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Process plan creation workbook –  
ver. 2017-10-27 

 
 Following text is supporting learning material that should help to creat the Process 

plan for the Technology II course. The content is adjusted to the parts that are processed by 

the students. And it is focused on rotational parts. 

 

Introduction 
 

In manufacturing praxis is the Process plan together with technical drawings the most 

important  part of the Product documentation. The existence of specific product 

documentation is on of the conditions needed to fill the ISO 9000 standarts. 

 Process plan determines exactly the way of manufacture, it secures repeatability of the 

manufacture and quality. It prevents the appearance of spoiled work. From a good process 

plan you can calculate the manufacturing time, manufacturing costs, machine-tool usage. It 

allows you to calculate the consumption of material, tools and measuring devices. 

 The precision of process plan depends on the expected number of manufactured parts. 

In “single part production” a list of briefly described instruction written on the back side of 

the drawing is sufficient. Contrary in mass production the process plan is very detailed – e.g. 

up to the single hand movements in assembly. In other cases is the detail level somewhere in 

between. 

 

During the work follow these steps: 

 

1. Design analysis 

2. Material identification 

3. Selection of Blank 

4. Determination of manufacturing methods 

5. The number and the sequence of operations 

6. Determination of machine-tools (workplaces) 

7. Workpiece fixing selection 

8. The number and the sequence of operation steps 

9. Tools, equipment and gauge selection 

10. Special tools and equipment design 

11. Working conditions determination 

12. Time standards indication 

13. Process documentation 
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1. DESIGN ANALYSIS 
 

A part has: 1)  to fulfill all the designed function parameters;  

(DESIGN ENGINEER point of view) 

  2)  to be manufactured the most economical way.  

(MANUFACTURING ENGINEER point of view) 

 

 „Design for Manufacturing“, „Continuous Engineering“, „Concurrent Engineering“ 

 

Objects of analysis:  part drawing, part function, part elements, material, ... 

 

To the report: Find Key-point – decide what is the key feature on the part to be manufactured. 

Usually it is the most complicated feature, or the basic feature providing the function of the 

part, or the one made with the highest accuracy and precision. 

 

Search the drawing for any errors or inaccuracies in drawing. Suggest a correction and make a 

new drawing if needed. This new drawing can be done using CAD or by hand. 

 

2. MATERIAL IDENTIFICATION 
 

Material specification –  

– Functional demands, composition, properties, ... 

 

For the given part you already have the material given by the drawing. Your task is to find all 

necessary information about the material. You will need it in next steps of your process plan. 

 

What to search for: 

- Material category (carbon steel, alloy steel, tool steel, aluminum alloy etc.) 

- State of the material and hardness 

- Raw material form for the given material 

- Possible blanks (shape, size) 

 

To the report: Make table/list/resume about the information you found. 

 

3. SELECTION OF BLANK (a raw material or a semiproduct) 

 

- a bar: configuration, size, etc. 

- a casting, forging or weldment: description, sketch 

 

3.1. BAR – task is to set the configuration (dimensions of the bar) and number of bars 

needed for the batch. 

 

3.1.1. Diameter of the bar 

By calculation according to the equation: 

  

𝑝 = 0,05. 𝐷𝑚𝑎𝑥 + 2 (mm) 

 

And then 



Dept. Of machining, process planing and metrology 

 

DP = Dmax + p 

 

Where: 

 Dmax  .......... maximum diameter of part (mm) 

 p ........... allowance (mm) 

 Dp ........... Blank materiel diameter (mm) 

 

After calculation you round the value to the closest higher value of available material. In 

some cases, when the calculated value is slightly above the size of available material, you can 

also select the closest lower value. Then you must evaluate the clearance. The value must be 

enough for all machining operations.  

 

I.e.  original diameter = 46, calculated is 50,3 the next higher value is 55. The closest lower 

value is 50. You chose 50, because the clearance then is 2mm (on surface) that is enough. 

 

Search the ČSN 42 5510, ČSN 42 6510 or internet (e.g. http://www.moraviasteel.cz/trzhpen/) 

and find the right material. Calculate the weight of the BLANK. 

 

3.1.2. Length of the BLANK 

By calculation according to the equation: 

 

lp = lmax + 2 . pf + 2 . pcd (mm) 

 

Where: 

 lp ........... Length of BLANK (mm) 

 lmax  .......... maximum length of part (mm) 

 pf ........... facing allowance (mm) 

 pcd ........... center dot creation allowance (mm) 

 

NOTICE: Center dot allowance is added just in the case that the center dot must not remain at 

the final product. In this case some material (pcd) is added and the center dot is made just in 

this added material. This added material (with the center dot) is removed when finishing the 

part. If the center dot can remain on the final product no added material is needed (pcd=0) 

 

If the center can remain or must not remain on final product is given by the center dot symbol. 

Center dot can remain on part Center dot must remain on 

part 

Center dot must not remain 

on part 

  
 

Empty symbol Colored symbol, line crossed colored symbol 

pcd = 0 pcd = ? (your choice) pcd > 0 (from table) 

 

  

3.1.3. Material consumption rate Nm 

 

http://www.moraviasteel.cz/trzhpen/


Dept. Of machining, process planing and metrology 

 

Single BLANKs are cut from raw material bars. These bars are available in length of 3, 4, 4.5, 

5 or 6 meters. Calculate how many bars of one size give you the lowest scrap (not used 

material) 

 

Nm = lp + lc + le . n
-1 

 

Where: 

 lc ........... cut-through length (mm) – amount of material destroyed by cutting the 

raw material bar 

 le ........... end piece length (mm) – rest of the raw bar used for fixturing during 

cutting 

 

Tables 

diameter Value 

D < 150 mm 2 mm  

D > 150 mm 3 mm 

Pf values table for max. length lmax < 1000 mm 

 

Center 

dot 

diameter 

d1 

0,5 0,75 1 2 3 5 8 

Type A 2,5 3 4 7 10 16 - 

Type B,C - - - - 8 11 18 

Pcd values  

 

 

tool lc tool lc 

Saw blade 1,5 – 2 Lathe tool D<25 3-4 

Saw circular blade 

150 mm 

1,5 D = 25-60 4-8 

Saw circular blade 

300 mm 

5 D = 75 -110 8-12 

Saw circular blade 

600 mm 

6 D = 110-160 12-18 

Lc – cut-through values (mm) 

 

 

Diameter D <20 20-45 45-75 75-110 

le 40 50 70 80 

Le – End piece length 

 

Notice: For small parts even the End piece can be used as a blank. Consider this in your 

calculations. 

 

After calculating the Nm value, you can express the Material utilization ration Kt. 

 

 Kt = Lp/Nm 
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You will get different values for different Lb (bar length) and different number of pieces from 

one bar (nb) The highest utilization is the best. But in praxis this is not the only criteria. 

Another is weight of bar and needed mechanization for handling it, length and needed size of 

storage area, width of workshop and other. But we do not consider them in our report. 

 

𝑛𝑏 =
𝑙𝑏 − 𝑙𝑒
𝑙𝑝 + 𝑙𝑐

 

 

Please remember that you were given certain batch – number of pieces made in one process. 

That means that you need to calculate the needed number of bars to make the batch.  

 

𝑁𝑏 =
𝐵

𝑛𝑏
 

 

In most cases you will not get an integer number. For order you need an integer so you will 

round to next higher number. In advance please calculate the total number of bars you will 

need for your complete year production.  

 

 

To the report: 

Make the calculation of blank for your production. Select proper parting method and 

remember it for later use. Calculate the amount of bars needed for your batch. 

 

 

4. DETERMINATION OF MANUFACTURING METHODS 

THE NUMBER AND THE SEQUENCE OF OPERATIONS 
 

The basic „route“ of the process is established, according: 

 - the part quality requirements; 

 - manufacturing methods results; 

 - the disposable facilities and equipment. 

 

The principle:  an operation is the part of a process route (plan) executed at the same     

workplace in the same fixing. 

 

 

A process plan consists of:  

-  manufacturing operations; 

 Parting, turning, milling, drilling, gear machining, grinding, finishing 

-  testing (checking, inspection) operations. 

- heat treatment (annealing, hardening, tempering) 

- final testing 

- conservation and expedition 

 

 

When creating the process plan you need to follow these rules: 

1) Preparation of the blank (Parting) 

2) Roughing operation 
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3) Make all surfaces that are used as technological base for following operations 

(technological base is a face, or a hole used for setting the right position of the part 

during manufacturing – i.e. hole is machined before making the gear teeth, the hole is 

used for centering the part) 

4) Make all surfaces that are needed to perform next operations – i.e. center dot drilling 

before deep hole drilling 

5) Operations with a great risk of spoiled parts (wasterls) should be placed at the 

beginning of the process 

6) Before every expensive or time consuming operation a check of part is placed 

7) Carefully select the final finishing operation – it will be responsible for resulting 

geometrical precision and surface quality 

 

 

NOTICE: 

Heat treatment (HT). Appearance of heat treatment in process plan depends on the purpose of 

the HT 

a) Upgrading the finished surface properties – is placed before finishing operations (i.e. 

HF hardening before grinding of gears) 

b) Upgrading machinability of material – is placed before roughing operations 

(tempering for lowering the strength) 

 

 

Control operations: 

Control of dimensions, shape and surface roughness is part of the Process plan therefore it 

must be added to the list of operations. Basic measurements are made on the workplace. But 

usually a special operation called “Interoperation control” is placed in the plan. 

 

The task is to check all necessary dimensions and properties for next machining (i.e. by 

turning we check the allowance for grinding, by heat treatment we check the acquired 

hardness, etc.) 

 

Final check – is the final control operation where all IMPORTANT dimensions are checked. 

It is usually placed as a separate operation because it is conducted in special workplace. 

 

 

Operations designation 

Operations are usually designed by step numbering – some numbers are intentionally left 

blank and can be used for placing missing operation (i.e. numbering sequence is 10,20,30,40 

and added missing operations will be 21 or 35 etc.) 

 

To the report: 

Prepare the List of operations in the form of Process route sheet. 
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OPERATION 
TYPE 

ORDER 

DESCRIPTION ON THE 
TECHNOLOGICAL PROCESS 

STAGE 

CLOSER DESCRIPTION 
(Methods used) 

1 Blank material preparation Parting 

2 Heat treatment Forged parts – annealing for 
improving machinability 

3 Technological bases machining Turning, milling, drilling, shaping 

4 Roughing operations – basic 
shape machining 

Turning, milling, drilling, shaping 

5 Heat treatment Annealing for removing the 
residual stress  

6* Basic shape finishing Turning, milling, hole making… 

7 Support face machining (holes, 
faces, slots) 

Milling, shaping, drilling 

8* Shape surface machining (gear, 
threads) 

Milling, hobing, broaching, taping, 
rolling… 

9 Preliminary work for final heat 
treatment 

Cementation, nitridation  

10 Machining of not heat treated 
surfaces 

i.e. removing the cemented layer, 
shaping 

11 Final heat treatment Hardening, tempering 

12* Finishing of functional surfaces Grinding 

13* Finishing of shape surfaces Grinding, honing, superfinishing, 
lapping…  

14 Final check Shape, dimensions, surface 
quality 

* Interoperational check can be placed here according to shape and dimensions of specific part 
Typical order of machining operations table 

 

 

 

5. DETERMINATION OF MACHINE-TOOLS (WORKPLACES) 

 
Workplace specification: - machine-tool - type, number 

    - workstation, assembly line station, etc. 

    - other work area 

 

Selection of type and size of the machine is made according to following criteria 

a) Technological – given by 

a. Type of manufacturing method (turning, milling, drilling…) 

b. Level of method (roughing, finishing) 

c. Shape complexity 

d. Surface quality demands 

e. Production scale (number of product and production speed) 
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b) Economical – efficiency of use 

a. Machine tool purchase costs (conventional machine vs. NC machine vs. Single 

purpose machine) 

b. Operator work cost (worker qualification) 

c. Service costs (energy consumption, repairs, regular service etc.) 

 

The machine is described by the function (i.e. turning center, centerless grinding machine…) 

and by manufacturers designation (MAS SP 430/1100, Cincinati 220-8XG) For understanding 

the function of the machine and check if its suitable for given work it is necessary to add the 

information about workspace, clamping, power and basic properties of the machine (X,Y,Z 

range i.e.) 

 

What to do: 

Fill in the Process route sheet the selected machine-tool.  

Prepare names of machines for Operation Lists. 

Collect data for List of machine tools. 
 

6. WORKPIECE FIXING SELECTION 
 

The way of fixing the part in the operation 

The principle: the highest number of machined surfaces in one fixed position 

   the best accuracy 

   the process operation drawing has to show the fixing  

 

Fixing equipment: - chuck, collet chuck, center, mandrel, dog or driver (with a plate); 

   - vise, clamps, jig, fixture, etc. 

 

Sometimes the fixing equipment is part of the machine tool (i.e. chuck at lathe) It depends on 

the selected machine tool and manufacturing method. 

 

For special shape so called “jigs” are used. Jig a special tailor made fixing device that hold the 

part in specific position. Time for clamping and unclamping is minimized. But this jig is 

expensive and requires a special manufacturing. If you thing you can use a jig to improve the 

production quality, rate or efficiency you need to make a sketch of the the jig also. 

 

What to do: 

Fill in the Operation sheets with the selected fixing device. In case of special clamping 

equipment don’t forget to place it in the List of tools. 
 

7. THE NUMBER AND THE SEQUENCE OF OPERATION STEPS 
 

Operation description - the more detailed division of the operation and the description of the 

   operation elements 

The principle:  an operation step is the part of operation where the same tool and the same 

  working (cutting) conditions on the same surface are used. If any of these 

changes it is a new step. 

 

Example: Roughing and finishing is made in on clamping on one machine. But different 

cutting conditions  two separate operation steps. Finishing of two cylinders of different 
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diameter  two separate steps. Drilling four hole of the same size on the same surface  one 

operation step 

If you change tools on one machine be sure your machine is able to change the selected 

amount of tools. Turret heads can heave from 4 – 16 positions. Separate tool magazines can 

have from 12-40 positions. Special machining centers can have up to 160 tools! 

 

NOTICE: 

Some tools need to be powered (i.e. off centre drilling on turning machine) Not all tool turrets 

are powered. 

 
Operation steps designation: 

Operation steps are usually marked with letter in a continual row ( a, b, c, d…) Next operation 

start again with a. Operation step are described precisely so the worker will understand the 

meaning. The operation sketch is used for description. 

 
What to do: 

Divide each operation from the List of operations in steps. Fill the Operation plan according 

to previously determined List of operations. Make a schematic sketch of the operations. 

 
8. TOOLS, EQUIPMENT AND GAUGE SELECTION 
 

List of all tools, gauges and other equipment and facilities (jigs, fixtures, handling means, 

etc.) Compare the speed, accuracy and repeatability of measurement and decide for the correct 

measuring device 

 

Types: - standard (preferential use) 

 - special 

 

For example turning tools are ussualy made of holder and inserts. So for the work you need to 

specify the holder, the insert and also the screw and the screwdriver used for setting the tool. 

This depends on the tool you will use. 
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Gauges in running measurement should be a workshop grade not laboratory. Workshop 

gauges are for heavy duty, resistant to mechanical load, cutting liquids, chips, temperature 

change etc.  

 

 
Normal grade (left) and workshop grade with IP67 casing (right) 

 

NOTICE: 

Common equipment is not written in the process plan. I.e. chuck crank is part of machine tool 

so it is not written in the list of equipment. 

 

What to do: 

Search for the right tools, gauges and equipment to measure the selected dimensions. Fill in 

the names in respective fields of Operation sheet and Operation Plan. 

 
9. SPECIAL TOOLS AND EQUIPMENT DESIGN 
 

Like the fixing. Special tools and equipment is used for special features on part. I.e. composite 

holes, special shape chamfers or edge blends etc. A special tailor made tool is than needed. A 

sketch of the tool is than part of the Process plan 

 

   
 

Example: a forming tool, a gang cutter (left pic), drillchamfer (right pic) 

 
Keep in mind that such a tool can increase the speed a accuracy of the manufacture, but it also 

enlarges costs.  

 

What to do: 

Propose and describe a special tool and equipment. Make a sketch and add it to the selected 

operation (or op. step) Fill in the names in respective fields of Operation sheet and Operation 

Plan. 

 

 
10. WORKING CONDITONS DETERMINATION 
 

The cutting conditions for each machining element (a step of operation) are predetermined 

and included in a process sheet: 
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- Conventional machines - a process document (e.g. an operation sheet)  

- NC machines - a program - data included in the program.  
 
Basic cutting conditions are: 

- the depth of cut d (ap),  

- the feed f,  

- the cutting speed vc,  

- the number of cuts i; 

 

In praxis the cutting conditions are selected according to the tools manufacturer’s 

recommendations. In every tool catalogue you can find a precise description how cutting 

conditions can be found. 

 

The cutting conditions depend on: 

- Part material type – six classes P,M,K,N,S,H 

- Tool material type – different categories HSS, SC, PCD, CBN 

- Tool coating – several types of coatings (Al2O3, TIC, TIN, combinations) selected by 

manufacturer 

- Method (roughing, semi-, finishing) 

 

Example (From PRAMET company): 

The sequence of steps in selecting condition for turning is 

a) Place the material in one of material groups 

b) Select the depth of cut (given by machining allowance) d (ap) 

c) Select the insert shape 

d) Select the insert thickness 

e) Select the insert radius (c to e given by part geometry, dimension, and surface quality) 

f) Select the chip breaker shape (given by desired cutting conditions and material type) 

 f 
g) Select the coating (part material, method) – revision of f 

h) Calculate cutting speed  vc 

 

Calculated value are so called “starting conditions” they are adjusted according to results from 

real machining. 

 

Calculate cutting conditions only to TURNING, DRILLING and MILLING operations. 

 

What to do: 

Your task is to select correct cutting conditions to your turning operations. Place the cutting 

conditions to Operation plan (and Operation sheet – see bellow). You can choose tool 

manufacture by yourself. Follow the instructions given by manufacturer and complete the 

operation description with cutting conditions for the selected tools. 

 

List of selected manufacturers. 

PRAMET - http://www.pramet.com/index8d13.html?menu=down1&lang=com – use the 

process description in catalogue 

ISCAR - http://www.iscar.com/Ecat/open.asp - use the online tools catalogue, cut. Conditions 

tables and cut. Conditions calculator 

SANDVIK COROMANT - http://www.coromant.sandvik.com/ - use the online catalogue and 

cutting conditions calculator. 

http://www.pramet.com/index8d13.html?menu=down1&lang=com
http://www.iscar.com/Ecat/open.asp
http://www.coromant.sandvik.com/
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11. TIME STANDARDS INDICATION 
 

tAC  -  work time - (min/piece) 

 time for processing an operation.  

 

tBC  -  set-up time - (min/batch) 

 time for setting-up a workplace for a batch fabrication. 

 

The batch production time is then  

  

T = tAC . n + tBC 

 

where n is the number of parts in batch. 

 

Your task is to calculate the work time only. Calculations is limited to only turning, drilling 

and milling operations. 

 

Indication methods: 
• calculation  

• measurement 

• estimation 

 

Calculation is made from cutting conditions, cutting length. Measurement is made during first 

run of the process on the machine. Estimation is just a guess when making the process plan. 

By estimation you imagine (but with relation to real work) how long the operation (or op. 

steps) can take and use this value for starting calculation. 

 

NOTE: In case that your process plan will not include any turning operation you will do the 

calculation for milling operation. In case of no milling then use drilling operation instead. 

 

What to do: 

From turning condition calculate the WORK TIME for turning operation(s). Do it for one 

selected operation only!!! Create a detailed Operation sheet for this selected operation. 

 

12. PROCESS DOCUMENTATION 
 

Process plan is a set of documents need for the manufacturing process. After making all the 

previously described steps you will be able to create:: 

 

List of operations  shortly described operations in simple form table 

 

Operation Plan Including the operation steps, sketches and basic 

information about the tools and cutting conditions. 

 

Operation Sheet(s) For one selected turning (milling) operation, including the 

turning conditions definition, machining time. 
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Tool and Equipment list complete list of all tools and equipment used, including 

the drawings (photos, sketches) of tools, gauges etc. 

Including the description 

 

Machine tools list complete list of all machine tools used. Machine type 

designation, manufacturer designation and basic 

description will be included. Describe the clamping 

equipment 

Report Including the material description, blank calculation, 

cutting conditions calculations, time calculation and other 

information you used by making the Process plan 

 

Together with 

Process plan assignment and the Drawing this all creates the  

PROCESS PLAN REPORT 
 


