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Productivity performance

Productivity
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production 
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The reference framework for internal performance

TPb
TPs

TS
TPr

TM
TG

TMm

TSc
TO

TMoOrganizational causes 
(plant could produce)

Managerial causes
(plant could produce)

Technological causes
(plant can’t produce)

Non fully productive periods (producing)

Time
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Ts (Solar Time)

T (Opening Calendar Time)

TtU (Theoretical Utilisation Time)

TaP (Actual Productive Time)
Ttr (Machining Time)

TaU (Actual Utilisation Time)



Measuring the internal performances

The states of a plant (a machine or in general a productive resource) 
§ Ts solar time
§ T opening (calendar) time (potentially productive) 
§ TSc strikes
§ TO organizational causes 
§ TMo idle time due to lack of orders
§ TMm idle time due to lack of materials
§ TM idle time due to maintenance
§ TG idle time due to breakdown
§ TPr time for tests (and trials)
§ TS time of setup 
§ TPs time of waste (non-compliant) production
§ TPb time of good (compliant) production
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Measuring the internal performances

Ts (Solar Time)

TtU (Theoretical Utilisation Time)

T (Opening Calendar Time)

TaU (Actual Utilisation Time)

Ttr (Machining Time)

TaP (Actual Productive Time)

Closed

Non Utilisation for 
external causes

Breakdown, 
Maintenance

Test

Setup
TPb

Scraps, non-compliant production, 
speed reductions



External causes

Ts (Solar Time)

tna

TtU (Theoretical Utilisation Time)

T (Opening Calendar Time)

tnu

«External» cause

Plant
Closed

Non Utilisation 
(external 
issues)

Tnu (non-utilization)
=

TMo+TMm+TSc+TO 

Time measurement
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Availability

TtU (Theoretical Utilisation Time)

TaU (Actual Utilisation Time)dt

Down time

Internal issues

Internal cause; 
perturbative

Dt = TG+TM

Availability = TaU / TtU

(sometimes without TPr …)

Time * measurement
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Utilisation and Tests

TaU (Actual Utilisation Time)

TaP (Actual Production Time)tpr

Internal cause; 
non-

perturbative

Tpr = TPr

Utilisation = TaP / T

Time * measurement

Non-productive 
planned Time 

16



Setup

TaP (Actual Production Time)

Ttr (Machining Time)tsu

Internal cause; 
non-

perturbative

tsu (setup) + tfm (minor stops, e.g., tool 
sharpening, topping-up) = TS 

tfm

Time measurement

Micro-
disturbances

Non-productive 
time

Internal cause; 
non-

perturbative
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Compliant (good) Production Time 
(Saleable units) = TPb

Performance (P), Yield (Y) and Defectiveness (D)

Ttr (Machining Time)
(Produced* units)

Quantity measurement
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(Quality) Yield (Y)= 
Saleable Units (good pieces) / Total 

(Produced) Units**

Often:
Defectiveness (rate) (D) = 

(Non Compliant Units) / Produced Units =
Waste Units / Produced Units

(there are many “saturation” 
measures!)

Saturation (S) = 

Machining Time (Ttr) / 
Actual Production Time 

(TaP)
In TaP usually TMo and TMm are 

considered = 0.

(… and Tpr …)

* Produced or Producible

** Total Pieces = Total Units =Produced Pieces = Produced Units

Non Compliant (Scrap) Production Time = TPs



Standard vs. Actual

In the real life, actual performances are often lower than the expected.

This is happening also in production systems:
§ an actual status (and an actual time registration) of a production 

system is the collection of what happened in the system;
§ a standard status (or planned, or expected) of a production 

system is an a priori definition, based on previous knowledge and 
experience.
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Standard vs. Actual

We can have:
§ Actual production volume vs. Standard production volume

[pieces]
§ Actual production time vs. Standard production time 

[h dedicated in a certain period]
§ Actual production rate vs. Standard production rate

[pieces produced in a due amount of time]
§ … 
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