IN AN ORTHOGONAL CUTTING OPERATION, THE RAKE ANGLE =
-50, To=0.2 MM Anp W = 4.0 MM. THe CHIP RATIO

IN AN ORTHOGONAL CUTTING OPERATION, THE RAKE ANGLE = -5° , To = 0.2 MM AnD W = 4.0 MM. THe CHIP RATIO IS A
CRITICAL PARAMETER IN MACHINING PROCESSES THAT INFLUENCES CUTTING EFFICIENCY, TOOL LIFE, SURFACE FINISH, AND CHIP
FORMATION. UNDERSTANDING HOW THE RAKE ANGLE, UNCUT CHIP THICKNESS, AND CUTTING WIDTH IMPACT THE CHIP RATIO
HELPS ENGINEERS OPTIMIZE MACHINING OPERATIONS FOR BETTER PRODUCTIVITY AND QUALITY.

UNDERSTANDING ORTHOGONAL CUTTING AND |TS PARAMETERS

WHAT |Is OrTHOGONAL CUTTING?

ORTHOGONAL CUTTING IS A SIMPLIFIED MACHINING PROCESS WHERE THE CUTTING EDGE OF THE TOOL IS PERPENDICULAR TO THE
DIRECTION OF CUTTING VELOCITY. |T PROVIDES A FUNDAMENTAL MODEL FOR ANALYZING CUTTING MECHANICS, FOCUSING ON THE
INTERACTION BETWEEN THE TOOL AND WORKPIECE ALONG A SINGLE PLANE. THIS MODEL HELPS IN UNDERSTANDING CHIP
FORMATION, CUTTING FORCES, AND TOOL WEAR WITHOUT THE COMPLEXITIES INTRODUCED BY OBLIQUE ANGLES.

Key PARAMETERS IN ORTHOGONAL CUTTING

SEVERAL PARAMETERS INFLUENCE THE BEHAVIOR AND OUTCOMES OF AN ORTHOGONAL CUTTING PROCESS, INCLUDING:

* RAKE ANGLE (A): THE ANGLE BETWEEN THE FACE OF THE CUTTING TOOL AND THE WORKPIECE SURFACE. |T AFFECTS CHIP
FLOW, CUTTING FORCES, AND TOOL WEAR.

e UNCUT CHIP THICKNESS (TO)Z THE INITIAL THICKNESS OF THE MATERIAL LAYER BEING CUT, OFTEN INFLUENCED BY FEED
RATE AND TOOL GEOMETRY.

¢ CUTTING WIDTH (\X/) THE WIDTH OF THE CUT, WHICH IMPACTS THE MATERIAL REMOV AL RATE AND CHIP FORMATION.

IN THIS SPECIFIC SCENARIO, THE RAKE ANGLE IS -5°, To 15 0.2 MM, AND W/ IS 4.0 MM, PARAMETERS THAT SIGNIFICANTLY
INFLUENCE THE CHIP RATIO.

CHip ForMATION AND CHIP RATIO

WHAT Is CHIP RATIO?

THE CHIP RATIO, ALSO KNOWN AS THE CHIP COMPRESSION RATIO OR CHIP THICKNESS RATIO, IS A MEASURE OF THE DEFORMATION
DURING CUTTING. |T IS DEFINED AS:

\l

\TexT{CHiP RaTIO} = \FRAC{\TEXT{CHIP THickness (HC) I \TexT{UNncuT CHIP THickness (To)}}

\]

\WHERE:
- HC: THICKNESS OF THE CHIP AFTER DEFORMATION.
- To: ORIGINAL UNCUT CHIP THICKNESS.



A HIGHER CHIP RATIO INDICATES MORE SIGNIFICANT DEFORMATION AND COMPRESSION OF THE MATERIAL DURING CUTTING, WHICH
CAN IMPACT CUTTING FORCES, POWER CONSUMPTION, AND OVERALL TOOL WEAR.

SIGNIFICANCE ofF THE CHIP RATIO

- MATERIAL REMOVAL EFFICIENCY: HIGHER RATIOS OFTEN MEAN MORE MATERIAL IS DEFORMED INTO A CHIP PER UNIT OF INITIAL
THICKNESS, AFFECTING EFFICIENCY.

- HEAT GENERATION: INCREASED DEFORMATION RESULTS IN HIGHER HEAT, INFLUENCING TOOL LIFE.

- SURFACE FINISH: THE NATURE OF CHIP FORMATION IMPACTS THE SURFACE QUALITY OF THE MACHINED PART.

- TooL WEAR AND LIFE: EXCESSIVE DEFORMATION CAN ACCELERATE TOOL WEAR.

IMPACT oF RAke ANGLE, To, AND W oN CHIP RATIO

EFFecT oF RAKE ANGLE

THE RAKE ANGLE INFLUENCES THE CUTTING PROCESS SIGNIFICANTLY:

- NEGATIVE RAKE ANGLE (-5°): THIS CAUSES THE CUTTING TOOL TO HAVE A LESS AGGRESSIVE EDGE, WHICH CAN INCREASE
CUTTING FORCES AND POTENTIALLY LEAD TO MORE DEFORMATION. |T OFTEN RESULTS IN THICKER CHIPS AND AFFECTS THE CHIP

RATIO BY INCREASING THE DEFORMATION ZONE.
- PosiTIvE RAKE ANGLE: GENERALLY REDUCES CUTTING FORCES AND CHIP THICKNESS, LEADING TO A LOWER CHIP RATIO.

THE NEGATIVE RAKE ANGLE IN THIS SCENARIO TENDS TO INCREASE THE CHIP RATIO DUE TO HIGHER DEFORMATION AND STRESS
CONCENTRATIONS.

EFFecT oF UNcuT CHIP THickness (To)

THE UNCUT CHIP THICKNESS DIRECTLY INFLUENCES THE CHIP RATIO:

- SMALLER To: LEADS TO HIGHER DEFORMATION PER UNIT THICKNESS, OFTEN RESULTING IN A LARGER CHIP RATIO.
- LARGER To: REDUCES DEFORMATION EXTENT, POSSIBLY LOWERING THE CHIP RATIO.

SINncE To 15 0.2 MM HERE, IT PROVIDES A BASELINE FOR CALCULATING THE EXPECTED CHIP THICKNESS AFTER DEFORMATION.

ErFecT oF CuTTING WIDTH (W)

W/HILE CUTTING WIDTH PRIMARILY INFLUENCES THE MATERIAL REMOVAL RATE AND CUTTING FORCES, ITS DIRECT EFFECT ON CHIP
RATIO MAY NOT BE AS SIGNIFICANT AS THE OTHER PARAMETERS. HO\X/EVER, WIDER CUTS CAN GENERATE MORE HEAT AND
INFLUENCE THE DEFORMATION CHARACTERISTICS, POTENTIALLY IMPACTING THE CHIP FORMATION PROCESS.

CALCULATING THE CHIP RATIO IN THE GIVEN SCENARIO

ASSUMPTIONS AND APPROACH

GIVEN THE PARAMETERS:

- RAKE ANGLE (A) = -5°

- UNcUT cHIP THICkNESS (To) = 0.2 MM
- CuTTING WiIDTH (W) = 4.0 MM



ToO ESTIMATE THE CHIP RATIO, WE NEED TO ANALYZE THE DEFORMATION MECHANICS DURING CUTTING.

UNDERSTANDING CHIP FORMATION MECHANICS

IN ORTHOGONAL CUTTING, THE CHIP THICKNESS AFTER DEFORMATION (HC) CAN BE APPROXIMATED BASED ON THE SHEAR ANGLE
((D) AND OTHER FACTORS. THE RELATIONSHIP IS:

\[

He = To \TiMes \rrac{\sin \PHI}{\sINn (\PHI - \ALPHA)}
\]

W/ HERE:

- ®: SHEAR ANGLE, WHICH DEPENDS ON CUTTING CONDITIONS.
- A: RAKE ANGLE.

THE SHEAR ANGLE ((D) CAN BE ESTIMATED USING THE MERCHANT EQUATION, WHICH RELATES THE CUTTING FORCES, SHEAR
STRESS, AND OTHER PARAMETERS.

ESTIMATING THE SHEAR ANGLE (CD)

USING THE MERCHANT EQUATION:

\l

\TaN \PHI = \Frac{r \cos \aLpHA{ 1 - R \siN \ALPHA}

\]

\X/HERE:
- R: SHEAR RATIO (RATIO OF SHEAR STRESS TO NORMAL STRESS IN THE SHEAR ZONE). FOR TYPICAL MATERIALS, R RANGES FROM
1710 3.

ASSUMING A TYPICAL SHEAR RATIO R = 2 <A COMMON APPROXIMATION)Z

\[
\TaN \PHI = \FrAC{2 \TiMES \cos(-5°)}{1 - 2 \TiMes \sin(-5°)3
\]

CALCULATING:

\[
\cos(-5°) \approx 0.9962

\]

\[
\sIn(-5°) \apProx -0.0872

\]

PLUGGING IN:

\[

\TAN \PHI = \FrRAC{2 \TiMes 0.99623}{1 - 2 \TiMes (-0.0872)} = \rrac{1.99243}{1 + 0.1744} =
\FrrAC{1.99243{1.1744} \apProx 1.697

\]

\[
\pHi \aPPrOX \ARCTAN(1.697) \aPPrOX 59.5°

\]

NO\X/, CALCULATING THE CHIP THICKNESS:



\[
He = To \TiMes \rrac{\sin 59.5°K\sin (59.5° - (-5°))3 = 0.2 \1iMes \rrac{\sin 59.5°}{\sINn 64.5°}

\]

\[
\siN 59.5° \apProx 0.864

\]

\[
\sIN 64.5° \approx 0.898

\]

THus,

\[
HC \ApprOX 0.2 \TiMes \FrAC{0.8643}{0.898} \aprrox 0.2 \TiMES 0.96 1 \aPPrOX 0.1922\ \TEXT{MM}

\]

CHIP RATIO:

\[
\TexT{CHiP RaTIO} = \FRAC{HC}{ T 0} \APPrOX \FRAC{0.19223{0.23 \aPPrOX 0.961

\]

THIS INDICATES THAT UNDER THE ASSUMED CONDITIONS, THE CHIP THICKNESS AFTER DEFORMATION IS APPROXIMATELY 96.1 O/o
OF THE UNCUT CHIP THICKNESS, IMPLYING MINIMAL DEFORMATION.

NoTE: THIS IS A SIMPLIFIED CALCULATION;, ACTUAL CHIP RATIOS CAN VARY DEPENDING ON MATERIAL PROPERTIES, CUTTING
CONDITIONS, AND TOOL GEOMETRY.

IMPLICATIONS OF THE CHIP RATIO IN MACHINING

TooL LIFE AND WEAR

A CHIP RATIO CLOSE TO 1 SUGGESTS MINIMAL DEFORMATION AND HEAT GENERATION, POTENTIALLY EXTENDING TOOL LIFE.
CONVERSELY, HIGHER RATIOS IMPLY MORE DEFORMATION, INCREASED HEAT, AND ACCELERATED TOOL WEAR.

SURFACE FINISH AND QUALITY

OPTIMAL CHIP RATIOS CONTRIBUTE TO BETTER SURFACE FINISH. EXCESSIVE DEFORMATION CAN CAUSE SURFACE IRREGULARITIES,
WHILE TOO LITTLE DEFORMATION MIGHT LEAD TO POOR CHIP EVACUATION.

CUTTING FOrcES AND PowEr CONSUMPTION

HIGHER CHIP RATIOS TYPICALLY CORRELATE WITH INCREASED CUTTING FORCES AND POWER REQUIREMENTS, IMPACTING
MACHINING EFFICIENCY.

OpPTIMIZING CUTTING PARAMETERS FOR DESIRED CHIP RATIO



ADJUSTING RAKE ANGLE

- USING A POSITIVE RAKE ANGLE CAN REDUCE THE CHIP RATIO, LOWERING DEFORMATION AND FORCES.
- NEGATIVE RAKE ANGLES, LIKE ‘50/ TEND TO INCREASE THE CHIP RATIO, WHICH MAY BE ADVANTAGEOUS FOR CERTAIN
MATERIALS OR CUTTING CONDITIONS.

MoDIFYING FEeD RATE AND UNCUT CHIP THICKNESS

- INCREASING TO (FEED RATE) DECREASES THE CHIP RATIO, REDUCING DEFORMATION.
- DECREASING TO RESULTS IN HIGHER DEFORMATION AND POTENTIALLY HIGHER CHIP RATIOS.

CoNTROLLING CUTTING WIDTH AND DEPTH

- REDUCING W/ CAN HELP MANAGE HEAT AND DEFORMATION, INDIRECTLY INFLUENCING THE CHIP RATIO.

CoNCLUSION

THE CHIP RATIO IN AN ORTHOGONAL CUTTING OPERATION WITH A RAKE ANGLE OF -5°, UNCUT CHIP THICKNESS OF 0.2 MM, AND
CUTTING WIDTH OF 4.0 MM IS APPROXIMATELY 0.9 6 BASED ON THEORETICAL CALCULATIONS. RECOGNIZING HOW PARAMETERS
LIKE RAKE ANGLE, UNCUT CHIP THICKNESS, AND CUTTING WIDTH INFLUENCE THE CHIP RATIO ALLOWS ENGINEERS TO OPTIMIZE
MACHINING PROCESSES FOR EFFICIENCY, TOOL LONGEVITY, AND SURFACE QUALITY. BY CAREFULLY SELECTING CUTTING
CONDITIONS, IT IS POSSIBLE

FREQUENTLY AskeD QUESTIONS

W/HAT IS THE SIGNIFICANCE OF THE RAKE ANGLE BEING -5° IN AN ORTHOGONAL CUTTING
OPERATION?

A RAKE ANGLE OF -5° INDICATES A NEGATIVE RAKE ANGLE, WHICH TENDS TO INCREASE CUTTING FORCES AND PRODUCE THICKER
CHIPS, OFTEN LEADING TO HIGHER TOOL WEAR AND AFFECTING CHIP FORMATION.

How po THE cUTTING DEPTH (To = 0.2 MM) AND WIDTH (W = 4.0 MM) INFLUENCE
CHIP RATIO IN ORTHOGONAL CUTTING?

THE CUTTING DEPTH AND WIDTH DIRECTLY IMPACT THE VOLUME OF MATERIAL REMOVED, WHICH IN TURN AFFECTS THE CHIP
FORMATION AND RATIO; DEEPER CUTS AND WIDER WIDTHS GENERALLY PRODUCE LARGER CHIPS, INFLUENCING THE CHIP RATIO.

\WHAT IS THE TYPICAL METHOD TO CALCULATE THE CHIP RATIO IN ORTHOGONAL
CUTTING OPERATIONS?

THE CHIP RATIO IS CALCULATED AS THE RATIO OF THE CHIP THICKNESS TO THE UNCUT CHIP THICKNESS, OFTEN USING THE
RELATION: CHIP RaTIO = (CHIP THickneEss) / (UNcuT CHIP THICKNESS).

GIVEN THE PARAMETERS , HOW CAN THE CHIP RATIO BE ESTIMATED IN THIS SCENARIO?

To ESTIMATE THE CHIP RATIO, INFORMATION ABOUT THE CHIP THICKNESS AFTER CUTTING IS NEEDED, IF UNAVAILABLE,
ASSUMPTIONS BASED ON CUTTING CONDITIONS AND SHEAR ANGLES ARE USED TO APPROXIMATE THE RATIO.



W/HY DOES A NEGATIVE RAKE ANGLE (‘50) TYPICALLY RESULT IN A DIFFERENT CHIP
RATIO COMPARED TO POSITIVE RAKE ANGLES?

A NEGATIVE RAKE ANGLE CAUSES MORE DEFORMATION AND THICKER CHIPS, OFTEN LEADING TO A HIGHER CHIP RATIO, AS THE
CUTTING PROCESS INVOLVES MORE MATERIAL DEFORMATION BEFORE CHIP SEPARATION.

\WHAT IS THE IMPACT OF THE RAKE ANGLE ON CUTTING FORCES AND CHIP FORMATION?

A MORE NEGATIVE RAKE ANGLE INCREASES CUTTING FORCES AND ENCOURAGES THE FORMATION OF THICKER, MORE COMPRESSED
CHIPS, WHEREAS POSITIVE ANGLES TEND TO REDUCE FORCES AND PRODUCE THINNER CHIPS.

How DOES THE CHIP RATIO AFFECT TOOL LIFE AND MACHINING EFFICIENCY?

A HIGHER CHIP RATIO, INDICATING THICKER CHIPS, CAN LEAD TO INCREASED TOOL WEAR AND REDUCED MACHINING EFFICIENCY,
WHILE AN OPTIMAL RATIO PROMOTES SMOOTHER CUTTING AND LONGER TOOL LIFE.

CAN THE CHIP RATIO BE OPTIMIZED BY ADJUSTING THE RAKE ANGLE IN ORTHOGONAL
CUTTING? IF SO, How?

YES, ADJUSTING THE RAKE ANGLE CAN INFLUENCE CHIP FORMATION, INCREASING THE RAKE ANGLE TOWARD POSITIVE VALUES
GENERALLY REDUCES CHIP THICKNESS AND RATIO, IMPROVING CUTTING EFFICIENCY AND TOOL LIFE.

ADDITIONAL RESOURCES

IN AN OrTHOGONAL CUTTING OPERATION, THE RAKE ANGLE = -5°, To = 0.2 MM, AND W = 4.0 MM. THE CHIP RATIO

UNDERSTANDING THE NUANCES OF MACHINING OPERATIONS IS FUNDAMENTAL TO OPTIMIZING MANUFACTURING PROCESSES,
ENSURING TOOL LONGEVITY, AND MAINTAINING PRODUCT QUALITY. AMONG THE MANY PARAMETERS INFLUENCING CUTTING
PERFORMANCE, THE CHIP RATIO——ALSO KNOWN AS THE CHIP COMPRESSION RATIO—STANDS OUT AS A CRITICAL METRIC. |T
PROVIDES INSIGHT INTO HOW THE MATERIAL DEFORMS DURING CUTTING, THE NATURE OF CHIP FORMATION, AND THE EFFICIENCY OF
THE PROCESS. IN THIS ARTICLE, WE EXPLORE THE CONCEPT OF CHIP RATIO WITHIN THE CONTEXT OF AN ORTHOGONAL CUTTING
OPERATION CHARACTERIZED BY A RAKE ANGLE OF -5°, A CUTTING DEPTH (To) oF 0.2 MM, AND A WIDTH of cuT (W) oF 4.0
MM. WE WILL DELVE INTO THE FUNDAMENTAL PRINCIPLES, ANALYZE HOW THESE PARAMETERS INFLUENCE CHIP FORMATION, AND
DEMONSTRATE HOW TO CALCULATE AND INTERPRET THE CHIP RATIO.

UNDERSTANDING ORTHOGONAL CUTTING AND |TS PARAMETERS

BEFORE DELVING INTO THE CHIP RATIO, IT IS VITAL TO UNDERSTAND THE BASIC SETUP OF AN ORTHOGONAL CUTTING OPERATION
AND THE SIGNIFICANCE OF THE PARAMETERS INVOLVED.

WHAT IS ORTHOGONAL CUTTING?

ORTHOGONAL CUTTING IS A SIMPLIFIED MODEL OF MACHINING WHERE THE CUTTING EDGE OF THE TOOL IS PERPENDICULAR TO THE
SURFACE BEING CUT AND THE CUTTING PROCESS OCCURS IN A PLANE PERPENDICULAR TO THE CUTTING EDGE. |T IS WIDELY USED
IN MACHINING STUDIES BECAUSE IT ALLOWS FOR EASIER ANALYSIS OF CUTTING FORCES, CHIP FORMATION, AND HEAT GENERATION
COMPARED TO OBLIQUE CUTTING.

KEY FEATURES INCLUDE:



- THE CUTTING EDGE IS STRAIGHT AND PERPENDICULAR TO THE CUTTING SURFACE.
- THE CUTTING PROCESS IS STUDIED IN A TWO-DIMENSIONAL PLANE.
- |T SIMPLIFIES COMPLEX REAL-WORLD MACHINING INTO MANAGEABLE PARAMETERS.

PARAMETERS IN THE GIVEN SCENARIO

- Rake AnGLE (r): -5°

THE RAKE ANGLE IS THE ANGLE BETWEEN THE TOOL FACE AND THE NORMAL TO THE CUTTING SURFACE. A NEGATIVE RAKE ANGLE
<—5°> INDICATES A SLIGHTLY UNCONVENTIONAL TOOL GEOMETRY, TYPICALLY USED FOR HARDER MATERIALS OR TO ENHANCE
TOOL STRENGTH. |T INFLUENCES CHIP FLOW, CUTTING FORCES, AND THE STRESS DISTRIBUTION WITHIN THE CUTTING ZONE.

- CuTTING DEpTH (T0): 0.2 MM

THIS IS THE DEPTH OF CUT, REPRESENTING HOW DEEP THE TOOL PENETRATES INTO THE WORKPIECE MATERIAL DURING EACH PASS.
A SMALLER DEPTH OF CUT USUALLY RESULTS IN LESS FORCE REQUIRED AND LESS HEAT GENERATION.

- WioTH of Cut (\W): 4.0 MM

THE WIDTH OF CUT REFERS TO THE BREADTH OF THE MATERIAL BEING REMOVED DURING THE OPERATION. |T IMPACTS THE TOTAL
VOLUME OF MATERIAL BEING CUT AND THE RESULTANT FORCES.

UNDERSTANDING CHIP FORMATION AND THE CHIP RATIO

IN MACHINING, AS THE CUTTING TOOL ENGAGES WITH THE WORKPIECE, THE MATERIAL DEFORMS PLASTICALLY, FORMING A CHIP
THAT IS EXPELLED FROM THE CUTTING ZONE. THE NATURE AND AMOUNT OF THIS CHIP FORMATION ARE VITAL FOR
UNDERSTANDING THE EFFICIENCY AND QUALITY OF THE OPERATION.

WHAT Is THE CHIP RATIO?

THE CHIP RATIO (OR CHIP COMPRESSION EATIO) IS DEFINED AS THE RATIO OF THE LENGTH OF THE CHIP PRODUCED (LC) TO THE
ACTUAL UNCUT CHIP THICKNESS (TO) MATHEMATICALLY:

ChipRaTIO(R)=Lc/ To

THIS RATIO INDICATES HOW MUCH THE MATERIAL HAS DEFORMED PLASTICALLY DURING CUTTING. A HIGHER CHIP RATIO IMPLIES
SIGNIFICANT DEFORMATION AND COMPRESSION OF THE MATERIAL INTO A SHORTER, THICKER CHIP. CONVERSELY, A LOWER RATIO
SUGGESTS LESS DEFORMATION.

SIGNIFICANCE OF THE CHIP RATIO INCLUDES:

- |T REFLECTS THE SHEAR DEFORMATION PROCESS.

- |T INFLUENCES CUTTING FORCES AND POWER CONSUMPTION.
- |T IMPACTS CHIP CONTROL AND SURFACE FINISH.

TYPICAL RANGES:
- FOR DUCTILE MATERIALS, CHIP RATIOS CAN VARY FROM 2 To 10.
- FOR HARDER OR BRITTLE MATERIALS, THE RATIO MAY BE LOWER.



CALCULATING THE CHIP RATIO: STEP-BY-STEP APPROACH

CALCULATING THE CHIP RATIO REQUIRES UNDERSTANDING THE RELATIONSHIP BETWEEN THE CHIP LENGTH AND THE UNCUT CHIP
THICKNESS. IN MANY CASES, THE CHIP LENGTH (L.C) CAN BE DERIVED FROM THE CUTTING PARAMETERS, ESPECIALLY IN
CONTROLLED TESTS OR SIMULATIONS.

Given DATA:

- RAKE ANGLE, I = -5°

- DepTH oF cuT, To = 0.2 MM

- WIiDTH ofF cuT, W = 4.0 MM

ASSUMPTIONS:

- THE CUT IS STEADY AND UNIFORM.

- THE CHIP FORMATION OCCURS PRIMARILY THROUGH SHEAR DEFORMATION.

- THE SHEAR PLANE ANGLE (&) CAN BE ESTIMATED USING TYPICAL MODELS OR ANALYSIS.

STep 1: DETERMINE THE SHEAR PLANE ANGLE (o)

THE SHEAR PLANE ANGLE AFFECTS HOW THE MATERIAL DEFORMS AND INFLUENCES THE CHIP RATIO. FOR A GIVEN RAKE ANGLE AND
CUTTING CONDITIONS, ® CAN BE ESTIMATED USING THE MERCHANT’S EQUATION:

TaN(e) = (R cos(r)) / (1 -rsiN(r))

WHERE R IS THE SHEAR RATIO (NOT TO BE CONFUSED WITH THE CHIP RATIO WE ARE CALCULATING). SINCE R IS UNKNOWN
INITIALLY, IN PRACTICE, ¢ CAN BE ESTIMATED FROM EMPIRICAL DATA OR SIMPLIFIED FORMULAS.

HOWEVER, FOR THIS SCENARIO, WE WILL USE A STANDARD ASSUMPTION OR SIMPLIFIED MODEL TO PROCEED.
Step 2: EsTiMATE THE CHIP LengTH (Lc)

IN A TYPICAL ORTHOGONAL CUT, THE CHIP LENGTH ALONG THE CUTTING DIRECTION (LC) CAN BE APPROXIMATED BASED ON THE
CUTTING PARAMETERS:

Lc = (W / sin(o))

THIS APPROXIMATION ASSUMES THE CHIP IS FORMED ALONG THE SHEAR PLANE AND THE LENGTH ALONG THE CUT IS RELATED TO
THE WIDTH \W AND SHEAR ANGLE.

STep 3: CoMPUTE THE CHIP RATIO
ONCE THE CHIP LENGTH (LC) IS ESTIMATED, THE CHIP RATIO IS:

rR=Lc/To

INFLUENCE OoF RAKE ANGLE AND OTHER PARAMETERS ON THE CHIP RATIO

THE RAKE ANGLE PLAYS A CRUCIAL ROLE IN DETERMINING THE CHIP RATIO. A NEGATIVE RAKE ANGLE, SUCH AS ‘50, TENDS TO:

- INCREASE CUTTING FORCES DUE TO LESS FAVORABLE SHEAR CONDITIONS.
- PROMOTE THE FORMATION OF THICKER, SHORTER CHIPS, POTENTIALLY LOWERING THE CHIP RATIO.
- INFLUENCE THE SHEAR PLANE ANGLE, OFTEN INCREASING IT, WHICH AFFECTS THE DEFORMATION.

OTHER PARAMETERS LIKE CUTTING DEPTH AND WIDTH OF CUT ALSO INFLUENCE THE AMOUNT OF MATERIAL DEFORMED AND THE
RESULTING CHIP LENGTH.



EFFECTS SUMMARIZED:

| PARAMETER | EFFECT ON CHIP RATIO | EXPLANATION

| NEGATIVE RAKE ANGLE | USUALLY DECREASES THE CHIP RATIO | LESS SHEAR DEFORMATION, THICKER CHIPS, SHORTER LENGTH
| INCREASED To | GENERALLY INCREASES CHIP LENGTH, POTENTIALLY RAISING CHIP RATIO | MORE MATERIAL REMOVAL PER PASS,
MORE DEFORMATION |

| LARGER W/ | INCREASES TOTAL CHIP VOLUME BUT NOT NECESSARILY THE RATIO | MORE MATERIAL PROCESSED, AFFECTING
FORCES AND CHIP FORMATION

PrRACTICAL IMPLICATIONS oF THE CHIP RATIO

(UNDERSTANDING AND CONTROLLING THE CHIP RATIO HELPS MACHINISTS AND ENGINEERS OPTIMIZE MACHINING PROCESSES.

1. SUrRFACE FINISH AND QUALITY
- CHIPS WITH HIGH RATIOS TEND TO BE THICKER AND CAN CAUSE SURFACE IRREGULARITIES IF NOT MANAGED PROPERLY.
- PROPER CHIP CONTROL REDUCES THE RISK OF CHIP ENTANGLEMENT OR DAMAGE.

2. TooL LIFe

- EXCESSIVELY HIGH DEFORMATION (HIGH CHIP RATIO) CAN LEAD TO INCREASED TOOL WEAR DUE TO HIGHER STRESSES AND
HEAT.

- OPTIMIZING THE CHIP RATIO HELPS EXTEND TOOL LIFE.

3. Power CONSUMPTION
- HIGHER CHIP RATIOS GENERALLY CORRELATE WITH INCREASED CUTTING FORCES, LEADING TO HIGHER POWER REQUIREMENTS.
- BALANCING THE PARAMETERS PREVENTS EXCESSIVE ENERGY USE.

4. CHIP REMOVAL AND MACHINE SAFETY
- CHIPS THAT ARE TOO THICK OR LONG CAN OBSTRUCT THE CUTTING ZONE.
- PROPER CHIP RATIO MANAGEMENT ENSURES SMOOTHER OPERATION AND REDUCES SAFETY HAZARDS.

SUMMARY AND FINAL THOUGHTS

THE CHIP RATIO IS A VITAL PARAMETER IN MACHINING THAT REFLECTS THE EXTENT OF MATERIAL DEFORMATION DURING CUTTING.
IN THE SCENARIO WITH A -5° RAKE ANGLE, A 0.2 MM DEPTH OF CUT, AND A 4.0 MM WIDTH OF CUT, UNDERSTANDING THE
INTERPLAY OF THESE PARAMETERS ALLOWS ENGINEERS TO PREDICT CHIP FORMATION BEHAVIOR AND OPTIMIZE THE PROCESS.

\W/HILE THE PRECISE CALCULATION OF THE CHIP RATIO DEPENDS ON DETAILED SHEAR PLANE ANALYSIS AND EXPERIMENT AL DATA,
GRASPING ITS FUNDAMENTALS ENABLES BETTER CONTROL OVER MACHINING OPERATIONS. ADJUSTMENTS TO TOOL GEOMETRY,
CUTTING PARAMETERS, AND PROCESS CONDITIONS CAN BE MADE TO ACHIEVE DESIRED CHIP FORMATION CHARACTERISTICS,
ULTIMATELY ENHANCING EFFICIENCY, TOOL LIFE, AND PRODUCT QUALITY.

IN CONCLUSION, A THOROUGH UNDERSTANDING OF THE CHIP RATIO NOT ONLY AIDS IN DIAGNOSING MACHINING CONDITIONS BUT
ALSO PAVES THE WAY FOR INNOVATIONS IN MANUFACTURING TECHNOLOGY. W/HETHER DEALING WITH DELICATE MATERIALS OR
HARD-TO~MACHINE ALLOYS, CONTROLLING THE CHIP FORMATION PROCESS IS CENTRAL TO ADVANCING PRECISION MACHINING AND
ACHIEVING OPTIMAL OPERATIONAL OUTCOMES.
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