MELANI REYNEKE
27184511

Submitted in the partial fulfillment of the requments for the degree of
BACHELORS OF INDUSTRIAL ENGINEERING

é

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

i|Page Powertech 3

Transformers



ifPage Powertech L3

Transformers



" #$ #% % &
|

s

1%

%1 (

1)8 (

Powertech 2

%

%1



2$ +
3

'%:8 &
'm0 = &0
); &

&
1;0
2; (

171:0
17 %; 0
170

17); &
17 % (

"
1 %; $

"<

©O O O O O O O O O O O O 0O O 0o o o o o o o

& #$ 1"&
I

%);

iv|Page

Powertech 2

Transformers

%2
%3

%1
%1

%2



(%) &
( ( 0 I

AN AN AN AN AN AN AN NN NN
Qo

viPage Powertech 3

Transformers



*+ . # %) %) % #) #%
+rE o # (% #$"
5 #oo( 6

27@ = &
5 6- %7@ 8

1|Page Powertech [3

Transformers



ek H# % H#H) #%

50 !'l6

50 %6

50 !'6 !

2|Page Powertech L3

Transformers



[+ t#.

3|Page

Powertech 2

Transformers



0+ #. #(
#
( #
$
#
#
<
<
1+ n !Il&
0 +
0
/ ( ; 4 D
$
( +
( - <
(
- 8
4 # 5*&6
$ 8
& - 5&- 6
9 3
0
? 5?7 == 6
> =

4|Page Powertech 3

Transformers



2+ 3
2+%+ 3
/
+ #
+ 8
#
?
#
!
#
) ) 12
) ) # %, #
# 10 * @5 6
7@ 7@
* 7@ E *)27
L2%7
5|Page

Powertech 2

Transformers



%
) <
* L
, " #
C 5%77'6 F
G (
#
%
~
Optimize
Assembly Area
6.2. Operation
Analysis
y v v
Who? How? Why & When?
— , 6.7. Flow 6.10. Total 6.11. Fish
6.3. Facilities 6.5. Line R - g
™ Balancing Diagram Quality Control Diagram
6.12. Gantt
i 6.8. Tool —
6.3.1. Systematic 66.Taining | > puasis Chart
Layout Planning Lyl and Award
(SLP) Systems 6.13. Queuing
6.9. Lean ™ Theo
- ; "
: Manufacturing
6.3.2, Strategic
. Fa!cility 6.14. Critical
Planning (SFP) ™ Path Method
6.4. Housekeeping
(3S)
J
$ % n
6|Page Powertech G

Transformers



24+ ( #% %"&&

/
#
C 5%77'6 F
G
#
/
8
8
&
8
#
2+/+ " & " %% %'
0
& 5!133)6
F
(
International Competition
Group Technology
Japanese Methods
Strategic Facilities Planning (SFP) lrppact of Short Product
ives
Focused Factory
Cellular Manufacturing

Time Based Competition
Systematic Layout Planning (SLP) Total Quality Concepts
Emphasis on
Changeability
Fork Truck
Operations Research

Trial & Error
Process Analysis
Individual Power Source
Assembly Line
Conveyorized Material Handling
Improved Building Technology

LEL T E~#1 Single Power Source
‘:ﬁ Limited Building
Technology

I <
% $
S
) +
* &

Powertech 2

Transformers



2+/+*+ & # "%%%'4 5
& - 8
C 0 5%77'6 F &-

8 A& 5% %77)6

| 1. Input Data: P, Q, R, S, T & Activities

v_ v v _ v

2. Flow of materials 3. Activity relationships |

__________ BT; ————--;7"/‘"““'___"' 5 6 95 6.5 6&
i 5 6 5 6

| M2. Calculating the Average Relationship Rating |

v

M3. Calculating the Hypothetic Distance |

v

M4. Mastering the Design Principles |

v

| M35. Making the Hypothetic Distance Relationship Diagram |

M6. Developing Layout Alternatives (17) |

v

| M7. Evaluating the layout alternatives (1*) |

Modified part (4: relationship diagram)
" The dotted area is cquivalent to step 4 of traditional SLP

| 5. Space Requirements |—b1—| 6. Space Available |

h 4
| 7. Space Relationship Diagram |

| 8 Modifying Constraints | —»i&— 9. Practical Limitations | 5
4

| 10. Developing Layout Alternatives (2™) | 6

v

| 11. Evaluation (") | 5 # 6

n n # ! n

8|Page Powertech L3

Transformers



&-
"% %4 5

' %6

Planning

A

&0

&/

#

http://lwww.ifma.org/tools/files/SFP WhitePaper ydf

08(A

N+

~ + + -
3

&0

08( F& 0O

9|Page

&0

%773G

Powertech 2

Transformers



& 0 +

240+ #&, (% 41&5

( ? 5%7736 F # #
#
#
G
* * 0 .
H/
HC
H$
H&
H+
* #
4 # # *
* #

AS 4801:2000
Occupational
Health and

Quality
Pacpsm| Management
System

Improvement Focus + # |

P = productivity
Q = quality
C =costs

ISO 14001 D = delivery
Environmental S = safel
Management M = morale

System

Sources: Bamber et al, (2000); Zutshi & Sohal (2005)

10|Page Powertech [3

Transformers



4
*
# &
* .
I=
J
&
<
8
& 5> 6
#=K# +
2+1+ % "% %'
- # #
? 5%7736 H F #
# #
# # F
? 5%7736 X
+ #
+ # 5%6;
Production time per day
$L Required output per day (in uniis)
+ # 5 Co6;
Sum of task times (T)
CL Cvycle time (C)
& # #
( # # #
# # #
< )
Sum of task times (T)
< L Actual # of workstations x Cycle time
11|Page Powertech 3

Transformers



2+2+ %% %) 3) & &
57? 4 %7716 F
A G
#

( 5? 4 %7716
# #

~ @ + &

Q E Monito

g S environmental
L] performance

3 x Environmental
o audit

Corrective

8 action

2+6+ "3 ' &

12 |Page

Mgt
Commitment

EMS/ISO14001
Participative culture
Communication of
environmental goals
Environmental training

Environmental
Performance

Green produc
Green savings
Improved quality
Improved custome
satisfaction

Monetary
Non-monetary
Recognition &
praise
Customize
compensation

Rewards

Powertech 2

Transformers

Harizontal
organizational
structure
Employee
involvement
Teams

jusuwsamodwy




%77'6

247+ #HH" %" & &

( C 5%77'6
+
#
&
2+8+ % %% %
- ?
0O $
I/
%
) <
* / -
;o
1 +
13|Page

5C

Powertech 2

Transformers



& ;
$ H # #
H
H ?
> H
8
I B H #
0 #
9 H
#=# H #
& #
H

2+*0+ #"0" #% #
9 $ # B

l4|Page Powertech [3

Transformers



2+**+ &<#% ) ' 4&<,35
B
/
0 1 #
CAUSE EFFECT
EQUIPMENT‘ \PROCESS\ \ PEOPLE

PRIMARY CAUSE

SECONDARY
CAUSE

»

-

-

-

\ MATERIALS \ \ ENVIRONMENT‘ \ MANAGEMENT

2+*+ 1 0p <

&
2+5[+ . %' <#
8
9
15|Page

Powertech 2

Transformers



F
5%77'6
C
9
&
b
% <
o<
) $
* %
2+%0+
$
$8
<
#
16 |Page

0$0& 5 6
:5C 5%77'6 6
" < <#)4 5
$8
$8 == 5((6
2
Earliest Start Earliiest Finish
Time / Time
Task Name \ ‘ '
‘“LD. ES EF
t LS LF
j \
Task Duration
\ Powertech 2
Latest Start Latest Finish Transformers
Time Time



/ 0 5& ; http://hspm.sph.sc.edu/Courses/J716/CPM/CPM)html

2+*1+ " H#% #HS ((H( <#)&= ##"& %) <% > &
#
0 5 6
& 5 6
0 5 6
- 5 6
5 6
5 # 6
6+ ;< % %) "&&
6+*+ 3
5 <6
0
+
| #
+ B
+
5 6
5- 6;

17|Page Powertech 3

Transformers



, mn #
$
#
(
0 3
Figure 9: LEAN MANUFACTURING
STRATEGY DEPLOYMENT
GOAL: Identify & Eliminate
Waste
Operator .
involvement Housekeeping
. Standard
Visual Work
Controls
Procedures
(
#
3;
*
# #

/ *

J *

J #

18 |Page Powertech 2

Transformers



$(+

112 31" 45 4 4 11 4 6
5% 86

7 2 # "8

100 1000 3460 5555 o 1130 BETD ) 6670

350 approx.

1

T

I
3600 | |

| T
— 670
i o - - Gote 7
2 Unusable area |& [ Opening f
- (15SLE)
o |
(CJ | [
S
5 _ <
v | <
b
[= H H
1 8 =
: ! _ y =
Blotde oroge
P latform 4 | ’y/ o
=z i | 2 -
. - .
o [}
o o o
A= jm] 5
3 et ~ ; / R
» ~ P c:H::'V /
0 —1 |8 F — — | 7 |
5 or e K orform 1
| 2360 | Plat#Fm 3 Eys atform c10
b [ —] I ]
£ Platform 2
i f
o o o]
o b o & "
Woste o e @ a y Woste|
irea Border line Areq
]
(4]
2300 1590 ‘ 5
AEE9N annrE oy ?:




Scale 1:100

= From Winding Shop
——3p Cranes get windings

— Cranes put windings onto platforms

1100 _1000 5460 L 5555 . 1130 11 6670 . 6670 0
— '] [0 61’0-1 I 1 r ! 3600 —
g _ﬂ:" . " Gate
1 ;I 2 | office |3‘ | Waste areg ‘ 4 5 Unusable orea (6 [l Opening [
L L
| J;‘l | Border line — e \ h
g l 6 Q) 2 Z - —— €
v £l 8 8 ~ = A
+ M
C I I 0 I " 9
YolE A4 I I 9 R
T & | Harness 12080
. o Platform 4f| Platform 5f | Platform 6 St:)::é;e o
| b :
L z [} =
a 1 U L I o
3 L N [] 2 L
[ (7}
=] ] o °
] = g =] o - 5
L © r 1 o
= — = { ]
2 N Plotfgrm 2 )
=T < - i * f i
8o 60
2360 Plotform 3 rk Fb Riorform 1580
b = — | & LI ]
Plotform 2
L 1]
= o o o
Woste 8 ":ﬁ' § E Woste| 4
Area " Border line Area
@
. I -
2300 1590 | g
|
=
45690 opprox. (=
w
7 2 9! .
- b
——3 Material trolleys movement
Scale 1:100
» Movement of operators (to get tools)
1100 _1000 5460 L 5555 s 1130 |1 6670 2 6670 610
1 ID mTﬁ [ 1T 1T T o0 ||
1 £ . - Gate
j /’ ’2|_7 | office |3‘ | Waste areo | [4 |5| Unusable area |§ [ Oponing |
« e\ <= — ({ISLE)
e oo | 1220
F.r_i" \ [ T Socser T T
Q
: e YO 14130 -
d bl S Sl
c =10 = e >
u \ v /- —1 il L
~ S — I L] v Hfrnass =~\2080
+ - r
. o Platform 4 [ I Platformgs arform 6\ 5 fr:c?e °
o] B L £
L =z  d P = -
: 17720 N A3 B G o e :
o = ) ~ L
[} / / [ < ]
o v 7 i o * T
,‘9\ b ] 1 7 - y. 9 O/ [ e | b
5 o RN/ 7N —— v : @
— —~ - — T = f ]
X ya N Plotform 2 o A
v = I J '
2340 Pl 3 2 3 Platform 1 1550
y / l' o ﬂ - > — Ll I ]
y = || tform 2 |
/‘r--—/&ﬁ t /4 T
>
/ ) )
2 | 1 o
Woste —Hr— PO 9 " I_W '
Avar T sorder—trre | Areq |




Relationship Chart

Activity Area (m?) |
Platform 1 (PF1) 77
Platform 2 (PF2) 86
Platform 3 (PF3) 83
Platform 4 (PF4) 21
Platform 5 (PF5) 21
Platform 6 (PF6) 21
Material trolleys (Big PF) 7
Material trolleys (Small PF) 5
Winding Trolley 10
Core Trolley 2
Harness Storage 15
Tool Area (Operators) 10
Tool Area (Assembly) 7
Tool Area (Platform) 29
N N $ 3
) 4
' 4 / BK
1 % 1
9 ! 9
( 7 (
< =l = +
7T+ # & &
2l|Page Powertech 3

Transformers



+ # 5
Activity Area (m?) Activity Area (m?)
Platform 1 (PF1) 16.6836 Tool Area (Assembly): 7.1169
Platform 2 (PF2) 86,4128 Sling Box 1.1475
Platform 3 (PF3) §2 6366 Spil cleanup kit 0.56
Platform 4 (PF4) 21.457 Matanal bins (x2) 0.8904
Platform 5 (PF5) 21.457 Trolley with plastic & Paper 0749
Platform 6 (PFG) 21.3642 Trollay with jacks (pressing) 0.935
Material trolleys (Big PF) (1 palet, 3 trolleys per job) 7.49 Chemical storage case 1.125
Material frolleys (Small PF) |(1 palet, 3 trolleys per job) 5.04 High frequency machine  |(x2) 1.1
Winding Troliey 10.1655
Core Trolley 2139 Tool Area (Platform) (per platform; x6) 4.8731
Waste Area 1573435 Elpress machine (X} 0.275
Harness Storage 15.48 Project notice board (per piatiorm; x6) 1.0065
Eating Area 10.4607 Hydrolic Powerpack () 0.7488
Working benches (x12) 1.2663 Vacuum machine (x2 per platform; x12) 0.25
Office Area 96642 Elpress trolley with heads | (x6) (.5928
Tool Area (Operalors) (per operalor) 02 Toolbox (per platform; w6} 2
, #
| 1 z | 3 4 | 5 3 7 8
B2
3
i
AEEE Scale 1:100
ais -
it
7;ZE!; 1100 1000 5460 f 5555 . 7130 L 6670 N 6670 610
g T o | T | T T o0 N
EEEE ’T—I:‘E 2 ‘ office |3‘ | Waste area ’:—‘ 5| Unusable area |[§| HD;;eur:'wEnqr?
alfs ‘ |
52 =
i H B == == = -
i i il 3 i 7 ™
. o P latform 4 Platform 5 ]7p| atform E; S%;EEE:
C | S
B s — = 3 , T
- : I Plotform 2 3 E I
0 8 H (a5 [T T ‘
E i ] Platform 2 | = l .
! * !
2300 1590 | E |
i T 45690 approx. -E
6|3 e .JL:"";_Mw‘.’;“"‘;’;gmb',";” =
£ e
22 EE [T = owertech Tlransvurrmn I Fr
[FORM  T119 (A2)] 2 | 3 4 | 5 3 | 7 ] [

Hansiuiiierd>






#! r

6+/+ ##' " & &

24|Page



"<0/.<

%

25|Page



6+0+
F
F G
6
> =
( 8
(
!
% %
(
5C
F8
F
6
(
F

26|Page

"%"&&

AG



M N A A
N
e el [Ea] s

B e @ Ee e 3
I T

Job Number Insulation Shop

Client

222222



Material Parts | Bay at which | Check if Operator
Numbers to store material trolley
is complete
'0 | f) n

6+1+ %) ) # && %N "& &
$

&9 '#H#'#

28|Page




& ? > #
0 #
A
Design of austomer’'s
oder
Job orders atached
tolabel board in
assembly area under
Schedule produdiion »  rdevantplafam
of thejab order
Prgect Leader
Mster production
Scheduler
Check list and ensure
; § al the required
Jabis Complete. Updete W?rgj ;d (l]etsihe;)from I\/chlrdﬂt;jelgys meterids areinthe
register & send report to ’ trdleys
Master production scheduler
Platform Operator Insuiation Shap
Prgect Leader
- . Teke Meterids to Sore neterial trolle
Jobis inProcess. Design i ¥s
taken tothe rdlevart relevart paffom 4 in bay area
Core loaded onto platform platformto use as whenjdborder is
reference ‘green’ PlatformOperator
Platform Teamleader & Project Leader Patfam Operatar
operaars <
Jobis complete. Send
report to mester
production scheduler.
A Inspections are exeauted Dispatch product to next
Assenie during the asserbly process departmernt
R transformer as stipuleted inthe standerd Processing, Coding & dity & Testi
"| accordngtodesign procedure Tarking ‘ & S,)x/:ceais b Project Leecler
and standard
procedure RatfamTeam
Platformteam
A Y Cean platform &retun
Windings collected al trdleys andtods to
fromwinding shop their demarcated areas
Yes Fixpoblem (¢ Transformer dssemtied
Platform Operator Pass Inspection — — bl prodiemisfceble Platfom Teamleader &
Té
orr'gperea;tgs o Ratfam Team leader & operatars
operators
Cdlect Harmess from L :
insulaionshaop No .
Inspection of patform
PlatformOperator area
Platform Teamleeder

29|Page




T+ #% (" & '%&

A A

C # $ # $ #

I I
8 8 8
4 # 4 # 4 #
8 1 5 8 1'5 (

6 6
J J J
0
#
#

30|Page



#% " & #%
8+

A

1@

3l1|Page



9+ $ % &
Sato, M. (2008)The Toyota Leaders — An executive Guiew York: Vertical, Inc.

Niebel, B.W., Freivalds, A. (2003)ethods, Standards, and Work Design (11th Eev
York: McGraw-Hill.

Jacobs, F.R., Chase, R.B., Aquilano, N.J. (2009grations and supply management{12
Ed). New York: McGraw-Hill.

Winston, W.L. (2004)Operations Research:Vol.2"{4£d). Canada: Brooks/Cole.

Schonberger, R. J.(1982apanese Manufacturing Techniques:Nine hidden lnssso
simplicity. USA: The Free Press.

Sule, D.R. (1994)Manufacturing Facilities: Location, Planning,and 8ign (2 Ed)Boston:
PWS Publishing Company.

Abdullah, F. (2003)Lean manufacturing tools and techniques in the @ssandustry with a
focus on steepp.10-21.

Firestone, B(2000).Class notes 77.490esign Economics Fall 2000.

Govindarajulu, N. & Daily, B.F. (2004). Motivatirgmployees for environmental
improvementindustrial Management & Data Systeni¢ol.104. No.4):pp.364-372.

De Jong, J.P.J. & Den Hartog, D.N. (2007). How &radnfluence employees’ innovative
behaviour European Journal of Innovation Managemehnl.10.No.1):pp.41-64.

Roper, K.O., Kim, J.H., Lee, S.H. (2009). A whii@per on strategic facility plannind=MA.
pp.1-22.

Chien, T.K. (2004). An empirical study of facililggyout using a modified SLP procedure.
Journal of Manufacturing Technology Manageméviblume 15. No.6):pp.455-465.
Gapp, R., Fisher, R.,& Kobayashi, K. (2008). Impéming 5S within a Japanese context: an

integrated management systeManagement Decisiolfyol.46.N0.4):pp.565-579.

Domingo, R., Alvarez, R., Pena, M.M.,& Calvo, RO(Z). Materials flow improvement in a
lean assembly line: a case studlgsembly Automatigop.141-147.

Kerns, F. (1999). Strategic facility planning (SPR)prk study(Vol.48.No.5):pp.176-181.

32|Page



http://www.ifma.org/tools/files/SFP_WhitePaper.gdtcessed 10 May 2010)

http://www.mirpbooks.com/index_files/SLPPDF.p@ccessed 10 May 2010)

http://www.fprinc.com/programming.htnghccessed 10 May 2010)

http://hspm.sph.sc.edu/Courses/J716/CPM/CPM.Matessed 10 May 2010)

http://en.wikipedia.org/wiki/lshikawa_diagrafAccessed 10 May 2010)

http://en.wikipedia.org/wiki/Lean_manufacturi@ccessed 10 May 2010)

www.pttransformers.co.za

33|Page



'=21<

AN
% .

& $
) #8
* (
: (
1
2 $ &
3% & #
17 &
n &
19 - (
F (
) 8 >
"
L
11 +

4|Page



'=21< $

Core Loaded
onto Assembly
Platform

Top Core
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Tool List for Each Operator

Tool Description Quantity
Combination Spanner (Flat ring)
Sizes: 10mm 1
13mm 2
16mm 2
17mm 2
18mm 2
19mm 2
24mm 2
30mm 2
Socket
Sizes: 10mm 1
13mm 1
16mm 2
17mm 2
18mm 2 1 Long & 1 Short
19mm 2
24mm 2
30mm 2
Allen key socket
Sizes: 6mm 1
8mm 1
10mm 1
14mm 1
Hammers 2lb 1
4lb 1
Rubber Mallet 2lb 1
Hacksaw Large 1
Junior 1
Ratchet Long 1
Small 1
Vice grip 2
Pliers 1
Water pliers 1
Tin snipper 1
Tape 5m 1
3m Swedish 1
Knife Swedish knife 1
Long arm 9
Allen key set pieces 1
Torch Mini Mag light 1
Chisels Med 1
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Large 1
Knife sharpener 1
Pen 1
Hand gloves 1
Fibre Socket Size 30mm 1
Extension Sockets for Ratchet Long (250mm) 1
Short (175mm) 1
Glue Bottles 1
Tools for each Platform
Tool Description Quantity
Vacuum cleaner 2
Cutters Big wire cutters
Ratchet Long 3/4 inch
Sockets 36mm long
41mm long
46mm long
Enerpack air pump
Measuring tape 10m tape

Belt

3m ratchet belt

6m ratchet belt

Elpress machine

RlRrINRIRPINIRP|(R[PINR[RMdIVO|[O|R[R|R|R|R|R|N

Crimping heads Small head
Large head
Punches Hollow punches set
Measuring equipment Vernier
Flat/ring spanner 36mm
41mm
46mm
Torches Mag light torches
Hammer 16lb hammer
Stamps Small letter stamps
Levels Spirit levels long
Kits Power punch kit
Torque wrench Torque wrench 40-200Nm
Crimping heavy duty wire stripper for
Wire stripper crimping shields lugs 1
Open drum cable reel (twin socket)
Cable reel extensions 35M 2
Trolley with crimp and pre-rounding
Dies dies 1
Fiber wedges 2
Steel wedges 4
Calculator 1
File 4
Set screwdrivers 1
Bending tool 4
Wire cutting tool 1
Stack knives Big PF 12
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Small PF 10
Pennetjies 2
Tool List for Assembly Line
Tools Description Quantity
Core cheeses stacking Jigs Stacking jigs 3
Block 1ton 1
2 ton 3
Core cheeses lifting tool Lifting tool 2
Lining up cross flux plate jigs plate jigs 10
Flat ring Spanner 95mm 2
55mm 2
Heat gun For big PF
Ratchet M16 200Nm 1
Ratchet belts Belts 20
Pipe Spanners 24mm 1
28mm 1
32mm 1
Extractor Fan Points 3
pipes 2
Hydraulic G-clamp Big 3
Small 3
G-clamps for stacking Big PF 12
Small PF 4
Press bolts 200 ton 4
100 ton 4
60 ton 8
50 ton 4
Stiffeners 200 ton 4
100 ton 4
Top press beams 4
Trestles 2
Bottom press beams 8
Pulling jacks (Big PF) 100 ton 4
60 ton 4
(Small PF) 60 ton 4
Hydraulic Power Pack 20 ton 1
30 ton 2
60 ton 2
100 ton 1
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High frequency machine 2
Grabs 1
Winding grabs Small 3
Big 1
Cranes 5 ton 2
30 ton 1
150 ton 2
Enerpak Pneumatic Power pack 4
Enerpak Hydraulic Air Jacks (Big PF) 30 ton 4
(Small PF) 30 ton 8
10 ton (short) 14
10 ton (long) 17
15 ton 3
Enerpak hand pump 2
Shackles 4
Bushing Lining Jig 1
Tap changer jig 1
Cylinder jacks 100 ton 4
Hydraulic pressure pump for fire hoses 1
Magnet block for end support 1
Spacer blocks for big jacks 10
Spreader beams 1
Hydraulic Pulling Jacks 30 ton 8
15 ton 8
Hydraulic Gauges 15 ton 2
30 ton 1
60 ton 3
100 ton 1
Nylon Slings 9m - 100 ton 2
9m - 80 ton 2
10m - 100 ton 2
7.6m - 100 ton 2
7m - 80 ton 2
6m - 15 ton 4
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