Production Analysis

With Process Mining Technology
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The Production Floor

= Departments
= Workers
= Work Centers
= Operations
= Machines
= Manual Work



The Planned Routing
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Production Reporting
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Analyzing Production Reports
With

Disco

Example Deliverables




Some Possible Deliverables

s G mwm—

= A process map of the executed production processes
= Bottlenecks

= Focused analysis of:
» Breakdowns

» Rework
» Rejected
» Long idle times
= Comparison of workers performance
= Analyzing transfer of parts from production floor to subcontractor*.

* To be published in a separate presentation



The data Source

= Production reports data are exported from the ERP or MES

A | B | & D E | | G =
Work Order
| 1 [Work Order ID | Operation Work Cell Machine Start Time  Machine End Time Span Oty P
| 2 |Caze &7 Turning & Milling - Machine 4 Machine 4 - Turning & Milling 120212 10:47 1202412 17:55 00703 720 A
| 3 |Caze &7 Turning & Milling - Machine 4 Machine 4 - Turning & Milling 120212 19:55 1302412 01:06 005:11 720 A
| 4 |Cased7 Turning & Milling - Machine 4 Machine 4 - Turning & Milling 130212 01:07 13/02412 0B6:52 005:45 720 A
| 5 |Caze &7 Turning & Milling Q.C. Quality Check 1 13/02/12 05:50 13/02A12 08:01 001:11 7204
| B |Caze &7 Turning & Milling - Machine 4 Machine 4 - Turning & Milling 130212 15:57 130242 15:57 000:00 720 A
| 7 |Cased7 Turning & Milling - Machine 4 Machine 4 - Turning & Milling 130212 16:26 130242 20:00 003:34 720 A
| 8 |Cased7 Turning & Milling - Machine 4 Machine 4 - Turning & Milling 130212 18:49 130212 23:44 003:55 720 A
| 9 [Cased? Turning & Milling - Machine 4 Machine 4 - Turning & Milling 130212 23:43 14002412 OF:41 00658 20 A
10 | Casze 87 Turning & Milling Q.C. Cuality Check 1 14/02/12 07:28 14/02/12 0746 000:15 7204
| 11 [Case &7 Turning & Milling - Machine 4 Machine 4 - Turning & Milling 1402112 05:03 140212 1746 00243 720 A
| 12 |[Case 87 Turning & Milling - Machine 4 Machine 4 - Turning & Milling 1400212 1758 1402412 19:52 001:53 20 A
| 13 [Case 87 Turning & Milling - Machine 4 Machine 4 - Turning & Milling 1400212 19:54 15102/12 OF:42 010:48 20 A
| 14 |Caze &7 Turning & Milling - Machine 4 Machine 4 - Turning & Milling 150212 05:43 1502412 17:49 011:00 720 A
| 15 |Case &7 Turning & Milling Q.C. Cuality Check 1 1502012 OF:54 15/02/12 0726 000.352 72048
| 16 |Case 87 Turning & Milling - Machine 4 Machine 4 - Turning & Milling 180212 18:20 15102412 19:51 001:31 20 A



The Data in Disco

= The Production reports data are configured and imported for process mining with
Disco

isco - Purchasing Demo

i
9 dafnal@nool coll D I SC 0

Work Order ID

Case

g column is used

Operation | ¢4 Wark Cell | @ Machine Start Time | @ Machine End Time | 3% Span [ Wy
) Turning & Milling - Machine 4 Machine 4 - Turning & Milling 01LMLAL 10: 47:00 012MEAL 17 55:00 007 08 b] &
2 Turning & Milling - Machine 4 Machinge 4 - Turning & Milling 0120247 1% 55:00 2012 EA3 01: 06: 00 005: 11 bg] .
E Turning & Willing - Machine 4 Machine 4 - Turning & Milling 120213 01: 0700 0120213 06: 5200 005: 45 T
4 Turning & Milling @.C. Guality Checlko1 201202413 06: 50:00 201202413 08: 01: 00 001: 11 70
5 Turning & Milling - Machine 4 Machine 4 - Turning & Milling 01202413 15; 57:00 201202413 15; 57:00 000; 00 7
& Turning & Milling - Machine 4 Machine 4 - Turning & Milling 1LMLAE 16 28:00 201202132 20:00: 00 [EREES b]
T Turning & Willing - Machine 4 Machine 4 - Turning & Milling MBS 1% 4500 012013 23 4. 00 003: 55 bl
3 Turning & Milling - Machine 4 Machine 4 - Turning & Milling 201202413 23:43:00 201202414 06: 41: 00 006 52 720
2 Turning & Milling .C. Guality Check 1 201202414 07 23:00 20120214 07 46: 00 000: 18 70
10 Turning & Milling - Machine 4 Machine 4 - Turning & Milling 201202414 08:03: 00 2012024 17 46: 00 002; 43 7
1) Turning & Milling - Machine 4 Machine 4 - Turning & Milling 01204 17 55:00 012 EAd 1% 52:00 001: 53 bgcl]
12 Turning & Willing - Machine 4 Machine 4 - Turning & Milling 120214 1% 54: 00 01202015 06 4200 010: 42 70
13 Turning & Milling - Machine 4 Machine 4 - Turning & Milling 201202415 06: 49: 00 01202415 17 4%: 00 011: 00 70
14 Turning & Milling .C. Guality Check 1 201202415 06: 54: 00 201202415 07 26: 00 000: 32 70
15 Turning & Milling - Machine 4 Machine 4 - Turning & Milling 01202415 18 20:00 201202415 18 51: 00 001: 21 7
14 Turning & Milling - Machine 4 Machinge 4 - Turning & Milling 01202445 1%: 51:00 012 EAS 23 36: 00 003: 45 bg]
17 Turning & Willing - Machine 4 Machine 4 - Turning & Milling W15 234700 01206 D6 3900 04 52 T
18 Turning & Milling - Machine 4 Machine 4 - Turning & Milling 201202416 06: 50: 00 201202416 08: 36: 00 001: 45 70
12 Turning & Milling - Machine 4 Machine 4 - Turning & Milling 01202416 070900 2012026 16; 06: 00 00g: 57 7
0 Turning & Milling - Machine 4 Machine 4 - Turning & Milling 01206 20:02:00 0127 06 51:00 010: 47 b]
b3 Turning & Milling - Machine 4 Machinge 4 - Turning & Milling 0120247 05 21:00 012 EAT 11: 2100 004: 00 bgc]
2 Turning & Killing Q.C. Quality Check 1 W10 LAT 07 00: 00 W1TAaEAT 07 3500 000: 35 70
13 Turning & Milling .C. Guality Checlko1 01202417 11: 17:00 012027 11 23:00 000: 08 70
4 Turning & Milling - Machine 4 Machine 4 - Turning & Milling 01202418 13:15:00 201202418 23:15:00 010: 00 7
5 Turning & Milling - Machine 4 Machine 4 - Turning & Milling 0120148 22 10:00 012 EAR 06 48: 00 00g: 28 b]
3 Turning & Willing - Machine 4 Machine 4 - Turning & Milling 1B LAT 06 5 00 01TA0EAR 16: 0d: 00 0% 10 I

Turning & Milling - Machine 4 Machine 4 - Turning & Milling 2012/02/1% 14: 25:00 20127 23: 46:00 007 21 bli] b

[ Cancel ] [ @ J Q Ready to start import.




The Process in Reality

Operations are represented by the boxes
The arrows display the flow between operations
Frequencies are displayed in the numbers at the arcs and in the operations

The thickness of the arrows and the coloring of the operations visually support
these numbers.
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Work Orders Analysis




Locating the Slow Work Orders

= The Performance filter is used to retrieve the desired work orders by duration

Filter cases hy: Case duration -

n )

Zhort cases Long-running cases
14 days, 17 hours v o 88 days, 6 hours v
499

hdinirrum durstion of cases flazimum durstion



The Process Model of the Slow Work Orders
)

= The numbers represent the mean duration of the
operations and the idle time between them. ‘
= The thickness of the arrows and the coloring of the g““
operations visually support these numbers. [ T MG G ]
94.1 mins
62d \ 17.9hrs

Laser Marking - Machine 7
64.5mins
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16.9hrs

Lapping - Machine 1
2.1hrs

41.9 hrs

/
26.3 hrs

Final Inspection Q.C. -
22 hrs ihow: | Mean duration
‘ 16.6 hIs 9.6 hrs
3thrs déd
Packing
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alues of Part Desc

Statistics of the Products in the Slow Work Orders

“alues

Minimal fregquency

Mean freguency

Maximal freguency

Freguency std. deviation

30

14

111.43

1,181

221.7

Yalue
Cahle Head
Ballnut
Spur Gear
Funch Haolder
Flug
Haousing
Adapter
Gauge
Spindle
Fiston

Cirill
Spinner
Socket
Funch Plate

Fregquency

1141
555
ima
173
1z
ar
ar
e
75
1]
L]
L
&0
54

Firstin case go Lastin case go ]

Relative frequency

3473 ¥
166
5.32 @
517 @
ERSR
LA B
LA B
136 B
.14 &
107 &
121 %@
1.25 %@
1.7 @
1.42 &

. .



DISCO

Laser Marking - Machine 7

Round Grinding - Machine 2




Analysis of Work Cells




Transferring the Work Orders

Quality Check 1
1174

Machine 7 Laser Marking

Machine 11 - Grinding
124

Show: [Absulute frequency #J

939
g

459
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Analysis of Performance by Waiting Times

Performance

Fitters cases by performance

Filter cases by Mean waiting time -

F

n

m!
(]

Zhart weaiting times

Long wwaiting times

2 days, 1 hour

P 150 15 days, 9 hours =

himirnum sweaiting time

of cases Mazirriuim swesiting time:

Lse cases where the mean waiting time is at least 2 days, 1 hour,




Mean Waiting Times in Work Cells

Machine 5

11hrs |

19.2 hrs

Packing

17.3d Machine 7- Laser Marking
60 mins

52.8 mins

51.2 hrs 4.2d

12.2 hrs 13.2 hrs

Machine 27 - Grinding
3.6 hrs

w

Show: [I'u'lean duration w

3thrs 138d
L4hrs 10 ¢l
957 mins 6.9d
478 MiNS 3.5d




Comparing Fast and Slow Work orders of a Selected Part

Machine 6 - Turning & Milling

shrs

Q?.S hr§ 26.3hrs

Quality Check 1
99.1 mins

Packing
60 mins

\i 126hrs

56.6 hrs [

Machine 7- Laser Marking

40.4 mins

)

Machine 11 - Grinding
79.2mins

Machine 1 - Lapping
111.5mins

17.4 hrs

)

Slow Work Orders

é.2hrs

®

Machine 6 - Turning & Milling
4.1 hrs

Quality Check 1

19.5 hrs

Machine 7- Laser Marking
41.3mins

Packing
60 mins

®

Fast Work Orders



Analysis of Breakdowns




Mean duration

Duration range

Aggregate duration
Walue Frequency
Machine & - Turning & Milling 15
Machine # - Turning & Milling 7
Machine 5 - Turning & Milling 7
Machine & - Turning & Milling 7
Machine 15 - Turning &
Machine 4 - Turning & Milling 3
Machine 3 - Round Grinding i
Machine 17 - Grinding 1
Machine 1z - Grinding 1
Machine 10 - Grinding 1

30 %
14 &0
14 &0
14 &0
1% %
L]
4
20
20
20

f Rezource

Firstin case @

Lastin case g J

1

Statistics of the Work Cells in Question

Yalues

Minimal fregquency

Mean frequency

Mazximal freguency

Freguency std. deviation

10

15

4.4

Relative frequency

Mean duration

3 hours, 13 mins
3 hours, 1 min
:hours, 23 mins
5 hours, 47 mins
1 hiour, 46 mins
3 hours, 3 mins
5 hours, 57 mins
15 mins

1 hour, 18 mins
7 hours, 3¢ mins

Diuration range

14 hours, 15 mins
g hours, 5 mins
5 hours, 57 mins
17 hours, ¥ mins
4 hours, 5 mins
7 hours, 54 mins
3 hours, @ mins
0 millis

0 millis

0 millis




Statistics of the Breakdown Reasons

Cumulative: Yalues
10084

Minimal fregquency

Mean frequency

Maximal freguency

Adustment

Frequency std. deviation
Frequency: 4

V.43

11

Z.64

Yalue | Freguency | Relative frequency
Jam 11 .15 o
Mo Materials 10 1723 0
Mo Operatar 7 17.31
Cleaning 7 13,46
Mo Electricity [ 11.54 i
Breakdown 5 TEL D
Adustment 4 TR L




Analysis by a Selected Breakdown Reason

bt
Eventvalues: ¢ ofs selected) 0 @ G @
Fiterby (BeakdoanReasis) | @
Winrk Order Oty -
Filtering n Part Desc. @ Adustment
Report Type €3 Breakdown
City Completed
Gty Rejected @ Cleaning
ity for MREE Jam
This filter @
do not ha Rework
Mo Electricit
Y Creakdown Reason - @ y
& o Materials
€3 No Operator




The Impact of a Breakdown on a Selected Part

= The operation with the ellipse was reported as a breakdown

= The red arrow points at a delay in the process (compared to one indicated by the green
arrow)

® @

N\ /
15.8hrs \;‘..mrs/ 1:.1!1!5\

Tuming & Milling Q.C.

964 mins Tuming & Milling Q.C.
2a hrs
31.2 hus 10 zhr>
74 mMins ,'-ﬁmiu-.s:.-‘rI 15 3 hrs 1‘\\ ]
LaserMarkng Machine 7
56,7 mins

Without Breakdown With Breakdown




Analysis of Rejected & Rework




Statistics of Rejected Parts

alues of Part Desc

1

“alues

Minimal frequency

Mean frequency

Maximal freguency

Freguency std. deviation

2.2%

2.36

Firstin case @ Lastin case (3 J

Walue | Frequency | Relative frequency
Ballnut 7 4375 o

Cahle Head 4 5 th

Bearing 1 625 U

Crrill 1 .25 th

Electrical Contact 1 .25 th

Funch Holder 1 .25 th

Spur Gear 1 625 U



Statistics of Rejected Quantities

YWalues i
Minimal fregquency 1
Mean frequency 2.29
Mazximal freguency q
Freguency std. deviation 1.25

Walue | Frequency

1 4 25 &

5 4 25 &

3 Z 125
4 Z 125 ¢
i Z 125
] 1 625 &
g 1 625 &



Freguency

Mean duration
Duration range

Aggregate duration

Walue

| Freguency

Firstin case (o

Lastin case (o

1
J

| Relative frequency

| Mean duration

Statistics of the Operations Involved

Values

Minimal frequency

Mean frequency

Maiximal fregquency

Frequency std. deviation

2.29

1.25

| Duration range

Laser Marking - Machine 7
Found Grinding - Machine z
Lapping - Machine 1

Turning & Milling - Machine 10
Turning & Milling - Machine &
Found Grinding - Machine 2
Flat Grinding - Machine 11

o oo B R

15 &

15 &

1:.5 &0
115 &0
1:.5 &0
625 &
625 &

1 hour, 15 mins
3% mins, 15 Secs
1 hour, 15 mins
3% mins, 30 Secs
1 hour, 15 mins
1 hour, 15 mins
1 hour, 15 mins

o rmillis
1 hour, 13 mins
o rmillis
1 hour, 11 mins
o rmillis
o rmillis
o rmillis



Statistics of the Workers Involved

Freguency Walues 5
Mean duration .
Minimal fregquency 1
Duration range
: Mean frequency 3.2
Aggregate duration 4 !
Maximal freguency ?
Freguency std. deviation 3.35
Firstin case @ | Lastin case ]
Walue | Fregquency | Relative frequency | [Mean duration | Dwuration range
| D612 5 s6.05 0 Y 51 mins, 13 secs [N 1 hour, 13 mins _
|Dosa7 3 wrsw 1hour, 15 mins T o millis |
|Dosss i 15w 1hour, 15 mins [T o millis I
D163 1 sisw 0 1hour, 15 mins T o millis |
D142 1 sisw 0 1hour, 15 mins [T o millis I




A Production Process of a Selected Part with & without Rejected

w @

¥
SETUP  Tuming &Miling - Macking 5

5
Tuming & Miling - Machine 1

Turrirg & Milling - Machine 4

Round Grinding - Machine 2

st i
) C)

Without Rejected parts With Rejected parts



Comparing Operations & Workers

With rejected parts

YWalue | Freguency | Relative frequency | Mean duration | Duration range

Lapping - Machine 1 ) 50 i e 1 hour, 15 mins P o millis |

Laser Marking - Machine 7 1 25 Wi I 1 hour, 15 mins I o millis |

Turning & Milling - Machine... 1 25 Wi I 1 hour, 15 mins I o millis |

Yalue Freguency Relative frequency |
[Dosar 1 5 i

D418 1 15 i

|Dosres 1 5 i

D414z 1 15 i

Without Rejected parts

Yalue | Freguency | Relative frequency | Mean duration | Duration range |
Laser Marking - Machine 7 11 asgzen Y so rmins, o secs [ : hours, 32 mins
Lapping - Machine 1 11 4523t [ : hours, 12 mins R & hours, 47 mins
Turning & Milling - Machine.. @ £33 1 | 2 hours, 12 mins Y : hours, 56 mins iy
YWalue Fregquency Relative frequency |
|Dhozes 14 5233 0

[Dgaaz 4 1667

D12z 3 .33 0p

|Dozar 3 £.33 0p

|Drraz 1 417 o

|Drzaqs 1 417 o




Retrieving Work Orders with Rework

o

Eventvalues. ¢ of z selected) 0 EB 0 @

Filter by: [ Rewark =

Filtering mode:
O Keep selected

@ Mandataory
() Forbidden

This filter removes all cases that
do not have at least one event
with one of the selected values.

(%)




Grinding Renwark- Machne 27
13

-1

Tuming & Milling QL.C.

Lager Marking - Machine 7
11

Without Rework With Rework



Additional Analysis




Comparing Production Processes of 3 Parts

Milling-Machine AsPart 002 Milling-Machine AsPart 003

25 hrs Quality Check:Part 002 Quality Check:Part 003
instant instant
Packing.Part 01 instant instant instant
instant
instant instant Packing/Part a0z PackingPart 003 )
instan instan
g .!I F]‘HEK-‘F"&I‘INI 2 dhrs S8&hrs
instant

108.2mins 44 1hrs

@ 7L.iming 9. 4hrs

36.1mins 14.7hrs



A Production Process of a Selected Part with Different Machine

@ Machine 5 @ Machine 4
il 3.9hrs

wahfs17.2 hrs

Turning & Milling Q.C.
thrs
ls.s hrs 74 mins lluhm
Lasar Marking - Machina 7 Lasar Marking - Maching 7
429 mins 37 4 mins
24.6 hrs Lapping - Machina 1
912 mins
1% hrs




= After trimming the process with the appropriate filter, we focus on the process starting from
the final inspection.

128

Rnurn:l Grlndlrg Machine 2

/

[ Round Grlrn:llng Machine 2 ]

Turning & Millingﬂ c. ]

|
VAN

[ Laser Marking - Machlnei'] [ FIatGrlrn:hng Machine 11 ]

12
\ l 3
[ Lapping - Machine 1 ] 10z
17

.

Show: | Absolute frequency

b

51




For further info & demo please contact:

Dafna Levy

Email: dafnal@nool.co.ll
Phone: +972 (0)54-6881739
Web: http://bpmintro.wordpress.com

Disco website: http://fluxicon.com/disco/
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