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ABSTRACT

MODELLING AND OPTIMIZATION OF HARNESS DESIGN AND COST
ANALYSIS USING SOFTWARE TOOLS
Tankut, Mehmet Kemal
Master of Science, Department of Mechanical Engineering
Supervisor : Asst. Prof. Dr. Bahram Lotfisadigh
Co-Supervisor : Prof. Dr. Ali Kara

July 2021, 47 pages

A harness is a cable web or an assembly of cables that transmits electrical
power, signals, or information between two or multiple sources. It also may have
some other subcomponents such as connectors, backshells, wires, boots, transitions,
shields, jackets, and splices. Since a harness may consist of various materials and
subcomponents, determining required materials is critical in the harness design and
production process. The selection of appropriate components requires an excessive
amount of time to browse through standards and datasheets, therefore. Time losses
are depending heavily on the designer's experience level and complexity of the
ordered harness. In this research, to reduce time losses during harness design and
meanwhile reduce the risk of error in component selection software is developed.
This study encapsulates the impacts and results of such an attempt to improve
harness design process considering harness complexity, user experience. According
to experimental results, consumed time on projects per month for each designer is
calculated and a cost model developed. Finally, the contribution of prepared software
is evaluated and results show that application of this software in the design and
development process of harness regardless of harness complexity and user

experience is beneficial.



Keywords: Wire Harness, Harness Design, Design Automation Software, Designer
Experience Comparison, Harness Size Comparison, Harness Cost Model.
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YAZILIM ARACLARI KULLANARAK KABLAJ TASARIMI VE MALIYET
ANALIZININ MODELLENMESI VE OPTIMIZASYONU
Tankut, Mehmet Kemal
Yiiksek Lisans, Makine Miihendisligi Boliimii
Tez Yoneticisi : Dr. Bahram Lotfisadigh
Ortak Tez Yoneticisi : Prof. Dr. Ali Kara

Temmuz 2021, 47 sayfa

Bir kablaj elektriksel giicti, sinyali veya veriyi iki veya daha fazla kaynak
arasinda ileten kablo ag1 veya kablo montajlarina denir. Bir kablaj ayn1 zamanda,
konnektorleri, arkaliklari, iletken telleri, koruyucu kiliflari, brangmanlari, metal
orgiileri, kablo ceketlerini ve birlestirici kiliflar1 gibi bazi alt bilesenler igerebilir. Bir
kablaj ¢esitli materyal ve alt bilesen igerebildigi i¢in gerekli malzemelerin kablaj
tasarimi1 ve imalat: siirecinde belirlenmesi kritiktir. Bu nedenle, uygun bilesenlerin
se¢cimi, standartlar ve veri sayfalarina goz atmak i¢in ¢ok fazla zaman gerektirir.
Zaman kayiplari, biiylik 6l¢iide tasarimcilarin deneyim diizeyine ve istenilen kablajin
karmasikligina baghdir. Bu arastirmada, kablo demeti tasarimi sirasinda zaman
kayiplarin1 azaltmak ve bu arada bilesen se¢imlerinde hata riskini azaltmak icin
yazilim gelistirilmistir. Bu ¢alisma, kablaj karmagiklig1 ve tasarimci tecriibesi goz
oniinde bulundurularak, kablaj tasarim siirecini gelistirmeye yonelik bdyle bir
girisimin etkilerini ve sonuclarint 6zetlemektedir. Deneysel sonuglara gore, her
tasarimet i¢in projelerde aylik harcanan zaman hesaplanmis ve bir maliyet modeli
gelistirilmistir. Son olarak, hazirlanan yazilimin katkis1 degerlendirilmis ve sonuglar,
bu yazilimin kablaj tasarim ve gelistirme siirecinde, kablaj karmasiklig1 ve kullanici

deneyimi ne olursa olsun uygulanmasinin faydali oldugunu gostermektedir.



Anahtar Kelimeler: Kablaj, Kablaj Tasarimi, Tasarim Otomasyon Yazilimi,

Tasarimc1 Deneyimlerinin Kiyaslanmasi, Kablaj Maliyet Modeli.
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CHAPTER 1

INTRODUCTION

Harnesses, cable webs, or cable assemblies containing cables, bundles, and
some other electronic components are vastly used in different structures, devices, and
systems to carry electrical power or data between sources. Since conductors carry
electric signal, design, the appropriate material, and conductor selection for harness
have great importance, it directly affects users' safety. Therefore, any mistake may
result in dangerous and irrecoverable consequences. Meanwhile, the harness design
process is a time-consuming, costly, and designer experience-based process. As the
harness design process relies highly on the experience of the designer, therefore,
unexpected errors may arise during this process. To deal with this problem in this
study, new software is developed to reduce the necessity for user experience,
eliminate the human error factor and consequently decrease design and
manufacturing process costs. In this study, the effects of applying developed
software on the harness design process in terms of time, quality, and cost are

analyzed and discussed.

Researches about harness in literature are mostly focused on manufacturing
problems such as; ergonomic problems during harness assembly, wire
manufacturing, assembly problems and etc. In manufacturing, usually, the methods
are considered and compared with manual, semiautomatic, automatic, and robotized
assembly systems. For instance, Aguirre and Raucent have studied the economic
performance of automated, semi-automated, and manual assembly of harness
production lines [1]. Another study which is conducted recently by Heisler et al.
shows an improvement in the efficiency of harness production when a specifically
designed robotic system is implemented during harness assembly [2]. Pre-grouping
IS a name given Gao et al. to a method that is applied in the harness production

process to save time and improve production efficiency. In this method wires
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between two terminals are gathered to form a group before crimping or soldering of
wires and contacts and create an electrical path between terminals [3]. Reduction of
total process time, by using alternative manufacturing processes, or enhance the
production processes’ automation level is the main objective in most of the articles in
the literature. However, some of them are considered on the efficiency of the harness
itself by redesigning of harness or selection of alternative materials or components.
For example, Villanueva Ray et al. investigated weight reduction in the automobile
industry by applying a single cable solution instead of harnesses in cars and [4]. Del
Pero et al. also conducted a study in the automotive industry to reduce the weight and
consequently the fuel consumption of cars by the selection of alternative materials in
harness design and production [5]. Another study carried out by Zhou et al.
represents a method to simulate and predict the cable harness fatigue life in robots.
The material property effect on harness fatigue life is simulated and predicted and
based on this information the optimum material can be selected [6]. Out of
manufacturing cost and time in harness area, studying of the harness production
ergonomically is also mentioned in literature widely. The researchers determined the
possible risks on the body during harness production, assembly, they built a wire
harness conveyor line and this conveyor helped the operators to reduce joint reaction
forces of up to 59% in the trunk, 69% in the shoulders [7]. There are other
optimizations works on ergonomically manufacturing therefore, some researchers
aimed to reduce low back pain (LBP), so they rearranged the two different assembly
lines of a company, combined each line, and eliminated two material handling tasks,
enriched the employees' jobs [8]. Another study in ergonomic working was carried
out on risk determining between different departments in offices, and the R&D
department was determined as the highest level of strain [9]. Researchers also
examined to reduce spine loads, thus they evaluated two interventions such as a self-
leveling pallet carousel and an adjustable card. When they combined each
intervention, spine compression is reduced by 61% [10]. There are also a few kinds
of research on design optimization as well. In some of these studies, the software is
developed, that helped to select the most efficient electrical architecture via wire
routing and sizing, and each study emphasized cost was reduced since wire paths

were optimized [11-13]. Some researchers examined the possibility of a harness



design by using virtual reality, which was a good way to examine, categorize, and a
wider range of design activities, and a better way to understand design methods in
detail. Studies showed designing by VR is more efficient than traditional design
methods. [14-15]. Beside of the design studies, some quality and test optimization
study was also carried out on mating of female and male connectors. The quality
process in the harness sector usually consists of mating female and male connectors
with each other. Researchers aimed to measure tolerances of various cable
connectors with maximum movement in mating operation. After obtaining
tolerances, the mating process can be provided by the utilization of only pose control
[16].

Few studies are conducted regarding design optimization, and almost there
are no researches on the optimization of material selection in the design process. In
design optimization studies, harness shapes and configurations are usually
considered. In this study, a design optimization study is carried out with and without
the help of software selection of harness subcomponents called “Harness Material
Selection (HMS)”. Decreasing design completion time for each project, so reducing

design cost per project is aimed.

This research shows the contribution of HMS software on harness design in
terms of saved time and cost. Therefore an experimental design is organized that

includes harness size, the experience of designers and, utilization of software.

1.1. Basic Sub-components of A Harness

Knowing basic information about harness subcomponents is mandatory
before starting a project design. Each component has played a different role in a
harness. The connector is electromechanical that connects cables and systems
together and creates circuits. The task of an electrical connector is mainly disturbing
power and current between two electrical parts and they are generally used in routers,
mass storage devices and, airplanes [17]. A backshell is an accessory and rear part of
the connector that connects metal braid of cable to the connector, metal braid can be
terminated to the backshell [18]. A backshell is normally a separate section from the

connector head, used to secure the end of the connector. Wires are usually copper
3



conductors (tin-plated for defense works) with different AWG. AWG is a unit that
has an equivalent value in terms of mm and mm?. Shields or metal braids are used to
prevent EMI (electromagnetic interference) [19]. EMI is an undesired property in
terms of smooth signal or power transfer. A jacket or a heat-shrinkable tube can be
obtained from various plastic materials and it primarily serves to protect the cable
during installation [20]. It is also used for extra insulation and preventing liquid
leakage. Its hole diameter can shrink to the desired measure by a heat gun. Boots are
similar to jackets, except their one end shrink on the jacket and the other end shrinks
on the backshell. They protect the rear of the backshell. When boots are heated above
1350€, they shrink down over the connector or backshell and cable, they also fix the
shield that is terminated to the backshell. They protect against unwanted signal
leakage and provides mechanical protection and strain relief [21]. Transitions are
used for cable separation points and they are also called a connection of two or more
cables [22]. They also have a similar purpose with jackets and boots. Splice and
solder sleeves: These materials are used to bond for different size (AWG)
conductors, or bond different numbers of conductors together. Another research
shows that the large mechanical deformations in a splice improve connector
performance remarkably [23]. Solder sleeves are mainly used to shield termination
but sometimes they can be also used to bond wires together just like splices. A solder
sleeve is a pre-installed pellet of solder with flux, it is heated and solder melts, so

contact between wires is created [24].

1.2. Cable Assembly

A harness is also called a cable assembly and it may consist of any sub-
components, mentioned in section 1.1, with any quantity. Figures 1.1 and 1.2 show a
standard cable assembly. Firstly, wire paths are created, some of them are connected
in the area of transition, or some of them are connected by a splice or solder, and
transitions pass over wires, then the shield is shrined on the wire, then jacket shrinks
on wires. Backshell settles down to connector, boot shrinks on backshell and on the

jacket. Transitions which is passed over on wires are shrunk on jackets.



Figure 1.1 A cable assembly with its sub-components

Figure 1.2 United connector, backshell and boot



CHAPTER 2
HARNESS ACTIVITY DIAGRAMS

Just like most of the engineering process, in harness design, general process
activity and detailed design activity should be well known. The basics of work order
to analyze the cost model of harness design are mentioned in section 2.1, and
detailed harness design activities with and without HMS are mentioned in section
2.2.

2.1.  General Cost Model Activity for Harness Design

Before creating a cost model, knowing harness design activities is essential. If
one can know the activities, he or she also forecasts the risks of the design process.
After risks are determined, a good cost model can be revealed. An example of work
came from N.S. Ong, activity-based costing (ABC) is revealed [25]. This work
shows us to needed steps for cost calculation (Figure 2.1).

Figure 2.1 Developing the activity-based cost model

In this study, the work order is quite similar to the ABC model. There are a
total of 5 main steps shown below:
Steps:

1. Ildentify activity requirements: Corresponding material selection according
to the customer data package.

2. ldentify cost drivers: Designers' salary, designers' experience, number of the
completed design, harness size.

3. Develop cost flow model: Developing HMS (Harness Material Selection

Software), NHMS (No Harness Material Selection Software) matrixes.
6



4. Collect cost driver data: Assumptions, risks and, the result of experimental
design.

5. Calculate activity cost: 1.5 years of the average cost determination for all
conditions.

2.2. Harness Design Activity

According to system needs, customers create an electrical scheme that shows
the routing of wires and the place of the connector or terminals. They determine the
distance of systems or between connectors to create a simple draft after checking the
configuration of the vehicle or structure. In the end, a data package is revealed.
Figures 2.2, 2.3 and, Table 1 show what a data package includes.

Connector 1 Connector 2

Figure 2.2 Drafting of a simple straight harness

A 5 A

B 5 B

Cc 3

D 5 D
Connector 1 Connector 2

Figure 2.3 Electrical connection in branch

Table 2.1: Wire Indexes

Index Name Connector | Cavity | Connector Cavity Cable Color Description
1 S+ D38999... A D38999... A Mg:(l)g44 White 20 AWG
2 S+ D38999... B D38999... B Méib44 Black 20 AWG
3 S- D38999... o D38999... C Méib44 Red 20 AWG
4 S- D38999... D D38999... D Méib44 Blue 20 AWG

The customers' data package is accepted as the initial state of activity.

Designers use data packages obtained from customer’s work. This part is very
7



important because it consists of lots of corresponding, suitable and, alternative
material selection and searching work, which takes too much time for a designer.
Since one of the main purposes is to decrease effort time on searching, the main
difference should be graphed between manual and automation. Therefore, activity
processes must be revealed. UML (Unified Modeling Language) is the outcome of
the development of object-oriented technology and standardization of system’s
description and it can be used in describing any system [26]. Two different design
activity diagram is prepared according to the rule of a book named as “Applying
UML And Patterns [27]” such as HMS and NHMS.
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Steps:

1. Data package checking: Designers check materials and draft from data
package prepared at the first phase. They check the number of wires for each
branch and calculate the diameter of the wire bundle by using the standard
formula (showed at step 3) or cable diameter calculator excel or Harnware (a
most popular one). Figure 2.5 shows the interface of Harnware. In this step,

splice need is also determined.

2. Splice selection: If there is no need for a splice, the designer can pass this
step. But if the splice is required according to the data package, designers
should check each wire diameter according to the data package need and
splice inner diameter from the datasheet.

3. Bundle diameter calculation: In this step wire bundle diameter of each
branch is calculated. Harnware is a common diameter calculation program,

also it can determine TE Connectivity specific metal braid (shield) and jacket.

By HarnWare - [Harness Dresign Wizard]
Wy File Edit Tools Options Window Help

AIEEI «E P | &K 4 8> W O @ B

-

i
@ Multi-Core Cable Analyser
@ Design Checker

Parts List

|
Labour Estimate
@ Marker Page/Data Export

“Figure 2.5 Harnware interface showed in [28]”

Harnware uses the below rules and formula to calculate bundle diameter.
(Conductor Bundle)=Factor*V[(1) * d(1)2 + n(2) * d(2)2 + - + n(n) *

d(n)2] [28]
10



d(1)...d(n) are diameters of each type of wire in the bundle.

N(1)...n(n) are the number of wires of the same diameter.

After determining conductor bundle diameter, shielding or jacketing may be
added.

Final Outer Diameter= (Bundle Diameter)+2*(Shield Thickness)+2*(Jacket
Thickness)

Shield Selection: If there is no need for the shield, the designer can pass this
step. But if the shield is required, the designer should check the shield
datasheet or can use Harnware to select a specific TE product. The main point
Is selected shield should shrink to wire bundle properly. The average shield
thickness is usually 0,8mm.

. Jacket Selection: The jacket is generally required sub-components for most
cases. The designer should check the datasheet or can use the Harnware to
select a specific TE product. The selected jacket should shrink on the overall
shield properly. Jacket thickness may show variability for the selected one
but on average its thickness can be accepted as 3mm.

Backshell selection: Backshells are important parts for protecting wire in
connector socket or pin and termination of shields. Some connectors can be
self-shelled but in the defense sector, circular connectors are mostly
preferred, and they manufactured as separated from the backshell. Therefore
a suitable backshell selection is needed by datasheet checking. Backshells’
front side's dimension should be suitable for the connector from the data
package and the back dimension should be bigger than the jacket diameter.

. Transition selection: If there is no need for transition, the designer can pass
this step. But if a transition is needed, its type should be determined first. It
can be T shape, Y shape, 45° shapes, etc. Type is usually specified in the data
package. The selected transition should shrink to the overall jacket diameter.
Therefore designers should do datasheet research.

Boot Selection: Boots are also important parts to prevent cables from dust
and water leakage. Just like transition, their shape may show variability such
as straight, 45°, 90°, etc. Type is usually specified in the data package. The

11



10.

11.

12.

13.

selected boot should shrink on the backshell’s rear and on the overall jacket
diameter. Therefore designers should do datasheet research.

Creating Bill Of Material (BOM): After determined all corresponding or
alternative materials, a BOM is created in excel form.

Technical Drawing: An understandable 2D drawing is created on Autocad,
and created BOM in excel format is transferred to Autocad Drawing. After
that, all drawing with BOM is converted to Visio format and technical
drawing makeup is done on Visio.

Finalizing: After makeup is completed, the drawing is converted to PDF and
becomes a document. Design is ready for customer check.

Customer check: Customers realizes detailed check and decide if the
document needs some reformation or it is suitable for manufacturing.
Confirmation or Reformation: If reformation is decided, previous steps
may be observed again or some small corrections might be sufficient. This
loop continues until the confirmation. After confirmation, the document is

sent to manufacturing.
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Figure 2.6 HMS harness activity diagram
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For the HMS diagram, steps 9, 10, 11, and 12 are completely the same but for
other steps, there is no need for datasheet researches anymore. Instead of datasheet
research, known data is entered into HMS Software, and it determines suitable
materials quickly. This is a very comfortable thing for designers since they don’t
have to lose so much time anymore for searching each different sub-components.

2.3.  Harness Design Example

For a better understanding of the design process, let’s consider a simple
example. The data package comes from the customer. Actually data packages are
prepared by system engineers, who are working on customers’ company, according

to vehicle or structure needs. In this example, the customer is a defense factory.

Dixt 2 Con 2
Dist 1

I B Y Transicition
Cen 1
Dist 3

Con 3

Figure 2.7 Data package 2D drafting

D33

Sienal 1

Signal 2

D38...(2)

D35}

Figure 2.8. Data package electrical connection scheme
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Table 2.2: Data Package Wire List

Harness Code
Index | Name Con. | Cavity | Con. | Cavity | PartN. | Color Size Group

1 Signall | C1 1 C2 3 M.... Wire
2 Signal2 | C1 3 C3 A M.... Wire

A simple data package of a harness is shown in Figure 9, Figure 10, and
Table 2.2. According to the given connectors, scheme, and wire information,
designers can select suitable required materials and prepare technical drawings from
the draft.

An example of completed BOM and the 2D technical drawing is showed in
Figure 2.9 and Figure 2.10. The main document that is shared with manufacturing,
should consist of BOM, 2D technical drawing, electrical schema, and index table

from the data package.

S03.. 28 Solder Sleeve X piece
D-436... 27 Cnmp Splice X piece
60-40... 26 Tinned Copper X gram
BIND W._... 25 Copper Wire X meter
TEFLONB... 24 Teflon Band X meter
S1. 23 Adhesive X gram
LOC.. 22 Thread Locker X gram
BM... 21 Label X piece
RT...(2) 20 Label X meter
RT...(1) 19 Label X meter
TMS...(2) 18 Label X piece
TMS..(1) 17 Label X piece
382A 16 Branch X piece
222K 15 Boot X piece
202K 14 Boot X piece
DR..(2) 13 Jacket X meter
DR..(1) 12 Jacket X meter
RAY...(2) 11 Metal Braid X meter
RAY...(1) 10 Metal Braid X meter
MB1...(2) 9 Wire X meter
M81..(1) 8 Wire X meter

UPT 7 Wire X meter -|
91H1._(3) 5 Backshell X piece
91H1...(2) 5 Backshell X piece
9TH1.(1) 4 Backshell X piece
D38..(3) 3 Connector X piece
D38..(2) 2 Connector X piece

D35_(1) 1 Connector X piec_e -

MATERIAL NO POSE DESCRIPTION QUANTITY ZONE
Material List

Figure 2.9 BOM of a document
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Figure 2.10 Technical drawing
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CHAPTER 3

PROPOSED MODELS

In this report, the results of an experiment which is carried to study the effects
of software application in harness design and development process duration and costs
are illustrated. Considering the aforementioned harness development process
properties, some evaluation factors are defined and used in this research. These
factors are harness complexity, designers' experience, and utilization of software.
The first factor is harness complexity that is the size of the harness. Complexity
increases as harness size increases. A bigger harness requires more effort and the
design period is longer. Designers' experience is the second factor. The experiment
measures the performance difference between experienced and beginner designers in
terms of design completion time. And the last factor is the utilization of software.
Traditional manual harness design and development methods and automated methods
with the use of HMS software are compared in this experiment.

This report also presents a cost model that includes some factors such as the
salary of the designers, mistake risks, the number of completed projects, and harness
size. The number of completed projects is obtained from designers’ performance in

experimental results.

3.1. Experimental Setup

In this study, an experiment conducted to study the effects of software
application in harness design, and development process duration and costs are
illustrated. Considering the aforementioned harness development process properties,
some evaluation factors are defined and used in this research. These factors are
harness complexity, designers' experience, and utilization of software. The first
factor is harness complexity that is the size of the harness. Complexity increases as

harness size increases and, the number of connectors determines the size of the
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harness. 2 connectors-harness refers to small-sized, 5 connectors-harness refers to
middle-sized and, 8 connectors-harness refers to big-sized harness. A bigger harness
requires more effort and the design period is longer. Designers' experience is the
second factor. The experiment measures the performance difference between
experienced and beginner designers in terms of design completion time. And the last
factor is the utilization of software. Traditional manual harness design and
development methods and automated methods with the use of HMS software are

compared in this experiment.

Table 3.1 shows the design of the experiment. There are 12 different
harnesses in this experiment with three different sizes. Each designer works on each
size of harnesses two times. The first work is carried out without HMS, and the
second work is realized with an HMS. For example, experienced designer 1 (i=1)
works on harness 1 (H1), which has two connectors without HMS, while the second
designer works on H4, which also has two connectors and designs without HMS.
Then, they exchange their projects, and the first designer works on H4 with HMS
while the second designer works on H1 with HMS. Similar exchanges are valid for
other harnesses' sizes and designers.

Table 3.1: Experimental Matrix

Harness Size
2 Connectors 5 Connectors 8 Connector
With HMS Without HMS With HMS Without HMS With HMS Without HMS
ED1 H1 H4 H2 H5 H3 H6
ED2 H4 H1 H5 H2 H6 H3
BD1 H7 H10 H8 H11 H9 H9
BD2 H10 H7 H11 H8 H12 H12

by the traditional method and HMS method.

Figures 3.1, 3.2, 3.3, and 3.4 show the work of the designers on the projects
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Figure 3.3 Working designer of BD1, a) manual working, b) HMS working
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Figure 3.4 Working designer of BD2, a) manual working, b) HMS working

3.2.  Cost Model

As mentioned earlier, the harness design process is highly dependent on
designer experience. Most of the time during the harness design is spent in selecting
appropriate materials and components. Therefore, to decrease the errors due to the
dependency of the system on human factors and reduce required design time by
bypassing excessive cross-checking multiple datasheets, the harness design software
is developed. Graphics and Moore conducted similar research to analyze the cost in
the harness production process and optimize wire harness costs concerning their
complexity [29]. Their work shows that components' cost decreases and complexity
management costs increase as the number of levels increases. The number of levels
refers to the different versions of the same harness. For example, assume that two
similar cable harnesses are used in automobiles, but one of them has extra fog lamp
supporter wires. If one reduces the level of this harness product by eliminating the
non-fog lamp option, the harness includes fog lamp supporter wires that have to be
ordered for all vehicles even vehicles without fog lamps. Thus unnecessary
components cost occurs if the number of levels is decreased. They also considered
grouping cost risks and probabilities. In their cost model, cost groups were
determined, such as engineering cost, manufacturing cost, testing cost, logistic cost,
etc., and risk probabilities were revealed according to historical data. The total risk
was accepted higher as the number of levels is increased. The same method is
applied in this study to develop the cost model.

Table 3.2. Risk Associated with Different Stages as Presented in [29, Tab. 1]
20



Band Cost ($) Probability (%) Risk ($)
Engineering Ceng Peng Reﬂg = Cengx Peng XN evels
Validation Testing Cal Puai Ryal = Cyat X Pyai XNievels
Manufacturing Cinfg Prfg Rmfg = Crmg X Prmg XNieves
LOgiStiCS Clog Plcg Rlog = C:Iog X PIog XNievels
Assembly Ca§y Passy Rassy= Cassy X Passy XNievels
Field Cield Pietd Riield= Crietd X Pfieid XNievels

3.2.1 Risk Factors and Probabilities

The number of total harnesses designed by a designer in one month is called
the "Total Accomplished Project Index" (8). This index is to evaluate and benchmark
the performance of different designers to the most experienced designer. This index
facilitates the calculation of risk tolerances according to the percentage of designer
salary. Risk tolerances are considered for manual design processes only (without the
usage of software). In this way, w;; and v;; indicate the consumed time of each
project according to experimental result, type j projects by designer i without and
with software, respectively. As it is known, a one-month working period (T) is taken
as a hundred; therefore, sample 6 index calculations for experienced designers one

and two would be;

T 100 1

6, = = =9.28 1)
(Wyg +wyp +wy3)  10.78
T 100

8, 9.05 (2)

T (Wyy + Wy +Wys)  11.04

Based on these calculations and obtained 6 indexes, the first designer (i = 1)
is 2.5% more experienced than the second designer (i = 2); therefore, it can be
concluded that the error tolerance rate for the second designer is 2.5% more than the
error tolerance rate of the first designer.

si, 1 € {1,2,3,4} refers to designers’ salary

The salary of the most experienced designer is considered as 100 . Salary

values, harness size degrees, risk tolerances, and conditions are given in Table 3.3.
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Table 3.3. Conditions

Harness Size Conditions
2 2C (100%), 5C (%0), 8C (0%)
5 2C (0%), 5C (%100), 8C (0%)
8 2C (0%), 5C (%0), 8C (100%0)

Table 3.4. Salary and Tolerances

Salary (b) Risk Tolerances Based On Performance
s, =75.14 BD2: % 10.92
53 = 82.65 BD1: % 10.72
s, =90.91 ED2: % 8.2
s, =100 ED1: %8

Three main risk groups and two design methods in harness design processes
are considered in this study. The first risk source is the material selection errors
(rms;)- The second risk source is documentation (r,), and finally, the third one is the
errors arising from miscalculations (r,,). Two design methods are the traditional
manual harness design method which is realized without benefiting from software
(N.H.), and the second method is harness design using design software (H). Subscript
i indicates the designer. Based on this notation, the total risks' cost of a harness for

each designer can be obtained from:

R = 1nsf X ps? + 18 X pa? + 1. x p ' where i € {1,2,3,4} (3)
R = 1 M X PV 4 1M X pg M 4+ 1M x p MM where i € {1,2,3,4} 4)

In equations (3) and (4), R and RM¥ are total risks' cost for automated and
manual harness design methods, respectively. Since harness design duration is
highly dependent on the designer experience, the total number of projects a designer
may accomplish in a one-month working period would also vary. The other factor
which affects the number of total accomplished projects is the usage of the software.
In this way, K;; and L;; indicate the number of accomplished type j projects by
designer i without and with software, respectively. In these experiments, there are
three types of projects. The harnesses with two connectors are the first group of
projects (j = 1), harnesses with five connectors are considered as the second group

(j = 2), and harnesses with eight connectors are categorized as thrid group (j = 3).

22



Total risk cost of each project type (y/} and y;j"') is depending on the number of

projects accomplished per month and the risk cost of each project, therefore:

yif = Ri' X Ly; (5)

yii" = RN x K;; (6)
Equations 5 and 6 show the total cost of each project type j for automated and
manual design processes, respectively. As the number of connectors increases in a
harness, its complexity increases, and more time is required to design the harness and
there more risks for errors. Since this is the issue, the amount of risk per connector
becomes an essential factor in harness design cost analyses; therefore, the number of
connectors in a harness determines the amount of complexity and risk in harness
design. Let g;be the number of connectors in a harness type j. According to this
assumption, g, = 2 for harness type one, g, = 5 for harness type two, and finally

q; = 8 for harness type three. Hence, the total designer cost per month is obtained as

follows:
3
cf! =5i+2()’g >“Ij) (7
=1
3
e =5i+2(}’3{H ><Clj) (8)
=1

Equations 7 and 8 give the total cost per month of the designer for manual
and automated design methods, respectively. Finally, Equations 9 and 10 reveal the
total design cost per project for each designer in manual and automated design

processes, respectively:

: 9)

PN = ———— (10)
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CHAPTER 4

RESULTS

In the experiment, designers share their works both manual design and using

HMS design. As a result of the experiment, consumed time for each project is

determined. Thus, the number of the completed design for a month is calculated.

After that, cost results are obtained according to all assumptions, conditions, and

experimental outputs.

4.1. Experimental Results

Total working time per month in this study is assumed to be T=100.

Designers' performance in designing sample designs is depicted in Figure 7. In order

to benchmark designers' performance in a reliable form, designers with similar

capabilities and experience levels are given similar projects.

Consumed Time Per Project(%)

Time Profits

ED1
2C: 11.86
5C:4.76
8C:7.22

Harness Types According to Quantity of Connectors §2 E5 B8

3.98

.

7

NHMS HMS NHMS HMS
ED2 BD1 BD2
2C: 8.77 2C: 14.29 2C: 19.10
5C: 7.29 5C.7.65 5C: 10.04
8C: 8.78 8C:11.25 8C: 12.62

Figure 4.1 Graph of designers’ effort in terms of the consumed time
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According to Figure 7, all designers reduce the effort time on designs in a
month when they use HMS software. Results illustrate that the maximum Reduction
in design process duration is realized for the second beginner designer with a rate of
19.10%. In comparison, the minimum effort drop is detected with a rate of 4.76% for
the first designer's work on harness with five connectors. The HMS decreases
consumed time on designs averagely 13.92% for BD2, 11.06% for BD1, 8.28% for
ED2, and 7.95% for ED1. The average design process duration reduction with this
software for harnesses with two connectors is 13.51%, for harnesses with five

connectors is 7.44%, and 9.97% for harnesses with eight connectors.
4.2. Cost Results

Table 4.1 illustrates the historical risk probability factors of a sample
company. These figures are showing the number of mistakes made by a designer.
This designer was a beginner-level designer in 2019 and became an experienced one
in 2020.

Table 4.1. Mistake Records of Design Projects

. Quantity Of Selection Documentation Calculation
i Of Projagl Design Mistakes Mistakes Mistakes
Project 1 46 5 12 5
2019 Project 2 38 4 8 4
Project 3 48 1 7 2
2020 Project 4 104 1 10 6

The designers' performance index is determined in comparison with the most
experienced designer in the enterprise. For instance, in this study, the first designer
(experience designer 1 ED1) is assumed as the most experienced designer. ED1 has
an 8% error tolerance, and this error tolerance is divided equally into three different
risk groups, and each of them would have a 2.67% risk tolerance. According to the
comparison between designers (Equations 1 and 2), other designers' error tolerance is
assessed. Based on this evaluation, the error tolerance for ED2, BD1, and BD2 would
be 8.2%, 10.72%, and 10.92%, respectively. Based on these values, the risk tolerance
for each risk group for these designers is 2.73%, 3.57%, and 3.64% for designers two

to four, respectively.
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Table 4.2. Cost of risk groups per designer

Risk Cost (b)

Risk Groups ED1 (i = ED2 BD1 BD2
1) (i=2) (i=3) (=4
Ts 0.0267 0.0248 0.295 0.274
(o 0.267 0.372 0.59 0.685
' 0.1335 0.124 0.295 0.274

Tnst 0 0 0 0
T, 0.267 0.372 0.59 0.685
Tt 0.1335 0.124 0,295 0.274

Table 4.3. Probability of risk groups per designer

Probability (%)
Risk Groups ED1 (i = ED2 BD1 BD2
1 (=2 (i=3) =4
Prns 1 1 10 10
pat? 10 15 20 25
ptt 5 5 10 10
Pins 0 0 0 0
P4l 10 15 20 25
pel 5 5 10 10

For experienced designer 1 (ED1), the overall risk-related cost calculation is the
sum-product of material selection, documentation, and calculation risks' cost values

and corresponding probabilities. For instance, the total risk cost for designer one is:
RY = rins 1 X prns 4 1 X p 4 1 X p
RN =267 x 0.01+ 2.67 x 0.1+ 2.67 x 0.05

RNH = 0.4272 1

In the same manner, the risks' costs can be calculated for other designers :

R =05208m RYM =1.18m R)yY =1.233
R =0.401 R¥ =0496m RY =0.885 R¥ =0.959

The number of projects designers can design in one month period (0) in this
period can be calculated by the divination of the time value to consumed time per
project value from Figure 4.1. The number of completed projects is given in Table
4.4. Some numbers are shown as half because even half accomplished projects are

important in terms of saved time, especially for bigger sized- harnesses.
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Table 4.4. Number of the Completed Designs

Number of 2C 5C 8C
Completed No HMS HMS No HMS HMS No HMS HMS
Projects
ED1 85 96 26.5 28 17 18.5
ED2 88 96 25 27 17 18.5
BD1 57 66.5 18 20 14 16
BD2 50 62 17.5 19.5 14 16

Since the number of completed projects, the number of connectors, and the
total risk cost of error groups are known, the total designers' monthly cost can be
calculated using Equations 7 and 8. Table 12 illustrates calculated designers' monthly

payments for different harness sizes and design methods.

Table 4.5. Designers Monthly Cost for Different Harness Types and Design Methods

Total Designer Monthly Cost
Designer Non-HMS (Manual Design) HMS (Automated)
¢V (B/month) cH (®/month)
2C 5C 8C 2C 5C 8C
ED1(i=1) 172.62 156.60 158.10 176.90 156.14 159.35
ED2 (i = 2) 182.57 156.01 161.66 182.14 157.87 164.32
BD1 (i =3) 217.17 188.85 214.81 200.36 171.15 195.93
BD2 (i =4) 198.44 183.03 213.24 194.06 168.64 197.89

According to the designers' monthly cost

project can be calculated using Equations 9 and 10. Evaluated per project cost of the

designers is given in Table 13.

values, the designer's cost per

Table 4.6. Cost of Designer per Project for Different Harness Sizes and Design Methods

Designer Cost per Project
Designer Non-HMS (Manual Design) HMS (Automated)
PN (®/project) PH®/project)
2C 5C 8C 2C 5C 8C
ED1(i=1) 2.03 591 9.3 1.84 5.58 8.61
ED2 (i = 2) 2.08 6.24 9.51 1.94 5.85 8.88
BD1 (i = 3) 3.81 10.49 15.34 3.01 8.56 12.25
BD2 (i = 4) 3.97 10.46 15.23 3.1 8.65 12.37

Figure 4.2 shows the designers' cost per project in one and half years period.

This graph depicts how designers improve themselves over time, and the cost of

designers per project reduces during this period.
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Figure 4.2. Cost-performance chart

Average cost drops for different harnesses types and design methods are shown in
Figure 4.3.

Average Cost Drop Chart

2C > 16.84%

5C-—>13.53%

8C —> 14.74%

NHME

Figure 4.3. Average cost drops per project for each type of harnesses

According to the chart in Figure 4.3, the highest cost drop is shown at 2C

type of harnesses as a value of 16,84%, while the lowest cost drop is shown at 5C

type of harnesses as a value of 13,53%. 8C type of harnesses has a 14,74% cost drop

value.
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CHAPTER 5

CONCLUSION

Material selection, creation of BOM, skimming through datasheets and
standards are challenging and excessively time-consuming activities in harness
design and development processes. Meanwhile, this process is highly dependent on
the human factor, and the experience and concentration of the designer affect the rate
of errors during the design process. Therefore, in this study, to facilitate this process,
reduce process period, and minimize human errors, a software tool is developed to
automate the harness design process. This paper reveals the outcomes of an
experiment and the effects and contributions of developed automation software in

harness' design process.

According to depicted Size-Time diagrams, HMS software saved time for all
designers. Besides, as expected from the program, it helped beginner designers much
effectively and improved their performance considerably. The reason is probably,
experienced designers have already known to search needed datasheets, while
beginners have put more effort into searching at the first step. Also, this experiment
shows the effect of harness size in design durations. Since larger harness size
requires more design and processing time, even in the same time-saving rates, the
absolute amount of saved time would be higher in large harnesses. However, this is

not quite right if the whole one-month performance of designers is considered.

Two design methods named, manual and automated design methods, are
applied, and results are compared. The results show that automated design is
beneficial for all situations, and all designers fit more projects in a month.
Experienced users (ED1 and ED2) accomplish 21.99%, 13.66%, and17.64% more
projects containing harnesses with two, five and eight connectors, respectively. while
beginner designers (BD1 and BD2) carry out 40.67% 2C, 22.4% 5C, and 28.58% 8C

more projects. HMS enhanced the performance of beginner designers more than
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experienced designers. This performance improvement directly affects the process
cost by reducing the time and rate of errors during the design process. In this study, a
cost model consists of effecting factors such as the number of projects, number of
connectors for each project, designers' salaries, and designers' experience level is
developed. Based on all mentioned factors the cost values per project for one month
period are analyzed. When harness size increases, the cost value is also increased for
all cases that are expected. Since the HMS software the efficiency of beginner
designers more than experienced ones, clearly this method also reduces the beginner
designers’ costs more than experienced designers. Average cost reduction per project
for beginner designers are 21.46% (2C), 17.85% (5C), 19.13% (8C), while average
cost drop per projects for experienced designers are 8.05% (2C), 5.92% (5C), 7,02%
(8C). According to those results designing harnesses with two connectors seems
much efficient economically. The results also depict that in terms of cost reduction
per project, harnesses with two connectors 16.84% have the highest reduction rate
while, harnesses with eight and five connectors with 14.74%, and 13.53% reduction
rates are affected less. In terms of cost of designer per project, the minimum cost
achieved for a harness design with two connectors for the most experienced designer
(ED1) with a value of 1.84b. However the highest cost of designer per project using
software obtained for beginner designer 2 (BD2) in designing a harness with eight
connectors, which both of these results were expected. The average cost reduction
ratios are 7.45% for ED1, 6.53% for ED2, 19.85% for BD1 and 19.11% for BD2.

HMS Software improved design process performance in all situations. 2C
type straight harness projects have the highest project number and cost drop because
designers fit more projects in a month. Since 2C small-type harnesses are simple,
completing them is also easy. 2C projects can be worked serially, especially while
using HMS. Designers still accomplish more 5C type than 8C type harness projects
in one month period, but it isn’t enough to pass over 8C type projects' cost reduction.
It seems there is a complexity threshold when the size of harnesses size becomes five
or bigger. 8C type is bigger and more complex than others. Therefore, since the
complexity degree is increased, the cost drop rate is also increased slightly rather
than 5C harnesses. In order to find out this complexity level threshold it is extremely
required to conduct much higher number of designs with different types of harnesses.
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In future works, working with many different harness types is planned to
understand the complexity threshold value; therefore, the effects and contributions of
HMS or any automation software can be evaluated precisely on time or cost
reduction in harness design and development processes. In future work, working with
many bigger-sized harnesses and comparing them with each other is planned to
understand if there is a specific complexity threshold value. Therefore effect and
contribution on cost drop of HMS or any automation software can be measured much
better.
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APPENDIX A

HMS INTERFACE GUIDE

This guidance helps the designer how to choose corresponding and alternative
materials and creating BOM during the material selection process. Also, it shows

how to quickly drawing, storing information, and update steps by step.

e HMS entry interface:

ﬂ HornePage

DATA INPUT
Connector And Bundle Diameter Data To Backshell Data
Connector Alternative Data
Backshell Alternative Data
Backshell Data To Boot Data
Wire Data
Bundle Diameter Data To Shield Data
Shield Data To Jacket Data
Transition Data

Splice Data

SELECTIONS

DATASHEET LINKS AND FILE UPLOAD ((DWG)

DWG File Entry
Choose D'WG File
Check Datasheet

Figure A.1 HMS opening screen

Titles:
a. Designers can enter new data, remove wrong or unnecessary data or do some
arrangements and updates on specific data in this section. This section is like

information storage and can be used as the database of section b.

36



b. This is the automation section. Designers can select needed materials
automatically and create the material list. This section is fed from section a.

c. In this section, a connector, backshell, and boot assembly or a transition and
splice detail drawing is stored in AUTOCAD format and it can be selected
from s simple code. When the designer enters a code of material, the 2D
drawing of this material is also integrated into the code. After integration, at
any time, the designer can search and select a code, then the material’s
drawing comes automatically. Also, a material datasheet extension can be
added to this section.

e Connector-backshell data:

B CONNECTOR TO BACKSHELL — O hd

Connector BundleDiameterlow BundleDiameterhigh RecomendedBackshell ~
D38999/24WALDK) ] 45 91H1-09-03-1-B-HEDS0
D38999/24WALDK) 45 6.3 91H1-09-04-1-B-HEDS0
D38999/24WALDK) 6.3 79 91H1-09-05-1-B-HE100
D38999/24WALDK) 79 95 91H1-09-06-1-B-HE100
D38999/24WALDK) 9.5 mna 91H1-09-07-1-B-HE100
D38999/24WALDK) mna 125 91H1-09-08-1-B-HE200
D38999/24WALDK) 1256 14.2 91H1-09-09-1-B-HE200
D38999/24WALDK) 14.2 15.8 91H1-09-10-1-B-HE200
D38999/24WALDK) 15.8 17.4 91H1-09-11-1-B-HE200
D38999/24WALDK) 17.4 19 91H1-09-12-1-B-HE300
D38999/24WALDK) 19 20.6 91H1-09-13-1-B-HE300

D38999/24WALD) 20.6 22.2 91H1-09-14-1-B-HE300 v

| ET— REMOVE FILTER @

\ | SEARGHBACKSHELL CLEAR BOXES
Belect Row fo Delefe Record —> DELETE ROW
Connector “ | BundleDiameter(high) l:l
BundieDiameter(iow) | | Recomended ]
INSERT UPDATE

Figure A.2 Connector-backshell arrangement screen
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B CONNECTOR TO BACKSHELL

Connector BundleDiameterlow BundleDiameterhigh RecomendedBackshell
D38999/24WA LK) 1] 4.5 91H1-09-03-1-B-HE050
D38399/24WA[XXX) 45 6.3 91H1-09-04-1-B-HED50
D38999/24WARSX) 6.3 7.9 91H1-09-05-1-B-HE100
D38999/24WARKX) 7.9 9.5 91H1-09-06-1-B-HE100
D38999/24WA LK) 9.5 111 91H1-09-07-1-B-HE100
D38399/24WA[XXX) 11 125 91H1-09-08-1-B-HE200
D38999/24WA LX) 125 14.2 91H1-09-09-1-B-HE200
D38999/24WARKX) 14.2 15.8 91H1-09-10-1-B-HE200
D38999/24WA LK) 15.8 17.4 91H1-09-11-1-B-HE200
D38399/24WA[XXX) 17.4 19 91H1-09-12-1-B-HE300
D38999/24WARLX]) 19 20.6 91H1-09-13-1-B-HE300
D38999/24WARKKXX) 20.6 22.2 91H1-09-14-1-B-HE300

Select Bow fo Delete Becord —>

[

Connector

BundleDiameter(low)

o ~ w DN oE

INSERT | 5

DELETE ROW

‘example 1 ‘ 1

la.5 |2

UPDATE

REMOVE FILTER

CLEAR BOXES

BundleDiameter(high)

Recomended

363

4 |example 2

Figure A.3 Data entry for connector-backshell

Steps from Figure A.3.:

Enter connector code.

Enter minimum bundle diameter value.

Enter maximum bundle diameter value.

Enter backshell code
Click “INSERT”.

38



H CONNECTOR TO BACKSHELL - O X

Connector BundleDiameterlow BundleDiameterhigh RecomendedBackshell

L]

I SEARCH CONNECTOR REMOVE FILTER 4 @
( 1| | SEARCHBACKSHELL CLEARBOXES 5
Sefect Row to Delefe Racord —> DELETE ROW 3
[
Connector ‘ BundleDiameter(high) ‘ ‘
BundleDiameter(low) ‘ Recomended ‘ ‘
INSERT UPDATE 3

Figure A.4 Code searching and removing

Steps from Figure A.4:

1. Enter connector or backshell code to the blue area.

2. Click search connector or click search backshell.

3. If any arrangement is needed, click the “UPDATE” button or if any
unnecessary information exists, click “DELETE ROW”.

4. Clicking “REMOVE FILTER” cancels searched information and brings all
previous information back.

5. Clicking “CLEAR BOXES” cancels all written information into empty

boxes.

Note: This logic is similar to other processes’ steps. Red numbers express

main, blue numbers express alternative steps.
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e Connector-alternative data:

E ConnectorAlternativeData

FOR CONNECTOR
NEW REGISTRATION ENTRY AND UPDATES

Connector AlternativeConnector *

D38999/24WE (000 |8D7-1TWPOO9

D38999/24WCHO) 8D7-13W0000) Connector ID |:]

D38999/24WD OO0 8D7-15WHO0)

D38999724WE PO | BD7-17WDOOG Connector 1 [ |

D38999/24WF OO0 8D7-19W 000

D38999/24WG O |8D7-21W(009 Alternative 2| |

D38999/24WHO) |8D7-23W0009

D38999/24WI000) |8D7-25Wp009

D38399/26WAQOCO) | 8D5-09W(O0Q) 3 INSERT 2 UPDATE

D38999/26WE OO | 8D5-11WP00Q

D36993/28WC0000 | SD5-13W 0000 |v|| REMOVE FILTER | * CLEAR BOXES
| [ SEARCH \ N s

Figure A.5. Connector-alternative data arrangement screen

Red numbers are main, blue and green numbers are alternative steps for all

processes.

e Backshell-alternative data:

BackshellalternativeData — ] X

‘@

FOR BACKSHELL
NEW REGISTRATION ENTRY AND UPDATES

>

Recomended Alternative

91H1-09-03-1-B-HE0O50
91H1-08-03-1-B-HEO50
91H1-08-03-1-B-HEO50

TXR404B00-08044)
STXR40ABO0-08044]
BTH1-08-03-1-B-SB

91H1-08-04-1-B-HEDS0
91H1-08-04-1-B-HEDS0
91H1-09-04-1-B-HEOS0
91H1-09-05-1-B-HE100
91H1-08-05-1-B-HE100

TXR404B00-08044)
STXR40ABOD-08044]
BTH1-09-04-1-B-5B
VTXFMUAEUU-DEU 54l
STXR40AB0O0-08054]

91H1-08-05-1-B-HE100
91H1-08-06-1-B-HE100
91H1-08-06-1-B-HE100

BTH1-08-05-1-B-5B
TXR40AB0O0-0806A
STXR40ABO0-0806A!

91H1-08-06-1-B-HE100

BTH1-08-06-1-B-5B

B

4

ABackshell_ID |:|

Recomended 1|

Alternative 2 |

3
INSERT

REMOVE FILTER
3

2 UPDATE

4 CLEAR BOXES

Figure A.6. Backshell-alternative data arrangement screen



e Wire-alternative data:

B wireDats - O X
FOR WIRES
NEW REGISTRATION ENTRY AND UPDATES
WireType WireR ded  WireAltemali A
» ; ME1044/8-0-X

Primary ME1044/8-2-X
Primary h81 04484
Primaty M81044/9-6-X ' | | wirelD [
Primary 181044/9-8-X | |
Primary M81044/3-10-X || wireType 1] |
Primary ME104412-12-X | ME1044/8-12-X WireRecomended 2| 1
Primary MB1044112-14X | MB1044/8-14-X
Primary MB104412-16-X  M104413-16X | | WireAlternative 3| }
Primary ME1044/12-18X | MB1044/3-18X | B
Primary M81044112-20-X | M81044/8-20-X 4 INSERT 2 UPDATE
Primary r\:emmm 222X |MB104418-22X | g REMOVE FILTER | S CLEAR BOXES

Figure A.7: Wire-alternative data arrangement screen

Red numbers are main, blue, green, black, and purple numbers are alternative

steps for all processes.

e Bundle diameter-shield data:

B BundieDiaToshieldData - o x

FOR SHIELD
NEW REGISTRATION ENTRY AND UPDATES
Shield BundleDiameterlow B i i i A
» 25 5 AC-4503 .
RAY101-4.0 35 75 [Ac4504 ‘ ShisltEID)
(RAY101-6.0 45 95 [AC4508 ‘ )
(RAY101-75 7 14 [ac4507 ‘ Shiclditecomende
i s 2 seas0 | pundieDiameterLow
RAY 101125 n 2 |ac4s12 ‘
RAY 101-20.0 16 ® AC4520 SupdiSiameterblioh
R&Y 103-4.0 35 7.5 AC-4604 ShieldAlternative I:’
RAY 103-6.0 45 95 AC-4606
RAY 103-7.5 7 14 |ac-a507 s R Y RN
RAY103-10.0 8 2 AC4510 ‘
RAY103-125 1 24 AC4612
[ I v REMOVE FILTER 6 CLEAR BOXES
3
~ SHELDSEARCH . DELETE

Figure A.8. Bundle diameter-shield data arrangement screen
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e Shield-jacket data:

ShieldToJacketData - O X
FOR JACKET
NEW REGISTRATION ENTRY AND UPDATES
Shield Jacket Alternative A
Sl - 101304455 PR IR 2

|RAY 101-3.054,55... |DR-25-1/4-0 | HTAT 812
RAY 101-4.0<6,3m... DR-25-1/4-0 HTAT 1213 \
|RAY 101-4.056,3m... | DR-25-3/8-0 |HTAT 1273 | Jacked_ID I
RAY 101-4.0<6,3m... | DR-26-114-0 | RNF-100-174 \
RAY 101-6.0<7,8m... | DR-25-3(8-0 HTAT 1614 ' | Shield [1 |
RAY 101-6.0>7.8m... | DR-25-1/2-0 | HTAT 164 \ f e comarmtonl 3 |
RAY 101-6.0¢7,8m... | DR-25-38-0 | RNF-100-3/8 |
[RAY 101-7.5¢11,3... | DR-25-1/2-0 HTAT 2416 || JacketAlternative |3 |
[RAY 101-7.5511,3... | DR-25-3/4-0 | HTAT 246 \
RAY101-7.5¢11,3.. | DR-25-112-0 |RNF-100-1/2 | | [ INSERT 2 UPDATE
|RAY 101-7.5>11,3... | DR-25-3i4-0 |RNF-100-3/4 |

3; REMOVE FILTER |5 CLEAR BOXES

- T |

Figure A.9. Shield-jacket data arrangement screen

e Transition Data

B TansitionDats - a X
FOR TRANSITION
NEW REGISTRATION ENTRY AND UPDATES @
*—
TransitionType JacketSizeEnti JacketSizeExitl R dedTr AlternativeTran ~
» 61mmeX<13,.. |3 3mm<X<E,6.. 3824012-25-0 | 381A301-50-0
|OneToTwaTra... | 124mmeX<2... |6.1mmeX<13,.. 3824023250 | | TransID ]
OneToTwaTra... 18mm<X<38,... | 124mm<eX<2.. |3824034-25-0 | 3814302-50-0
OneToTwoTra...|258mmaX<E... | 25,8mmeX<5.. | 3824046-25-0 | TransitionType K
| OneToTwoTra.. | 6.8mmex<13,.. |3, 6mmax<e 5., | 3424012-25-0 | JacketSizeEntrylnterval |2
OneToTwoTra.. | 12.7mm<xX<2.. | 3,6mm<X<6b. | 3424024-25-0
|OneToTwaTra... | 13,7 mmeX<2... |61mmeX<13,.. 3424034-25-0 | | JacketSizeExitinterval |3

OneTaTwoTra... 26,9mm<X<5.. | B,.9mm<x<13,.. | 3424048-25-0 RecommendedTransition[ 4

OneToTwoTra... | 26.9mm<xX<h... 13, 7mmaX<2.. | 3424058-25-0

| OneToTwoTra... 3.3mm<x<6,6.. 3,3mm<<BB.. 3014011-25-0 | Alternative Transition [5

OneToTwoTra... | 8.9mm<X<13... B,9mm<X<13,. | 3014022-25-0
.OneToTonra...‘13,5mm<X<2... 13.8mmex<2... | 2014034-25-0 |

(& | RECOMENDED
INSERT 6 |2 UPDATE 11 | SEARGHTYPE

3 ! 2
53 REMOVEFILTER | 7 GLEAR BOXES | > pEEE

Figure A.10. Transition data arrangement screen
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e Splice Data:

SpliceData ol [m] X
FOR SPLICE -
NEW REGISTRATION ENTRY AND UPDATES *'\Qe
SpliceType Wirelntervals_A WireConfi ic R dedSp Al iveSplic: ~ \i
r BN W zE= |11 [D-a36-38 D-436-0128

Crimp 227 t0 267 1= D-436-36 D-436-0128 .
Grirmp 207 t0 26 e D-436-36 D-436-0128 Splice’ No (I
|crimp |227 10 247 |11 |D436-36 D-436-0128 SpliceType [1 |
lCrimp | 20" to 24™ | %=1 ‘0435735 D-436-0128 Wirelntervals (AWG) | 2 |
Crimp 20710 22° 121 D-436-36 D-436-0128 ) ) !
lCrimp ‘ 247 to 26 [ 2 -D-43E-3E D-436-0128 WIreconflgura‘lon I 3 I
Crimp 2270 267 —g D-436-36 D-436-0128 AlternativeSplice [4 |
Crimp 207 to 267 g D-436-36 D-436-0128 RecomendedSplice [5 |
|Crimp e S |D-436-36 D-436-0128
|Crimp L Cr i |D-136-36 D-436-0128 6 INSERT ,  UPDATE
| Crimp 207022 1 D-436-36 D-436-0128 .

[ ‘_ 3 gREMOVE FILTER |7 CLEAR BOXES
2
i ~ searchspuceTvee , [NINCEETE

Figure A.11. Splice data arrangement screen

e Material selection:

CollectiveSelections

Selsot Connector Alternative Connector
i 807.05F(0) -
Select Bundle Diameter Interval [0 - 45 ~]2 T ive Backehell
RECOMENDED BACKSHELL  [91H1-09-03-1-CHE0S) ] [TrRsacon oa0eal v
Select Backshell [THT300 030 000¢ ~]3 A
aol
. . Select Degree [Smaight Boct -4 [ v
RECOMENDED BOOT [znar1n 250 ]
Select WireType [2 Twisted -5 Altermative Wire
RECOMENDED WIRE IMzrsnnrwzuLzm v \ 6 [ v
Select i [11- 2 17 Alternative Shield
RECOMENDED SHIELD [Ravionazs 7|8 [sc4512 s
Select Shield [y 101-10.0¢15.8rm -] 9 Al e o
RECOMENDED JACKET [oRz53780 ~|10 [Hrar 2478 -
SelectTransitionT ype [OneToFourTransiion ~|]11
SelectacketSizeE nirylnterval 6 Smm<<c13.2mm “]12 Gl i L 2o
= — . [ hd
[s5maxc \
RECOMENDED TRANSITION 6524011250 ]
SpliceType [Crimp. ~] 13 ive Splice
Wirelntervals (AWG) [iz01e ~] 14 o435 -
“:-f‘ WireConfiguration [r=1~ -]
M NsenT MATERIALLST 15
RECOMENDED SPLICE o433 ]
17
FINAL LIST
MATERIAL LIST
Connector ConBundieDiameteBackshel ShisldBundleDiame Shisld Jacket Boot Transkion Spice Wire
DIBII2AIK... [0 - 45 SIHI 250318 |11 - 24 [Ravioiazs  [oR25ama | 202121250 D-436:38 M27500-12ML2T

Figure A.12. Material selection screen
Material Selection Steps:

1. Enter connector code from the data package.
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2. Enter bundle diameter interval.
Backshell is automatically selected by software.

3. Enter selected backshell code.

4. Specify the type of boot.

The boot is automatically selected by the software.

5. Specify the type of wire.

6. Enter code of wire from data package.

7. Enter bundle diameter interval calculated from Harnware or excel formula or
manually calculation methods.

The shield is automatically selected by software.

8. Add 0.8mm to bundle diameter, and enter the code of the selected backshell.
There are some options in this step. According to the overall shield diameter
on the bundle, select the suitable value of the determined shield which
diameter value is smaller or bigger than a specific value. (This part can be
selected by Harnware)

The jacket is automatically selected by software.

9. Specify the type of transition if there is a need.

10. Add the thickness of the selected jacket which is given from Figure 36 on
overall shield diameter or add as the average of 1.5mm on overall shield
diameter.

11. Specify outer diameter interval between specific values for transition’s entry
and exits.

Transition is automatically selected by software.

12. Specify the need for a splice or solder sleeve.

13. Enter AWG values.

14. Enter wire configuration.

Splice is automatically selected by software.

HMS may suggest some alternative materials. The designer can select those
materials too if the main materials are hard to obtain.
15. Click the “INSERT MATERIAL LIST” button to add a row to the material
list table.
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Those steps can be repeated for each branch of the harness.

16. Designers can delete an unnecessary row by clicking the “DELETE” button
or can click the “UPDATE” button after inserting material or manually
change something in the material list.
For example, a row is completed and inserted into the material list but there is
no need to splice according to the data package. Therefore, users can delete
unnecessary materials from the material list manually then click the
“UPDATE” button.

17. After all, arrangements are completed, click the “FINAL LIST” button.

e BOM:

B 2i0fMaterialsForExcel - O X

ALLOFMATERIALS
D3898924 R

D38388124F D000
§1H1-1 3-05-1-C-HE1 00
91H1-15-05-1-C-HE100
222K121-25-0
202K121-25-0
hAS1 04407 2-20-x

hAB1 04411 2-1 G-
RAY101-4.0
DR-25-3/3-0
3824012-25-0

Figure A.13. BOM screen
After the final listing, a BOM screen will appear. If designers are sure about
materials, they can import BOM to excel.
Designers should click the “CLEAR” button on the BOM screen before they
start the new harness design if they don’t list, new selected materials are added to the
old list.
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e Code-DWG:

H imageData

- a

Click Preview Picture To Open Autocad Drawing

X

|BZEB§BT... with straight backshell and 90 degree boot detail 1

| dwgmaterials\G2GBSET_30_BOOT_DETAYl.dwg 2 OpenWithAutoCad _"’KI
INSERT 3 UPDATE A’E |

DELETE 3 CLEAR 5 W

H” 111 ey

| Explanation Path & “”l“ -

GZGBSET ... with straight backshel a...
13 B2GBSET ... with straight backshel a...
E2GBSET ... with Backshell and Bocot ...
E2GBS5ET ... with straight backshell an...
851_...
851_...

with straight backshell and st...
with straight backshell and str...

dwa\materials\62GBSET_90_BOOT.... .
62GBSET_90_BOOT...

dwag'material

dwg'matenials\62GESET_DUZ_EBOO...

dwg'matenials\62GB5ET_DUZ_BOO...

| dwg\materiak\351_TTRG_DUZ_BO... |

dwag'matenialsh851_01RG_DUZ_EO...

851_... with straight backshell and 90...

dwgimaterials\851_90_BOOT. dwag

851_... with straight backshell and 90
D38339/20... with straight backshell ...

dwaimaterials\851_90_BOOT_DET...
dwa'\materials\38999_20wWD_SERI_... | v

Figure A.14. Code to AUTOCAD screen

Steps:
1. Enter code and description of materials.
2. Add extension of drawing in AUTOCAD Format.
3. Click “INSERT” or if any row should change, click “UPDATE” or click

“DELETE”

4. Click the preview picture to open 2D AUTOCAD Drawing.
5. Click “CLEAR” after the finish.

46



e Code-datasheet:

B DatasheetlinksData — [m] X
MaterialType | v | 1
Series |D38999 v| 2

hitps: /v, smphenal co.uk Asites/ default/files/file Amphenol%2038599% 20complete. pdf

NEW REGISTRATION ENTRY AND UPDATES

Materi Series Datasheet

Connector | 038399 hitps: /v, amphenol co, uk/sites/default files/file /Amphenol%2038999% 20complete. pdf
Connector | MS hitps: /v amphenol oo uk/sites/default ffiles//file/Amphenol2038993% 20complete. pdf
Connector | LIT hitps: /v, amphenol.co,uk/sites/defaultfiles/file /Amphenol% 2038999% 20complete. pdf
Connectar | TV bitps: v amphenol co uk/sites/default ffiles//fle/Amphenal’2038993% 20complete. pdf

Connector | CA https: v ittcannaon.comy/ Core/medialibrary/1T TCannon/website/Literature/Catalogs-Brachures/1 TT-Cannon-CA-Bayonet-Catalog-1015.pdf Pest=pc v

3
3

2>
LinksID

MaterialType

|
Series | ‘ 2
DatasheetLinks |

INSERT 4 UPDATE 2 SEARCH

REMOVE FILTER CLEAR BOXES 5 DELETE

Figure A.15. Code to datasheet screen

Steps of selection:

Specify the type of material.

Specify series of materials.

Steps of Data Arrangement

Write material type or search a specific material name.

Write material series if new data is needed to be entered. If there are any data
searches, the designer can click “UPDATE” in case of arrangement on a
specific searched row or can click “DELETE” to remove a specific data from
searched row.

Found data sheet link from internet is pasted on the area of “DatasheetLinks”.
Another case is if a search is updated or completed, the designer can click
“REMOVE FILTER” to bring all data.

If new materials, series, and links are written from steps 1, 2, 3, click the
“INSERT” button to store that information in the software system.

After new data is entered, designers can click the “CLEAR BOXES” button.
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