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Abstract

Precision Manufacturing Limited (PML) is a small general engineering firm in Feilding,
New Zealand. It is a general job shop (with a few specialty products) well known in the

region for producing timely, high quality results.

Southchain Conveying Systems Limited was purchased in November of 1998 and is the
only conveyor chain manufacturer in New Zealand. Soon after taking over Southchain,
the company found it difficult to compete against chain imports in the New Zealand
conveyor chain market with a manual operation. At this point in time Precision
Manufacturing owner, Garth Thelin, contacted Massey University and the idea of a

GRIF project was introduced.

The project commenced on November 1 1999 and ran for 14 months. The technical
goals of the project were to reduce manufacturing costs by 30% and limit capital

expenditure to $100,000.

A numerical process model was built using Microsoft Excel based around a
combination of a Bill of Materials model and a Route Sheet model. After completing
the process model, it was then analysed to obtain a list of first order savings projects in
the company. Dollar savings vs. the estimated cost of implementation, as well as
interdependencies between the issues, was used as a criteria to rank projects as first

order.

Two projects were then chosen to be pursued: pin induction automation and roller
induction heat treatment. The induction automation project covered the design of the
mechanical apparatus, building and testing of working models, building of the
production machinery, and the industrial control systems to integrate the mechanics to
the induction heater. The roller induction heat treatment project investigated using the
in-house induction heater to case harden the chain rollers and divest the company of a

high external expense.

Six months after the project was completed the company had reduced its costs

considerably and as a result, was more profitable. The key to this was the reduction in



roller costs. With better margins the company has been able to increase its sales and
hence boost production levels. Being more profitable also means the company is in a
better position to implement more cost saving measures and become more competitive

in the market place.



Acknowledgements

I would like to acknowledge the staff and management of Precision Manufacturing
Limited and Southchain Conveying Systems Limited. Every person in these companies

always had both a smile and a helping hand for the scarfi in their midst.

My supervisors, Harvey Barraclough and Ralph Ball, have imparted to me their
considerable knowledge and guidance over the two years since the beginning of the
project. This project would not have been as successful, nor as enjoyable, as it was

without their support and encouragement.

To my family - Nicky, Aleisha, Vanessa and Hamish: all these pages contain part of

you too. Thanks for giving me the support, and the space, to do this.



Table of Contents

Background and INtrodUCHION .........oouveriiiiiciiinies et sre e s sesseens
RRTLIERIEHTIERN o e e SR S50 5 B S A R A N GRS
ERBRUIECR oo s s A T R R AR A A A SR TSI RR T

D EMEMEREEROI vyl s 0 S AN A
COMPANY AINS ....eeiiiiierreriieeeesiissesaesaeaesseesersssssasaesssssessassssrsesssessessssssssesssssasssnasns
L
AIITIS BNE YOOI s conummmicssismvens xums s maon mims e w5 SN AR F RS BB
1211873 o A R Sy L LSRR
Literature Review .. A A A S G 3 S Ao
Introduction to the Industry ..................................................................................
Analyse Current Process... PP
BPEOVON PIOCBES «usnuonsimevssscnencnsonianissssnssanssnsisaksssssuassnsssesstss sssissesssaiiiasasss
Conceptual DESIN.....ccocueeriireieriiirenieriiiseesest et sssinrs e sresssseeesesesseesnesssssnesseseseresses

W N =

Decision Point .. i

Selected Workstatlon Up grades

Assess .. i
Docurnent - Thesm and Works Documentatlon

Document Preferred SOIUION .....uee.eeeeee ettt eee e e e evesee s st avevaeneaaeeaees

ST THEETS it s A T S A R T S SR PR i

The Cost RedUCHON PrOCESS . ..icciiiiiiieiiiiiiiiie ettt e et eee e e te et teeiesessssanrsssssssasnens

Analyse Current Processes .........

Simulate Procuction SYSIEIIE .. .o covmmimssmimiissisiisss s ninsssasissateisn sabisds
SImMulation OPtONS......cciiviviireniieriiiesiirrene e ssa b ses
PSS FIoW DREPIRTIR . .ooaicinmisiimmiivssns e iis iassanas b isssdosmsssss

Analyse Current Processes ..

Non-specific Chain Componcnt Dlagram ..............................................

Bill of Matarial / ROUE ShEet. ...
Materials Costing LOOKUD ........ccovriiiiiiiiiiiiininicniincsenins s
Work Center Costings LookUp....counnainsissminsamsssessioiss

Intenal OPErAtIONG s ssmamiesiimissasimesms sy s vk o ssssrvdasss
External Operatlons

Component Routes and Costs...
Labour Unit Costings Lookup

BOM & Cost Rollup (Final product and component costmg)

Model Updating Requlrements
Identify First Order Savings ..

PLocess MOQR] OBECOMD rvouvvcmnmsnsssmess i s s s i i iassss
PLeRtiCION OF DBVRNEE oot simxussonsss A s s s Az eSS aei08
L0p0 Stamhp AIOMANON < ossusrsmmrsssrssomsss i s R I A S amersss
12 15K Bush Roller ABOmsIon ... oot
75T Press Automation and 150T Press Automation .........cccceeeeeeeeevnnnnes

Inner Link Assembly Automation.......

In-house Roller Induction Heat Treatment . ..oo ... .eeeeeeeeeeeeeeeeee e e eeeeeereeeeeeeeeeeens

Pin Induction Automation ..

Recommended Actions for Improvement o—

Noddy’s Guides ... ofh
Noddy’s Guide to Inductlon Heatmg



Southchain’s Induction Heater ..

Induction Heating — A General Perspectnve

Eddy Currents..

Hysteresis Losses

Virtual Sleeves...

Skin Effect... i
Power and Temperature DlSt[‘lbthlOIl
Depth of Hardening ..

Coil Design..

Heat Treatment Greatly-Simplified....

Bushing....

Roller... 3

Pin R1vetmg (non-Tsubak:)
In-house Roller Heat Treatment Investigation

External Coil for Treating a Single Outer Surface .. .
Twin Pancake Coils for Treating Two Parallel End Paces S1multaneously

External then Internal Heat Treatment ProCess .........vuevveveeeereeescinreesrennns

Internal then External Heat Treatment ProCess .....oovcvvieeimiiiiiissierinierermmnsssiieenenns
Internal then External with Internal Cooling.........cccovvvviiiiiiininiiiinniciniiienes

End Results...
Untested Possrble Solutlons
6/7.5K Trials...

End Results...
24/30K Trials... y
External Coil for Treatm g a Sm gle Outer Surface

Induction Heater Automation..
General Requirements ...

HOrIZONtal VS, VEITICAL ....eeeeeeeeeeeeeeee e oottt eeee et e e e e e e eaeessesaasaaeees s s snenanes
Horizomal Push Rod....mminunuinimsatminmis oty

Air Burst ...
Vertical Slx Shooter

Coil Protectron

Chidiee & RO ... it s s s s s o
Testing of ROIEr ReSUILS ......ouiiuiiiiicieiiicceece e s
A L o
w54
...
Dual Coil for Treating Two Parallel Circumferential Surfaces Slmultaneously....
Internal Coil for Treating a Single Inner Surface........ccimericmimecsiamssnnsisisssnssonse

.
B
I
.36

rn 36
ek 38

v D
eee 38
Noddy’s Guide to Surface Hardemng of Steel

40

Noddy"s Conde 10 COmVONOT TIBBITL mamessinromisonsimis s b i s s
RIS o rvsinsinrrommrmmmenmsren SR S S SR s s ks e A AR R A S O TS sse sy

.45
.45
e 45

...46

46
48
51
53
54

56

-
.57
.58
.58
s 00
sovinic OL
External C01l for Treatmg a Smgle Outer Surface ...............................................
Internal Coil for Treating a Single Inner Surface........ccccovveviiiniiiininniiinnn,
Twin Pancake Coils for Treating Two Parallel Face Surfaces Simultaneously...
Rectangular I s o cmmmmsisn sronescs s s S RS A M S S AT

61
61
61

.62
e 63
i O
Potential of In-house Induction Heating Rollers.........cccoiviiieveniniisniieiiieneiinnnneninens
Snaary OF BOHEE TRESUIE .ovwmmsmmssisiaviosissns s s s i e i o siseshs

65
66

ceeeenn 67
Planning & Design of Automatlon System ..............................................................
BeBder iiniuniniinninnimmn i s s s e

68
68
68

.70
.70
sesns 10

o |
.74



Clamping ...

Fingers betwcen C01I Wmdmgs ..............................................
et aINIC DEAGS ...cvvrirnrerererssrsessersnnansosannonssoonsssnnsnnpssmssasesassnnssmnan

Coating ...
Sleeve ..
Indexing Mechamsm
Electric Motor...
Stepper Motor

Variable Speed Contmuous Dnve

Geneva indexing....

Riatehet A PaW v visiaman s s um s ns s
DEYEMBRGHE: o vammiainsanssniisimimsasiis sl v i s
Rotary Cam System........cooiviiiiiiiieniiiiccis e sssnisieesas s ane s s ssnaes

Pneumatic Ram System........
Frame...
Hopper ...

Bulk to Smgular Feed Mechamsm

Vibratory Systems ... .
Reciprocating Blade Systems
Hopper to Rotary Feeder Feed ..

Work piece OMentation ...........ccoceeiiimniieiciriicn e sns
Work pigce Transport — Tubl O TIBKY wuivnnmnnis o psams
Drive Method = Comor RO . cccummmsmssssarms sessnsmmipmsimmasss
ROTAHNR AN s sininmnbiiivric i sy

255138 1 21 Lol b 14 TR

Frame... -
Quenchmg Systcm
Sluice .. -
Quenchmg Slecve
Chute...

Collector Bin
Controller aind INDUL OMEPUE ciossinsmmasissmians Ll g s o
MU IES cmnsavsnsmsscumuorssmsivisin s oS S S A AR RS A B SIS S SSRGS

Micro- controllcr e,
I/O (Sensors & Actwators)

I/O Map ...

.......................

i 93
Controller Slmulator & Debugger
G006 DRI ivsimiinoniismmisssim e s s s spisaaiy

.74

74
74

S L
cosnrn 1)
vssis 1O
-
SRR
i VO
e i
17
.18
.18
s 18
RS L
- L
e 4D
B
wsin 19
e 82

82

.82

83
83
83

e 84
—1
om0
ssisss BO

... 86
.86

86

.86
.87
s T
Y
Interface with the Manual Inducuon Hcater
Controller SPACHHC T .....ovenenmunsrsnesessasnommssassrassssosossennisssmmpmasnsestsmbtsons st
Hopper SENSots/ ACIUatoNE it rimmvisiems i S o
Feeder SenSorS/ACIUALONS .. uusisrssnsrissarisssnsassssnrsnsssssssrsssansansransssirsssasonras
CHIE SBHBOEE s S e e S e
WHSE Tt IHARE HAVE ..o iiuinivmmsssmasissnsimissaensis asusissseissessimmsvorisnss
CONITOL OB ... nervmesnssssansssenmrssrssssaneamssnmmsssssasnssnnpesassansns onssnsnanmssunsasssresssssssssmenss
Coding Tool ...umnwinsmumuimassiramionswmiita et
231030 B4 371V I N G R e Seests B S
Seqisntial Tl TAbleL . comumsiunmmmaimss e

88

.90
91
w91
w92
92
93

93
93

93



WOrk PieCe CONSIAETIATIONS .vuvvvuieeeeeeieeseeisteeeseaeeessesssansssmssansnsssassesssssesesssess
Working Models & Tests ..............

BTy EORRE I oo s scmaammmosiensmmness s oo S S SSEET SASESOTR AR
BOpper Model.....cniamainniammisiomsmimimisiiism s iimavssmisrms s

Chute Tests ...

Quenching Tests 5
Machine Manufacture and Assembly

Materials... -

From Plans to Practlcal

System Modulanty

Production Trial...
Conclusion.. ~ O S R AT S 8
Improving the General Manufacturmg Envxronment
Improved Factory Layout...
Improved Materials Handimg
Rumbler IMProVemMENLS .......civieiiieiivriiecoierenesseeseseeessneesssnaesesssessssasesssessasssessassnes
Office Networked .ousuiiiisas s ins s dimismasimiiiias G s
EICOCERRTIORIEE] S RIEY . oamsssavinamieiionoumisi i nisionta 1o s A S RS O A
Project Results.... .
Recommendatxons for Futurc Work
L0 SAID AULOIIIIORL coxecroaresssnriscnsmsasmessrssss s i sans (s ess onsssssasusssasssss orsmosrssysss
121 5K Bushing Roller..cissiainainisssimmmnissi amimiimmmissesissmiisss
‘Mapgazine-mg" Press OB it sismsmss s s s i s e s
TTBISEET PO ..o vconnenmssvamossreasineihmnsmums ssmpsansnmresss ¥ HsMRHR AR EAAES R BRSSO PR KSR S SR TS SRS SPHT U AP
Chain In Stock.........
BTN AN o 5 N R R 9 S B R S SN Sp
BIbIGERDIIY oo iiimimissiesmismssmsstsassmesi s sasss s sss st oisss s ros s A sa Al sa
IAPPEIIEK I succnnumiuvisanscossues onastssis s s sesisashiienissinssvisss i aavs s SA TSNS SN
L oo DR O IS A WS OUSIRUROR Y —— S w— ) W
AADIPEIER Ko i tiinsoninns et i AR RS s S AR ST A A o Thds
BAPDOIIIER: I oo icosivoiauinonesnsssssvusnrossionsss s s sssasinksssssamsmiams s s e s s e P AP e e
ADONRE B s simmmismmm st s et s s e S e
Appendix G .....
AXPIDBEIRN T s cisusnnnmanosonsasssiovniois st 5ok s s ik o sl S S AT O AATR A AOPNA G BN
DO T oo srsinmimmssismasssssnsiosssssiasess resisiinmes eSS Oy s T S A PRI FEXETF
APPRIMINR T i caiisanocvnsinn msinss esinnsssn s s v s oA R T A A s b 5
s o O O UU e U UOS DS OSSO ——.
FPATIDIBINCITIC TN v oin s e A N A A S S AR A SRRV A A AT A4
BEPPBIMAIE () ... oo soansenmscnmmonsamansmenssyassrsansarsonssaran sssea N LS AR RS A KR SEASRRSSES PR SRS RSS SRR RSSO SESRER S TS
APPBIRIR T covnisssionissssnii oo sion s i Ao SR R ks TN s e

INPPERAIX € o ovconisrsiensenmseniassssssninsssmssusnsevmisssmesssenssss s minsiasossses e ISR KRS g e sms PSS



List of Figures

Figure 1: Precision Manufacturing Ltd and Southchain Conveying Systems Ltd site in

Feilding, NZ. . e )
Figure 2: Non- specrfic chaln component dlagrarn W= NP WO U= St |
Figure 3: Process model module 1nterdcpendencres ..................................................... 15
Figure 4: The structure of the Bill of Material and Cost Rollup sheets. ............ccccueeee. 21
Figure 5: Diagram of a 'standard unit' of chain. ............. T RO |
Figure 6: Southchain's Raydyne / Northern Electromcs 1nductior1 heater RN .
Figure 7: Illustration of eddy currents in @ WOTKpPI€CE. ........eocurreeieiiruecirenerseeresriraenees 35
Figure 8: Diagram of 'virtual sleeves' used to simplify the understanding of eddy current

flow in a solid workpiece. ................ R g
Figure 9: Diagram illustrating eddy current in each successive sleeve .......................... 37
Figure 10: Basic types of coils (from Coil design and fabrication: Part 1).................... 40
Figure 11: Carbon-Iron equilibrium diagram. .........cccceeiieiiiiiiiicniniiiieciccinnieeieeeens 41
Figure 12: Time-Temperature-Transformation (TTT) graph. ......cccovevccicvieninieenineannen 43
Figure 14: Exploded view of a conveyor chain from US Tsubaki. ........ccccceeiiiecinennennn. 44
Figure 15: Components used in the company’s two most popular chains. .................... 47
Figure 16: Through heated rollers cut away using high speed diamond tip cutter......... 49
Figure 17: Explanation of the surfaces available on a roller. .......ccoeevviniieeiiiiniinnnnn. 52
Figure 18: Example of a hardness map used to record treatment rcsults R .
Figure 19: Multiturn, single place coil used for 12/15K outer c1rcumference surface 35
Figure 20: Double pancake coil used for end face treatment. ........cc.coovveeninecvicnnnnnn, 55
Figure 21: Dual coil (inner & outer) used in trialing simultaneously treating the inner

sk cotter Clro BTG BTENOEE s ocomonaesmismnsmans i S AR ST 56
Figure 22: An internal coil. . SenvasE LRy I |
Figure 23: Cooling mechamsm used in 12!15K dual process tnals wrssskss D O
Figure 24: Composite 12/15K roller treated in dual process trials - mcludlng inner

COOHNE, .ooissiinis SR OO
Figure 25: Rectangular coﬂ used to treat the 6;"? SK rollers e
Figure 26: Composite 6/7.5K rollers rolled through rectangular corl. ........................... 64
Figure 28: An example of a moving coil configuration. .......c..ccccevvrvvccirnineriisniensnn. 69
Figure 29: Finger plate used in rotary feeder. ..........cccoocvvvimncnninnniinnnnnnnsenenineneen 71
Figure 30: Rotating chamber plate in the rotary feeder...........ccccccniiinieciinininiinieiinneces 71
Figure 31: An early version of the finger plate used in the rotary feeder. Later designs

did not have the flaired finger ends. ................. T [ LS e SRy 5.
Figure 32: View of assembled components of the rotary feeder .................................... 72
Figure 33: The final production version of the rotary feeder. . saves D
Figure 34: Ceramic sleeve used to stop contact between the 0011 and cornponent O
Figure 35: Illustration of a Geneva indexing mechanism. .........ccevvinnninninncnnnecinnnn 77
Figure 36: A ratchet and pawl much like that used in the rotary feeder SRR 4
Figure 37: Pneumatic schematic of the system used. .. SRR
Figure 38: Arc reciprocating blade hopper feeder... A VORI .. |
Figure 39: A vertical path reciprocating blade hopper feeder This de31gn was

implemented. ............ W .1
Figure 40: Cutaway of the blade tlp showmg where the pms sxt as the blade pushes

upward through the bulk COMPONENLS. (iiivisimsimisssnsmismssinisemiinsisissmsiss Ok
T T L PR D PRI oo insnosmimenmanmas o o A AU SRS R AR AS KR SR RSO SAR R BE 83
Figre 42 The old quentch Bath. ... siaummnssimmimsiasisimmsmmiayosiminse OF
Fipure 432 The GUESRING BIEWR.wiwasisrmussismnssmonmsmemtss e s s s e s ss sy 85



Figure 44: The quenching sleeve and carry chute in action. .......c.cccccecviniinicicniinneccnnenn. 86
Figure 45: The Australian built SPLAT SP10-8A microcontroller.......cccceevvvenrverinennne 88
Figure 46: The induction automation control cabinet. .........cccocvvieeirivireiniiiiinineiiniinnee. 89
Fignted 7: Rotary-fesder motel st Works ..o uusassismiasisiiserimiss s 2
Figure 48: Model hopper feeder. .. : cenensanessasnasassrarssssvasnssns IO
Figure 49: Quenching system on workmg rotary feoder model . 1 |
Figure 50: A failed sleeve and its consequences. . 100
Figure 51: The assembly presses (red and grey - background) and spm riveter (blue -
foreground) in-line for easier, more efficient production............ccceueuvee. . 102
Figure 52: Material trolley and bins. .........cccccevvnvvciinvinnnncciicnnnecnennneneneneencnnens 103
Figure 53; Rumbler with hinged lid. «ununsnnpananansmaniesisssisss 104



L 1 [
8 L B S e e e e e e e et B e S e el )

Table 3

List of Tables

FADIE T i vy s s covinisas s s s s S N o S A s S

Table 5

I B s v B R B S A B B R T P s A R

2 1o L O O
1 5 o e T Y e s e o s S S ORI

e 1
.28

30
34
39

.50

51
66





