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Machines Part types Part-process Suitable for Advantages Disadvantages
relationship

Job shop General Large variety, Part moves past Small, dissimilar  Adjustable to different Long throughput times, higiWIP
process purpose, low volume processes, lot sizes (4100) products(Wiendahl et al., (Wiendahl et al., 2015)
layout grouped by process oriented (Chryssolouris, 2015) Good utilization of  Increasedmaterialkhandling

capability. 2006) resources(Nahmias, 1997; costs, complexity in planning an

Wiendahl et al., 2015) control, decreased productivity
(Heragu, 1997)

Project Part-specific Bigorheayy, 0 AOOG O D Smalllotsizes (1 Lowparttransportation Hightool transportation cost
shop/ site low volume remains fixed, 10)(Chryssolouris, costs(Heragu, 1997) low utilization(Heragu, 1997)
fabrication/ processes are 2006)
fixed moved to part.
position
Cellular Grouped by Medium Part oriented Intermediate lot Waiting times between Relies orpart families with
group process variety, low sizes (566000) work steps are avoided sharedcharacteristis, duplicate
technology combination for medium with similarity short throughput times machineg(Nahmias, 1997)

a family of volume (Chryssolouris, (Wiendahl et al., 2015)

parts. 2006)
Flow line/  Ordered by One or very Process specified Large lot sizes Short throughput time Small disruptions can lead @
product process similar type(s), to part. (500-10,000) of (Heragu, 1997; Wiendahl e standstill of the whole system
layout sequence large lot sizes single part types  al., 2015) (Wiendahl et al., 2015¢hanging

(Chryssolouris, products is laboriou§Wiendahl
2006) et al., 2015)

Continuous Ordered by Liquids, gases, Part oriented Continuous
systems process powders products

sequence
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rr> ABGABPA GENERAL MOVE
A B G P
INDEX ACTION BODY INDEX
DISTANCE MOTION GAIN CONTROL PLACE
<2 HOLD
o <5scM TOSS o
1 WITHIN LIGHT 0BJECT LAY ASIDE
REACH LIGHT OBJECTS SIND LOOSE FIT 1
NON SiHO
BEND HEAVY OR BULKY
3 1-2 AND BLIND OR OBSTRUCTED ADJUSTRENTS 3
STEPS ARISE DISENGAGE LIGHT ERESURE
. DOUBLE
504 0CC | INTERLOCKED
COLLECT
CARE OR PRECISION
3-4 BEND HEAVY PRESSURE
s AND [
STEPS ARISE BLIND OR OBSTRUCTED
INTERMEDIATE MOVES
5.7 SIT OR
10 | Srees STAND 1
THROUGH
8-10 DOOR
16 16
STEPS ks
ON OR OFF

CECAOAAT AOAI i1 BA AEABA XAA®R D8 Xiq

Table 4.1 Tool Use—Fasten/Loosen?

lr> ABGABP ABPA TOOL USE SEQUENCE
Fasten or Loosen
FINGER POWER
ACTION WRIST ACTION ARM ACTION ToOL
INDEX TURN REPOSITION CRANK TAP TURN | REPOSITION| CRANK STRIKE INDEX
FINGERS POWER
HAND WRENCH
SCREW- SCREW - WRENCH WRENCH
DRIVER DRIVER WRENGH ALLEN KeY | HAND RATCHET | WRENCH ALLEY KEY | WAND ey
ratcHer | “UUEMKEY | paroner | WAMMER | TWRENCH | ALLEN KEY | garcupr | HAMMER | T o
(M)
1 1 1 1
a 1 1 1 3 1 1 10 | 5
(M6)
s 3 3 2 3 ] 2 1 3 1 -]
(M24)
10 L] 5 3 5 10 4 2 H 5 10
16 16 9 5 8 16 ] 3 3 8 16
24 25 13 ] 11 23 ] 4 5 12 24
32 35 17 10 15 30 12 6 ] 16 32
a2 a1 23 13 20 39 15 (] ] 21 a2
54 | & 29 11 25 50 20 10 1 27 54

2Values are read “up to and including.”
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Customer order

decoupling points Engineer  Fabricate Assemble Deliver

Make-to-order > CODP

Make-to-stock >CODP >
Forecast-
Assemble-to-order ------ driven ---»CODP 5
Customer
arder-driven >

Engineer-to-order CODP
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Advantagesof manual assembly Disadvantages of manual assembly \
Flexibility (product types, variants, Certain skill level require@Swift & Booker,
component variation, faulty components, | 2013)

unforeseenassembly problemsjAndreasen
et al., 1983, p. 83; Nof et al., 1997; Swift &
Booker, 2013)

Low equipment investmen(Andreasen et al.| Size and weight must be considered f

1983, p. 83; Swift & Booker, 2013) handling safety(Swift & Booker, 2013)
Greater job satisfaction(Andreasen et al.| Operator fatigue, health and relaxation tim
1983, p. 83) must be consideredSwift & Booker, 2013)
Simpler and less costlyand took (Nof et al.,| Assembly errors increase if components/su
1997) assemblies are complex, difficult to alig
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Advantagesof manual assembly Disadvantages of manual assembly \
insert, or if there is restricted access f
insertion (1% error rate possible for son
manualoperations).(Swift & Booker, 2013)
Greater variation in part dimension@Nof et | Repeatable  accuracy of  compone|
al., 1997) alignment is low to moderate depending ¢
part complexity, typically 0.5 mn{Swift &
Booker, 2013)

Quick detection of defective components Not suitable for harsh environmen{Swift &
(Nof et al., 1997) Booker, 2013)

Unexpected problems are solved |
judgement(Nof et al., 1997)

(Relatively) onstant costyNof et al., 1997)
Economical fordw to moderate production
rates(Swift & Booker, 2013)

Short lead timg(Swift & Booker, 2013)
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m 3D printing
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Conventional Purchasing JITPurchasing

Large, infrequent deliveries

Small, frequent deliveries

Multiple suppliers for each part

Few suppliers, singlgourcing

Shortterm purchasing agreements

Long-term agreements

Minimal exchange of information

Frequent information exchange

Prices established by suppliers

Prices negotiated

Geographical proximity unimportant

Geographical proximity important.
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Drawing number

Part number

Part name (Dutch)

Part name (Englishi -Z

1 544431 | As verrol (Short) Axle 75mm
2 544430 | As215 verrol (Long) Axle 215mm
3 553052 Bodemplaat verrol Base plate
4 534007 | Tussenbalk verrol Beam rolling base
5 603142 | Beugel Bracket
6 553175| Bus (Conical) Bushing
7 551046 Klemplaat Clamping plate
8 741238 | Klimrek Climbing frame
9 603148 | Koppelhefboom Coupling lever
10 553184 | Afdekplaat tbv klimrek Dorack Cover plate
11 358106 | Handgreep/slinger Crank
12 544175 | Koppelstuk Dorack Crankshaft connector
13 553169 | Flens tbv tussenframe Dorack Flange
14 553166 | Flensplaat Flange plate
15 368112 (Stel)Gaffel Fork joint
16 553181| Reksteun tbv klimrek Dorack | Frame support (without bushing
17 603176 Reksteun klimrek Dorack Frame support with bushing
18 553065| Voorplaat verrol Front plate rolling base
19 Tandwielen Gears
20 553167| Groefmoer Grooved nut
21 600480 | Handgreep Dorack Handgrip
22 358105| Handgreep (Clamping) handle
23 726123 | Grendel Latch
24 553157 | Grendelhuis Latch housing
25 603149 Grendelsteun Latch support
26 553077 | Kap Dorack Latch support cover
27 | 553062, 553064 | Schalmen Links
28 603145 | Huis bedienings mechanisme| Mechanism housing
29 783998 | Tussenframe Middle frame
30 553070 Houdpal Pawl
31 312612 | Parallel pen ISO 87&mM6x10 | Pin
32 Stijl Post
33 544432 | Stang verrol Pushpull rod
34 553056 | Verstevigingsplaat Reinforcement plate
35 551050 Montagering (Mounting) ring
36 312345| Blindklinkmoer Riveting nut
37 361416 | Stangkop Rod end
38 787329 | Verrol Rolling base
39 603147 | Draagarm verrol Rolling base arm
40 Sport Rung
41 544173 | As Dorack Shaft
42 343106 | Pasbout Shoulder screw
43 553163 Glijblok/glijstuk Sliding block
44 553173 | Glijlager Sliding rod
45 553174 | Tussenring Spacer ring
46 | 544161, 544178 | Spindelas Spindle
47 553162| Geleidingsplaat Spindle guide plate
48 | 553160, 553161 | (Spindel) Moer Spindle nut
49 553051 Moerplaat Strip
50 553057 | Strip verrol Strip rolling base
51 765902 | Schoren Supporting legs
52 135202 | Draadbus reksteun Threaded bushing frame suppol




Part name (Englishi -Z

Drawing number

Part number

Part name (Dutch)

53 553054 | Schoorplaat verrol Triangular plate

54 | 568067 & 568068 Staander Upright

55 553183 | Afdekkap tbv klimrek Dorack | Upright cover

56 553177 Sluitring Washer/closure ring
57 | 575110 & 575109 | Verrolkap Wheel cover
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i , SredyCn factors like setip cost, proportional order cosandholding costNahmias,
1997, p. 225)These factorare notcurrently used at Nijha, meaning they would have to
be assumedand the final order quantity would therefore be based on a combination of
assumptions.
W 8Using a different method for calculating the order quantign yield a different optimal
guantity than the existing heuristic woul@his can subsequently influence the quoted
price. In that scenario, it cannot be said for certain whetherghee difference is caused
by the order quantity or the alteration of the part. Byeqgng to the existing heuristic,
this factor is ruled out.
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External production Legend

Straight bushing i W ="Welding
Combination bushing, ring, rod D = Drilling
Latch with integrated pin i T=Turning
Latch plates 1 5 =5awing

¥

Handle plates ZP = Zinc plating

¥

Locking pawl C = Coating

Spacerring A= Assembly

¥

Side plate latch

¥

Front plates rolling frame

Frame support plate — >| Frame support |—

Y

OEERREOCEEEE® | ®

Arm rolling frame

53

Coupling lever re 1
Latch supports i
Hinge plate ra > W 'Hinge }—
Floor plate + triangular plates j -1 W >| Rolling frame }—

Mechanism housing .

kE’.t—}am rolling frame

Internal stock

Welding nuts d
Tube —
Hinge plate —

Remaining parts rolling rame —/

¥

Crank-axle connector

Large cover plate Ea

©

¥

Small cover plate

¥

Latch cover

Strips middle frame

Y

Flange

¥

Clamping plate

Axle rod

®® || G

¥

Posts

Y

ooolic

Y

Wooden rungs
A

|
|

New off-the-shelf items

Rod ends

Rivets

Threaded rod

Shoulder screws

Axial bearings

Clevis joints

Gears
S
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