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Tässä kandidaatintyössä tarkastellaan kohdeyrityksen keskeytymättömän virransyötön 

laitteiden ohutlevykoteloiden DFMA-näkökulmia. Työssä tutkitaan yrityksen kahta 

olemassa olevaa tehoelektroniikkalaitetta ja keskitytään analysoimaan ja vertailemaan 

niiden mekaanisia ratkaisuja. Tärkeimpinä lähtökohtina työlle ovat laitteen 

toiminnallisuuden sekä sen lukuisten turvallisuus- ja sähköisten rajoitteiden ja vaatimusten 

turvaaminen, eikä laitteiden yksittäisille osille voi tehdä muutoksia ilman näiden asioiden 

huomioimista. 

 

Tutkimuksessa avataan keskeytymättömän virransyötön käsite ja esitellään mitä DFMA:lla 

tarkoitetaan ja millaisia etuja sen avulla on mahdollista saada. Tutkimuksen tavoitteena on 

auttaa kohdeyritystä etsimällä laitteista epäkohtia ja esittää ideoita niiden ratkaisemiseksi 

sekä tuotteiden suunnittelun kehittämiseksi ja yhdenmukaistamiseksi. Kirjallisuuslähteiden 

sekä laitteista tehtyjen havaintojen perusteella tutkimuksessa luodaan DFMA:n mukainen 

kysymyslista, jonka avulla erilaisia levyosaratkaisuja on mahdollista vertailla keskenään. 

 

Tutkituista laitteista löytyy useita epäkohtia. Sekä laitteissa keskenään että yksittäisen 

laitteen levyosien välillä on käytetty monenlaisia erityyppisiä ratkaisuja, mikä näkyy muun 

muassa useina erilaisina kiinniketyyppeinä, levynpaksuuksina, viisteinä, pyöristyssäteinä 

sekä reikäkokoina ja -tyyppeinä. Laitteissa on hyvin vähän standardisoituja, modulaarisia ja 

yhdenmukaisia osia, ja monin paikoin saman toiminnon suorittavat osat ovat hyvin 

erinäköisiä. Yrityksen sisäisellä standardisoinnilla näiden erilaisten ratkaisujen määrää on 

mahdollista rajata pienemmäksi. 

 

   



 

 

ABSTRACT 
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Bachelor’s thesis 
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39 pages, 14 figures, 2 tables and 2 appendices 

 

Examiner: D. Sc. (Tech.) Harri Eskelinen 

 

Supervisors: D. Sc. (Tech.) Harri Eskelinen & D. Sc. (Tech.) Pertti Silventoinen 
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This Bachelor’s thesis considers DFMA aspects of a sheet metal cabinet in a target 

company’s uninterruptible power supplies. The thesis studies the company’s two existing 

power electronics devices and it focuses on analyzing and comparing their mechanical 

solutions. The most important starting point for the study is ensuring the device’s 

functionality and its numerous safety and electrical restrictions and requirements. The 

devices’ individual parts cannot be modified without considering these issues. 

 

The study opens the concept of an uninterruptible power supply and introduces what DFMA 

means and what kind of benefits it is possible to gain by using its methods. A goal of the 

study is to help the target company by looking for faults in its devices and propose ideas for 

solving them and developing and standardizing the products’ design. A DFMA questionnaire 

is created based on literature sources and observations of the existing devices, and it helps 

to compare different solutions in sheet metal parts. 

 

There can be found many faults in the studied products. The devices between each other and 

an individual device’s sheet metal parts have various distinct solutions. That is seen as many 

different fastener types, material thicknesses, chamfers, bend angles, hole sizes, and hole 

types. There are very few standardized, modular, and uniform parts, and parts that have the 

same function in different devices are frequently dissimilar. With company’s internal 

standardization, the amount of these different solutions can be limited. 
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1 INTRODUCTION 

 

 

This research is made for a target company with their collaboration. The purpose of the study 

is to use the methods of DFMA (Design for Manufacture and Assembly) to help to analyze 

and optimize sheet metal parts in existing UPS (uninterruptible power supply) cabinets. 

Using the DFMA rules and guidelines during product design can provide several benefits 

including shorter lead times and cheaper products which are easier to manufacture and 

assemble. The other purpose of the study is to find better overall solutions for the structure 

of the cabinet and to utilize modularity, so the findings could be used for the whole product 

family of UPSs in the target company. The goal is also to help find the appropriate 

characteristics to compare the solutions in concrete ways and compile an easy-to-use 

evaluation matrix that could help to analyze the DFMA aspects in power electronic system 

cabinets in general. 

 

1.1 Research problems and questions 

The main research problem is to help the design of a modular and more optimal cabinet for 

a UPS based on findings of existing products from the target company using DFMA 

guidelines. This happens by first identifying the critical parts of the product that cannot be 

modified, and parts that are the most complicated and difficult to manufacture and assemble 

and can be modified. Because a UPS is an electrical apparatus, it also causes many specific 

limitations and requirements for the sheet metal parts of the cabinet. Those limitations and 

requirements, for example, pertain to electrical, cooling, radiation and safety aspects. They 

must be carefully considered before altering the design and implementing that makes the 

process challenging. After all, the product’s safe and functional reliability are the most 

essential qualities and no changes or modifications can be made to the cabinet without 

ensuring those things. The modifications should also give some financial benefit or other 

benefits that ease the manufacturing and assembling process and simultaneously shortens 

the lead time of the product. While making the modifications it is also important to bear in 

mind that the subcontractors of the target company can manufacture and deliver the 

redesigned parts and the company can assemble them with their available equipment and 

facilities. 

 



8 

 

Based on the research problems, the research questions can be formed: are there better 

solutions to manufacture and assemble the cabinet which does not prevent its functionality, 

safety or other crucial features? It is also important to study if it is possible to reduce costs 

and shorten lead time with more effective design, and if it is possible to use modularity and 

compile a DFMA questionnaire that could be applied to analyze UPS cabinets and power 

electronic system cabinets in general. 

 

1.2 Research methods, scope and contribution of the thesis 

At first, the study familiarizes the reader to the concept of uninterruptible power supplies 

and presents the target company’s UPS production. Then there is a short literary review that 

considers shortly the concept of DFMA, its benefits and methods, and implications regarding 

the sheet metal design. The observations of the studied UPS devices, a DFMA questionnaire 

for analyzing existing UPS cabinets and comparing them, and some improvement 

suggestions are presented. The study focuses only on the mechanical aspects of the UPS 

cabinets’ sheet metal parts, and electrical side is left out of the study. The study is part of a 

larger research project, which considers sheet metal parts also from fastening/joining and 

modularity viewpoints, and an overall report of the project is combined elsewhere.  
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2 STUDIED UNITERRUPTIBLE POWER SUPPLIES 

 

 

Uninterruptible power supply (UPS) is an electrical device that is meant to provide backup 

power for critical equipment in case of a power outage or other emergencies. UPSs can be 

used in many places from home and office use to large data centers, server rooms, ships or 

hospitals. For example, UPSs can provide enough power to prevent a data loss in a 

workstation or feed power until an emergency backup power generator starts working in a 

hospital. In many places, the quality of electrical power might also be bad or vary and cause 

problems in small electrical components whereupon UPSs can help to condition this 

incoming power. 

 

2.1 Eaton Corporation and its UPS production line 

This research is made for Eaton Corporation. Eaton is an international conglomerate founded 

in 1911. It has approximately 96 000 employees and its sales were 19,7 billion dollars in 

2016. Eaton’s lines of business include electrical, hydraulics, aerospace and vehicle sectors. 

Eaton Power Quality Oy is part of Eaton and it operates in Espoo, Finland concentrating 

mainly on manufacturing and assembling UPSs and offering maintenance services for them 

(Eaton Corporation 2018). 

 

This thesis considers two models of Eaton UPSs, 93E and 93PS, including their whole 

product families. These models are all intended for data center or server room use. Eaton 

also has other UPS models for industrial, marine, workstation, home, and other uses. The 

three UPS models part of this study are introduced next. 

 

2.2 93E UPS 

Eaton 93E UPS is an online, continuous-duty, transformerless, double-conversion, three-

phase electric power system, which provides conditioned and uninterruptible alternating 

current (AC) power to a critical load and protects it from power outages (Eaton Corporation 

2016a, p. 1). Three-phase power is a form of alternating current and it is more efficient to 

distribute power over long distances than single-phase electric power and it also allows 

industrial equipment to work more efficiently. In comparison, in single-phase power, all 
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voltages of the supply vary in unison and household electrical supply is generally single-

phase (Eaton Corporation 2012, p. 5-6). 

 

UPSs are also categorized in different topologies which provide varying degrees of 

protection. The double-conversion topology, as used in 93E, secures continuous power for 

critical equipment against different power protection problems, such as power failure, power 

sags and spikes, and frequency variation. Double-conversion topology keeps power quality 

consistent, and as demonstrated in Figure 1 it regenerates the output voltage by first 

converting AC to direct current (DC) and then converting the DC back to AC (Eaton 

Corporation 2012, p. 9-10). 

 

 

Figure 1. Eaton 93E UPS path of current in a standard normal mode. The rectifier converts 

AC to DC and the inverter converts DC back to AC (Adapted from Eaton Corporation 2016a, 

p. 53). 

 

Figure 2 shows how 93E UPSs are available in power rating from 15 to 400 kVA with 

different frame sizes. The 93E model used in this study has a power rating of 20 kVA. 93E 

UPSs are made entirely in Eaton’s manufacturing plant in China. 
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Figure 2. Eaton 93E UPS product family. The 15-40 kVA models are 530 mm in width. 

(Adapted from Eaton Corporation). 

 

2.3 93PS UPS 

93PS UPS works on the same principle as the 93E UPS model introduced above. It is a more 

advanced UPS model than the 93E as maintainability and modularity are, for example, 

considered more thoroughly in the design process. 93PS’s power factor is 1 compared to 

93E’s 0,9, and its efficiency is over 96 % compared to 93E’s up to 94 % efficiency. The 

power electronics part of the 93PS UPS is made entirely in China and the assembly of the 

frame and battery installations and are made in Finland. The sheet metal parts of the frame 

come from a Finnish subcontractor. 

 

In Figure 3 is shown a 20 kW Eaton 93PS UPS that was used in this study. 93PS’s are 

available in power rating from 8 to 20 kW with one power module and to 40 kW with two 

power modules. 93PS’s are scalable and at the moment it is possible to link up to four 40 

kW frames parallel to together to make the total system size 160 kW. Scalability makes 

upgrading the equipment easy when the data center grows. 
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Figure 3. The studied 20 kW Eaton 93PS UPS with its door open. 

 

2.4 9395P UPS 

Eaton Power Quality Oy in Espoo also manufactures Eaton Power Xpert 9395P UPSs’. It is 

the biggest and the most powerful of the UPSs considered in this study. Its power rating 

varies between 250 and 1 200 kVA, and like the 93PS model it is also modular and scalable. 

9395P can consist of up to four uninterruptible power modules (UPM) and each UPM is 

rated for a maximum of 250 kVA / 300 kVA (Eaton Corporation 2015, p. 1). 9395P is 

assembled in Finland and the sheet metal parts of the cabinet come from Finland. In Figure 

4 there is a 9395P UPS variation where there are all four UPMs installed. 

 

 

Figure 4. Eaton 9395P 1 000 kVA / 1 200 kVA. From right to left first there are three UPM’s, 

then an integrated system bypass module and in the far left there is a field installed UPM 

(Adapted from Eaton Corporation). 
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2.5 Main electrical requirements for the mechanical design 

All UPS units must fulfill safety standards IEC 62040-1 and IEC 62477-1 determined by 

International Electrotechnical Commission (IEC). The former considers general safety 

requirements of the UPSs and the latter is about safety requirements for low-voltage power 

electronic converter systems and equipment. The IEC-62477-1 is used as a reference 

standard for the IEC 62040-1. 

 

UPSs also are not allowed to cause electromagnetic interference (EMI) with other devices 

nearby and they must tolerate EMI occurred in its normal operational environment. IEC 

62040-2 is a standard about UPSs’ electromagnetic compatibility (EMC) and it elaborates 

the apparatus' immunity for external interferences and the electromagnetic emissions it 

emits. One of the functions of the exterior sheet metal parts of the cabinet is therefore to 

block EMI caused by the UPSs’ electromagnetic components. UPS’s connection cables also 

can easily form an itinerary for EMI, so the use of interference filters might sometimes be 

necessary. 

 

Standard IEC 62040-3, in turn, provides a method of specifying the performance and test 

requirements of the UPS but in the mechanical sense, this standard isn't as critical as the 

former three standards. UPS must function in temperature between 0 and 40 degrees of 

Celsius, and in relative humidity between 5 and 95 percent. Condensation is not allowed to 

happen inside the device. Eaton's 93E, 93PS and 9395P UPSs are not designed to be 

protected from splash water so they do not suit for outdoor use or use in moist conditions. 

UPSs’ fans and other ventilation solutions are designed based on the temperature of the 

environment so that the apparatus functions as desired. Consequently, before making 

changes to the sheet metal parts in this research, the designer must consider that they don't 

worsen the ventilation. All the mentioned three standards above set up preconditions that are 

considered in this research’s analysis and in proposed change suggestions to the existing 

UPSs. 
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3 PRINCIPLES OF DESIGN FOR MANUFACTURE AND ASSEMBLY 

 

 

Design for manufacture and assembly (DFMA) is a tool for maximizing quality and 

simultaneously minimizing the production’s costs and lead time. Originally, DFMA consists 

of two separate concepts: Design for Manufacture (DFM), which means the design is such 

that the parts are easy to manufacture, and Design for Assembly (DFA), which means that 

the designed parts are easy to assemble. DFMA consists of basic rules which can help 

product designers to minimize design complexity, ease and regularize design process, and 

make manufacturing process much easier.  Facilitation of the design process is important 

because 70-80 % of a product’s overall costs are determined by it, as shown in Figure 5. 

(Hidahl 2002, p. 69; Boothroyd, Dewhurst & Knight 2011, p. 8-22). 

 

 

Figure 5. How various factors influence to the product’s overall costs (Boothroyd et al. 

2011, p. 8) 
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3.1 DFMA aspects and their benefits 

Efficient and comprehensive use of DFMA procedures offers numerous benefits. 

Identification of defects and making changes early in the design phase saves money multiple 

times more than if they were done later when testing and production have started or worse 

if the product was released to consumers. According to Hidahl (2002, p. 70-73), to get the 

full benefit of DFMA, the product designer should aspire to think these considerations: 

simplicity, use of standard designs and components, use of standard and common materials, 

collaboration with the manufacturer and specifying right tolerances. 

 

Although a product must perform all its required functions, the designer pursues as simple 

structure as possible and parts which are simple to manufacture and assemble. Reduction of 

the number of parts, fasteners, and reorientations, and use of modular and versatile parts and 

assemblies are effective ways to simplify the product. Minimizing the number of parts is 

possible by first thinking over, if a part is essential for the assembly or not. Lowering the 

number of fasteners by combining existing parts as one can save time and money in 

assembly, make maintainability easier and increase the product’s reliability. Modular and 

versatile parts can make upgrading and expansion of a product family easier and reduce the 

total amount of parts. (Hidahl 2002, p. 69-70). 

 

Use of standard shapes, components, tools, and materials is a great way to reduce costs in 

the design process. Company-specific standard parts or materials also speed up the design 

phase. Comprehensive standardization also makes a finite number of different fastener types 

possible (Eskelinen & Karsikas 2013, p. 29). Using common materials means that the 

materials are usually easy to machine, and they are easily available for the company. 

 

Collaboration between designers and manufacturers is an important part of the design 

process. If the collaboration works poorly, it is possible that “an invisible wall” forms 

between design and manufacturing, where the designers throw their ideas over the wall to 

the manufacturers, who then must deal with arising problems not considered during the 

design phase (Boothroyd et al. 2011, p. 8). For example, the designer might compulsively 

try to use modularized or standardized solutions without considering the manufacturability 

of them or the designer might not have enough knowledge of different manufacturing 

processes or of their DFMA guidelines. The globalized world has also complicated the 
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collaboration because design, manufacturing, assembly, and the market might be located all 

over the world. (Eskelinen & Karsikas 2013, p. 9). 

 

Finally, the designer should specify tolerances that are easy to manufacture with the 

company’s own equipment and available processes. The tolerances should not be too strict 

or precise in vain because it can make a part difficult to manufacture. With the collaboration 

mentioned above and with concurrent engineering the designer knows what the manufacturer 

can do. (Hidahl 2002, p. 71). 

 

 

3.2 DFMA methods 

There are many different DFMA methods, such as Boothroyd-Dewhurst DFMA method and 

the Lucas DFA method, and Hitachi Assembly Evaluation method. Boothroyd-Dewhurst 

DFMA method is a procedure to analyze and evaluate the ease of assembly with numerical 

characteristics. It suits well for analyzing existing assemblies and improving them. At first 

phase of the method, order of assembling the parts is defined, and then a total assembly time 

of each part is measured. By adding together all assembly times of individual parts, one can 

find out the total assembly time of the full assembly. This phase then gives two 

characteristics: 

1. Assembly costs based on the total assembly time. 

2. The ratio between the number of parts and total assembly time that describes the 

assemblability of the product. (Eskelinen & Karsikas 2013, p. 81-82). 

 

At second phase of the Boothroyd-Dewhurst DFMA method the product’s essential parts are 

identified. After that, it is possible to combine parts and their functions, and reduce the part 

count at the same time. (Eskelinen & Karsikas 2013, p. 82.) The method gives three criteria 

to determine if a part is essential or not: 

1. Does the part move relative to other analyzed parts? 

2. Does the part have to be made from a different material than other analyzed parts? 

3. Is the part required for (dis)assembly or does it need to be replaceable or adjustable? 

If the answer to all these questions is no, then the analyzed part can be combined with another 

part. (Boothroyd et al. 2011, p. 10-11). Lucas DFA method gives a more in-depth version of 
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these questions by asking a few follow-up questions. In Figure 6 is shown a Lucas flowchart 

to analyze the essentiality of a part. 

 

 

Figure 6. Lucas flowchart functional analysis (Biesek & Ferreira 2016, p. 708.) 

 

Both Lucas and Boothroyd-Dewhurst methods have an objective to reduce part count. By 

reducing the part count, it is possible that some parts become more difficult to manufacture, 

and a product that is easier to assemble might become more expensive. Therefore, the 

original Boothroyd-Dewhurst method needs a third characteristic, that considers the costs of 

manufacturing individual parts. (Eskelinen & Karsikas 2013, p. 82-84.) 

 

Lucas DFA method analyzes three phases of the assembly process. First, the essentiality and 

functionality of parts are analyzed with the flowchart shown in Figure 6. Then, the handling 

and transit of parts before assembly are determined, and finally, the actual assembly is 

examined by analyzing the gripping of a part and assembling and fastening a part in place. 

(Eskelinen & Karsikas 2013, p. 83-84.) 
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Lucas method also does not consider the total costs of product, but it gives three 

characteristics about a degree of difficulty of assembly: a design efficiency, a handling ratio, 

and a fitting ratio. Design efficiency = 100% * A / (A+B), where A is the amount of essential 

parts and B is the amount of non-essential parts. The idea is to reduce the amount of non-

essential parts and try to reach 60 % ratio. (Eskelinen & Karsikas 2013, p. 84.) 

 

Handling ratio = Handling index / A, and it concerns the problems shown up when handling 

parts before the actual assembly. Handling index consists of the size, weight, shape, handling 

difficulties, and orientation aspects of a part, and A is the amount of essential parts. Fitting 

ratio = Fitting index / A, and it concerns the problems appearing in the actual assembly 

process. A is the amount of essential parts, and fitting index consists of gripping, insertion, 

and fixing aspects of a part. (Eskelinen & Karsikas 2013, p. 84.) 

 

3.3 Design guidelines for manufacturing sheet metal parts 

This thesis examines the sheet metal parts of cabinets of existing UPSs. Sheet metals are flat 

pieces of metal with thickness under 3 mm, and their manufacturing processes can be 

categorized to cutting, forming, bending, fastening, and surface treatment. Manufacturing 

processes can be split further into sub-categories, for example, the cutting can be done by 

laser, plasma or water jet cutter. (Matilainen et al. 2011, p. 3-4). All the manufacturing 

processes set different requirements and constraints for the designer to pay attention, and 

next is presented a few small design rules for bending.   

 

When bending sheet metal parts, there are many things to consider, such as a bend angle, the 

size of a part, and the flat length of the sheet. To choose a right bend angle, it is important to 

consider the spring back of a sheet and bend the sheet over the desired bend angle. Spring 

back is a phenomenon, where after bending there remains internal forces inside a bended 

sheet and the sheet tries to come back to its originals shape, while the plastic deformations 

in the sheet try to prevent it. As a result, the bend angle is not the same as intended.  There 

are several things that affect to the spring back, including the geometry and material of the 

sheet and used bending tools and machines. In bending, it is also important to ensure that the 

outside of the sheet cannot break from the outside part of the bend. (Matilainen et al. 2011, 

p. 245-248). Spring back effect is demonstrated in Figure 7. 
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Figure 7. Spring back effect. (1) demonstrates the desired bend angle, and (2) the ultimate 

bend angle after spring back. 

 

Holes and slots must not be located too close the bend lines, if the dimensions must be exact. 

The outside bend line stretches, and inside bend line is pressed, so locations and shapes of 

too close holes and slots change when bending. (Matilainen et al. 2011, p. 257.)  Sheet can 

also break if the distance between the hole and outside bend line is too small (Eskelinen & 

Karsikas 2013, p. 58.) Minimum distance between a hole and a bend line is shown in Figure 

8. 

 

 

 

Figure 8. Minimum distance x1 between the hole and the bend line. 

 

It is necessary to make reliefs in the corners and the edges of a part to make bending possible 

to all directions. Corner reliefs prevent corners from tearing, so the part becomes more 

durable and solid. Corner reliefs can be circular, rectangular or tear-shaped. (Matilainen et 
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al. 2011, p. 259.) Bend reliefs are also important. Bend lines should not be same as the edge 

of the sheet, but if it is not possible, then bend reliefs can make bending easier. (Eskelinen 

& Karsikas 2013, p. 57-58.) An example of a corner relief and bend relief is shown in Figure 

9. 

 

 

Figure 9. A circular corner relief (left) and a bend relief. 

 

There are many other design guidelines for bending depending, for example, on the used 

bending machine. With an automatic bending machine, it is possible to make several 

consecutive bending operations both upwards and downwards (Matilainen et al. 2011, p. 

267). Automatic bending machine allows to use complex shapes from a single sheet so there 

is no need for assembly. In Figure 10, there are presented examples of geometries made from 

a single sheet metal piece.  
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Figure 10. Examples of complex geometries that can be made with an automatic bending 

machine (Adapted from Dalsin Industries 2018). 

 

As shown, considering the principles of DFMA can be beneficial in multiple ways when 

designing new products or analyzing existing products. The general DFMA aspects and 

specific DFMA rules for sheet metal products help observing the efficiency of the sheet 

metal parts in the studied UPSs and further makes possible to improve the existing structures. 

In next chapter, the observations of the studied UPSs based on these DFMA guidelines are 

presented.  



22 

 

4 DFMA OBSERVATIONS OF THE SHEET METAL PARTS IN STUDIED 

PRODUCTS 

 

 

The studied UPS models are a 93PS with a power rating of 20 kW and a 20kVA 93E, and 

they are available for disassembly and detailed examination. The study also consists of visits 

to Eaton’s UPS assembly line, in Espoo, where it is possible to get acquainted with the 

assembly process, see how the UPSs are assembled, and ask questions about the process. 

Eaton also provides material concerning the studied UPS models such as bills of materials, 

and CAD (computer-aided design) models. However, 2D manufacturing drawings, for 

example were not available. 

 

UPSs’ electrical side comes ready assembled from China and the sheet metal parts from a 

Finnish subcontractor. The Finnish assembly line assembles the frame, installs wiring, 

battery packages, and feasible options on customer’s request. Nevertheless, the 93E UPSs 

are fully made in China, so their assembly does not concern the Finnish assembly line. In 

the next subsection, observations concerning the sheet metal parts in existing UPS cabinets 

are presented. 

 

The first conspicuous thing of the existing products is that there are lots of differences 

between models 93E UPS and 93PS UPS. Although they are about in the same power range, 

their external dimensions are totally different as, for example, the 20kVA 93E model is 

clearly shorter, narrower and deeper than the basic 93PS UPS. 93PS has more modular 

solutions than 93E. For example, 93PS’s power module, as shown in Figure 11, is removable 

and easy to change, but in 93E, the power module is a fixed subassembly inside the frame. 

It requires some disassembly of the frame in 93E to get access to the power module during 

maintenance. The major differences between the two models can be explained with 

distinctive design philosophies. 93E UPS is a Chinese design, it is not intended to be 

overhauled per se, and it is made for other market than the 93PS UPS. 
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Figure 11. 93PS UPSs’ modular power module is removable and it can be easily changed 

on the field. 

 

There are also many other different solutions between the two studied UPS models, where 

the function of the part is the same:  

1. Doors have different appearance, locks, hinges and screen panels.  

2. Screen panels and appearance can be differing between premium and cheaper 

models, but overall execution of the doors should not differ too much.  

3. Ventilation has been implemented differently: 93E has separate ventilation grills for 

fans whereas in 93PS there is a punctured sheet metal plate.  

4. Battery shelves are designed differently between the two models, and batteries are 

also fastened differently.  

Differences in doors, grills and battery shelves are presented in Figure 12. 
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Figure 12. Differences in doors, grills and battery shelves. 93E UPS on the left and 93PS 

UPS on the right. Are all the different solutions necessary? 
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Disassembly of the devices also need a lot of time. To reach battery compartment or UPM, 

for example, where there are some parts that need maintenance every now and then, one 

needs a lot of time and a couple of different tools. Fans, air filters and batteries are the most 

commonly changed parts. In 93PS’s UPM, the capacitors are designed to last 7 – 10 years. 

In 93PS UPS, maintainability is considered in the design phase, whereas in 93E it is not as 

much.  

 

In 93PS’s sheet metal parts there are at least eight different material thicknesses, and in 93E 

there are at least seven different material thicknesses. The thicknesses vary between 0.8 and 

3 millimeters. In 93PS, for example, there are used thicknesses of 1.2 and 1.25 mm, which 

are really close to each other. There are also used many different chamfers and bend radiuses 

in the edges of the sheet metal parts, and that for its part makes manufacturing more 

complicated. 

 

In both models there are many different fastener types such as nuts and studs, rivets, and 

screws. Studs and nuts come in many varied sizes and screws have different drive types. 

Some individual sheet metal parts are fastened even with a few distinct fasteners. Although 

cable routing and wiring is the most time-consuming part of the assembly process, the need 

for several different tools, bits and tool sizes makes the assembly slower and more complex. 

Potential disassembly during maintenance also decelerates, if the serviceman needs multiple 

tools. Table 1 shows that in 93E there are total of 332 fasteners and 93PS has 581 fasteners. 

In 93E, the number of different fasteners is 22, and in 93PS it is 26. 
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Table 1. 93E and 93PS UPSs’ total amount of fasteners and different types of fasteners. 

 93E 93PS 

Fastener type Total amount of 

fasteners 

Number of 

different 

fasteners 

Total amount of 

fasteners 

Number of 

different 

fasteners 

Studs/bolts 41 6 45 8 

Nuts 17 4 108 6 

Rivets 55 2 165 4 

Screws 198 8 198 5 

Spacers 21 2 65 3 

TOTAL 332 22 581 26 

 

Since there are 47 sheet metal parts in 93E and 77 sheet metal parts in 93PS, fasteners per 

sheet metal part and different kinds of fasteners per sheet metal parts can be counted. This 

is shown in Table 2. 

 

Table 2. 93E and 93PS UPSs’ sheet metal parts and fastener ratios. 

 93E 93PS 

Sheet metal parts 47 77 

Fasteners to parts ratio 7.06 7.55 

Different fasteners to parts 

ratio 

0.47 0.34 

 

 

In both 93E and 93PS UPSs there are also used several L-profiles for joining different parts 

or subassemblies with each other. Some of these L-profiles are shown in Figure 13. There is 

also other similar type of solutions in the cabinets’, where sheet metal parts are made by 

connecting multiple parts together, where with better design and bolder bending it would be 

possible to make parts from a single sheet metal piece and reduce the need for some of the 

separate fasteners. 
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Figure 13. Some of the different L-profiles and strips in 93E and 93PS UPS. All the pictured 

profiles are between 400–1 000 mm long. 

 

Some of the sheet metal parts are equipped with handles. The handles’ only purposes are to 

ease the grabbing and handling of the part and prevent the worker from getting cuts in his 

hands. From the other side these handles are protected with sheet metal parts, and their 

fastening needs rivets. Example of a handle is shown in Figure 14. 
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Figure 14. A handle which only function is to ease grabbing the sheet metal part and prevent 

a worker from cuts. Assembly of the handles requires a few additional stages. 
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5 RESULTS OF DFMA ANALYSIS 

 

 

In this chapter, a DFMA questionnaire for analyzing the assembly of a UPS cabinets’ sheet 

metal parts and overall assembly process is presented. Based roughly on this questionnaire 

some of the sheet metal parts of both studied UPS models, Eaton 93E UPS and Eaton 93PS 

UPS, are also examined. Then there are proposed some general suggestions for changing 

and improving the existing UPSs, and things that could be considered when designing next-

generation UPSs. Although the mechanical side and final assembly of the cabinet are, 

according to the company, only one-fifth of the overall costs of the product, all savings in 

mechanical parts, assembly time and labor costs can directly increase the company’s gross 

profit. 

 

5.1 Results based on developed DFMA questionnaire 

A DFMA questionnaire for analyzing a UPS cabinets’ individual sheet metal parts and the 

overall assembly process is provided in Appendix I. The questions in the questionnaire are 

mainly based on general DFMA guidelines as introduced in Chapter 3. Some questions are 

also influenced by UPS cabinets’ electrical or other specific requirements, such as questions 

A13-A14 and B1-B4, and some questions are influenced by some of the observations of the 

existing products, such as questions A3-A8, A10 and A12. An inspiration for the DFMA 

questionnaire is found in similar questionnaires made for sheet metal parts elsewhere. An 

example of these DFMA questionnaires can be found in Eskelinen & Karsikas (2013, p. 103-

104).  

 

The created DFMA questionnaire works for analyzing existing products or singular parts, 

and for comparing other various alternative solutions. One can fill out the list of questions 

by simply answering yes or no to the questions or giving a number as an answer. Based on 

a given answer, it is possible to give points for the analyzed part or assembly. By answering 

all the questions and adding up the points, the part or assembly gets total points based on its 

performance. The higher the total points, the better the part or assembly fulfills DFMA 

guidelines. The specific questions can be emphasized by giving higher scores from more 

important or lower scores from less important questions. In questions where the reviewer 

must fill out a specific number as an answer, the line between a good and bad number can 
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change from product to product. For these two reasons, the provided questionnaire does not 

have predefined numbers. For the yes-no questions, without emphasis, it is possible to give 

+1 points for “yes” answer and -1 points for “no”. 

 

On the grounds of the formed questionnaire, some of the sheet metal parts of the cabinets’ 

in Eaton’s 93E UPS and 93PS UPS are examined, and suggestions for these parts are 

presented in Appendix II. More detailed DFMA analysis of the parts is left for a future 

research, but some of the common faults in the picked sheet metal parts in order of 

importance are: 

1. Too many different material thicknesses. 

2. Too many different hole types and sizes. 

3. Too many different fasteners and fastener types. 

4. Very few standardized parts. 

5. Very few modularized solutions. 

6. Unnecessary parts that could be removed or replaced. 

7. Screws or nuts used in fixed places. 

8. Too many different chamfers and bending radiuses. 

9. Complicated or non-symmetric shape. 

10. No bend or corner reliefs. 

 

5.2  Improvement suggestions 

Changes in assembly should never be made just for the sake of it, so consequently the 

changes must provide some benefit. Optimizing the sheet metal parts of the device’s cabinet 

can lead to savings by easing and expediting the assembly or by making the manufacturing 

process more efficient. Therefore, both assembly and manufacturing costs can be reduced. 

Potential changes can be examined with DFMA analysis and questionnaire.  

 

Company’s internal standardization can provide savings and clarify both manufacturing and 

assembly processes. The company could limit the amount of different types of fasteners, 

types of holes, hole sizes and L-profiles. Two noteworthy facts can be found in former Table 

2. Firstly, it shows that the studied UPS models 93E and 93PS both have over seven fasteners 

per sheet metal part. Secondly and even more alarmingly, it shows that in 93E almost every 

second part has a unique type of fastener and in 93PS every third part has a unique type of 
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fastener. Similar fasteners help both assembly and maintenance, when there is less often a 

need for different tools and tool settings. 

 

It would also be reasonable to use similar sheet metal parts, such as battery shelves, bases, 

frames, and doors in all UPS product families. Cabinet sizes could be standardized in 

general, and different UPS product families in the similar power range could possibly even 

use the same cabinet and then the same base. Use of standardized parts, shapes, and sizes 

reduces the need for different tools and manufacturing and assembly methods and helps to 

make the company’s product range more coherent and distinct. Even if the benefits of 

standardization would not considerably appear as time saved in assembly, using same parts 

in different product families can significantly reduce manufacturing costs as parts are 

manufactured in greater quantities. A smaller amount of different parts also can also help to 

manage the stock.  

 

Some of the sheet metal parts in the studied devices (93E and 93PS) were either unnecessary 

or possible to replace or combine with bolder bending. With bending it is also possible to 

reduce the number of fasteners. If the sheet metal parts are not meant to be disassembled in 

normal use and during maintenance, it is possible to use welding, clinching, folding and tab 

joints when attaching parts together. In cases where parts are fixed, it is also better to use 

rivets instead of screws to make assembling easier and faster. For example, in 93PS UPSs’ 

bottom half, which contains the base and battery compartment, and top half, which contains 

the electronic and power modules, are connected with 19 screws (2 different screw types). 

Top and bottom half are fixed, so they could be fastened with alternative methods and with 

fewer fasteners. If separate fastening parts are removed, it provides a threefold benefit when 

there is no need to assemble them nor disassemble and reassemble in maintenance. In both 

studied UPS models, there are also needed many different assembly directions when 

attaching parts. 

 

Material thicknesses of sheet metal parts can be both standardized and minimized. It would 

be possible to use just a few specific thicknesses instead of seven or eight, which is the 

number of different material thicknesses in the studied 93E and 93PS UPSs. The number of 

different chamfers and bend radiuses can also be reduced and standardized, so it is possible 

to make the sheet metal parts with fewer tool settings. These standardizations should make 
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manufacturing process faster and easier, and therefore decrease the price of subcontracted 

sheet metal parts. 

 

In conclusion, better use of standardized sheet metal parts, frame sizes and shapes, and better 

utilization of thorough and interactive design in different products could provide many 

benefits for the company. 
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6 DISCUSSION 

 

 

DFMA analysis of sheet metal products is not a new thing, and benefits of DFMA analysis 

has been shown in many case studies. Dell, for example, has used Boothroyd-Dewhurst 

DFMA method for computer chassis design, and managed to reduce mechanical assembly 

time by 32 percent, screw type count by 67 percent, screw min/max count by 55 percent, and 

average service time by 44 percent. IDEXX Laboratories has used DFMA methods for its 

blood chemistry analyzer that had 183 parts and 63 fasteners, and reduced number of parts 

by 83 percent, number of fasteners by 100 percent, time of assembly by 75 percent, cost of 

assembly by 38 percent, and weight by 40 percent. (DFMA 2018). 

 

6.1 Reliability and objectivity of the research 

The literary review can be regarded as reliable, as the sources used are cited often in other 

studies. The observations of the existing UPSs and the improvement suggestions are 

supported by existing literature and design guidelines. The target company gave free rein to 

study and disassemble their two existing UPSs. 

 

The target company provided the labor time of the studied 93E and 93PS UPSs. However, 

the time only consisted of assembling, testing and packaging of the products, so 

manufacturing time of the sheet metal parts is missing altogether and the assembly time of 

only the sheet metal parts is unclear. The sheet metal parts of the cabinet come from several 

subcontractors’ and the manufacturers possibly have distinct methods and production times 

in manufacturing the parts. This study then does not give any characteristics if it is possible 

to reduce costs or shorten lead time. 

 

Somewhat unclear and incoherent bills of materials and 3D CAD models caused some 

problems when observing the existing products. CAD files had to be imported from another 

program, and simultaneously some valuable information was wiped out. Importing also took 

relatively long time. Bills of materials were challenging to read, amounts of parts were not 

always true, and some of the parts that were in the CAD models were missing from them 

(e.g. see Appendix II,8). 
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6.2 Key findings 

Increasing labor costs all over the world, stricter competition and decreasing gross profits 

have made companies urgently look for areas where savings can be made so they can keep 

their products competitive. As Boothroyd et al. (2011, p. 8) and Hidahl (2002, p. 69) shows, 

design process can determine 70-80 % of a product’s overall costs. Therefore, careful 

consideration of the DFMA aspects in the design process, and efficient collaboration 

between electrical and mechanical designers and subcontractors, who manufactures the 

parts, are important and can be a decisive factor determining the product’s competitiveness 

and cost-effectivity. 

 

Based on the observations of the 93E and 93PS UPSs, they are two totally different products 

that have practically the same use. The 93PS UPS is a much more modular product as, for 

example, its UPM is easily exchangeable. The 93PS UPS is intended to be more 

maintainable and more attention has been paid to its manufacturability and maintainability 

during its design phase. Distinctive design philosophies still do not explain all the differences 

in sheet metal parts that have the same function, and the 93PS UPS still have many faults. It 

is obvious that the design of the UPSs has been guided by the devices’ functionality and 

safety and electrical regulations instead of ease of manufacturing or assembly. DFMA and 

functionality or other requirements, however, do not need to be mutually exclusive things, 

but they can be simultaneous. This can be achieved with a complementary and cross-

disciplinary design team of electrical and mechanical engineers and manufacturers. It also 

requires some sort of standardization and mutual design rules and design systems inside the 

company, so different product design teams can achieve coherent results and pick universal 

materials, material thicknesses, fastener types, hole types and sizes, chamfers and bend 

radiuses, or use similar sheet metal parts and structures of the cabinets in different products. 

 

One of the study’s main goals was to find better solutions for manufacturing and assembling 

sheet metal parts of UPS cabinets, that do not prevent its functionality or other requirements. 

There certainly are better ways to manufacture and assemble the sheet metal parts as there 

are several faults in the target company’s existing products as covered above, but obviously, 

the requirements must be considered on each occasion. Changing the existing products might 
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be troublesome but noticing these aspects when designing the next generation UPSs would 

be beneficial. 

 

6.3 Novelty value, generalization, and utilization of the results 

The study offers a lot of useful information for the target company about its UPSs. 

Manufacturing and assembly of two of the company’s UPS models are examined and 

compared, and many of the faults in these existing products are pointed out. There are also 

proposed improvement suggestions for the products that are recommendable to consider at 

the latest when designing future UPSs. Suitability for utilizing the suggestions depends on 

how they affect the products’ functionality, and safe and standard use.  

 

A DFMA questionnaire is created to help analyzing and evaluating other existing products 

from own or competitor’s product range and comparing them to any proposed improvement 

solutions. The questionnaire gives concrete characteristics that can help deciding, if the 

changes are worthwhile to make. The questionnaire is generated considering that it can be 

with small adjustments also used for other power electronics cabinets. Some of the studied 

sheet metal parts are examined using the created DFMA questionnaire to show how it can 

reveal deficiencies in sheet metal parts. 

 

The study also explicates the concept of DFMA, its several methods and benefits, and 

presents some of the design guidelines related to sheet metal products and their efficient 

manufacturing. 

  

6.4 Topics for future research 

As there are numerous common faults observed in the existing products, it is recommendable 

to study more closely the DFMA aspects of the sheet metal parts. As this thesis concentrates 

only on the mechanical features of the UPS cabinets, in future it would be useful to also 

study DFMA aspects of the electrical parts, as there can be quickly seen completely varying 

solutions too. 

 

Standardization inside the company is utilized poorly, which appears as multiple various 

solutions in singular sheet metal cabinets as well as in between different products. 
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Implementation and commissioning of company-specific standards could be studied 

precisely. 

 

Studying only two existing products gives a certain type of base for observations, but it does 

not intrinsically tell how common the faults are in all target company’s other UPS product 

families. Therefore, it would be worthwhile to study, if the same problems occur in other 

Eaton’s UPSs as significantly. 
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7 SUMMARY 

 

 

This thesis considered DFMA aspects of sheet metal parts in uninterruptible power supplies’ 

cabinets. Two of the target company’s existing products were first disassembled and 

examined approximately, and a DFMA questionnaire was created based on existing 

literature and similar questionnaires, and the initial observations. Functionality, and safety 

and electrical requirements and restrictions set by specific standards, were bore in mind 

through the study. 

 

The DFMA questionnaire is a helpful tool for analyzing and comparing existing products as 

it evaluates different solutions with concrete numbers. It also helps to evaluate the 

profitability of new solutions. The questionnaire can be modified for different needs and 

used for other sheet metal products and parts. 

 

Based on the DFMA analysis of the existing products, many faults were found in existing 

products’ sheet metal parts and cabinets. There were numerous differences between the two 

products although they were about in the same power range. Both devices also used multiple 

different fastener types, material thicknesses, chamfers, bend angles, hole sizes, and hole 

types, and there are not many standardized or modular parts. On the grounds of these 

findings, some improvement suggestions were presented. Those include utilization of 

company’s internal standardization, minimizing the number of fasteners, minimizing the 

number of different fasteners and other solutions, and removing non-essential parts of the 

products. 
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Appendix I, 1 

Product name: Originated:   Date: 

Document #: Approved:     

        

A. QUESTIONS FOR ASSEMBLY       

Question Answer Evaluation Note 

A1 How many sheet metal parts there are? 
    

>x = -y pts / ≤ x = +y pts 

A2 How many modular solutions are made 
 for the sheet metal parts?     

>x = +y pts / ≤ x = -y pts 

A3 How many standardized sheet metal parts 
 there are?     

+x pts / part 

A4 How many different material thicknesses 
 are used in sheet metal parts?     

>x = -y pts / ≤ x = +y pts 

A5 How many different chamfers are used 
 in sheet metal parts?     

>x = -y pts / ≤ x = +y pts 

A6 How many different bend angles are used 
 in sheet metal parts?     

>x = -y pts / ≤ x = +y pts 

A7 How many fasteners are used for  
sheet metal parts?     

>x = -y pts / ≤ x = +y pts 

A8 How many different fastener types are 
 used for sheet metal parts?     

>x = -y pts / ≤ x = +y pts 

A9 From how many directions  
the assembly happens?     

>x = -y pts / ≤ x = +y pts 

A10 How many different tools are  
used in assembly?     

>x = -y pts / ≤ x = +y pts 

A11 Do the tools have enough room to work? yes / no 
  

yes = + y pts / no = - y pts 

A12 Has the wiring, ventilation etc. left  
enough room to work? 

yes / no 
  

yes = + y pts / no = - y pts 

A13 Are all commonly changed  
parts made accessible? 

yes / no 
  

yes = + y pts / no = - y pts 

A14 Is ergonomics of the assembly 
considered? 

yes / no 
  

yes = + y pts / no = - y pts 

A15 How many  manufacturing methods 
 the sheet metal parts need?     

>x = -y pts / ≤ x = +y pts 

Total points for assembly (TPA): TPA =     
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Product name: Originated:   Date: 

Document #: Approved:     

        

B. QUESTIONS FOR INDIVIDUAL PARTS (repeat for each part)     

Question Answer Evaluation Note 

B1 Are all the mechanical and electrical 
 functional requirements and restrictions 
considered? 

yes / no 

  

yes = + y pts /no = - y pts 

B2 Does the part fulfill safety and  
EMC standards? 

yes / no 

  

yes = + y pts /no = - y pts 

B3 Are all the requirements considered in the  
material choice? (safety/EMC standards, 
functionality, appearance, manufacturing 
method) 

yes / no 

  

yes = + y pts /no = - y pts 

B4 Is the part used elsewhere? yes / no 

  

yes = + y pts /no = - y pts 

B5 Is the part essential? yes / no 

  

yes = + y pts /no = - y pts 

B6 Does the part use standardized 
geometries? 
 (material thickness, fillets, chamfers) 

yes / no 

  

yes = + y pts /no = - y pts 

B7 Is material thickness minimized? yes / no 

  

yes = + y pts /no = - y pts 

B8 Is the part possible to manufacture  
with available technology? 

yes / no 

  

yes = + y pts /no = - y pts 

B9 How many functions does the part have?   

  

>x = +y pts / ≤ x = -y pts 

B10 How many manufacturing 
 phases the part has? 

  

  

>x = -y pts / ≤ x = +y pts 

B11 How many manufacturing 
 phases repeat modularly? 

  

  

>x = +y pts / ≤ x = -y pts 

B12 How many fasteners are used 
 to fasten the part? 

  

  

>x = -y pts / ≤ x = +y pts 
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B13 How many different fasteners are used 
to fasten the part? 

  

  

>x = -y pts / ≤ x = +y pts 

B14 Does the part go in place easily? yes / no 

  

yes = + y pts /no = - y pts 

B15 In how many different directions the part 
can be assembled right way? 

  

  

>x = +y pts / ≤ x = -y pts 

B16 Is assembly of the part eased with  
symmetric or exaggeratedly asymmetric 
shape? 

yes / no 

  

yes = + y pts /no = - y pts 

B17 Is assembly of the part eased with 
chamfers? 

yes / no 

  

yes = + y pts /no = - y pts 

B18 Is the part stiffened to make it easier 
 to assemble and to minimize its thickness? 

yes / no 

  

yes = + y pts /no = - y pts 

B19 Are the manufacturing process specific 
design rules for good design considered? 

yes / no 

  

yes = + y pts /no = - y pts 

B20 Does the part cling with other parts 
during assembly? 

yes / no 

  

yes = - y pts /no = + y pts 

B21 Are tolerances of the part 
 coherent with each other? 

yes / no 

  

yes = + y pts /no = - y pts 

Total points for part (TPP): TPP =     

        

Total points for all parts (TPAP): TPAP = ∑ TPP =     

        

DFMA total points (assembly + parts): TOTAL = TPA + TPAP =   
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EATON 93E UPS: 

 

 

Level F/N Name Rev Type Description Qty

1 0358 373-56197 00 Frame Part SLIDE(EMEA 20-40K) 1352L EATON 2.0

Non-essential part, could be removed if 

support plate (373-56210) is fastened straight 

to the rear cover (373-55871) and support 

plates (373-56206 & 373-56207).

1 0045 373-56202 01 Frame Part SUPPORT PLATE(UPM EMEA) 1352L EATON 1.0

Possibility to make some of the four shelves 

(373-56202, 373-56210, 373-55875 & 373-

56300) similar by making all the needed 

attachments to each shelves. 

Use reliefs in back ends corners for easier 

bending.

Fasten fixed parts with rivets.

1 0047 373-56210 00 Frame Part SUPPORT PLATE(STS 20K) 1352L EATON 1.0

See 373-56202.

1 0048 373-55041 01 Frame Part FRONT PANEL(20K) 1352S ETN 250 1.0

Can be merged into one part.

1 0049 373-55042 00-A Frame Part FIXTURE PLATE(DUST,20-40K) 1352S ETN 2.0

Non-essential parts, could be replaced by 

making extra bends to the front panel (373-

55041).

1 0051 373-55864 00-A Frame Part FRONT PANEL(UPM 20K) 1342 ETN 1.0

Replace separate grills for fans with punched 

square holes as in 93PS's UPM (see picture 

below). 

Symmetrize.

Handles could be removed or replaced with 

simpler handles that can be attached with 

blind rivets.
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1 0052 373-55863 00-A Frame Part FRONT PANEL(STS 20K) 1342 ETN 1.0

See 373-55864.

1 0053 373-55046 03 Frame Part FIXTURE PLATE(PARALLEL,20-40K) 1352S ETN 1.0

Add bend and corner reliefs. One 180 degree 

bend, that could be removed or at least the 

bend could be left open.

1 0061 373-55079 00-A Frame Part FIXTURE PLATE(20-40K,BATT) 1352S ETN 2.0

Standardize and use only one part in PS and E 

models (93PS: ).

Symmetrize.

1 0063 373-55875 01 Frame Part SUPPORT PLATE(EMEA TB) 1342 ETN 1.0

See 373-56202. Needs reliefs on the front.

1 0064 373-56192 00 Frame Part SIDE PLATE(EMEA 20K) 1352L EATON 2.0

Unnecessary 180 degree bend.

1 0065 373-56196 00 Frame Part TOP COVER(EMEA 20-40K) 1352L EATON 1.0

Add corner reliefs.

Symmetrize.
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1 0067 373-56206 00 Frame Part SUPPORT PLATE(EMEA-L 20K) 1352L EATON 1.0

Add bend and corner reliefs. Use fewer 

different fastening methods.

1 0068 373-56207 00 Frame Part SUPPORT PLATE(EMEA-R 20K) 1352L EATON 1.0

See 373-56206.

1 0069 373-56203 00 Frame Part REAR PANEL(EMEA 20K) 1352L EATON 1.0

Non-essential part, could be merged with rear 

cover.

1 0071 373-56189 00 Frame Part BRACKET(SWITCH 20K) 1352L EATON 1.0

Add corner reliefs.

1 0072 373-55305 00 Frame Part SWITCH FIXED-PLATE(40K,BAT) 1352S ETN 1.0

Add corner reliefs.

1 0070 373-55865 01 Frame Part FRONT PANEL(BAT 20K) 1342 ETN 1.0

Add corner reliefs.

Decrease 3 different round hole sizes to 1.
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1 0066 373-55871 00-A Frame Part REAR COVER(EMEA 20K) 1342 ETN 1.0

Add corner reliefs.

Use similar holes for ventilation; no need for 

both square and round holes.

Use fewer different sizes in round holes.

1 0062 373-55874 00-B Frame Part BRACKET(TB 20-40K) 1342 ETN 1.0

Could be bent from one sheet, could be little 

lower and wider.

Fixed part, can be attached to a support plate 

(373-55875) with rivets.

1 0057 373-56209 00 Frame Part SUPPORT PLATE(EMEA BASE) 1352L EATON 1.0

Standardize the base with 93PS and other 

models.

1 0058 373-56300 00 Frame Part SPRT.PLT.(FOR BATT,20-40K NEW) 1352S ETN 1.0

See 373-56202 (this part has reliefs). 

Many differences compared to 93PS's similar 

part (93PS: 373-55092), so manufacturing 

could be standardized. 

Add similar bends and punches as 93PS's part, 

to locate battery packages easier (see picture 

below).

1 0059 373-56213 01 Frame Part BRACKET(BAT 20-40K) 1352L EATON 2.0

Add corner reliefs.

1 0060 373-55078 00-A Frame Part BATT.KEEP PLATE(FRONT) 1352S ETN 2.0

Unnecessary 180 degree bend.
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1 0073 373-56212 00 Frame Part SUPPORT PLATE(SW 20-40K) 1352L EATON 1.0

Add bend and corner reliefs.

1 0074 373-55876 01 Frame Part BRACKET(GROUND 20-40K) 1342 ETN 1.0

Symmetrize.

In general:

Use fewer material thicknesses. Use fewer 

different chamfers and benging radiuses. Use 

fewer different hole types and hole sizes. Use 

fewer fasteners and fewer different fastener 

types. Prefer rivets instead of screws, bolts and 

nuts when possible. Use bend and corner 

reliefs. Symmetrize.
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EATON 93PS UPS: 

 

 

 

Level F/N Name Rev Type Description Qty

1 0080 P-157001480 04 Part PLATE 93PS-20 TOP COVER PLATE 1.0

Bend and corner reliefs are not shown in the 3D model, 

but they are implemented in the actual product.

Front and back edges could be made symmetric.

1 0090 P-157001481 06 Part PLATE 93PS-20 SIDE COVER PLATE 2.0

180 degree bend, but it is needed for assembly.

2 0060 P-157001440 001 Part PLATE 93PM 10-20kW BATTERY MODULE TOP BEAM 1.0

Add bend reliefs. Remove the bend on top and on 

bottom of the profile (see picture below).

Symmetrize.

2 0120 P-157001446 006 Part PLATE 93PS-20 BM REAR 1.0

Well-designed part.

3 0010 P-157001434 005 Part PLATE 93PS-20 BM BOTTOM 3.0

Standardize the base with 93E.

1 0070 P-157001437 002 Part PLATE 93PM 10-20kW BATTERY MODULE DEADFRONT 2.0

Well-designed part.
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2 0050 P-157001439 001 Part PLATE 93PM 10-20kW BATTERY SIDE SUPPORT 1.0

Remove the unnecessary holes (three 3.30mm holes).

2 0070 P-157001441 009 Part PLATE 93PS-20 BATT SHELF 2.0

Well-designed part: extra bends and punches help 

battery packages to locate.

Could use similar square holes as rear cover (P-

157001446) or battery compartment's front cover (P-

157001437).

2 0080 P-157001442 04 Part PLATE 93PM 10-20kW BOTTOM BATTERY FASTENING 1.0

Well-designed part, bends help battery packages to 

locate.

2 0110 P-157001445 005 Part PLATE 93PS-20 BM RIGHT FRONT PILLAR 1.0

Use fewer fastener types, P-157001444 is the left-side 

pillar.

1 0040 P-157001447 003 Part "PLATE 93PM 10-20kW TRANSPORT SUPPORT 2.0

The second bend could be removed. Standardize and 

use only one part in PS and E models (93E: 373-55079).

2 0080 P-157001442 002 Part PLATE 93PM 10-20kW BOTTOM BATTERY FASTENING 1.0

Battery fastening can be made from one sheet as in 93E 

(e.g. see 93E: 373-55078). The bracket is P-157001549 

(pink part in the picture).
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P-157001451

Part can't be found in available BOM's (name from 3D 

model).

Use fewer fastening methods and hole sizes.

373-PM-RIGHT-SIDE-FIXED-PLATE

Non-essential part. Battery cabinet and electronics 

cabinet could be attached without this part. 

Part can't be found in available BOM's (description from 

3D model).

373-PM-RIGHT-SIDE-LITTLE-PLATE

Non-essential part. Battery cabinet and electronics 

cabinet could be attached without this part. 

Part can't be found in available BOM's (description from 

3D model).

In general:

Use fewer material thicknesses. Use fewer different 

chamfers and benging radiuses. Use fewer different hole 

types and hole sizes. Use fewer fasteners and fewer 

different fastener types. Prefer rivets instead of screws 

and nuts when possible. Use bend and corner reliefs. 

Symmetrize.
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