075 .100 

DEPTH OF CUT IN INCHES 
150 

FIGURE 97   : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL:     AISI 41^ 

HARDNESS:    286 BHN 

SURFACE SPEED:    560 FT./MIN. 

FEED RATE:     .015 IN./REV. 

HOLDER:    mmR-M (0° LEAD ANGLf) 

INSERT:       T!l1G-^33 

GRADE:        570 

COOLANT: TRIM-SOL 20:1   TOP 

CO 
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.125 .150 

FIGURE 98  : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:     AISI ^M 

HARDNESS:    286 6HN 

SURFACE SPEED:    950 F./TIIN. 

FEED RATE:     .015 IN./REV. 
1200-r 

HOLDER: CCGNR-164 CO^ LEAD ANGLf) 

INSERT: CNG-454   820 

GRADE: ^-10 

COOLANT: TRIM-SOL 20:1   TOP 

1000 

CO 
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800 

600 

400 

200 

.050 .075 .100 

DEPTH OF CUT IN INCHES 

FIGURE 99   : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:     AISI ^1^ 

HARDNESS:    286 BHN 

SURFACE SPEED:    U80 F.MN. 

FEED RATE:     .015 IN./REV. 
1200 

HOLDER: CCGNR-154 (QP LEAD ANGLf) 

INSERT: CNG-^54    820 

GRADE: ^'^^ 

COOLANT: NOME 

1000 
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O 
O 

800 

600- 

400 

200 

.050 .075 .100 .125 

DEPTH OF CUT IN INCHES 

FIGURE 100 : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL:      AISI ^1^ 

HARDNESS:    286 BHN 

SURFACE SPEED:    390 F./MIN. 

HOLDER: PRANR-16^ 

INSERT: RN^-43 

QRADE: 350 

FEED RATE: 
1200 

.022 IN./REV. COOLANT: TRIM-SOL 20:1  TOP 

1000 

CO a z 
'3 
O a. 

< 
O 

o o 

800 

600 

400 

200 

1 

/ 
/ 
/ 

FANGOTIAl / 

LOAi "■^v.                      / 
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FIGURE 101 : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL:     AISI ^M HOLDER:     PRANR-164 

HARDNESS:   286 BHN INSERT:       fWlG-^3 

SURFACE SPEED:     500 F./MIN. QRADE:       KC-SIO 

FEED RATE:    .022 IN./REV. COOLANT: TRIM-SOL 20:1  TOP APPLICATION 
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FIGURE 102: TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:     AISI ^M 

HARDNESS:    286 BHN 

SURFACE SPEED:      560 F./MIN. 

FEED RATE:      .022 IN./REV. 

HOLDER: PRANR-164 

INSERT: [WG-43 

GRADE: 570 

COOLANT: TRIN-SOL 20:1 TOP APPLICATION 
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FIGURE 103 : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:     AISI ^M 

HARDNESS:    286 BHN 

SURFACE SPEED:    950 F./MIN. 

FEED RATE:     .022 IN./REV. 
1200 

HOLDER: CRGNR-164 

INSERT: RNG-^5  820 

GRADE: G-10 

COOLANT: TRIM-SOL 20:1  TOP APPLICATION 
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FIGURE 104: TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:     AISI ^1^ HOLDER:     CRGNR-16il 

HARDNESS:   286 BHN INSERT:      RNG-^5   820 

SURFACE SPEED:   1180 FT./MIN. GRADE:       G-30 

FEED RATE:     .022 IN./REV. 
1200 

COOLANT: [^Of£ 
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FIGURE 105: TOOL LOAD CHART 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:    AISI ^M HARDNESS:    286 BHN 

INSERT:   TNMG-^33    SURFACE FEED: 

GRADE:    350 FEEDRATE 

390 COOLANT: TRIM-SOL 
N. 20:1 TOP APPLIC. 
i/REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 
160 
300 
540 
810 

60 
1^ H 

INSERT:   TNF1G^33    SURFACE FEED:  500 

GRADE:    KC-810 FEEDRATE 

COOLANT: TRIM-SOL 
. 20:1 TOP APPLIC. 
./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.100 

.150 

INSERT:    WIG-433    SURFACE FEED:  560 

GRADE:    570 

COO 

FEEDRATE   '^I^IU'./REV. 

, TRJU-SOL 
OP Ai^LIC. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 
;.60 
:.90 

TABLE7I     DATA FOR TOOL LOAD CHARTS 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL: AISI ^M HARDNESS:   286 BHN 

INSERT:   CNG-454 ^ SURFACE FEED:     950 
.008 X 20P FL/MIN. 

COOLANT: TRIM-SQL 
20:1 TOP AFPLIC. 

GRADE:   G-10 FEEDRATE     .015 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 i 1 
INSERT 

GRADE:   G-30 

CNG-454   . SURFACE FEED:   1180^„,, COOLANT: NONE 
.008 X 20P F./FIIN. 

FEEDRATE    .015 IN.REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 i 
770 

i 
.    430 1 

INSERT: 

GRADE: 

SURFACE FEED: 

FEEDRATE 

COOLANT: 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

TABLE 72     DATA FOR TOOL LOAD CHARTS 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:   AISI ^M HARDNESS:   286 BHN 

INSERT: RIfl6-^3 

GRADE:  350 

SURFACE FEED:   390 COOLANT: TRIMSOL 
n.mm.     zo:i TOP APPLIC. 

FEEDRATE   .022   IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

215 

760 
1040 

40 
35 

230 
400 

155 

430 
620 

SURFACE FEED:   500 COOLANT: TRIM-SOL 
FL/MIN. 20:1 TOP APLIC. 

FEEDRATE   .Ofc IN./REV. 

INSERT:  ^i^-Lf^ 

GRADE: KC-810 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 .P 

.100 

.150 

225 
10 

995 

60 

480 

INSERT: 

GRADE: 

RlflG-43 

570 

SURFACE FEED:    ^^^.j.COO^^JiyRJp-SgL 

FEEDRATE     .022 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 
215 
400 
760 

1080 

45 
100 
40 

^90 600 

TABLE 73 DATA FOR TOOL LOAD CHARTS 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:   AISI ^M HARDNESS:    286 BHN 

INSERT: 

GRADE: 

RN§g^5 2^ SURFACE FEED: 

G-10 FEEDRATE .022 IN./REV. 

^. COOLANT: TRIM-SOL 
FT./MIN. 20:1 TOP APPLIC. 

DEPTH 
OF CUT 

5 
,00 

TANGENTIAL 
TOOL LOAD 

700 
1010 

FEED 
TOOL LOAD 

90 

RADIAL 
TOOL LOAD 

0 

INSERT:    ^aj^^        SURFACE FEED: 
.008x20P 

GRADE:    Q 3Q FEEDRATE 

1180 
FT.- 

COOLANT:   NONE 
.mm. 

.022 IN./REV. 
DEPTH 
OF CUT 

.025 

.050 

.100 

.150 

TANGENTIAL 
TOOL LOAD 

200 
380 
700 

1000 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

185 
300 m 
600 

INSERT: 

GRADE: 

SURFACE FEED: 

FEEDRATE 

COOLANT: 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

TABLE 74 DATA FOR TOOL LOAD CHARTS 
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SURFACE SPEED VERSUS SURFACE FINISH 

350 

UJ 
(3 

i 

§ 

300 

250 

200 

150 

100 

50 

r  SURFACE SPEED (1.0) -500  FT . /MIN . 

MATERIAL.                  AISI-4140 

HARDNESS-                286 BHN. 

FEED RATE-                  .015   IN./REV. 

DEPTH OF CUT-           .050" 

INSERT*                         TNMG-433 

GRADE-                        KC-810 

HOLDER-                      MTANR-164 

COOLANT •                   TRIM - SOL 20:1 

.7225 .85 1.0 1.15 

SURFACE SPEED MULTIPLIER 

Figure 106 
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TOOL NOSE RADIUS VERSUS SURFACE FINISH 

iRn L- —            /ti oOU>" 

300- 

250- 

200- 

150- 

100- 

50- 

n. 

SURFACE SPEED 

MATERIAL • 

HARDNESS• 

ouu t-T./niN. 

AISI-AWO 

286 BHN. 

FEED RATE • 015 IN./REV. 

DEPTH OF CUT • 

INSERT• 

GRADE• 

HOLDER• 

COOLANT• 

lU .050" 

< 

> 

SEE DATA SHEET 

KC-810 
< SEE  DATA  SHEET o 
r- 
UJ TRIM SOL 20:1 

s 
X 

5 
< 

< 
m 

< 
i 

Z 
CO 
z 
il 
UJ 
O 
< 
II 

K 

3 

.031 .047 .062 .094 

TOOL NOSE RADIUS- INCHES 
Figure 107 

.250 
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Date:            9/19/80 

Depth of Cut: .050 Inches 

Hardness:    286 BHN 

Coolant Application:  Top 

Material: Aisi 4140 

Coolant: Trim - Sol 20:1 

Tool Description: 

Holder:  MTANR-164 

Insert:    TNMG-433 
1-                                                                                                               1 

6 

OC C
A

R
B

ID
E

 
G

R
A

D
E

 

C
U

TT
IN

G
 

S
P

E
E

D
-F

T/
M

IN
. 

FE
E

D
 

IN
JR

E
V

. 
CO 
D 

o 
< 
oc 
lU 
V) 
o 
z 

S
U

R
F

A
C

E
 

S
P

E
E

D
 

M
U

L
T

IP
L

IE
R

 

S
U

R
F

A
C

E
 

F
IN

IS
H

 
A

R
IT

H
M

E
T

IC
 

A
V

E
R

A
G

E
 

1 KC-81( 360 .015 .7225 160 

2 It 425 tl .85 145 

3 M 500 It 1.0 150 

4 M 575 II 1.15 120 

5 tl 660 " 1.3225 130 

... 

NOTES: 

TABLE 75: DATA FOR SURFACE FINISH TESTS 
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:■■ :?^*^#ihgi'3. 

Date:            9/19/80 

Depth of Cut: .050 Inches 

Hardness:    286 BHN 

Coolant Application:  Top 

Material: AISI 4140 

Coolant: Trim - Sol 20:1 

Tool Description:    SEE NOTES 

Holder: 

Insert: 
L ...                                                                                                          .         1 

d 
z 
flC C

A
R

B
ID

E
 

G
R

A
D

E
 

C
U

TT
IN

G
 

S
P

E
E

D
-F

T/
M

IN
. 

FE
E

D
 

IN
JR

E
V

. 
(A 
D 
Q 
< 
OC 
Ul 
(0 o z 

S
U

R
F

A
C

E
 

S
P

E
E

D
 

M
U

L
T

IP
L

IE
R

 

S
U

R
F

A
C

E
 

F
IN

IS
H

 
A

R
IT

H
M

E
T

IC
 

A
V

E
R

A
G

E
 

1 KC-81C 500 .015 .03125 220 

2 tl 11 " .0469 150 

3 II II II .0625 80 

4 II M II .09375 80 

5 " II II .250 28 

NOTES:               TOOL HDLDER/INSERT 

KTAR-164         TNMG-432 
KTAR-164         TNMG-433 
KTAR-164         TNMG-434 

WTJNRS-205         TNMG-566 
PRANR-854         RNMG-43 
(.500  IN.   DIAM.   RND.) 

TABLE 76: DATA FOR SURFACE FINISH TESTS 
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AISI 4140 Projectile Material - "Finishing Cuts " - 47/49 Re 

This material, at 444/477 Brinell as well as 262/286 Brinell hardness, presents 

problems in chip-control. When the hardness on this material was raised to 444/477 Brinell 

hardness, the cutting speed for equal tool life was lowered from 55% to 68% for all cutting 

grades tested. When the production indexes are compared for these two hardness conditions, 

the effect of the lowered cutting speed is obvious. See Table 77, page 203, and Table 67, page 

179. 

The tangential tool load for .050 inches depth of cut, and at a cutting speed to 

give 2500 square inches of machined surface, increased from 7 to 16 per cent for various tool 

materials and geometries as the work-piece hardness was increased from 262/286 to 444/477 

Brinell hardness. See Figures 109 through 118 and Tables 80 through 83, pages 207 to 220. 

This amount of change is very small and in future tests the tool loads should be plotted against 

a change in surface speed. 

The surface finish tests showed that varying the surface speed had little effect 

on the finish. Varying the nose radius gave the same trends as seen in other tests, in that, as the 

nose radius is increased, the surface finish improves, although the Vi" round insert (.250 nose 

radius) gave a higher A. A. reading than the 3/32 nose radius. However, the difference is small 

enough to be insignificant. See Figures 119 and 120 and their accompanying tables on pages 

223 and 224. 
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SUMMARY OF RESULTS 

"FINISHING CUT" 

MATERIAL 
HARDNESS 
TOOL LIFE 
DEPTH OF CUT 

AISI-4I40 
444/477 Bhn. 
2500 In^ of Machined Surface 
.050 Inches 

Insert 
Grade 

Insert 
Style 

SFM Feed 
In./Rev. 

Prod. 
Index 

Tangential Tool 
Load - Lbs. 

.050 Depth of Cut 

HP. 
.050 Depth 

of Cut 

350 TNMG^33 125 .015 1.875 300 1.14 

KC-810 TNMG^33 165 .015 2.475 310 1.55 

570 TNMG^33 255 .015 3.825 270 2.09 

G-10 CNG-454 430 .015 6.45 250 3.26 

G-30 CNG^54 450 .015 6.75 250 3.41 

350 RNMG-43 125 .022 — 410 1.55 

KC-810 RNMG-43 165 .022 — 410 2.05 

570 RNMG^3 255 .022 — 400 3.09 

G-10 RNG-45 430 .022 — 420 5.47 

G-30 RNG-45 450 .022 — 420 5.73 

TABLE 77:  AISM140 Results of Tests 
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100 200 300 400     500 1,000 

CUTTING SPEED - FEET PER MINUTE 
Figure 108:  Tool-Life Lines of Listed Cutting Materials on AISI 4140 Steel at 444/477 

Brinell Hardness. 
Feed - .015 Inches per Revolution 

Depth of Cut-.050 Inches 
350, KC-810, 570: Holder - MTANR-164 (0» Lead Angle) 

Insert-TNMG-433 
G-10, G-30: Holder - CCGNR-164 (Oo Lead Angle) 

Insert - CNG-454, .008 x 20" 
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Date: 

Depth of Cut: 

Hardness: 

Coolant Applies 

1/20/81 

.050 

460/477   BHN 

itlon: TOP 

Material:             AISI 4140 

Coolant:              TRIM-SOL 20 :1 

Tool Description: 

Holder:                KTAR-164 

Insert: TNMG-433 
L...                                                                                                                                                     1 

d 
z 

UJ 
QUJ 

59 
<s 

Z 
OS 

l-li- 

a. 
(0 

^z si 11 
O 

ox 
UJh- 
zo 
<r z 
3UJ 
i-_j 

UJ !E 

^111 

0 
Z 

UJ 

0 

1 350 190 .015 5.618 5.521 10" 173 .0075 554 .024 

2 II 260 tl II 3.5" 60.7 .0065 224 .024 

3 II 350 If 5.518 1.1" 19.1 .0115 39.8 .024 

4 Tl 300 II 5.524 2.6" 45.12 .0075 144 .024 

5 II 400 5.522 5.429 1.8" 30.7 .0125 58.9 .024 

6 II 350 II II 1.6" 27.3 .010 65.5   .024 

7 KC-810 400 5.520 _ TOO   t-AST 

8 II 350 II 5.440 1.9 32.5 .009 86.6   .024 

9 II 300 II 11 4.2 71.8 .0105 164 .024 

10 II 220 5.425 5.325 10.8 180.7 .0065 667 .024 

n 570 450 II II 6.4 107 .0125 205 .024 

L2 II 500 5.325 5.222 3.5 57.4 .0145 95 .024 

L3 II 350 II 5.225 17.5 287.3 .012 374.5 .024 

NOTES: 

TABLE 78 : DATA FOR LIFE LINES 
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Date:                         i 

Depth of Cut: 

Hardness: 

Coolant Application: 

/20/81 

050 

460/477  BHN 

TOP:     G-10 

Material:             AISI 4140 

Coolant:             TRIM-SOL 20 :1 

Tool Description: 

Holder:               CCGNR-164 

NONE:     G-30 Insert: CNG-454    -    820 

■ 

O z 
z 

z 
OS 

" Ul 
OL 
(0 

               J 

■ 

OUJ Uiff 
UJE 
"-Z 

1^ 
ii 

O 

ox 
LUI- zo 

Qz UJ± 

Ii 
a 

■^ 0 

lU 

0 

1 G-IO 950 .015 5.650 5.550 3.1 -tl 

2 II 800 II " 3.5 .0025 
n 

3 !T 600 II 5.528 4.0 69.5 .0085 
.015 

122. ) 

4 II 500 It 5.540 10.4 181 .0045 603     .015 

5 It 450 5.540 5.450 15.8 270 .0025 1620 .015 

6 G-30 600 II 5.445 5.1 87 .0045 290 .015 

7 It 500 5.445 5.350 14.3 240 .003 1201 .015 

8 II 450 II 5.345 6.5 109.1 
CUT 
CONT NUED 

8a " II 5.345 5.240 18.88 419.9 
1  

.003 2100 .015 

' 

L. 

NOTES:       #1   -   TOOL BROKE 

#2     -    NOSE  CHIPPED-RUN 1 vIOT  VALID. 

TABLE 79 : DATA FOR LIFE LINES 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:      /^J3j ^i^ 

HARDNESS:     WlA77 BHN 

SURFACE SPEED:   225 FT./MIN. 

HOLDER: CTAR-164 

INSERT: TTf16-433 

GRADE: 350 

FEED RATE: 
1200 

.015 IN./REV. COOLANT: TRII^-SOL 20:1  TOP APPLICATION 

1000- 
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y "^   R/\rii \| 
y y^ TO 
/ ^y^ 

/ ^^y ̂ _,.,..——— 

y^ "■^^"^^^ 

^ ^ 
^ 

^y 
/^ ^/>^ 

//. /A^ 
0              -0 25           .0 >0           .0 '5           .11 )o       .1; 25           .1, iO 

DEPTH OF CUT IN INCHES 

FIGURE 109 : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL:      AISI 41^ 

HARDNESS:    m\/iM7 BHN 

SURFACE SPEED:    165 FT./I^IN. 

FEED RATE:     .015 IN./REV. 
1200 

HOLDER: 

INSERT: 

GRADE: 

CTAR-16^ 

KC-810 

COOLANT: TRIM-SOL 20:1  TOP APPLICATION 

1000 

V) 

o 

< 
o 

o 
o 

800 

600 

400 

200 

.025 .050 .075 .100 

DEPTH OF CUT IN INCHES 

.125 .150 

FIGURE 110: TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL: 

HARDNESS 

SURFACE SPEED 

AISI ^1^10 

Wl/477 BHN 

CTAR-164 

TNMG-^33 

255 F./MIN. 

FEED RATE:     .015 IN./REV. 
1200 

HOLDER: 

INSERT: 

GRADE:        570 

COOLANT: TRIM-SOL 20:1  TOP APPLICATION 

1000 

O 
o. 

o 
< 
o 

o 
o 

800 

600 

400 

200 

.025 .050 .075 .100 

DEPTH OF CUT IN INCHES 
.150 

FIGURE 111: TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL:       AISI ^M 

HARDNESS:     Wl/477 BHN 

SURFACE SPEED:   mfJ.miH. 

FEED RATE:      .015 IN./REV. 
1200 

CCGNR-16^ 

CNG-^5^  820 

HOLDER: 

INSERT: 

GRADE: G-10 

COOLANT:   TRIM-SOL 20:1   TOP APPLICATION 

o 

< 
o 

o 
O 

1000 

800 

600-- 

400 

200 

.025 .050 .075 .100 

DEPTH OF CUT IN INCHES 

125 .150 

FIGURE 112: TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:       AISI ^M HOLDER:       CC6NR-164 

HARDNESS:     WlA77 BHN INSERT:        CNG-45^   820 

SURFACE SPEED:     ^^50 F./MIN. GRADE: G-30 

FEED RATE: 
1200 

.015 IN./REV. COOLANT:   NONE 

1000 

CO 
o 

o 

Q 
< 
o 

O 
O 

800 

600 

400 

200 

.050 .075 .100 

DEPTH OF CUT IN INCHES 
.150 

FIGURE 113 : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL:      AISI 4W0 HOLDER: PRANR-164 

HARDNESS:    ^/^ WiH INSERT: RfflG^3 

SURFACE SPEED:    125 F.MN. GRADE: 350 

FEED RATE:     .022 IN./REV. 
1200- 

COOLANT: TRIM-SOL 20:1  TOP APPLICATION 
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.125 .150 

FIGURE 114 : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:      AISI ^1^ 

HARDNESS:    ^60/477 BHN 

SURFACE SPEED:  165 F./MIN. 

FEED RATE:      .022 IN./REV. 
1200 

HOLDER: 

INSERT: 

GRADE: 

PRANR-164 

RNMG-43 

KC-810 

COOLANT: TRIM-SOL 20:1 TOP APPLICATION 

1000 

0) 
Q z 
o a. 

a 
< 
o 

o 
o 

800 

600 

400 

200 

.050 .075 .100 

DEPTH OF CUT IN INCHES 

.125 .150 

FIGURE 115 : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:      AISI ^1^ HOLDER:      PRANR-I5i| 

HARDNESS:    460/470 BHN INSERT:       R|\J^_/|3 

SURFACE SPEED:    255 F./MIN. GRADE:       5/0 

f^EEDRATE:    .022 IN./REV. COOLANT: jRIM-SOL 20:1   TOP APPLICATION 

1000 

Q 

o a. 

o 
< 
o 

o 
o 
I- 

800 

600 

400 

200 

.050 .075 .100 

DEPTH OF CUT IN INCHES 
150 

FIGURE 116  : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL:      AISI ^140 

HARDNESS:    i|60A77 BHN 

SURFACE SPEED: i}30 F./^IIN. 

FEED RATE:     .022 IN./REV. 
1200 

HOLDER: 

INSERT: 

GRADE: 

CRGNR-164 

RNG-^5 820 

G-10 

COOLANT: TRIM-SOL 20:1  TOP APPLICATION 

1000 

o 

o 
o. 
z 
a 
< 
o 

o 
o 

800 

600 

400 

200 

.050 .075 .100 

DEPTH OF CUT IN INCHES 

FIGURE 117 : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL:      AISI 4140 

HARDNESS:     460/477 BHN 

SURFACE SPEED:   450 F./MIN, 

HOLDER: CRGNR-164 

INSERT: RNG^S    820 

GRADE: G-30 

FEED RATE: 
1200 

.022 IN./REV. COOLANT:   TRIFl-SOL 20:1  TOP APPLICATION 
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FIGURE 118 : TOOL LOAD CHART 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:  AISI ^M HARDNESS:   Wl/477 BHN 

INSERT:   ^MG-^33     SURFACE FEED: 

GRADE:   350 FEEDRATE 

125 COOLANT: TRIM-SOL 
F./MIN. 20:1 TOP APPLIC. 
.0l5 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

130 
300 

60 
L90 
590 

150 
SO 
270 
320 

INSERT:   TNMG-433     SURFACE FEED: 

GRADE:   KC-810 FEEDRATE 

165        COOLANT: TRIM-SOL 
F./FIIN. 20:1 TOP APPLIC. 
.015 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

iioo 
.150 

560 
790 

m 
660 

360 
^0 

INSERT:   TNFlG-^33     SURFACE FEED: 

GRADE:    570 FEEDRATE 

255       COOLANT: TRIM-SQL 
F./MIN. 20:1 TOP APPLIC. 
.015 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 
1^ 
270 

760 

60 
160 
320 
480 

m 
200 

TABLE 80 DATA FOR TOOL LOAD CHARTS 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:    AISI ^W HARDNESS:   WlA77 BHN 

INSERT 

GRADE:   G-10 
W2if '"""^^ '^^°- 

FEEDRATE 

430        COOLANT: TRIFl-SOL 
n.mm      lo-.i TOP APPLIC. 
.015 IN./REV. 

DEPTH 
OF CUT 

.025 

.050 

.100 

.150 

TANGENTIAL 
TOOL LOAD 

130 
250 

FEED 
TOOL LOAD 

120 
?80 

RADIAL 
TOOL LOAD 

120 
170 

INSERT:   CNG-491       SURFACE FEED:   if50 COOLANT:    NONE 
.008 X 20° FT./MIN. 

"^^^P"^^^   .015 IN./REV. GRADE:   5.30 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

250 
^60 
720 W) 

m 
260 

INSERT: 

GRADE: 

SURFACE FEED: 

FEEDRATE 

COOLANT; 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

TABLE81    DATA FOR TOOL LOAD CHARTS 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:    AISI mO HARDNESS:    ^/^77 BHN 

INSERT:   RNMG-^3      SURFACE FEED: 125 COOLANT: TRIM-SOL 
FT./MIN. 20:1 TOP APPLIC. 

GRADE:   7m FEEDRATE  ^Q22 IN./REV. 350 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

220 

780 
11^ 

90 
210 ^20 

550 

INSERT:     RNMG-43     SURFACE FEED: 

GRADE:     KC-810 FEEDRATE 

165        COOLANT: TRIM-SOL 
F./MIN. 20:1 TOP APPLIC. 
.022 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

i 220 
mo 
780 

1120 

60 m 
320 
500 

320 
490 
720 
900 

INSERT:    RN|viG-43       SURFACE FEED:     255      COOLANT: TRIM-SOL 
FT./rilN.      20:1 TOP APPLIC. 

GRADE:    570 FEEDRATE   .022 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

JOO 
.150 

??0 

1140 

50 

i 
220 
320 
490 
640 

TABLE 82    DATA FOR TOOL LOAD CHARTS 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:    AISI 4140 HARDNESS:    460/477 BHN 

INSERT:   RNG-45        SURFACE FEED: 
.008x20° 

GRADE:   g JQ FEEDRATE 

430        COOLANT:TRIM-S0L 
FT./MIN. 20:1 TOP APPLIC. 
.022 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

240 
420 
760 

1060 

50 
UO 
240 
380 

210 
340 
530 
700 

INSERT:   RNG-45 ^ SURFACE FEED: ^^„„ COOLANT: 
FT./MIN. 

GRADE:   G-30 FEEDRATE     .022 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

760 
1080 

50 

400 
560 
740 

INSERT: 

GRADE: 

SURFACE FEED: 

FEEDRATE 

COOLANT: 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

TABLE 83    DATA FOR TOOL LOAD CHARTS 
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SURFACE SPEED VERSUS SURFACE FINISH 

3501 

O 

300 

250 

200 

150 

100 

50 

SURFACE SPEED (1.0)-310  FT./MIN. 

MATERIAL • 

HARDNESS• 

FEED RATE • 

DEPTH OF CUT 

INSERT* 

GRADE• 

HOLDER• 

COOLANT• 

m/^77 BHN. 

.015 IN./REV. 

.050" 

TNMG -433 

KC-810 

MTANR -16^1 

TRIM-SOL 20:1 

.7225 .85 1.0 1.15 

SURFACE SPEED MULTIPLIER 
Figure 119 

1.3225 
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TOOL NOSE RADIUS VERSUS SURFACE FINISH 

')(;nn 

300- 

250- 

200^ 

150- 

100- 

50- 

n- 

SURFACE SPEED 

MATERIAL * 

HARDNESS• 

•165 FT./MIN. 

A IS I-WO 

460/^77 BHN. 

FEED RATE • .015 IN./REV. 

DEPTH OF CUT • 

INSERT • 

GRADE• 

HOLDER• 

COOLANT • 

o 
< 

.050" 

SEE DATA SHEET 

KC-810 
< 

UJ 

SEE   DATA  SHEET 

TRIM SOL 20:1 
SE 
X 
1- 
cc 
< 

m 

• 
< 

1 

X 
(0 
5 
Hi 
HI 
o 
< 

CE 

(0 

.031 .047 .062 .094 

TOOL NOSE RADIUS- INCHES 
Figure 120 

.250 
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?:fi»=#vv>^-i. 

Date:            1/23/81 

Depth of Cut: .050 Inches 

Hardness:     ^(>o/hii BHN 

Coolant Application:  Top 

Material: AISI 4140 

Coolant: Trim - Sol 20:1 

Tool Description: 

Holder:   KTAR-I64 

Insert:    TNMr;-4T^ 
1                                                                                                            1 

d 
z 

OC C
A

R
B

ID
E

 
G

R
A

D
E

 

C
U

TT
IN

G
 

S
P

E
E

D
-F

T/
M

IN
. 

FE
ED

 
IN

./R
E

V
. 

(A 
3 
Q 
< 
OC 
UJ 
(A 
0 
Z 

S
U

R
F

A
C

E
 

S
P

E
E

D
 

M
U

L
T

IP
L

IE
R

 

S
U

R
F

A
C

E
 

F
IN

IS
H

 
A

R
IT

H
M

E
T

IC
 

A
V

E
R

A
G

E
 

1 KC-81 )  119 .015 .7225 165 

2 tl 140 tl .85 180 

3 II 165 11 1.0 170 

4 II 190 If 1.15 170 

■? 
II 218 M 1.3225 170 

NOTES: 

TABIF 84 DATA FOR SURFACE FINISH TESTS 
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Date:             1/21/8I 

Depth of Cut: .050 Inches 

Hardness:     460/477 BHN 

Coolant Application:  Top 

Material: AISI 4140 

Coolant: Trim - Sol 20:1 

Tool Description:   SEE NOTES 

Holder: 

Insert: 
1                                                                                                              1 

d 
z 
z 
cc C

A
R

B
ID

E
 

G
R

A
D

E
 

C
U

TT
IN

G
 

S
P

E
E

D
-F

T/
M

IN
. 

FE
E

D
 

IN
./R

E
V

. 
0) 
D 

< 
OC 
UJ 
(A 
0 
z 

S
U

R
F

A
C

E
 

S
P

E
E

D
 

M
U

L
T

IP
L

IE
R

 

S
U

R
F

A
C

E
 

F
IN

IS
H

 
A

R
IT

H
M

E
T

IC
 

A
V

E
R

A
G

E
 

1 KC-8IQ 165 .015 .03125 200 

2 " II It .0469 160 

3 M II 11 .0625 130 

4 II tl II .0938 20 

5 11 11 II .250 45 

NOTES:            TOOL HOLDER/INSERT 
KTAR-164         TNMG-432 
KTAR-164          TNMG-433 
KTAR-164         TNMG-434 

WlUNRS-205         TNMG-566 
PRANR-854         RNMG-43 

TABI E85:   DATA FOR SURFACE FINISH TESTS 

224 



AISI 4340 Projectile Material - 'Finishing" Cuts - 33 Re Hardness 

The life-lines of carbide and ceramic tooling are plotted on Figure 121, page 

227. This shows that plain carbide can be run faster than titanium coated carbide for equal tool 

life. The low feed rate, where abrasive wear becomes an important element, may be part of the 

reason why the titanium coated carbide does not operate well on this material. Corresponding 

data is in Tables 87 and 88, pages 228 and 229. 

The results of the tests are shown on Table 86, page 226. The production 

index shows that the hot-press ceramic will give a much higher production rate than other 

cutting tool materials. The power required for various tool material and styles ranged from 3 

to 10 horsepower per tool. This is somewhat lower than for AlSl 4140, even though the AISI 

4340 was harder than the AISI 4140 material. For tool loads, see Figures 122to 131 pages 230 

to 239, and Tables 89 to 92, pages 249 to 243. 

Figure 133, page 245, shows the effect on surface finish when varying the nose 

radius. Figure 132, page 244, shows the effect on finish when the surface speed is changed. It 

shows that the finish will deteriorate when the speed is excessively lowered. It also 

deteriorates when the speed is excessively increased. However, when operating within 15% 

(up or down) of the proper speed the surface finish remains constant. 

225 



SUMMARY OF RESULTS 

"FINISHING CUT" 

MATERIAL 
HARDNESS 
TOOL LIFE 
DEPTH OF CUT 

AISM340 
311 Bhn 
2500 In2 of Machined Surface 
.050 Inches 

Insert 
Grade 

Insert 
Style 

SFM Feed 
In./Rev. 

Prod. 
Index 

Tangential Tool 
Load - Lbs. 

.050 Depth of Cut 

H.P. 
.050 Depth 

of Cut 

350 TNMG-433 500 .015 7.5 280 4.24 

KC-8I0 TNMG^33 380 .015 5.7 260 2.99 

570 TNMG^33 600 .015 9.0 240 4.36 

G-10 CNG-454 920 .015 13.8 260 7.25 

G-30 CNG-454 630 .015 9.45 270 5.15 

350 RNMG-43 500 .022 — 360 5.45 

KC-8I0 RNMG-43 380 .022 — 380 4.38 

570 RNMG^3 600 .022 — 350 6.36 

G-IO RNG-45 920 .022 — 360 10.04 

G-30 RNG-45 630 .022 — 360 6.87 

TABLE 86:  AISM340 Results of Tests 
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200 300   4dcr6bo 1000 2000 

CUTTING   SPEED-FEET   PER   MINUTE 
Figure 121:    Tool-Life Lines of Listed Cutting Materials on AISl 4340 Steel at 311 

Brinell Hardness. 
Feed - .015 Inches per Revolution 

Depth of Cut-.050 Inches 
350, KC-810, 570: Holder - MTANR-164 (O" Lead Angle) 

Insert-TNMG-433 
G-10, G-30: Holder - CCGNR-164 (Oo Lead Angle) 

Insert - CNG-454 .008 X 200 
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Date:                         10/1/8O 

Depth of Cut:             .050 

Hardness:                 3ii BHN 

Coolant Application: TOP 

Material:             AISI 4340 

Coolant:             TRIM-SOL 20 :1 

Tool Description: 

Holder:               MTANR-164 

Insert: TNMG-433 
1                                                                                                                1 

d UJ 
QliJ 

ii 0° 

Z 
OS 

a 

uj£ 
UJE 

11 
0 

ox 
Ull- zo ocz 
3UJ 

Qz UJ £ 

i 1 

Is 

.„, 1 

O z 
<I 
-i 0 
UJ 

0 

zi-i2 

1 350 800 .015 5.957 5.862 2.5 46 .020 55 
//I 

.024 

2 II 650 II II 10.5 193 .013 356 .024 

3 11 550 II It 8.1 149 

3a II Tl 5.862 5.754 12.4 373 T. .011 814 
in 

.024 

4 

5 

II 750 II II 2.2 39.5 .0165 58 .024 

KC-81^ )  850 11 II 1.7 30.5 .0115 64 
n 

.024 

6 

7 

If 700 " II 4.8 86.5 .0105 198 
#1 

.024 

II 600 5.754 5.655 11.2 199 .015 318 
#1 

.024 

8 11 500 II II 8.8 156 .007 
#1 

577       .024 

9 570 700 5.555 5.455 13 222.7 .005 
1   .024 

1068 J9    //I 

10 11 800 II II 7.5 128,5 .0085 
J      ^^1 

362.c   .024 

11 II 900 5.456 5.355 8.875 149.3 .010 358.:   .024 

12 II 950 II II 3.75 63 .006 
in 

252       .024 

NOTES:       #1 
#2 

- STRINGY  CH 
- BAD  CHIPS 

IPS 

TABLE 8 7 : DATA FOR LIFE LINES 
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Date:                          10/6/8O 

Depth of Cut:              .050 

Hardness:                 311 BHN 

Coolant Application: TOP :    G : LO 

30 

Material:             AISI 4340 

Coolant:              TRIM-SOL 20 :1 

Tool Description: 

Holder:                CCGNR-I64 

NONE:     G-: Insert: CNG-454    -    820 

. 

6 
z 

lU OS 

Q. 
0) 

UJK 

11 a 

oz 
UJI- zo ocz 
=3UJ 

0 

-Ho (C z 
< - 

a: 

0 

-o:jo< 

1 G-10 1200 .015 5.456 5.355 7.875 132.5 

la •■ II 5.355 5.255 " 260 .0035 1114 .015 

2 M 1400 If II 12.5 206.4 .005 619 .015 

3 tl 1000 5.255 5.155 20.5 332 .003 1660 .015 

4 G-30 1200 5.970 5.870 21.5    . 396.5 .0125 +75.8 .015 

5 II 1000 5.870 5.770 21.0 380.6 .0075 761 .015 

6 II 1400 5.770 5.670 10.38 185 .0085 326 .015 

NOTES:      GOOD CHIPS ON ALL CUTS 

TABLE 88 : DATA FOR LIFE LINES 
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TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL:      AISI 43^10 

HARDNESS:     311 BHN 

SURFACE SPEED:     500 F./MIN. 

HOLDER:     KTANR-lGil - (P LEAD ANGLf 

INSERT:        TfllG-433 

GRADE: 350 

FEED RATE: 
1200-1 

.015 IN./REV. COOLANT:   TRIM-SOL 20:1 TOP 

1 nnn 1 uUU 

U) 

2          nnn y 
OL >/ 
z >/ 
o / 
< o 
•iJ          ftnn — TANrnFNTTA 

TOni  lOAD O 
o 
1- 

^^^ X ^ 

X FF 1 ^y*^ 

dnn- y"     inA ̂ ^ y^ 

j/ ^^ 
y/^ ^ ^ 

y/^ ^>>^ ___^_— 

x^;;^l^_—— ^7^ 
onn —-^p5^ / 
<.uu 

y^ 

^ RADIAI 1(1 '\n -^"^ /^ 

n u ^ 
C \              .0 25            .0 

DEF 

50           .0- 

'TH OF C 
'5            .11 

UT IN INC 

)0         .u 
HES 

25            .15 

FIGURE 122 : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL:       AISI ^0 

HARDNESS:     311 BHN 

SURFACE SPEED:    380 FT./FIIN. 

FEED RATE: 
1200 

.015 IN./REV. 

HOLDER: |vfrANR-164  0° LEAD ANGLE 

INSERT: TNMG-^33 

GRADE: KC-810 

COOLANT: TRIM-SOL 20:1 TOP 

1000 

o 
a. 

< o 

o o 

800 

600 

400 

200 

.050 .075 .100 .125 

DEPTH OF CUT IN INCHES 

FIGURE 123: TOOL LOAD CHART 
231 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:       AISI 4340 

HARDNESS:      311 BHN 

SURFACE SPEED:    600 F./MIN. 

FEED RATE:       .015 IN./REV. 
1200 

HOLDER: FnrANR-164  0° LEAD ANGLE 

INSERT: WG-433 

GRADE: 570 

COOLANT: TRIM-SOL 20:1  TOP 

1000 

CO o 

o 
z 
o 
< 
o 

o o 

800 

600 

400 

200 

.050 .075 .100 

DEPTH OF CUT IN INCHES 
125 .150 

FIGURE 124 : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL:       AISI 4340 HOLDER: CCGNR-154  0°UEAD ANGLE 

HARDNESS:     311 BHN INSERT: CNG-454 

SURFACE SPEED:     920 F./MIN, GRADE: G-10 

FEED RATE:      .015 IN./REV. 
1200-, 

COOLANT:   TRIM-SOL 20:1   TOP 

1000 

(0 
Q 

o 

< o 

o 
o 

800 

600 

400 

200 

.050 .075 .100 

DEPTH OF CUT IN INCHES 
.150 

FIGURE 125 : TOOL LOAD CHART 
233 



TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL:    AISI ^340 

HARDNESS:   311 BHN 

SURFACE SPEED:   630 FT./MIN. 

HOLDER:    CCGNR-IW  (P LEAD ANGLf 

INSERT:      CNG-^5^ 

GRADE:       G-30 

FEED RATE: 
1200- 

.015 IN./REV. COOLANT: NOI€ 

1000 — 

0) 

z 
^           800 — 
a. y 
z ^/^ 

o y/^ 
< o 
-J          600- 

> ^ 

... X 
o 
o 

TANRF^rriA y/^ 

TOOL LOAD y^ 
1- ^               y/^ ^y^ 

400- y    =E )LOAD^ 
/ 

y^ ^^ .^ 

X ^^— 

/ 
r 

200- y  -  T 
y^-- / 

A 
^>— ^"^ / 

y RADIAI in m' 
^ ̂ -''^ 

0- —* 
.025 .050 .075 .100 .125 

DEPTH OF CUT IN INCHES 

FIGURE 126 : TOOL LOAD CHART 
234 

.150 



I ■^''-•[f'^'-^'^ ■■\;':;#5.^,'>-.i;v-; 

TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL:     AISI 4340 

HARDNESS:    311 BHN 

SURFACE SPEED:    500 FT./MIN. 

HOLDER: PRANR-164 

INSERT: RI^r^-43 

GRADE: 350 

FEED RATE: 
1200 

.022 IN./REV. COOLANT: TRIM-SOL 20:1   TOP 

1000 

CO o z 
'ID 
o a. 

< 
o 

o 
o 

800 

600 

400 

200 

.075 .100 .125 

DEPTH OF CUT IN INCHES 
150 

FIGURE 127: TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:     AISI ^3^0 

HARDNESS:    311 BHN 

SURFACE SPEED:    380 FT./MIN. 

FEED RATE:     .022 IN./REV. 
1200 

HOLDER: 

INSERT: 

GRADE: 

PRANR-164 

RJW-^3 

KC-810 

COOLANT: TRIM-SOL 20:1   TOP 

1000 

CO 
Q 

O 
Q. 

< o 

o 
o 

800 

600 

400 

200 

.050 .075 .100 .125 

DEPTH OF CUT IN INCHES 
150 

FIGURE 128 : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL:     AISI 4340 

HARDNESS:   311 BHN 

SURFACE SPEED:   600 FT./MIN. 

FEED RATE:     .022 IN./MIN. 
1200 

HOLDER: PRANR-164 

INSERT: fWG-^3 

GRADE: 570 

COOLANT: TRIM-SOL 20:1   TOP 

1000 

CO 
Q 

o 
Q. 

< o 

o o 

800 

600 

400 

200 

.025 .050 .075 .100 

DEPTH OF CUT IN INCHES 

125 .150 

FIGURE 129 : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:     AISi 43^0 

HARDNESS:    311 BHN 

SURFACESPEED:    920 F./MIN. 

HOLDER:    CRGNR-16^ 

INSERT:     RNG-45 

GRADE:      G-10 

FEED RATE: 
1200- 

.022 IN./REV. COOLANT: TRIM-SOL 20:1 TOP 

mnn — 

CO o z / 

2           800 — 
 ^— 
/ 

a. — 1 \}     Tmi   RROI/F 
z /A     ■-- 

o 
< 
o 
-^           600- 

 -^— 

O 
o 

TANGEI^iriP 
TOOL LOAE                y 

H ^^y ^ 

/ 

400- /m\\i 1           ^ \ 

'^LOAD— 
'^ 

^^^^ 

/ ^ "^ 
^-       _ 

200- /> -A(-' 
> ^ ^ y ^^•^ 

.V ""^""^ ^^ ■ FE D LOAD 
V    -^ 

0 - 

0 .o: 25            .Of 

DEF 
>o        .o: 

»TH OF C( 

'5            .1C 

JT IN INC 
10        .i; 

HES 
55            .15 

FIGURE 130 .TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL:      AISI ^3^ 

HARDNESS:    311 BHN 

SURFACESPEED:    630f-|.MN. 

FEED RATE:     .0?? IN./REV. 
■itnn 

HOLDER: 

INSERT: 

GRADE: 

COOLANT: 

CRGNR-164 

RNG-^5 

G-30 

NONE 

/ 

1 nnn ~^ / 1 uuu ^ 
/ 
/ 

0) > r 
o z / 

^         nnn— / 
Q. / 
z / 

o / 
< / RADIAI o 
—J           Ann TANGFNTTAI / LOAD ouu 
-1 TOOL LOAD / ^ 
O 
o 
1- 

y < ^01^''^ 

/ y"^ 
/ 

^nn— /     ^ y"^^ 
/^.y^ ^^ 
y^ ^^-^""^^ 

^^^—^ 
"■"''^ 

9nn / -FFn a m <cuu 
'/ ^^^ 
/ ^^'^'^ 

^ 

n - 
.025 .050 .075 .100 

DEPTH OF CUT IN INCHES 
.125 .150 

FIGURE 131  : TOOL LOAD CHART 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:    AISI 43^10 HARDNESS:   311 BHN 

INSERT:  Tl^MG-^33 

GRADE:   350 

SURFACE FEED: 

FEEDRATE 

500 
F./MIN. 
.015 IN./REV. 

COOLANT: TRIM-SOL 
20:1 TOP APPLIC. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

320 

820 

80 

500 
260 

INSERT:     j^^u^-^    SURFACE FEED: 

GRADE:     KC-810 FEEDRATE 

330        COOLANT: 

IN./REV. 

TRIM-SOL 
20:1 TOP APPLIC. 

DEPTH 
OF CUT 

.025 

.050 

.100 

.150 

TANGENTIAL 
TOOL LOAD 

150 
280 

FEED 
TOOL LOAD 

50 
120 

RADIAL 
TOOL LOAD 

120 
160 

INSERT:   TNFlG-i|33     SURFACE FEED: 
^/MIN,^0° 

GRADE:    570 

. TRIM-SOL 
APPLIC. 

FEEDRATE    .015 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

m 
530 
660 

50 
120 

,0 

170 
200 

TABLE  89   DATA FOR TOOL LOAD CHARTS 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:   AISI ^3^ HARDNESS:    311BHN 

INSERT: 

GRADE: 

CNG-454^^ SURFACE FEED: 
.008x20° f%IN, '=°°iMi'W[f 
G-10 FEEDRATE   .015 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

160 
280 
520 

m 
100 

7 

i. i 
INSERT:    ^i:^4^^      SURFACE FEED: 

.008 X 20° 
GRADE:    Q_3O FEEDRATE 

630       COOLANT: NONE 
F./MIN. 
.015 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

150 
280 
560 
800 

50 
120 
270 m 

INSERT: 

GRADE: 

SURFACE FEED: 

FEEDRATE 

COOLANT; 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

TABLE 90 DATA FOR TOOL LOAD CHARTS 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL: AISI 4340 HARDNESS:    311 g^N 

INSERT:   RN|viG-ii3       SURFACE FEED: 

GRADE:   350 FEEDRATE 

500 
F./MIN. 
.022 IN./REV. 

COOLANT: TRIM-SOL 
20:1 TOP APPLIC. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

200 
380 
750 

1080 

40 
90 

220 
380 

160 

INSERT:   RM^^3 

GRADE:   KC-810 

SURFACE FEED: 

FEEDRATE 

380 
F./FIIN, 
.022 IN./REV 

COOLANT: TRIFl-SOL 
20:1 TOP AFPLIC. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 
240 

1120 

50 

E 
450 i 

INSERT:   f^4|3 

GRADE:    570 

SURFACE FEED: 

FEEDRATE 

600        COOLANT: TRIM-SOL 
FJ^/n||.^^^20:lT0P/^L.C. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

180 
360 
710 

1040 360 

170 

TABIE91   DATA FOR TOOL LOAD CHARTS 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:    AISI ^3^ HARDNESS:    311BHN 

INSERT: 

GRADE: 
'^x20O 

G-10 

SURFACE FEED:  920 COOLANT: 
...mm. 20:1 TOP 

FEEDRATE   ,o22 IN./REV. 
W 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

i 190 
3/0 
700 

- Troi BROKE AT 

30 
80 

200 

.150 DE^H - 
X 

INSERT:   RNG-45    ^ SURFACE FEED:  630 COOLANT:   NONE 
.008 X 20° FT./FIIN. 

GRADE:   G-30 FEEDRATE   .Q22 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

200 

m 
1060 

40 200 
330 

INSERT: 

GRADE: 

SURFACE FEED:                 COOLANT: 

FEEDRATE 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

!  ■"   ■■ ■       —=3 

TABU 92   DATA FOR TOOL LOAD CHARTS 
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SURFACE SPEED VERSUS SURFACE FINISH 

^RAur <30U r 

300- 

250- 

200- 

150- 

100- 

50- 

0- 

SURFACESPEED(1,0)-380  FT./MIN. 

MATERIAL.                  AISI-4340 

HARDNESS-                 311 BHN. 

FEED RATE-                  .015   IN./REV. 

,-^ DEPTH OF CUT-           .050" 
HI 
O INSERT •                         TNMG -433 

W GRADE-                         KC-810 

<i HOLDER •                      MTANR -16^ 

H COOLANT-                   TRIM-SOL 20:1 
^ 

% 

i 
1 

s 

y < 

.7225 .85 1.0 1.15 

SURFACE SPEED MULTIPLIER 
Figure 132 

1.3225 
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v%>;^(^tj:<:i!*> 

TOOL NOSE RADIUS VERSUS SURFACE FINISH 

350' 

300 

250 

111 

< 

UJ 
> 
< 
g 
I- 
UJ 

t        200 
CC 
< 

< 
m 

< 
I 

0) 

o 
< 
u. 
cc 

150 

100 

50 

SURFACE SPEED 

MATERIAL • 

HARDNESS - 

FEED RATE • 

DEPTH OF CUT • 

INSERT- 

GRADE • 

HOLDER• 

COOLANT • 

•380 FT./MIN. 

AISI-^340 

311 BHN. 

.015 IN./REV. 

.050" 

SEE DATA SHEET 

KC-810 

SEE  DATA  SHEET 

TRIM SOL 20:1 

.031 .047 .062 .094 

TOOL NOSE RADIUS- INCHES 
Figure 133 

.250 
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Date: 10/7/80 Material: AISI 4340 

Depth of Cut: .050 inches 

Hardness:    3ii BHN 

Coolant: Trim - Sol 20:1 

Tool Description: 

Coolant Application: Top Holder:  MrANR-i64 (o° LEAD ANGLE) 

Insert:    TNMG-433 
1                                                                                                                        1 
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1 KC-81( )  275 .015 .7225 200 

2 M 323 ff .85 150 

3 tl 380 II 1.0 150 

4 II 437 M 1.15 150 

5 II 503 tl 1.3225 200 

1 
1 

NOTES: 

TABLE93   DATA FOR SURFACE FINISH TESTS 
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-\T>i'f?"';T'S^'a";«tr.,-^'.-: - ^^-.. 

Date:             10/7/8O 

Depth of Cut: .050 inches 

Hardness:     3ii BHN 

Coolant Application:  Top 

Material:    AISI 4340 

Coolant: Trim - Sol 20:1 

Tool Description:   SEE NOTES 

Holder: 

Insert: 
1                                                                                                                           1 
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1 KC-81( )  380 .015 .03125 300 

2 II II ti .0469 150 

3 n II II .0625 140 

4 II II II .09375 120 

5 II IT II .250 45 

1 

NOTES:                TOOL HOLDER/ 

KTAR-164 
KTAR-164 
KTAR-164 

WTJNRS-205 
PRANR-854         I 
(.500"  0 ROUN] 

INSERT 
rNMG-432 
rNMG-433 
rNMG-434 
rNMG-566 
^NMG-43 
3  INSERT) 

I ABl t 94   DATA FOR SURFACE FINISH TESTS 
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AISI 4340 Projectile Material - "Finishing Cuts " - 50/52 Re 

The life-lines of this material show the cutting speed for equal tool life for 350, 

an uncoated carbide, to be the same as KC-810, a coated carbide, and 570, an oxide coated 

carbide, is higher than G-30, a cold-pressed ceramic. These trends follow the new data shown 

in the Third Edition of the Machining Data Handbook where titanium coated grades are not 

recommended for any materials above 425 Brinell hardness and cold-pressed ceramics are not 

recommended on materials above 250 Brinell hardness.See Figure 134 and Tables 96 and 97, 

pages 250 to 252. See also Table 95, page 249, for a summary of results. 

The surface finish charts showed little or no effect on surface finish as the 

cutting speed was raised or lowered from the speed selected for a given tool life. When the nose 

radius was changed using this predetermined cutting speed, the surface finish improved as the 

radius was increased. See Figures 145 and 146, pages 267 and 268. 

1 his material also presented problems in chip-control as seen with AISI 1340 

and AISI 4140; a solution for one material may prove to work with the other materials. For 

information on tool loads, see Figures 135 to 144 and Tables 98 to 101, pages 253 to 266. 
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SUMMARY OF RESULTS 

"FINISHING CUT" 

MATERIAL 
HARDNESS 
TOOL LIFE 
DEPTH OF CUT 

AISM340 
477/512 Bhn. 
2500 In^ of Machined Surface 
.050 Inches 

Insert 
Grade 

Insert 
Style 

SFM Feed 
In./Rev. 

Prod. 
Index 

Tangential Tool 
Load - Lbs. 

.050 Depth of Cut 

HP. 
.050 Depth 

of Cut 

350 TNMG-433 135 .015 2.025 320 1.31 

KC-8I0 TNMG^33 135 .015 2.025 330 1.35 

570 TNMG-433 180 .015 2.7 340 1.85 

G-10 CNG^54 250 .015 3.75 300 2.27 

G-30 CNG^54 150 .015 2.25 350 1.59 

350 RNMG-43 135 .022 — 440 1.8 

KC-810 RNMG-13 135 .022 — 480 1.96 

570 RNMG-43 180 .022 — 460 2.51 

G-IO RNG^5 250 .022 — 430 3.26 

G-30 RNG-45 150 .022 — 490 2.23 

TABLE 95:  AISM340 Results of Tests 
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CUTTING SPEED - FEET PER MINUTE 
Figure 134:  Tool-Life Lines of Listed Cutting Materials on AISI 4340 Steel at 460/477 

Brinell Hardness. 
Feed - .015 Inches per Revolution 

Depth of Cut-.050 Inches 
350, KC-810, 570: Holder- MTANR-I64(0" Lead Angle) 

Insert -TNMG-433 
Ci-10, G-30:    Holder - CCGNR-164 (0" Lead Angle) 

Insert - CNG-454 .008 x 20" 

250 



'f^of^ ^^•^)t «f?Jai,   s,"    V 

*"   *■   J'  - 

Date:               2/3/81 

Depth of Cut:   . 050 

Hardness:       460/477 

Coolant Application: 

BHN 

TOP 

Material:    AISI 4340 

Coolant:     TRIM-SOL 20 :1 

Tool Description: 
Holder:       MTANR-164 

Insert: TNMG-433 

I .                                                                                                                        1 

d 
z 
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z> 
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UJ 
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go 
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^Q 
OS 

0. 
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Ouj 1^ 
11 

0 

ox 
UJI- zo flcz 
3111 
i-_i 

Qz 

i 1 
0 

UJ 

Q 

1 350 240 .015 3.945 3.850 .9 10.88 .016 16.3 .024 

2 II 160 II II 12.7 153.7 .0065 567 .024 

3 !l 190 " II 3.5 42.3 .009 113     .024 

4 KC-810 240 3.850 3.750 .55 6.47 .0135 11.5i   .02'! 

5 II 160 II tl 15.5 182.6 .010 438.f   .02^ 

6 II 190 3.945 3.850 4.0 48.3 .0105 110     .024 

7 570 280 3.750 3.655 5.35 61.4 .0125 118 .024 

8 !I 240 II II 10.6 122. .007 417 .024 

9 tl 300 3.655 3.558 2.5 28 .008 84 .024 

NOTES: 

,- 

TABLE 96 : DATA FOR LIFE LINES 
251 



Date:                ^ 

Depth of Cut: 

Hardness:        h 

Coolant Applies 

73/81 

050 

mikll  BHN 

tlon:    TOP:     G- 

NONE:      G- 

-10 

-30 

Material:     AISI 4340 

Coolant:      TRIM-SOL 20:1 

Tool Description: 

Holder:        CCGNR-164 

Insert: CNG-454 820    _      _ __ 
1                                                                                                                             1 
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1 G-10 500 .015 3.655 3.550 3.4 37.9 .0035 163 .015 

2 ft 400 3.847 3.750 4.8 56.5 _ 

2a It 11 3.750 3.664 4.8 55 _ 

2b n n 3.664 3.564 11.0 234.5 T .010 352 .015 

3 II 600 3.564 3.455 2.8 30.4 .0065 70 .015 

4 G-30 500 II 11 1.9 20.6 .0055 56 .015 

5 It 400 II ■• 3.7 40.2 .010 60 .015 

6 II 350 '• II 8.3 90 .006 225 .015 

7 11 300 3.455 3.360 16.4 173 .010 260 .015 

8 II 260 3.360 3.268 16.3 167 .007 358 .015 

NOTES: 

TABLE 9 7 : DATA FOR LIFE LINES 
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TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL:      AISI ^3^0 

HARDNESS:    477/512 BHN 

SURFACE SPEED:    135 F./fllN. 

FEED RATE:     -015 IN./REV. 
1200 

HOLDER: CTANR-164 

INSERT: TNMG-i|33 

GRADE: 350 

COOLANT: TRIM-SOL 20:1   TOP APPLICATION 

1000 

(0 o z 
o 
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-I 
o o 

800 
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200 

.050 .075 .100 

DEPTH OF CUT IN INCHES 

FIGURE 135: TOOL LOAD CHART 
253 
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TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL: 

HARDNESS 

SURFACE SPEED 

AISI 4340 

477/512 BHN 

135 F./MIN. 

HOLDER: 

INSERT: 

GRADE: 

CTANR-164 

TNMG-433 

KC-810 

FEED RATE: 
1200 

.015 IN./REV. COOLANT: TRIM-SOL 20:1  TOP APPLICATION 
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FIGURE 136 : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL:     AISI 43^10 

HARDNESS:    i|77/512 BHN 

SURFACE SPEED:    180 FT./MIN. 

FEED RATE:     .015 IN./REV. 
1200 

HOLDER:     CTANR-154 

INSERT:       TMMG-^33 

GRADE:       570 

COOLANT: JRIM-SOL 20:1   TOP APPLICATION 

1000 
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o 
0. 

< o 

o o 
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.025 .050 .075 .100 .125 
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.150 

FIGURE 137 : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL: 

HARDNESS 

SURFACE SPEED: 

AISI 4340 

477/512 BHN 

250 F./MIN. 

FEED RATE:      .015 IN./REV. 

HOLDER: 

INSERT: 

GRADE: 

COOLANT 

CCGNR-164 

CNG-^54  820 

G-10 

= TRIM-SOL 20:1  TOP APPLICATION 

1000 
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FIGURE 138 : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL:      AISI 43^ 

HARDNESS:    /|77/512 BHN 

SURFACE SPEED:  150 FT./FIIN. 

HOLDER:      CCGNR-164 

INSERT:        CNG-454   820 

GRADE: G-30 

FEED RATE: 
1200- 

.015 IN./REV. COOLANT:   NONE 

innn — / 
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FIGURE 139: TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:     AISI ^3^^                        HOLDER:      PRANR-IW 

HARDNESS:    i|77/512 BHN                     INSERT:       PJ^G-^3 

SURFACE SPEED:    135 F./MIN.          GRADE:        3b0 

FEED RATE:     .022 IN./REV.                  COOLANT:  TRIM-SOL 20:1 
■lonn 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL: Aisi im. 
i^-r-r /I—1 r\   -n 1 ift 1 

HOLDER:      PRANR-16^ 

HARDNESS:    4///:)lZ IJHIN                    INSERT:        mh-^5 
y 

SURFACE SPEED: 135 F./MIN.            GRADE:        KC-810 / 
/ 

FEEDRATE:   .022 IN./REV.                    COOLANT:^J^^^;;?P'-,?5;L ^onn                                                                   TDP APPI TfATinN 
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FIGURE 141 : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL: 

UADrtKICOO. 

AISI ^3^ 

h /"//no r»iiM 

HOLDER:      PRANR-16^ 

. .r^niyi^c««9.     -\i iiDLL Dm                     INSERT:        fWlb^i 

SURFACE SPEED:   180 F./MIN.           GRADE:        570 
. 
/ 

FEED RATE:       099 TM  /DO/                    rnni AMT. TRIM-SOI   l^-A / 
.onn        —   --/■^-v.                          — THD   A PPI TPATTnN / 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:      AISI 4340 

HARDNESS:    477/512 BHN 

SURFACE SPEED:    250 FT.71^1 N. 

FEED RATE:      .022 IN.7REV. 
1200 

HOLDER:      CRGNR-164 

INSERT:        RNG-45   820 

GRADE:        G-10 

COOLANT: TRIM-SOL 20:1  TOP 

1000 

CO o 
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o 

800 

600 

400 

200 

.050 .075 .100 .125 

DEPTH OF CUT IN INCHES 

FIGURE 143 : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL:     AISI 43^ 

HARDNESS:   bJl/SMWA 

SURFACE SPEED:   150 FT./fllN. 

''^^^"fJo!:   .022 IN./REV. 1200 

HOLDER:     CRGNR-16^ 

INSERT:       f^G-^5   820 
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FIGURE 144 : TOOL LOAD CHART 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:   AISI 4340 HARDNESS:    477/512 BHN 

.NSERT:   T«-.33    SURFACE FEED: 135^^^^   ^^^-J^^IVRM, 

GRADE:    350 FEEDRATE: .015 IN,/REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

320 1 150 

250 
300 

INSERT:   TNFlG-433    SURFACE FEED:   135 COOLANT: TRIM-SOL 
FT,/F1IN. 20:1 TOP APPLIC. 

GRADE:    KC-810 FEEDRATE    .015 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

'.o| 
160 
340 
660 
960 

60 
160 i 

INSERT: 

GRADE: 

TIfl6-433 

570 

SURFACE FEED:   180        COOLANT: TRIFI-SOL 
FT./MIN. 20:1 TOP APPLIC. 

E:   .0l5 IH./REV. FEEDRATE 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.0150 

170 
340 
660 
960 

60 
160 

155 
210 

TABi E 98 DATA FOR TOOL LOAD CHARTS 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:    AISI 43W HARDNESS:  477/512 BHN 

INSERT:   CNG-^54 ^ .SURFACE FEED: 
.008  X 20^ 

GRADE:   6-10 FEEDRATE 

250        COOLANT: TRIM-SOL 
FJ.Am.        20:1 TOP APPLIC. 
.015 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

180 
300 
580 
840 

50 

m 

140 
200 

INSERT:     CNG-454     SURFACE FEED: 
.008" X 20° 

GRADE:     ^_^Q FEEDRATE 

150       COOLANT:  ^ONE 
F./MIN. 
.015 IN./REV. ^ 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

180 
350 
700 

1040 

50 
150 
360 
580 

155 
225 
280 
350 

INSERT: 

GRADE: 

SURFACE FEED: 

FEEDRATE 

COOLANT; 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

:i50 

TABLE 99    DATA FOR TOOL LOAD CHARTS 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:    AISI 43^ HARDNESS:   /j77/512 BHN 

INSERT:   RNFIG-43       SURFACE FEED: 135 COOLANT: TRIM-Sni 
^„^^, FT./MIN. 20:1 TOP Aff^LIC. 
GRADE:   350 FEEDRATE ,022 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

230 

1300 

100 

510 

210 

INSERT:    RNMG-43      SURFACE FEED:   135 
n.mn. 

GRADE:    KC-810 FEEDRATE     322 ^ /f^ 

COOLANT: TRIM-SOL 
20:1 TOP APPLIC. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

260 

1360 

70 
170 
^10 
700 

960 
]2i^ 

INSERT:    RWG-43       SURFACE FEED: 180 COOLANT:  TRIFl-SOL 
FT./MIN. 20:1 TOP APPLIC. 

GRADE:    570 FEEDRATE   ,022 IN/REV 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

240 
460 
860 

1320 

50 
130 
300 
500 

260 
400 

TABLE 100      DATA FOR TOOL LOAD CHARTS 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:   AISI ^340 HARDNESS:   ^777512 BHN 

INSERT: RNG-45      „ SURFACE FEED: 
.008" X 20P 

GRADE:  GIO FEEDRATE 

250 COOLANT: TRIM-SOL 
FT./MIN. 20:1 TOP APPLIC. 

.022 IN.7REV. 

DEPTH 
OF CUT 

.025 

.050 

.100 

.150 

TANGENTIAL 
TOOL LOAD 

260 
460 
810 

1160 

FEED 
TOOL LOAD 

60 
120 
280 

RADIAL 
TOOL LOAD 

390 
560 
780 

: RNGgiB^ ^^ SURFACE FEED:   ^^,^   COOLANT:   mE 

FEEDRATE    .022 IN.7REV. 

INSERT:   m\3-^j     ^ 
.008" X 20° 

GRADE:  G-30 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

'.150 

270 

1^100 

60 

520 

260 P 
720 
940 

INSERT: 

GRADE: 

SURFACE FEED: 

FEEDRATE 

COOLANT; 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

TABi F 101   DATA FOR TOOL LOAD CHARTS 
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'^'i^'f^P-'M'       '^■■■''^^k!^' 

SURFACE SPEED VERSUS SURFACE FINISH 

QKfl u oDUn 

300- 

250- 

200- 

150- 

SURFACE SPEED (1.0) .135  FT./MIN. 

MATERIAL.                  AISI-4340 

HARDNESS-                  477/512  BHN . 

FEED RATE-                  .015   IN./REV. 

DEPTH OF CUT-            .050" 
UJ 
a INSERT *                            TNMG -433 
^ 
m GRADE-                         KC-810 

< HOLDER •                      MTANR   164 
Q 
P COOLANT-                   TRIM-SOL 20:1 
S 

^ 

5 
i 

I 

s 

loo- 

se- 

i 

75 
^ 

0- 
.72 25                .8 

SURFACED 

Figu 

5                  1 

SPEED MUL 

re 145 

267 

.0                  1. 

.TIPLIER 

15           1.32 25 



TOOL NOSE RADIUS VERSUS SURFACE FINISH 

350 

300 

111 
O 
< 
s 
5 
o 
F 
tu 

250 

n,    200 

< 

< ■ 
< 
I 

X 
CO 
z 
u! 
UJ 
O 
< 
u. 
3 
CO 

150 

100 

50 

r ^————^^——^ 
SURFACE SPEED •135  FT./MIN 

MATERIAL.            AISI-4340 

HARDNESS-           ^77/512  BHN. 

FEED RATE-            .015   IN./REV. 

DEPTH OF CUT-    .050" 

INSERT •                   SEE DATA SHEET 

GRADE-                  KC-810 

HOLDER-                  SEE  DATA  SHEET 

COOLANT-            TRIM SOL 20:1 

( 

  
.031 .047 .062 .094 

TOOL NOSE RADIUS- INCHES 

Figure 146 

.250 
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Date:             2/5/81 

Depth of Cut: .050 Inches 

Hardness:    ^77/512 BHN 

Coolant Application:   Top 

Material:    AISI 434O 

Coolant: Trim - Sol 20:1 

Tool Description: 

Holder:      KTAR-164 

Insert:        TNMG-433 
L                                                                                                                                                                               1 
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S
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E
E
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U

L
T
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L

IE
R

 

S
U

R
F

A
C

E
 

F
IN
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H

 
A

R
IT

H
M

E
T

IC
 

A
V

E
R

A
G

E
 

1 CC-810 97 .015 .7225 160 

2 II 115 11 .85 160 

3 II 135 II 1.0 160 

A M 155 M 1.15 170 

5 11 179 M 1.3225 180 

NOTES: 

I ABLE 102 DATA FOR SURFACE FINISH TESTS 
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Date:             2/4/8I 

Depth of Cut: .050 Inches 

Hardness:    i^iil'^ii BHN 

Material:   AISI 4340 

Coolant: Trim - Sol 20:1 

Tool Description:    SEE NOTES 

Coolant Application:  Top Holder: 

Insert: 
1                                                                                                                      1 
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A
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A
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E
 

1 
 1 

KC-8IC 135 .015 .03125 350 

2 It IT " .0469 180 

3 It II II .0625 150 

4 II It It .09375 100 

5 II It II .250 60 

NOTES:             TOOL HOLDER/INSERT 

KTAR-164         TNMG-432 
KTAR-164         TNMG-433 
KTAR-164         TNMG-434 

WJNRS-205         TNMG-566               i 
PRANR-854         RNMG-43 
(.500"  0  ROUND   INSERT) 

I ABl E 103   DATA FOR SURFACE FINISH TESTS 
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HF-1 Projectile Material - "Finishing" Cuts - 42 Re Hardness 

The hardness of this material was higher (387 Bhn) than that which is 

specified in Table I, page 5 (363 Bhn.),Further heat-treatment would cause the shells to go 

below the desired hardness, so the shells were used in the harder conditions. 

7 his material was the only one in "Finishing" tests where chips were not a 

problem. When conducting the tests using ceramic tools, the chips were very fine and similar 

to chips from cast iron. The cutting speed for a tool life of 2500 square inches of machined 

surface was similar for both hot-press and cold-press ceramic. 

Table 104, page 272, summarizes the production indexes for both the carbide 

and ceramic cutting tools, as well as the horsepower requirements for various tool styles and 

cutting tool material. 1 his information can be found in more detail in Figures 147 through 157 

and tables 105 to I I I. In spite of the higher hardness, the horsepower for this material was 

lower than for some of the others. The difference, however, is rather small. 

The finish tests for this material, as shown on Figure 159, page 292, show the 

effect of changing nose radius. Figure 158, page 291, shows the effect of changing cutting 

speed, which in this case is nothing. 
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SUMMARY OF RESULTS 

"FINISHING CUT" 

MATERIAL 
HARDNESS 
TOOL LIFE 
DEPTH OF CUT 

HF-I 
387 Bhn. 
2500 In^ of Machined Surface 
.050     inches 

Insert 
(jrade 

Insert 
Style 

SFM Feed 
In./Rev. 

Prod. 
Index 

Tangential Tool 
Load - Lbs. 

.050 Depth of Cut 

HP. 
.050 Depth 

of Cut 

350 TNMG-433 210 .011 2.31 240 1.53 

KC-810 TNMG^33 310 .011 3.41 230 2.16 

570 TNMG-433 340 .011 3.74 240 2.47 

G-10 CNG^54 610 .011 6.71 220 4.07 

G-30 CNG^54 590 .011 6.49 220 3.93 

350 RNMG-43 210 .022 — 420 2.67 

KC-810 RNMG-43 310 .022 — 440 4.13 

570 RNMG-43 340 .022 — 420 4.33 

G-10 RNG-45 610 .022 — 380 7.02 

G-30 RNG-45 590 .022 — 400 7.15 

TABLE 104: HF-1 Results of Tests 
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CUTTING   SPEED-FEET   PER   MINUTE 
Figure   147:   lool-Life Lines of Listed Cutting Materials on HF-1 Steel at 387 Brinell 

Hardness. 
Feed -.01 I inches per Revolution 

Depth ot Cut - .050 Inches 

350, KC-810, 570: Holder- Ml ANR-164 (0» Lead Angle) 
Insert -TNMG-433 

Ci-10, G-30:      Holder - CCGNR-164 (0" Lead Angle) 
Insert - CNG-454 .008 x 20" 
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Date:              10/7/80 

Depth of Cut:   050" 

Hardness:      387 BHN 

Coolant Application: TOP 

Material:       "^-i 

Coolant:        TRIM SOL 20 :1 

Tool Description: 

Holder:         MTANR-164 

Insert: TNMG-433 

. 

6 LU 
QUJ 

z 
OS 

Q. 
Vi 

0^ 

IIJ5 
11.2 

a *- 

si 
Q 

ox 
lUI- 
zo 
ocz 

Qz 

1 1 
o< 

0 

-H 0 

UJ 

0 

1 350 450 .011 6.284 6.190 3.6 70 .0125 134 .024 

2 II 400 II II 11 4.5 87.5 .010 210 .024 

3 IT 350 II II II 5.8 113 .013 208     .024 

A 1) 300 11 11 II 6.7 130.5 
CUT 
CONTIINUED 

4a It tl II 6.190 6.100 8.1 155 

286 T, .0095 722.^   .024 

1 

5 KC-81( ) 400 11 II II 2.5 48 .010 115 .024 

6 ft 350 II M 11 9.9 189.5 .0055 828 .024 

7 ti 450 II 6.100 6.000 .8 15 .0075 48 .024 

1 

NOTES: 

TABLE 105: DATA FOR LIFE LINES 
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Date:              iQ/ifm 

Depth of Cut:   .Q50" 

Hardness:      387 RHN 

Coolant Application: TOP 

Material:        UF-I 

Coolant:        TRTM-SOT. ?n.i 

Tool Description: 

Holder:          MTANR-164 

Insert:           TNMG-433 
1                                                                                                                     1 
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8 570 450 .011 6.100 6.000 12.2 230 .0085 649 .024 
9 !l 600 IT II II 

S   A 102 .011 222.5 .024 

10 It 750 M 6.000 5.900 2.0 

" ■ 1 

37 .013 68.5 .024 

NOTES: 

TABLE 106: DATA FOR LIFE LINES 
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Date:               10/13/8O 

Depth of Cut:    050" 

Hardness:      364BHN 

Coolant Application: TOP:    G- 10 

30 

Material:        HF-I 

Coolant:        TRIM-SOL 20 :1 

Tool Description: 

Holder:          CGGNR-I64 

NONE:     G- Insert: CNG-454 

d 
z 
z 

QUJ 

Z 
OS 

u ui 
Q. 

0^ 
^ oc 
X uj 

2i UJ 

fi 11 
0 

ox 
UJI- 
zo 
ccz 
3IU 
I--J 

Qz Z 

-H 0 

UJ 

0 

1 G-10 1000 
1  

.011 
1  
6.280 6-180 9.4 182.5 .0035 782     .015 

2 11 1200 It II II 8.8 170.8 .0045 569.! .015 

3 II 1400 It 6.180 6.080 5.95 113.5 .0047: 359   .015 

4 G-30 1000 It 6.280 6.180 2.6 50.5 .008 95 .015 

5 M 900 ti 6.180 6.080 10.5 200.5 .012 251   .015 

6 It 800 ti tl II 4.4 84.0 
CUT    1 
CONTJNUED 

6a II It tt 6.080 5.982 13,2 248 

332 T. .014 356 .015 

NOTES: 

TABLE 107: DATA FOR LIFE LINES 
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TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL:     HF-1 

HARDNESS:   38/BHN 

SURFACE SPEED:   210 FT.MN. 

FEED RATE:     .011 IN./REV. 
1200 

HOLDER: FfTANR-16^ 

INSERT: TNMG^33 

GRADE: 350 

COOLANT: TRIM-SOL 20:1   TOP 

o 
Q. 

< 
o 

o 
o 

1000 

800 — 

600 

400 

200 

.050 .075 .100 .125 

DEPTH OF CUT IN INCHES 
150 

FIGURE 148 : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL:     HF-1                                 HOLDER: 

HARDNESS:    387 BHN                            INSERT: 

SURFACE SPEED:    310 1-I./MIN.          GRADE: 

FEED RATE:     .011 IN./REV.                  COOLANT: 
■lonn 

FfTANR-lGii 

KC-810 

TRIf1-S0L20:l TOP 

■1 nnn lUUU 
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5           Rfin o           ouu 
Q. 
Z 
Q 
< v^ 
o y^ 

ouu 
_i y^ 
O 
o y^ 

MGENTIAC im-^ 
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Ann-^ ^ ^ 
*fUU 
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> ^ ^"""^ 

y^ ^.^^ 
y^ ^,.—' 

ont\ y y,^^^  7" ^UU H 
y^L^ -^1 *<'- — / 

^ •^^    '— z' -v ̂ ...^'^^^ KAUIAL LO^ iD' 
■^ ^ 

0- 
.025    .050    .075    .100    .125 

DEPTH OF CUT IN INCHES 
.150 

FIGURE 149 : TOOL LOAD CHART 
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'^^pjiy:.'f/.j-iK^\!r-K:^^''--^-''- 

TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL:      HF-1 

HARDNESS:    387 BHN 

SURFACE SPEED:  3^ F,/MIN. 

FEED RATE:     .QU IN./REV. 
1200 

HOLDER: ffANR-lW 

INSERT: TNFlG-433 

GRADE: 570 

COOLANT: TRIM-SOL 20:1  TOP APPLICATION 

1000 
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y 
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y^ 

TAN^F^^■I; 1 inAP-^ y^ 
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y^ Tl lOATl— 

/^ 
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■ '~7 

^'^^^ / 
^ ^>y''^ RAD' AL LOAD ^ ^ 

^ ̂ ^ 

0              .0. 25          .Oi )0        .o: rs         .11 0        .1: !5            .IS :o 
DEPTH OF CUT IN INCHES 

FIGURE 150: TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:     HF-1 

HARDNESS:   387 BHN 

SURFACE SPEED:     610 R./MIN. 

FEED RATE:    .OU IN./REV. 
1200 

HOLDER: 

INSERT: 

GRADE: 

CCGNR-164 

CNG-il54 

G-10 .008 X 20P 

COOLANT: TRIFl-SOL 20:1  TOP APPLICATION 

1000 

o 
o. 

< 
o 

O 
O 

800 

600 

400 

200 

.050 .075 .100 .125 

DEPTH OF CUT IN INCHES 

FIGURE 151 : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL:     HF-1 HOLDER: CCGNR-164 

HARDNESS:   387 BHN INSERT: CNG-454 

SURFACE SPEED:   590 FT.MN. GRADE: G-30 .008 X 20P 

FEED RATE:    .011 IN./REV. COOLANT: NONE 
1200 

1000 

o 

o 
0. 

o 
< 
o 

O 
o 

800 

600 

400 

200 

.050 .075 .100 

DEPTH OF CUT IN INCHES 
150 

FIGURE 152: TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:    HF-1 HOLDER:     PRANR-16^ 

HARDNESS:   387 BHN INSERT:      RNMG-43 

SURFACE SPEED:    210 FT./fllN. GRADE:      350 

FEED RATE:    .022 IN./REV. 
1200 

COOLANT: TRIM-SOL 20:1  TOP APPLICATION 

o 
Q. 

< 
o 

o 
o 

1000 

800 

600 

400 

200 

.050 .075 .100 

DEPTH OF CUT IN INCHES 

150 

FIGURE 153 : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:      HF-1 

HARDNESS:    387 BHN 

SURFACE SPEED:    310 FT./MIN. 

FEED RATE:      .022 IN./REV. 
1200 

HOLDER: PRANR46^ 

INSERT: RNMG-43 

GRADE: KC-810 

COOLANT: TRIK-SOL 20:1  TOP APPLICATION 
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FIGURE 154 : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 
MATERIAL:      HF-1 HOLDER: PRANR-164 

HARDNESS:    387 BHN INSERT: mm-M^ 

SURFACE SPEED: ^H.^IH. GRADE: 570 

FEED RATE:     .022 IN./REV. COOLANT: TRI^-SOL 20:1  TOP APPLICATION 
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FIGURE 1 55 : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:       HF-1 

HARDNESS:     387 BHN 

SURFACE SPEED:     610 F./MIN. 

FEED RATE: 
1200 

.022 IN./REV. 

HOLDER: CRGNR-164 

INSERT: RNG-B^i   .008x20° 

GRADE: G-10 

COOLANT: TRIM-SOL 20:1  TOP APPLICATION 

1000 
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FIGURE 156 : TOOL LOAD CHART 
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TOOL LOAD VERSUS DEPTH OF CUT 

MATERIAL:        HF-1 

HARDNESS:      38/ BHN 

SURFACE SPEED:    590 FT./MIN. 

FEED RATE:       .022 IN./fB/. 
1200 

HOLDER: 

INSERT: 

GRADE: 

COOLANT: 

CCGNR-164 

RNG-54   .008" X 20° 

G-30 

1000 

CO 
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o 
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o 
o 
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.050 .075 .100 .125 
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FIGURE 157: TOOL LOAD CHART 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:    HF-1 HARDNESS:   387 BHN 

INSERT: TNMG-^33 

GRADE:   350 

SURFACE FEED:   210 

FEEDRATE    .Oll IN./REV. 

COOLANT: TRIM-SOL 
20:1 TOP APPLIC. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

:ioo 
.150 

250 
^0 
700 

50 

390 

•    B8 
180 
270 

INSERT:   TWG-433 

GRADE 

SURFACE FEED:   310 COOLANT: TRIMSOL 
^roin FT^^![I■ ,nr.,  20:1 TOP AFPLIC. 
KC-810 FEEDRATE   .Oll IN./REV. 

DEPTH 
OF CUT 

.025 

.050 

.100 

.150 

TANGENTIAL 
TOOL LOAD 

125 
240 

660 

FEED 
TOOL LOAD 

60 

ao 

RADIAL 
TOOL LOAD 

130 
170 

INSERT:    WIG-433 

GRADE:    570 

SURFACE FEED: 

FEEDRATE 

m       COOLANT:  TRIFl-SOL 
F./MIN.        20:1 TOP APPLIC. 
.Oil IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

130 
240 
460 
680 1 125 

160 

TABi F 108      DATA FOR TOOL LOAD CHARTS 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:    HFl HARDNESS:    38/BHN 

INSERT: 

GRADE: 

mG-^54 
.008 X 20° 
G-10 

SURFACE FEED: 

FEEDRATE 

610 COOLANT: jm-m 
F./MIN 20:1 TOP APPLIC. 
.011 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

120 
220 
420 
600 

45 
100 
230 
345 

95 
135 

1 
INSERT:    CNG-454      SURFACE FEED:   590 COOLANT: NONE 

.008" X 20° F.MN. 
GRADE:    G-30 FEEDRATE    .oil IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

120 
220 
420 
600 

105 
240 
360 

100 
140 
180 
195 

INSERT: 

GRADE: 

SURFACE FEED: 

FEEDRATE 

COOLANT: 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

TABLE 109 DATA FOR TOOL LOAD CHARTS 

288 



TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:    HF-1 HARDNESS:   387 BHN 

INSERT:  Rlfl6-43       SURFACE FEED:   210 COOLANT: TRIM-SOL 
F./MIN. 20:1 TOP APPLIC. 

GRADE:   350 FEEDRATE    .022 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

2^10 40 200 
300 
480 
640 

INSERT:   RIflG-43       SURFACE FEED:   310^^^, 
F./MIN. 

COOLANT;. TRIM-SOL 
"^^^^OP APPLIC. \m 

GRADE:   KC-810 FEEDRATE    .022 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 
260 
460 
840 

1200 

60 
140 
320 
560 

340 
520 

INSERT:   RNMG-43 

GRADE:   5/0 

SURFACE FEED:   30  COOI^^^^y RIM-SOL 

FEEDRATE 
F./MIN. 
.022 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

240 
420 
800 

1140 

40 
100 
220 
320 

220 
320 
500 
640 

TABLE 110  DATA FOR TOOL LOAD CHARTS 
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TABLE OF TOOL LOADS IN POUNDS VERSUS DEPTHS OF 
CUT IN INCHES FOR THE FOLLOWING TOOL MATERIALS 

OPERATING UNDER LISTED CONDITIONS. 

MATERIAL:    HF-1 HARDNESS:   387 BHN 

INSERT: 

GRADE: 

S^x2(pS""'''^C"EED: 

G-10 FEEDRATE 

610        COOLANT: TRIM-SOL 
hl./mN. 20:1 TOP APPLIC. 
.022 IN./REV. 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

220 

720 
10^ 

^0 
IQO 
220 
3^ 600 

INSERT:   RNG-54       ^ SURFACE FEED: 
.008" X 20° 

GRADE:   Q_3O FEEDRATE 

590^^^^,  COOLANT:     NONE 
FT./MIN. 
.022 IN./REV. 

DEPTH 
OF CUT 

.025 

.050 

.100 

.150 

TANGENTIAL 
TOOL LOAD 

2^ m 
760 

1080 

FEED 
TOOL LOAD 

50 

RADIAL 
TOOL LOAD 

250 

800 

INSERT: 

GRADE: 

SURFACE FEED: 

FEEDRATE 

COOLANT: 

DEPTH 
OF CUT 

TANGENTIAL 
TOOL LOAD 

FEED 
TOOL LOAD 

RADIAL 
TOOL LOAD 

.025 

.050 

.100 

.150 

TABLE III    DATA FOR TOOL LOAD CHARTS 
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■^•..vifeS'-i^-ifV^j-^.-r;^^- ■ —-r'-*^'fH'<if:YW^-^."-^i^—— 

SURFACE SPEED VERSUS SURFACE FINISH 

^(:n b« OOU PI 

300^ 

250- 

200- 

150- 

100- 

50- 

0- 

SURFACE SPEED (1.0)-310  FT./FIIN. 

MATERIAL.                   HF-1 

HARDNESS-                 387 BHN . 

FEED RATE.                  .011   IN./REV. 

<-^ DEPTH OF CUT-           .050" 
y INSERT >                            TNMG -d'i'i g 
D GRADE-                         KC-810 
< HOLDER -                       MTANR -16^1 

m COOLANT-                   TRIM-SOL 20:1 
s 
t 

t 
5 
■ 

< 

.72 25                .8 

SURFACED 
F 

5                  1 

SPEED MUL 
gure158 

.0                1. 

-TIPLIER 

15           1.32 25 
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TOOL NOSE RADIUS VERSUS SURFACE FINISH 

ttinu. 

300- 

250- 

200- 

150- 

100- 

50- 

n- 

SURFACE SPEED 

MATERIAL > 

HARDNESS• 

•310 FT./MIN. 

HF-1 

387 BHN. 

FEED RATE • .011 IN./REV. 

DEPTH OF CUT • 

INSERT• 

GRADE • 

HOLDER- 

COOLANT • 

111 
o 
< 

.050" 

SEE DATA SHEET s 
> KC-810 
< 

SEE   DATA   SHEET o 
UJ TRIM SOL 20:1 

X 
1- 
oc 
< 

• 
< 

• 
< 

1 

X 

z 

lU 
o 
< u. 
IE 

.031 .047 .062 .094 

TOOL NOSE RADIUS- INCHES 

Figure 159 

.250 

292 



'■.t.;ri ^ 2 

Date:              io/i4/80 

Depth of Cut: .050 Inches 

Hardness:     387 BHN 

Coolant Application:   Top 

Material:   HF-I 

Coolant: Trim - Sol 20:1 

Tool Description: 

Holder:     MTANR-164 

Insert:      TNMG-433 
1        __                                                                                                              1 

d 
z 
CC C

A
R

B
ID

E
 

G
R

A
D

E
 

C
U

TT
IN

G
 

S
P

E
E

D
-F

T/
M

IN
. 

FE
ED

 
IN

./R
E

V
. 

Q 
< 
CC 
UJ 
a> 
O z 

S
U

R
F

A
C

E
 

S
P

E
E

D
 

M
U

L
T

IP
L

IE
R

 

S
U

R
F

A
C

E
 

F
IN

IS
H

 
A

R
IT

H
M

E
T

IC
 

A
V

E
R

A
G

E
 

1 KC-SIO 225 .011 .7225 100 

2 It 265 ft .85 100 

3 Tl 310 I? 1.0 100 

4 II 355 ft 1.15 100 

^ tr ,410 II 1.3295 TOO 

  

NOTES: 

I ABLE 112      DATA FOR SURFACE FINISH TESTS 
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Date:             io/i4/80 

Depth of Cut: .050 Inches 

Hardness:     387 BHN 

Coolant Application:  Top 

Material: HF-I 

Coolant: Trim - Sol 20:1 

Tool Description:   SEE NOTES 

Holder: 

Insert: 
1                                                                                                                           1 

d z 
3 
flC C

A
R

B
ID

E
 

G
R

A
D

E
 

C
U

TT
IN

G
 

S
P

E
E

D
-F

T/
M

IN
. 

FE
ED

 
IN

JR
E

V
. D 

Q 
< 
flC 
UJ 
tii o 
Z 

S
U

R
F

A
C

E
 

S
P

E
E

D
 

M
U

L
T

IP
L

IE
R

 

S
U

R
F

A
C

E
 

F
IN

IS
H

 
A

R
IT

H
M

E
T

IC
 

A
V

E
R

A
G

E
 

1 CC-810 310 .011 .03125 150 

2 It 11 M .0469 100 

3 II 11 II .0625 85 

4 II II II .09375 40 

5 II It II .250 15 

NOTES:                  TOOL HOLDER/INSERT 

MTANR-164       TNMG-432 
MTANR-164       TNMG-433 

MrANR-164       TNMG-434 

WRJNRS-205       TNMG-566 
PRANR-854       RNMG-43 
(.500"  0  ROUND   INSERT) 

TABLE 113    DATA FOR SURFACE FINISH TESTS 
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Conclusions: 

1) The machining rates are significantly higher than those tabulated in the 

Machining Data Handbook, 3rd Edition. 

2) A productivity increase of over 200% can be obtained in "rough" machining 

operations. 

3) A productivity increase of over 400% can be obtained in "finish" machining 

operations. 

4) Increased machining rates require machines with high horsepower and spindle 

speed control. 

5) Chip-control is a problem in finish machining operations. 

Recommendations: 

I )1 he machining data figures are derived from extrapolated values, and should 

be verified by machining metal forgings in the "as forged" (roughing cuts) and 

in the "nosed and heat-treated" (finishing cuts) conditions, for the 4 materials 

studied in this effort. 

2) Machines used in the fabrication of projectile metal parts should have infinite 

speed control through applicable speed ranges, feed-control of the tool 

through its required path, and control over the tool path. 

3) Chip-breaking should be investigated to assure good chip-control. 

4) Use of ceramic cutting tools should be seriously considered for all machining 

operations. 

5) When ceramic cutting tools are applied, tool holders should be arranged to 

accept thicker inserts, have a stable insert seat, and a low profile, rugged 

clamping device. 
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