Product assembly and effective
manual workplace design

What is assembly, assembly process, assembly system?

The product structure, components, subassemblies and product.
Assembly tasks, operations.

What is product (definition)?

What is product structure, the function of product structure?
Description of product structure in different way.

Base part, component.

Digital support for complex products and assembly processes.

Total time, cycle time, decreasing the cycle time, balancing.


https://www.youtube.com/watch?v=l5QrZqixzQg&t=26s

Why the product needs to be assembled?

, )
1 1 1-moving parts
ol \ - 2-different functions
i 3-different materials
4-disassembly, replacement

| : 5-positiioning

6-manufacturing of parts

3 7-recycling
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What we mean by the term »ASSEMBLY «

Assembly is: -

subassemblies of a product are assembled together to form a complete,
geometrically designed assembly or product (device, machine, electronic

| The sum of all the processes by which the various components and /
_circuit, etc.) as part of an individual, batch or continuous process. /

Assembly is part of the production process and system (integral
approach: product, process, systems).

IMPORTANT
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Exam P le of a P roduct The complexity of the product?

How many parts?

: . _ Parts relations?
Brainstorming about the presented product: pecial requirements, tooling?

Write down a questions related to the / 0 we need any other instructions?

assembly process, system. 7 hat is the base part?

What do you want to know before beginning? How to organise the assembly (parts

- sequence, subassemblies)?

IMPORTANT




The job of the assembly is to
Assembly task build a system of higher
complexity, using a predefined
amount of components and
subassemblies, within a limited
f time.
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Product definition

Product Semi-finished
Components products

FINAL
PRODUCT

Subassemblies
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Product structure

ﬁ Product

¢ Instructions

Z;} Sub-assembly 2
¢ Instructions
Legend:
O*Sub-assemb_ly 1 @ Instructions
¢ Instructions
Semi-finished OSub-assemny
* product 3
) Component 3 * Base part
| ComBov?fn}Zz Instructions?
. -special requirements
ﬁSeml-flnlshed product 2 “material properties
ﬂ com nt 1 -joining methods
1/(f) r}f -special tooling, accessories
ﬁs mi flnlshed product 1 -other resources
‘ d -worker skills requirement




Product structure — ENOVIA Product Structure Editor
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Product structure — SOLIDWORKS Treehouse

2, Treehouse - Uy ntled

Templates FeRE0edzE a7

&

8 o e |

Templates p 9;@ ‘Q D‘ D E g‘ @ Q' ?‘ i:ummlh!i,& = o X

3

Defautt Destination: | C\Users\karo0T\Deskiop\Export ]| somse | E2 ?|

Uaivarsal Type File Name Quantit  Active Configuration  Destination Folder Path Found In Material Weight
Im_?_ @ | © universal joint &SLOASM | 1 t 5 =" g =
[ - @ © S E =
S ] g
vt ' Q Yoke, male, & SUOPRT l | oetout ) c\smsowomi CASOUDWORKS T 8
— I Detaur Detault @ B Steel S
—_— =
[ e | ,
s ; ® B Steel
spides & SLDPRT Yok female & SLDPR @ IR < 1
[ T =}
sk shat & SL0PRT LI
-
P -
Gt i) \ pin_&SLOPRT @ & Configuration specific values are shown in blue. ok [concel ] [ Ao
crank-arm_& SLOPRT tove | |pin.aswoesr
Defout SHORT
crank-knob_& SLOPRT %
9 Oetaut




Product structure

/
= The product structure describes the relationship between

components, subassemblies and material (DIN 6789).

—

* The product structure shows how and in what way components and
material are combined into sub-assemblies and further into the
finished product.

= The structure of the product dictates the assembly method and
enables the production of variant products, while well-structured
products also provide the possibility of automation.

IMPORTANT
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The product structure can be defined in different ways

1. Structural Bill of Materials

STRUKTURNA KOSOVNA LISTA

Stran 1

DEL: Elektromotor, Stev. dela: E10

Raven Stev. dela Naziv dela

Koli¢ina

1 901 Ohisje (komplet)

*2 891 Ohisje s paketom statorjeve plo¢evine

**3 870 Blok ohisja (ALU)

4 130 Aluminijeve palice

3 790 Paket statorjeve plocevine

b § 700 Lamela statorjeve plocevine

e - 110 Zvitek elektroploc¢evine 200 mm

4 400 Kovica 4x150 mm

*2 740 Statorjevo navitje

**3 120 Bakrena zica premera 0,5 mm

1 830 Os kompletna

*2 770 Podnozje 30x40 cm

3 780 Lamela rotorjeve ploéevine

bl ¥ 110 Zvitek elektroplo¢evine 200 mm
Level, Name of
number component
of parts

Id number
of part

11

unit
Mer.enota
kos 1
kos 1
kos 1
kg 0,5
kos 1
kos 34
m 0,02
kos 6
kos 1
m 38
kos 1
kos 1
kos 34
m 0,02

3. Tree structure

2. Table

Serial | Name of component Product variant
num. (number of
components)
Bl B2
1 Sticker 1 1
2 External lock ring 1 2
3 Screw 3 2
4 Radial seal 1 1 2
5 Radial seal 2 2 1

|sD 1] [sp2] [sD3] [sD 4

IMPORTANT

SD — Assembly part (AP)




Tree structure - 1

o utomi zed
@
|
Product
level 7
PS 1
QK \"ﬂj 7 | PS 2
component  |SD1||SD2||SD3||SD4
level |
simple two-level structure PRIB
Legend: 57 S
| - product D2 32[13 32—4
PS - subassembly @ & (/

SD — assembly part, component multilevel linear structure

IMPORTANT
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Tree structure - 2

D
Product | / |
level
Subassembly J1 PS 1| PS2| 47 PS 1 PS 2
level | AT | |
! —
component SD1| |sD2|//|SD3||SD4 j 'SD1|||SD 2, |SD3||SD4
level
| SD 2,
multilevel branched structure SD 2
_— 3
SD 2 : :
= Aot orads
Legend: product structure with variant components
| - product

PS - subassembly
SD — assembly part, component
IMPORTANT
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An example of a product tree structure

Components?
[ ® Base parts?
Subassemblies?
P Products?

TEAM WORK

[50]

Component Component =
Component
—)
Base part | Subassembly Subassembly Subassembly
—— > >
Component‘ .
Base part | Subassembly > Product

14



Base part -1
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Base part - 2
IMPORTANT

Base component: is one of the components or sub-assemblies of a
product to which other components and sub-assemblies are added.

Properties of the base component:

= has appropriate positioning and clamping surfaces,

= many points of contact with other components,

f = |t is usually the largest and sufficiently rigid and/or has the highest
mass,

= components are added to it from the least directions possible, from
one direction if possible.

e

We usually begin the assembly process by securing the base
component to the assembly nest.

16



Switch — an example of product structure

Switch components

Base component part 1 J

Lo

U s

Base component part 2—

TG

17



Software package developed to visually
display the structure of the assembly product

The product structure is defined in the modeler (CATIA,
SOLIDWORKS, etc.) by the constructor and the technologist of
assembly.

Export of product
structure from CATIA
to a * .txt file

Generation of images, 3D models
and * .pdf documentation




» View of the entire welding jig with all the subassemblies sorted

in different mounting crates.
« 3D view of the finished product and all sub-assemblies.

Welding jig

Subassemblies in different
mounting crates

Select an object or a command &

&

1) NAZIV: Stearing welding 1) NAZIV: Bracket and 1) NAZIV: Positioning left 1) NAZIV: Positioning right
unit support BFR side brac side bracket
B 0 K 123084000 C 000 KODA: 123086000
0 B 013 ZABOJ: 7015

ZAB )10 Z
MONTAZA: MONTAZA: MONTAZA:

2) NAZIV: Positioning with 2) NAZIV: BFR Support 2) NAZIV: Right bracket
assembly bly assembly 1 moving pin 1 assembly bly position assembly
KODA: 123082040 : 123082060 KODA: 123082070 KODA: 123084010 KODA: 123084030 3085020 DA: 123086020

ZABOJ: Z0i 8 1 ZAB 12 14 16
MONTAZA: MONTAZA: 1 ura

2) NAZIV: Reinforcement 2) NAZIV: Middle cover

 Clicking on an individual subassembly opens the product structure.



« Sub-assembly of all components in the order of assembly
 All parts have unique Id number (marker)

« 2D view of the product and all subassemblies

« Additional information for assembly (list of screws and nuts,
tightening torques and other data)

Subassembly 3D view

3D view possible in full
screen mode

NAME,
CODE,
mounting
crate and
additional
assembly
information

The order of

assembly




LPM Software Tool - From the Design to Supply Chain

external company
databases (SAP,

Windchill, BAN, ...)
N\ Y,

Management

Project files

LPM application

LPM server

production
workplace

Warehouse

Visualization for everyone - TRANSPARENCY



LPM Software Tool - From the Design to Supply Chain
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LPM Software Tool - From the Design to Supply Chain
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LPM Software Tool - From the Design to Supply Chain

What is main purpose to apply such approach

l

IMPORTANT

4 N
external company

databases (SAP,

production
workplace

Windchill, BAN, ...)
N\ Y,

Data
base

Project files

LPM application

LPM server

Warehouse

Visualization for everyone - TRANSPARENCY



Product structure and assembly structure, sequence of
assembly operations

1 MO3
IMPORTANT
(I PS1 N  ps2

| |
PS1 PS2 .~ mo1 MO2
r623>7 —

T | —
SD1 SD2 SD3 SD4 SD1 SD2 SD3 SD4
mapping
Product structure » Structure of the assembly
process
MO — Assembly Operation A table of assembly operations.
Serial Assembly operations Previous Next Time
number assembly assembly [s]
operation operation
(MO) (MO)
MO1 Assembly of SD1 and SD2 - MO3 3
MO2 Assembly of SD3 and SD4 - MO3 5
MO3 Assembly of PS1 and PS2 MO1&MO2 - 11

25



O\/yswé/? X‘ﬁ((lrotdf( @

Example e

(1 )——ps 1-—ips —es s—fpsa—frs —psd—{ 1 |
DI |
) ) PR— , _a
SD3 — |

« : M1 =

N | S04

N P

SD 2

SD1
sD2
ED3
M1

Sha

M2

PIZ

MO 1 - Assembly of axles and springs
MO 2 — Attachment of Teflon washer 1
MO 3 - Attachment of Teflon washer 2
MO 4 - grease application

MO 5 - Seal fitting
MO 6 - grease application
MO 7 - Housing installation

The product has a multi-level line structure where ,PI* are semi-finished products, ,PS* are
subassemblies as a result of performing individual assembly operations — ,MO" and | is a product.
26



Adding control and handling operations  IMPORTANT
C HO
(P @) ecd @)@ . ==

®
-

.

SD1 —
N g§\\v P12
{' '/MZ mast
S03 @ SD 4 o ./Ml mast
SD3 ——
M1 —‘»—- SD 2
S04 KOS d
& ©-©-@ ar
M2 iR
P2 i_j_
KO 1 - control of presence of PS1 after assembly operation , PI1
KO 2 - Teflon foil thickness control before cutting before assembly operation = ]
KO 3 - Teflon foil thickness control before cutting before assembly operation L
KO 4 - control after insertion of Teflon washers )
KO 5 - Inspection of seals before insertion All of the following assembly
KO 6 - Check the position of seals after insertion operations which are yet to be
KO 7 - spring position control defined ’ ified with th
KO 8 - spring torque control erneaq, are speciie with the
KO 9 - contact control assembly system and specific

SO 1 - removal of incorrect subassembly after KO 6

SO 2 - removal of incorrect product after KO 9 customer requ"ements (for

example packaging)

——

ﬂrol and handling operations are defined on the basis of the specified

\ requirements.




Assembly operations - definition IMPORTANT

Assembly operation (MO or AO): is the elementary activity of
the assembly process, defined by the type of AO, the mode of
execution, the movements of execution (duty cycle), the
duration of movements, the total time of the AO and the price.
Each AO performed represents an increase in the value of the

|_product, i: — N

PS 1

PS 3 Assembly Product

Assembly

operation operation
—> Assembly AO3 sp 5 AO4
> OQperation oS
AO2 S

Each MO (AO) requires assembly resources and time!

28



IMPORTANT

Structure, total time and cycle time of the assembly

process -1
| |

S @ PS1 @ PS3 @ I

3P1 7L Ao1 I— AO2 — AO3 I~_ AO4 I_+
SD2 I tM01= 1,5 S tM01= 4 S tM01=4 S tM01=2 S |
SD3

/ (
SD4 )
SD5

| @E where 1 is the serial number of the assembly operation

¥ .
ta=2tni=1,5+4+4+2=11,55s ?4"#01 £ime

¥Assemb|y cycle time: time in which the product is assembled - in this

case 11.5s
p—— [(one assembly station)
29




IMPORTANT

Structure, total time and cycle time of the assembly
process - 2

IR WO ¢ N (B CY

. MM1 PSL  MM2 PS2  MM3 PS3  MM4 I
S0 1Ao1_|7":902_|—z‘¢\h AO3 |74_'\904 I .
ISD2 I tmo1=1,5s :: mo1— 4 S ! tmo1=4 s :I 01=2S j
!_ _______ Z{,z]____“_———ﬁ —__._IL___Z(_ __.-___f.%____lo

| (15 (1) (2) (1) J J:)
=Yt =1,5+4+4+2=11,5s

[jb\ssembl cle time: time in which the product is assembled - in this
caseds
- Mple assembly stationsﬂ

30




IMPORTANT
Decreasing the cycle time of the assembly process

t=Stao=1,5+4+4+2=11,5s

Ass cycle time: time in which the product is assembled - in this
cas
(implementation of parallel assembly stations)

31



IMPORTANT
Combining of assembly operations - Balancing the

- assembly pr S

Total assembly time

| I

2P N[ Aot AO2 l g\y—dezgnie
| t,ni=3S t,ni=3S

| LSD2 AO1 AOL N toyge = 7S

:I%‘
O
|w
=<
=<
|_L

|
|

|
| |
| >D4 Nao3 AO4 :
1| SD5 V] tao1=4 s thor=1s : |
|

|
| |
222 05 l :
1|sD7 V] tao1=2 s MM2 | a

M

32



IMPORTANT

The time of the assembly operation
How we can define the time

" The time of the assembly operation is calculated on the basis of
the duration of the individual motions of the duty cycle.

" The assembly time is directly related to the assembly device, to

the type of assembly operation and working movements of the
selected assembly unit or to manual assembly with the
movements of the worker.

Different methods are used to determine the time of the assembly operation:

= Intuitive method — the planner's experience in planning similar cases 1
= Database based on previously recorded measurements and solutions

= Calculation of manual assembly times by methods Work Factor, MTM (Methods-
Time Measurement)

= Time calculation of automated systems based on known stroke lengths and
velocities.

G 55




Dividing (distributing) the assembly process into final
assembly and pre-assembly

Initiation of pre-assembly

SD 1-3 PULL Order, market
— Pre-assemb|y SK A demand
e get — SK A l

T Product

SD 4-6 \/ T [/Vtm%f ZZ

= Pre-assembly SK B resources
iy S€L SK B ’]\\ (

| pyLL

resources

34



IMPORTANT
Reasons for dividing (distributing) the assembly
process into final assembly and pre-assembly

* number of components,

» pranched multi-level product structure

= possibility of automation of subassemblies,
» required number of products (decreasing the cycle time),
= variant products, modular construction,

» manufacturing and assembly technology,

= control and testing,

= reliability and availability,

= Space,

= outsourcing of pre-assembly to suppliers,

= Ccosts, etc.

35



Modes of assembly processes

Automated line, automated transport,

Manual assembly, flexible cells with configuration manual assembly work places
capabilities. :

Dedicated automatic Dedicated automatic
assembly cells, machines assembly lines
e N I \

Robotic
assembly
cell

pallets with
components

36



Assembly activities

Handling

- collection
- storage

- feeding

- redirecting
- grouping
- sorting

- rotating

- turning

- allocation
- insertion
- removing
- positioning
- clamping

/

Adjusting
- setting

- tuning

- calibration

Control

37

- measurement
- testing

&

A

Auxiliary functions

- cleaning
- scraping
- fitting

- printing
- heating
- cooling

Composing

- stacking, folding
(insertion, hanging)

- filling

- pressing, embossing
(jamming, screwing,
compression)

- transformation
(melting and casting,

bending)

- joining of material
(welding, soldering,
gluing)

- other forms of binding
(tying, sewing)




