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ABSTRACT 
This thesis offers w i th the design of enc losure for a s tandard vol tage source. 
Inverter for high current appl icat ions w ide ly used in electr ic veh ic les / hybr id electr ic vehicles. 
The deve loped const ruct ion wi l l provide flat shape f rom both top and bo t tom. 
This can be used signif icantly for doub le side cool ing design for high heat d iss ipat ion. M a i n 
goal of this thesis to remove heat f rom the di f ferent locat ions or zones in the Inverter casing 
block w i th comb ined cool ing or just w i th wa te r cool ing w i th a lum inum block at the bo t tom. 
Ano the r a l ternat ive solut ion can be depend ing of the heat deve loped the air f ins plate can be 
bol ted onto the casing. 
Proper e lectr ical , thermal and f luid mechanics mode l ing as wel l as computa t iona l test ing of 
the modu le pack under t ransient load condi t ions tender using a mul t id isc ip l inary approach of 
the design process. Dif ferent rates of cool ing is needed for di f ferent range of loads and duty 
cycle w i th cor respond ing head generat ion in o ther terms to effect ively meet the highly 
demand ing cool ing requ i rements of an electr ic vehic le inverter. The duty cycle depends on 
the dr iv ing cycles of passenger vehic les and dur ing accelerat ion tests in several ambient 
env i ronments . The a luminum cool ing plate block is des igned as a reference to the solut ions 
avai lable in s tandard f low, type of f lu id used and deposi t inside the heat sink. 

KEYWORDS 
Inverter Cool ing , Electr ic Veh ic les , Heat sinks, Comb ined Cool ing , Inverter Casing and 
Packaging. 

ABSTRAKT: 

Tato práce se zabývá návrhem krytu pro standardní zdroj napětí, k terým je f rekvenční měnič 
vel ice často používaný pro vysoce aktuální apl ikace široce používaný v elektr ických vozid lech 
/ hybr idních elektr ických voz id lech . Vyvinutá konstrukce spočívá v p lochém tvaru shora i 
zdo la , což lze významně využít pro oboust ranný design chlazení pro vysoký odvod tep la . 
Hlavním cílem té to práce je odstrani t tep lo z různých míst nebo zón v b loku f rekvenčního 
měniče s komb inovaným chlazením nebo jen s vodním chlazením s hl iníkovým b lokem ve 
spodní části. Dalším a l ternat ivním řešením může být v závislosti na vyví jeném tep lu , že k 
pouzdru může být př išroubována deska se vzduchem chlazenými žebry. 
Proces návrhu zahrnuje mul t id isc ip l inární modelování elektr ické části, tepe lné a kapal inové 
mechaniky. Testovací výpočty jsou prováděny za podmínek různých přechodných zatížení. K 
e fekt ivn ímu splnění vysoce náročných požadavků na chlazení f rekvenčního měniče 
elektr ického vozid la jsou pro různé rozsahy zatížení a pracovní cyklus s odpovídající generací 
tep la v různých podmínkách zapotřebí různé intenzi ty chlazení. Pracovní cyklus závisí na 
jízdních cyklech voz ide l , například během zrychlení za několika podmínek. Blok hl iníkové 
chladicí desky je navržen s oh ledem na průtok, typ použi té kapal iny a usazení uvni t ř 
chladiče. 

KLÍČOVÁ SLOVA: 

f rekvenční měnič, e lek t romob i l , chladič, kombinované chlazení, návrh krytí 
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L I S T O F S Y M B O L S 

P C B - Printed circuit Board 

D C - Direct Current 

A C - Alternating Current 

C A D - Computer A ided Design 
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1. INTRODUCTION 
Electr i f icat ion of vehic les is a very p rominent change in the engineer ing wor ld one , wh ich 

have impacted the t radi t ional au tomot ive industr ies. The appl icabi l i ty of the electr ical 

impuls ion systems for mobi le usage may be l imi ted consider ing many factors such as cost of 

imp lementa t ion , dr ivabi l i ty and the range of Opera t ion that includes both duty cycle and 

operat ional t ime of the equ ipment . [1] These techno logy t rends are also equal ly appl icable for 

hybr id and plug-in hybr id vehic les. 

Torque 
Output 

Power Drive Circuit 

1 t f t t t~pwm x e 
Motor Control Proceeeing 

• Vector Control 

Control 
• High voltage Circuit 

Management 

Traction Torque 
Procaaaing 

• Dnvtng Torqua 
• Braking Torque 
• Mobon Control 

Acceleration 
Signal 

Braking Signal 

Vehicle Speed 
Signal 

Figure 1 Typica l propuls ion sys tem components of a E V powertrain[1] 

A n inverter is a device, wh ich conver ts DC power into AC power at desi red output vol tage and 

f requency[2] . The direct current input of the inverter is ob ta ined f rom an exist ing power 

source or of a rotary a l ternator via recti f ier or a battery, a fuel cel l , a photovol ta ic or a 

magneto hydrodynamic generator . For home appl icat ions, the inverter conver ts the DC 

power for the battery to 240V AC. 

In this d ip loma Thesis, the size of the PCB board is dec ided based on the electr ical 

componen ts , wh ich has to be placed on the board itself. These componen ts are selected 

based on the appl icat ion of the equ ipment . The board size can be designed w i th var ious 

approaches such stacking the board on top of each o ther to reduce the length of the PCB 

board or using a single PCB board and placing all the componen ts on it. However , this 

approach does not yield us the modular i ty and compact size for many appl icat ions. 
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A n examp le of PCB board in Stack conf igurat ion is shown be low 

Figure 2 E V Tract ion inverter [3] 

This type of conf igurat ion might lead to increase in the height of the inverter. 

The t rend of densely popu la ted pr inted circuit boards and high processing power electronics 

and te lecommun ica t ions systems has created a chal lenge in deve lop ing susta inable thermal 

management systems. The p rob lem lies in the research of ef fect ive means of contro l l ing the 

tempera tu re and heat d iss ipat ion level chip and rack systems for safe and rel iable opera t ion . 

A large number of researches in thermal management e lectronics have been carr ied out. 

The cool ing of the inverter also depends of the mater ia l of the casing used hence there is 

effect ive heat t ransfer and the head can be removed easi ly also. In this d ip loma thesis I am 

going to be using an A l u m i n u m Sheet metal box des igned in CAD sof tware and wi th 

appropr ia te holes for mount ing purposes w i th the PCB and this wi l l be designed keeping in 

mind the cost on manufactur ing and D F M A principles of Product des ign. This packaging 

should be designed in such a way that it is easy for service and maintainabi l i ty. 

A lso , possibi l i ty of cool ing such as using a heat sink be low the PCB board is being used here 

this can also be improved by comb ined cool ing so that in cool ing rate is enhanced and the 

cool ing of the inverter can be ach ieved for higher tempera tu res as wel l . 
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2. INTRODUCTION TO DIFFERENT TYPES OF 
INVERTERS[4] 

The al ternat ing current supply is opera ted for a lmost all res ident ia l , commerc ia l and industr ial 

purposes. However , the biggest p rob lem wi th AC is that it cannot be s tored for fu ture use. 

The a l ternat ing current is there fore conver ted into direct current ; the direct current is s tored 

in batter ies and ul t ra-capaci tors. Now, wheneve r AC power is DC current is again conver ted 

to current to opera te AC devices. There fore , the dev ice, wh ich conver ts direct current into 

current, is cal led Inverter. The inverter is used for conver t ing direct current to var iable 

al ternat ing. This var iety can be wi th in the magni tude of vol tage, number of stages, 

recurrence or phase contrast. 

2.1 CLASSIFICATION OF INVERTER 

Inverter can be categor ized in to the fo l lowing types 

1. Based on Output Character is t ic 

> Square wave inverter 

> Sine wave inverter 

> Mod i f i ed Sine wave inverter 

2.1.1 S Q U A R E W A V E INVERTER 

The wave fo rm of output vol tage for inverter is square wave . This kind of inverter is the least 

used amongst all d i f ferent sorts of inverters due to the fact all dev ices are designed sine wave 

power supply. If w e offer a square to sine wave device, it is able to be broken or the losses 

are high. The price of this inverter cou ld be very low however could be very rare. It may be 

ut i l ized in easy equ ipment w i th fami l iar motor . 

2.1.2 SINE W A V E INVERTER 

The output wave fo rm of the vol tage is sine wave and it gives us great output at the mains 

power . This is the major advantage of this inverter because all the w e use are designed for 

sine wave . Therefore , that is the appropr ia te end result and offers the assurance the 

system wil l work proper ly. This type of inverter is more expensive but w ide ly used in 

resident ial and commerc ia l appl icat ions. 
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2.1.3 M O D I F I E D SINE W A V E 

The const ruct ion of this sort of electr ical conver ter is compl ica ted than square wave electr ical 

conver ter however easier compared to pure wave inverter. The output of this electr ical 

conver ter is nei ther pure wave nor square wave. The output of such electr ical conver ter is 

one among 2 squares. The output wave isn't exact ly a sin wave , however it's sort of a 

wave fo rm. 

S q u a r e W a v e 

I n v e r t e r 

S i n e W a v e 

I n v e r l e r 

M o d i f i e d S i n e 

W a v e I n v e r t e r 

Figure 3 Classi f icat ion based on output Character is t ic [4] 

2.2 BASED O N SOURCE OF INVERTER 

> Current source Inverter 

2.2.1 C U R R E N T S O U R C E INVERTER 

The input is a current source. This type of inverters is used in med ium industr ial appl icat ion 

where high qual i ty current wave fo rms requi red. 
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> Vol tage source Inverter 

2.2.2 V O L T A G E S O U R C E INVERTER 

The input is a vol tage source. This type of inverter is used in all appl icat ion it Is more eff icient 

and provides greater and faster dynamics response. 

Single phase inverter 

Regularly pr ivate and commerc ia l stack uti l ize a contro l supply. The s ingle-phase inverter is 

ut i l ized for this sort of app l icat ion. The s ingle-phase inverter is d iv ided into two parts; 

i. Single Phase Half Bridge Inverter 

ii. Single Phase Full Bridge Inverter 

2.2.3 SINGLE PHASE HALF BRIDGE INVERTER 

This type of inverter consists of two thermis tors and two d iodes and the connect ion 

is like shown in f igure below. 

V S / 2 

L O A D 

' S / 2 

T1 m 

T 2 D 2 

Figure 4 Half Br idge Inverter [4] 

In this case, the total DC vol tage is Vs d iv ided into two equal parts Vs / 2. The dura t ion of a 

cycle is T sec. For half cycle of 0 <t <T/2, t h y r i s t o r T l conducts . The load vol tage is V s / 2 due to 

the upper vol tage source V s / 2 . For the second half cycle of T /2 <t <T, thermis tor T l is 

commuta ted and T2 conducts . Dur ing this per iod , the load vol tage is -Vs /2 due to the lower 

source V s / 2 . 

http://www.tul.cz


TECHNICAL UNIVERSITY OF LIBEREC 
www.tul.cz • 

io 

t 

t 

Víi 

t 
^ 

* 

Gate Pulse for II 

Call? Pulse for 12 

Output VoJljge 

• Output Current 

By this opera t ion , we can get an a l ternat ing vol tage wave fo rm wi th a f requency of 1 / T and 

a peak ampl i tude Vs / 2. The output wave fo rm is a square wave . It wi l l pass through the f i l ter 

and remove the unwan ted that gives us a pure sine wave fo rm . The f requency of the 

wave fo rm can be cont ro l led both O N t ime and OFF t ime of thermis tor . 

The ampl i tude of the output vol tage is half the supply vol tage and the per iod of use of the is 

50%. This is a downs ide of half br idge inverter and solut ion is full br idge inverter. 

2.2.4 SINGLE PHASE FULL BRIDGE INVERTER 

In this type of inverter, four thermis tors and four d iodes used. The circuit d iagram of s ingle-

phase full br idge is in the f igure be low. 

Vs ! 

rr 

i„ LOAD 
- » 1 1-

D4 

T3 

T2 

Figure 5 Full br idge Inverter [4] 
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At a t ime two thermis tors T l and T2 conduct for first half cycle 0 < t < T /2 Dur ing this per iod, 

the load vol tage is Vs, that is comparab le to the DC supply vol tage. For second half cycle T /2 

< t < T, two thermis tors T3 and T4 conducts . The load vol tage dur ing this per iod is -Vs. 

-vs 

Vo 

Figure 6 Output Wave fo rm [4] 

Gate I'UIHU for II & 12 

Gate Pulse for "15 & 14 

Output Voltage 

• Output Current 

Here we can get the same output vol tage as DC supply vol tage and source duty cycle is 

100%. The output vol tage wave fo rm is a square wave and f i l ters are used for it to a sine 

wave. If all thermis tors conduct at the same t ime or pair or then the source wi l l be short -

c i rcu i ted. The d iodes are connec ted in the circuit as a feedback d iode as they are used for 

the power to the DC source. 

If w e compare full bridge inverter w i th half br idge inverter, for given supply vol tage load, 

the output vol tage is twice the output power is four t imes in at ful l bridge. 

2.2.5 T H R E E P H A S E B R I D G E I N V E R T E R S 

In case of industr ial load, a th ree-phase power supply is and for this, w e have to use a th ree-

phase inverter. In this type of inverter, six thermis tors and six d iodes used and they are 

connec ted as shown in the below. 
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A D3 Ä D5 

PHASE B PHASE C 

T6 A d 6 ^ \ Z T 2 A D2 

" O I M ! 

Figure 7 3 -phase bridge inverter [4] 

2.3 BASED O N DIFFERENT P W M TECHNIQUES 

> Simple Pulse W i d t h Modu la t i on (SPWM) 

> Mu l t ip le Pulse W i d t h Modu la t i on ( M P W M ) 

> Sinusoidal Pulse W i d t h M o d u l a t i o n (SPWM) 

> Mod i f i ed s inusoidal Pulse W i d t h Modu la t i on ( M S P W M ) 

Inverter output is square wave and signal is not used for load. The pulse w id th modula t ion 

techn ique is used to contro l the AC output vol tage. This cont ro l is ob ta ined by contro l l ing the 

per iods and off the swi tches. In the P W M techn ique, two signals are used ; one is the reference 

signal and the second is the t r iangular carr ier signal. The gate pulse for swi tches is generated 

in these two signals. 

There are di f ferent types of P W M techn iques 

2.3.1 S I N G L E P U L S E W I D T H M O D U L A T I O N (SINGLE P W M ) 

For each half cycle, the single pulse is avai lable in contro l techn ique. The reference signal is 

a square wave signal the carr ier signal is a tr iangle wave signal. The pulse f rom gate for the 

swi tches is genera ted as the reference signal and the carr ier s ignal . The f requency of the 

output vol tage is cont ro l led the f requency of the reference signal. The ampl i tude of the 

reference signal is A r and the carr ier signal ampl i tude is Ac , then the modu la t ion index can 

be set as A r / Ac . The main d isadvantage of this techn ique is high harmonic content . 
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2. Based on N u m b e r of output Level 

2.3.2 R E G U L A R T W O LEVEL INVERTER 

These inverters have only vol tage levels, wh ich are a posi t ive peak vol tage and a negative 

peak vol tage. Somet imes having zero vol tage level is also referred to as two level inverters. 

2.3.3 MULT I -LEVEL INVERTER 

These inverters may have a coup le of vol tage stages on the output . The mult i - level inverter is 

d iv ided into four parts. 

- Flying capaci tor Inverter 

- D iode-c lamped Inverter 

- Hybr id Inverter 

- Cascade H-type Inverter 

Each inverter has its o w n design of opera t ion . Here we have brief ly expla ined these inverters 

to get a basic idea about t hem. 
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3. MECHANICAL PACKAGING DESIGN 

Electronic bundl ing conf igurat ion is the deve lopment and product ion of e lect ron ic gadgets 

going f rom compu te r chips to broad e lect ronic f rameworks . Since e lect ron ic mani festat ions 

are v iewed as del icate, the plan of the encasing of the e lect ronic i tem should cons ider the 

against out rageous tempera tu res , mechanica l ha rm, cool ing, radio recurrence c lamor 

out f lows, e lectrostat ic release and high recurrence c o m m o t i o n emanat ions [5]. 

Product safety s tandards may dictate the essent ials of a product ut i l izat ion, for instance, the 

exter ior case tempera tu re or the ground ing of unpro tec ted or uncovered metals [6]. The 

external case tempera tu re or the ground ing of exposed metals. Proto types and industr ial 

apparatus made in smal l numbers may use normal ized commerc ia l l y avai lable enc losures 

such as card cages or prefabr icated boxes [6]. 

Technologica l deve lopments also exert a lot of pressure on e lect ron ic packaging compan ies , 

as the funct ions of e lect ronic packaging design are evolv ing rapidly in accordance wi th 

modern technology. Funct ions do not remain constant as as techno logy improves, 

requ i rements for e lect ronic packaging as wel l and change accordingly. 

F igure 9 Examp le for Electronic Enc losure [7] 
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3.1 ELECTRONIC PACKAGING C A N BE CATEGORIZED BY LEVELS: 

Electronics packaging design is s t ructured in mul t ip le levels viz. Level 0 up to Level 5. 

> Level 0 - This level of e lect ronic condi t ion ing protects chips and semiconduc tors 

wh ich are the s imple and most basic parts of an e lect ron ic sys tem. 

> Level 1 - This e lect ron ic enc los ing level shields e lect ron ic componen ts . 

> Level 2 - This e lect ron ic packaging level safeguards the PCB. 

> Level 3 - This e lect ron ic packaging level assembly, one or more wi r ing boards and 

recounted componen ts . 

> Level 4 - This e lect ron ic packaging level shields modu les or assor tment of 

assembl ies. 

> Level 5 - This e lect ron ic packaging level the system, a set of modules comb ined for 

some funct ion. 

> Level 6 - IP Resistance Ratings [8] 

IP stands for W o r l d w i d e Assurance Stamping, or moreover c o m m o n l y a l luded to as 

Entrance Assurance Check ing. This classi f icat ion rates the degree and reasonabi l i ty of 

secur i ty against ent rance of far ther mat ter (dust, sol id objects, and moisture) into a 

wal led in region or i tem lodging. 

SOLID OBJECTS/OUST PROTECTION 
LIQUID/MOISTURE INGRESS PROTECTION 

OTHER PROTECTIONS 

Figure 10 IP rating abbreviat ion 
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3.1.1 S T R O N G O B J E C T S / D U S T S E C U R I T Y LEVELS (1ST DIGIT A F T E R IP) [8] 

• Level zero - No Protect ion 

• Level one - Effective against >50mm - Any huge surface of the body, adore the rear 

of a hand, however no assurance against cons ider contact wi th a body por t ion. 

• Level two - Effective against >12.5mm - Fingers or connec ted objects 

• Level three - Effective against >2.5mm - Tools, thick wi res, etc. 

• Level four - Effective against > l m m - M o s t wi res, s lender screws, giant ants etc. 

• Level f ive - dirt Pro tec ted Entrance of dust not ut ter ly avo ided ; however , it should not 

enter in Assoc ia te in Nurs ing adequate quant i ty to medd led w i th the appet iz ing 

operat ion of the ins t rumentat ion 

• Level six - dirt Tight - No access of dust ; comp le te protect ion against contact ("dust 

t ight"). A vacuum should be connec ted . Test te rm of up to eight hours suppor ted 

discuss s t ream. 

3.1.2 L I Q U I D / M O I S T U R E E N T R A N C E S E C U R I T Y LEVELS ( 2 N D DIGIT A F T E R IP) 

• Level 0 - No Protect ion 

• Level 1 - Useful against vert ical ly fal l ing wa te r drops 

• Level 2 - Useful against dr ipp ing wa te r w h e n t i l ted at 15 degrees 

• Level 3 - Useful against spraying water at any angle up to 60 degrees f rom vert ical 

• Level 4 - Useful against splashing of wa te r at any d i rect ion 

• Level 5 - Useful against wa te r jets f rom any d i rect ion 

• Level 6 - Useful against power fu l wa te r jets f rom any d i rect ion 

• Level 6K - Usefu l against wa te r jets wi th increased pressure f rom any di rect ion 

• Level 7 - Useful against immers ion in f reshwater up to l m (3ft) depth 

• Level 8 - Useful against immers ion in f reshwater l m (3ft) or more depth 

• Level 9 K - Useful against power fu l high tempera tu re wa te r jets f rom varying angles 
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3.2 OTHER PROTECTIONS/LETTER INFO (3RD DIGIT AFTER IP) 

• f - O i l Resistant 

• H - High vol tage device 

• M - Device mov ing dur ing wa te r test 

• S - Device stat ionary dur ing wa te r test 

• W - W e a t h e r condi t ions 

These stages are fundamenta l for help hardware organizat ions to effort lessly survey the 

e lectronic bundl ing mater ia ls expected to deve lop an e lect ron ic bundl ing. This makes tasks 

more skil lful and smoo the r they can w i thout much of a stretch f ind what they need by 

depict ing the degree of e lect ron ic mold ing they are as of now ch ipp ing away at. A simi lar 

e lectronic f r amework might be w rapped as an advantageous gadget or modi f ied for f ixed 

mount ing in an inst rument rack or consistent durab le estab l ishment . Bundl ing for av iat ion, 

mar ine, or mil i tary f rameworks forces var ious kinds of plan measures. 

A designer must balance many purposes and pract ical factors w h e n select ing packaging 

methods : 

> Threats to be guarded against mechanica l damage, exposure to wea the r and dirt, 

e lec t romagnet ic i n t e r f e rence^ ] . 

> Heat d iss ipat ion condi t ions 

> Compromises be tween too l ing capital cost and per-unit cost 

> Compromises be tween t ime to first del ivery and product ion rate 

> Accessib i l i ty and compe tence of suppl iers 

> Ul (User interface) design and conven ience 

> Ease of accessible to internal parts of the componen ts w h e n requi red for main tenance 

> Product safety, and compl iance wi th regulatory standards 

> Aesthet ics , and o ther market ing considerat ions 

> Service life and rel iabi l i ty 

Electronic packaging depends on mechanica l engineer ing theor ies such as dynamics , stress 

analysis, heat t ransfer and f lu id mechanics. High- dependabi l i ty apparatus of ten must survive 

Drop tests, loose cargo v ibra t ion, secured cargo v ibrat ion, ex t reme tempera tu res , humidi ty, 
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water immers ion or spray, rain, sunl ight (UV, IR and visible light), salt spray, explos ive shock, 

and many more.[10] 

M a n y electr ical commod i t i es require the manufactur ing of h igh-vo lume, low-cost parts such 

as enc losures or covers by techn iques such as in ject ion mold ing ; die cast ing, investment 

casting, and so on . The plan of these products depends on the generat ion strategy and require 

caut ious cons iderat ion of measurements and to lerances and too l ing design. 

3.3 Creating custom electronics, packaging designs are directed on 

achieving intentions by covering these fol lowing qualifications: 

I. Understanding of Specifications or Requirements 

In add i t ion to the electr ical c ircuits, the e lect ronic packaging engineer must be able to 

interpret the non-electr ical concerns compu lsory for the design of the e lect ronic 

packaging. These non-electr ica l d isquiets are funct ional i ty , rel iabil i ty, durabi l i ty and 

cost of p roduc t ion . Even though the electr ical circuits are all in place as the design 

fai led to any of these concerns, the packaging design of the e lect ronic product can be 

cons idered a non-compl iance. 

II. Implementing the Design Approach 

Despite the fact that the e lect ron ic bundl ing eng ineer is furn ished w i th and 

in format ion to make cus tomized e lect ronic bundl ing, shou ld consistent ly have a plan 

approach set up to take care of business. The right i tem conf igurat ion approach is 

impor tant to meet the necessi t ies set on the bundl ing plan 

III. Cost-Efficiency 

On the off chance that you are in the realm of assembl ing, you ought to comprehend 

the signif icance of the connect ion among cost and wo r th . Having an excessively cost ly 

e lectronic bundl ing conf igurat ion wou ld compensa te for it is regardless of whe the r it 

is comple te ly usefu l . The e lect ron ic plan archi tect ought to invest igate all choices in 

regards to e lect ron ic bundl ing f roth and e lect ronic bundl ing mater ia ls unti l the 

ou tcome is a sane expense for es teem. 

Being benef ic ia l is a crit ical part of assembl ing just in gadgets. Item improvemen t wi th 

mode ls ' organizat ions help. 
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IV. Mechanical Knowledge 

Mos t e lectronics design compan ies seek mechanica l help and do not rely solely on 

electr ical experts w h e n it comes to cus tom elect ronics packaging. Their knowledge 

and expert ise could compensa te areas related to the project circuits to ensure that all 

aspects are covered . 

Reliabi l i ty eva luat ion of electr ical enc losure a typical dependab i l i t y prerequis i te inc ludes the 

fo l lowing types of env i ronmenta l highl ights: -

> Burn- in 

Burn- in is the process by wh ich componen ts of a system are used p r i o r t o being placed 

in service. This test ing process wil l force some fai lures to occur under superv ised 

condi t ions so that an unders tand ing of the product load can be establ ished.[11] 

Ol 

9> 

a 
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Fai lure 

Rate 

Constant 

Failure 

Rate 

Increasing 

Failure 
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'.Early 
V'Infant 

• Mortality" 
\ Failure 

Observed Failure 
Rate 

Constant (Random) 
Failures 

.•* Wear Out 
Failures 

_L 
T i m e 

Figure 11 Burn in G r a p h for usage of components[11] 

> Tempera tu re cycl ing 

Tempera tu re cycl ing is the process of two ex t remes of tempera tu re , usual ly at 

comparat ive ly high propor t ions. This is an env i ronmenta l stress test, wh ich is usually 

exercised in the rel iabi l i ty of the product as wel l as in the detec t ion of ear ly latent 

defects by inducing thermal fat igue. [12] 

> Thermal Shock 

> Solderabi l i ty 

> Autoc lave 
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A n autoc lave is a mach ine used to produce industr ial ists and scientists requir ing a 

tempera tu re and a pressure in relat ion to the pressure / amb ien t temperature. [13] 

Figure 12 Examp le of Rectangular Autoclave[14] 

> Visual inspect ion 

> Hygro therma l /mo is tu re resistance 

Hygrothermal test is executed in chambers wi th tempera tu re and humidi ty . It is an 

natural stress test ut i l ized in assessing product rel iabil i ty. The typical Hygrothermal 

test is 85°C tempera tu re and 8 5 % relat ive humid i ty . Dur ing the test, the sample is 

per iodical ly taken out to test its mechanica l or electr ical propert ies. [15] 

3.4 PACKAGING MATERIALS USED: -

Semiconductors Si, SiGe, GaAs 

Metals Solders for interconnects (Sn-Pb, Sn-Ag, Sn-Ag-Cu, Sn-Au, Sn-Sb) Au or Cu 

uirebonds Cu leadframes (Kovar, CuBe, Alloy 42) Cu traces in substrates W, 

Mo traces in cofired ceramics Ag, Au, Pd for thin/thick films on ceramics N i 

diffusion barrier metalizations Al heat sinks 

Ceramics A l 2 0 3 substrates modified with BaO, SiO z , CuO, etc. L T C C substrates A l 2 0 3 

modified with low-temperature glass (e.g., PbO) SiN dielectrics Diamond 

heat sinks 

Polymers Epoxies (overmold) Filled epoxies (overmold) Silica-filled anhydride resin 

(underfills) Conductive adhesives (die bonding, interconnects) Laminated 

epoxy/glass substrates Polyimide dielectric Benzoyclobutene Silicones 

Photosensitive polymers for photomasks (acrylates, monomers, etc.) 

Glasses S i 0 2 fibers for optoelectronics Silicate glasses for sealing Borosilicate glass 

substrates Glass fibers for epoxy/glass substrates (FR-4) 

Figure 13 Examp les of materials used in electronic packaging [16] 
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These mater ia ls and how they are ut i l ized in an e lect ronic bundle could be ut i l ized. The 

at tent ion is on the accompany ing classes of mater ia ls: 

Metals are ut i l ized as conveyors in the enve lope, t ranscendent ly electr ical yet in addi t ion 

warm for power gadgets. This conta ins meager metal in terconnects on the coord ina ted circuit 

made of A l , Cu or A u and the in terconnects be tween the incorpora ted circuit and the bundle 

that are e i ther wi re secur i ty in terconnects or we ld joints. Me ta l s are addi t ional ly used to go 

about as w a r m t h sinks for power gadgets and as shields for RF appl icat ions. 

Ceramics product ion and glasses are ut i l ized as dielectr ics or encasings. Pot tery are ut i l ized 

in gadgets as dielectr ics to shape capaci tors and inductors. In the actual bundle, the ceramics 

are ut i l ized as protect ing mater ia ls and as substrates that give an under ly ing base that 

electr ical ly segregates lines and cushions. 

Polymers are ut i l ized as covers and , in a compos i te s t ructure, as conductors . As an encasing, 

po lymers are encapsulat ing, under f i l l s and substrates (note: in these appl icat ions, po lymers 

are ut i l ized as compos i tes w i th silica or glass fi l lers). Po lymers are l ikewise ut i l ized as 

protect ing cements to stick parts to a substrate or board to give mechanica l s t rength. The 

expansion of meta l part icles to the po lymer can make it a conduct ive mater ia l ut i l ized as a 

conduct ive glue in terconnect . 

Composite materials are a b lend of mater ia ls that can be cus tom-made for e i ther mechanical 

conduct upgrades, w a r m improvemen t or as an electr ical t ransmi t ter . A cons iderab le lot of 

the compos i te mater ia ls ut i l ized in bundles depend on a po lymer network as indicated in the 

po lymer segment above. 

Few more mater ia ls used -

> Sheet metal 

> Cast metal 

> M o l d e d plastic 

> Pott ing 

> Porosi ty seal ing or impregnat ion 

> Liquid f i l l ing 

> Confo rma l coat ing 

> Pr inted circuit assembl ies 

> Hermet ic meta l /g lass cases 
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> Hermet ic ceramic packages 

Figure 14 Examp le of Enc losu res [17] 

3.5 PCB T H E R M A L M A N A G E M E N T TECHNIQUES 

M o s t e lect ronic parts d isseminate heat at wha tever point a current course through t hem. 

The measure of wa rmth relies upon the force, gadget qual i t ies, and circuit p lan. Other 

than the parts, the obst ruct ion of the electr ical associat ions, copper fo l lows, and vias add 

to some wa rmth , and force misfor tunes. 

To dodge d isappo in tments or circuit gl i tches, creators should target del iver ing PCBs that 

work and stay inside safe tempera tu re l imits. Wh i l e a f ew circuits wi l l work w i thou t extra 

cool ing, there are c i rcumstances whe re adding heat sinks, cool ing fans, or a blend of a few 

inst ruments is unavoidable . 

This art icle wil l examine conf igurat ion rehearses that guarantee bet ter w a r m 

admin is t ra t ion, including some regular strategies for e l iminat ing abundance heat f rom a 

PCB. 
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Figure 15 Thermal image of s ingle board computer [18] 

3.6 G O O D PCB DESIGN PRACTICES 

Signif icant issues to cons ider dur ing conf igurat ion are: 

• Per fo rmance data and d imens ions of the componen ts 

• Ma jo r heat-dissipat ing componen ts 

• Size of the PCB 

• PCB mater ia l , layout, and componen t p lacement 

• M o u n t i n g per ipherals 

• Tempera tu re of the appl icat ion env i ronment 

• A m o u n t of heat d iss ipated 

• Appropr ia te cool ing methods , i.e., cool ing fans, heat sink, etc. [18] 

A best pract ice is to deal w i th the tempera tu re at the segment and f ramework level whi le 

th ink ing about the work ing c l imate. Var iab les to cons ider w h e n sett l ing on a cool ing system 

incorporate the bundle proper t ies of the semiconduc tor , heat d ispersal proper t ies; and so on, 

this data is typical ly accessible f rom the maker 's datasheet . 
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C o m m o n convect ion cool ing is suff icient for PCBs w i th modest quant i t ies of w a r m t h d ispersal . 

In any case, PCBs w i th overabundance heat require heat sinks, heat pipes, fans, thick copper 

or a mix of a few cool ing strategies. 

3.7 REDUCE T H E R M A L RESISTANCE 

A low therma l oppos i t ion guarantees that the heat is moved through the mater ia l a lot 

quicker. This obst ruct ion is s t ra ight forwardly cor respond ing to the length of the thermal way 

and conversely relat ive to the cross-sect ional region and thermal conduct iv i ty of the heat 

path. 

Thermal resistance 
t 

Q = 
AX K 

W h e r e 

t is the th ickness of the mater ia l 

K is thermal conduct iv i ty factor 

A is the cross-sect ion area 

Designers of ten reduce thermal resistance by [18] 

Employ ing a s lenderer PCB to decrease the thermal path 

Add ing thermal vias for vert ical heat conduct ion 

Copper foi l and thick tracks for even heat conduct ion 

Thermal conduction by thermal vias 
[ Heating element ] 

Thermal via far from heating 
element has little effect 

"Heat from heating element 
propagates through copper 
foil and is dissipated 

"The greater the area 
the more temperature 
increases suppressed 

"Thermal vias are placed in 
areas with large temperature 
differences {preferably 
directly below heating elements) 

Temperature reduction by 
thermal vias depends on area 
and volume 

Figure 16 thermal conduct ion by thermal vias[18] 

Temperature location 
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3.7.1 IDENTIFY C O M P O N E N T S WITH THE POTENTIAL TO DISSIPATE M O R E HEAT 

It is essent ia l to comprehend what segments produce the most heat and sett le on the best 

evacuat ion componen t . Ut i l iz ing the producer 's datasheet , an or ig inator should d iscover the 

heat apprais ing and qual i t ies of the gadget. Frequent ly , the designers wi l l give rules on the 

most prof ic ient me thod to e l iminate abundance heat. 

3.7.2 C O N S I D E R C O M P O N E N T P L A C E M E N T , O R I E N T A T I O N , A N D 

O R G A N I Z A T I O N 

Segments that d isseminate more force ought to be s i tuated in zones giving the best heat 

evacuat ion. This ought not be at the corners or edges of the PCB except if there is a heat sink. 

Sett ing parts some place close to the center guarantees heat scatter ing a round the gadget, 

nonethe less, there ought to be suff ic ient space for sat isfactory air c i rculat ion. 

Despi te the fact that it cou ld be hard to guarantee an even tempera tu re d is t r ibu t ion, it is 

crit ical to try not to th ink the h igh-power componen ts together . Circulat ing t hem equi tably 

forestal ls p rob lem areas. 

Ano the r great pract ice is to put touchy segments like little ICs, semiconduc to rs , and 

electrolyt ic capaci tors in low- tempera tu re terr i tor ies. In circuits that depend on convect ion 

cool ing, orchest ra t ing parts, for example , ICs in a flat or vert ical long way helps in thermal 

management . 

3.7.3 C O N D U C T T H E R M A L ANALYSIS 

Per forming a thermal analysis sets up how the parts and PCB wil l carry on at var ious 

tempera tu res and condi t ions. The analysis furn ishes archi tects w i th a thought of the heat 

generat ion and move inside the circuit. 

Designers wou ld then be able to ut i l ize analysis results and recreat ions to th ink of strategies 

that wi l l help t hem had bet ter deal w i th the heat. 
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Figure 17 Typical thermal analysis of P C B board [18] 

3.8 M E T H O D S T O R E M O V E HEAT F R O M CIRCUIT BOARDS 

There are a few methods that designers can use to e l iminate heat f rom segments and PCBs. 

The regular ins t ruments incorpora te wa rmth sinks, cool ing fans, heat l ines, and thick copper . 

Frequent ly, circuits produc ing more heat require more than one innovat ion. For instance, 

cool ing a PC processor and show chips requires a w a r m t h sink, heat p ipe, and a fan . 

• Heat Sinks and Cooling Fans 

A heat sink is a thermal ly conduct ive metal l ic part w i th an eno rmous surface terr i tory, 

typical ly appended to segments , for example , power semiconduc to rs and exchanging 

gadgets. A heat sink permi ts the segment to d isseminate its heat over a bigger zone 

and move that heat to the env i ronmenta l factors. N o w and again, for example , high 

current force suppl ies, add ing a cool ing fan helps in qu icker and bet ter heat remova l . 

• Heat Pipes 

Heat pipes are reasonable for min imal gadgets w i th restr icted space. The lines give a 

sol id and f inancial ly savvy a loof w a r m t h move. Advantages incorporate wi th no 

v ibrat ion activi ty, great thermal conduct iv i ty , low upkeep, and ca lm activi ty since they 

have no mov ing parts. 

A c o m m o n line conta ins l imi ted quant i t ies of n i t rogen, water , or A m m o n i a . These 

l iquids help to assimi late the heat, whe reupon they discharge a f ume that movemen ts 
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a long the line. The line has a condenser where , as the f ume goes th rough, it gathers 

back to its f luid st ructure and the cycle starts once more . 

• Thermal Via Arrays 

Thermal vias increment the mass and terr i tory of the copper , d imin ish ing the w a r m 

obst ruct ion and improv ing w a r m t h d isseminat ion f rom the basic segments through 

conduc t ion . Accordingly , bet ter execut ion is accompl ished w h e n the vias are set 

nearer to the heat source. 

In certain appl icat ions, heat f rom a gadget, like a thermal ly enhanced IC, is led away 

through the mix of a wa rm by means of exhibit and cush ion. This d isposes of the 

requ i rement for a heat sink wh i le improv ing the heat scat ter ing through the PCB. 

0 835 

4 3*8 3 
PoamrPaoVSofctorMaak 
(Conroori«ai Layar Onty) 

Pad D M ! 

SoMarMat* Pad 
C 56x2 15mm 0 3x1 9mm 

m m c w I 
• 0 3mm DrU on 
4x0 Array (1mm PHdh> 

0 » m m rad/SoidarMaak 
0 635mm D r | 

COMPONENT S B C 

Figure 18 Thermal v ia array 

i t # 

• • • 
6.0 

H i 
• • 

OPPOSITE 3 © E 

PCB thermal management methods rely upon var ious e lements including the measure of heat 

the parts and circuit d isseminate, the c l imate, the general p lan, and the wa l led in area. In the 

event that heat age is low, the circuit can work w i thou t extra cool ing. Nonethe less , if the 

circuit p roduces higher measures of heat, there ought to be a cool ing inst rument to remove 

the heat. 

To give thermal ly s t reaml ined PCBs, designers ought to cons ider all that impacts tempera tu re 

direct ly f rom the idea stage and all th rough the plan and assembl ing stages. 
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4. COMPONENTS USED FOR INVERTER 
4.1 TRANSISTOR 

A t ransistor cou ld be a semiconduc to r gadget ut i l ized to intensify or swi tch e lect ron ic signals 

and electr ical cont ro l . Transistors are one of the fundamenta l bui ld ing squares of present-day 

hardware . It is composed of semiconduc to r fabr ic as a rule wi th at sl ightest three terminals 

for associat ion to an outs ide circuit. A vol tage or current connec ted to one match of the 

t ransistor 's termina ls contro ls the current through another match of termina ls . Since the 

cont ro l led (yield) contro l can be higher than the contro l l ing (input) cont ro l , a t ransistor can 

open up a f lag. Nowadays , a few transistors are bund led separate ly , but numerous more are 

found inserted in coord inates circuits.[19] 

Co l lec tor 

ELECTRONICS 

Col lec tor 

Base 

Figure 19 Transistor Examples [20] 
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4.1.1 T R A N S I S T O R M E C H A N I C A L P A C K A G I N G A N D A R R A N G E M E N T [21] 

Figure 20 Transistor Candidate [21] 
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Figure 21 Transistor Foot Print [21] 
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Figure 22 Transistor Arrangements [21] 

4.2 CAPACITORS: -

A capaci tor cou ld be a two- te rm ina l , e lectr ical componen t . A longs ide resistors and 

inductors, they are one of the fo remost crucial de tached componen ts we uti l ize. You 'd 

need to see except ional ly diff icult to d iscover a circuit wh ich didn' t have a capaci tor in 

it. Wha t makes capaci tors ext raord inary is thei r capaci ty to store vital i ty; they ' re like 

a comple te ly charged electr ic battery. Caps, as we ordinar i ly a l lude to t h e m , have all 

sorts of basic appl icat ions in circuits. C o m m o n appl icat ions incorporate nearby vital i ty 

capacity, vol tage spike concea lment , and complex f lag sift ing. [22] 

Figure 23 Sizes of Capacitors [22] 
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V IN 5 V 
A 

C1 
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100mF 
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C2 C3 

" lOOnF 

(3) 

Figure 24 Examples of Capacitors used in PCB[22] 

4.3 SHUNT FOR CURRENT M E A S U R E M E N T 

A shunt resistor is ut i l ized to measure electr ic current , a l ternat ing or direct. This is comp le ted 

by measur ing the dip across the resistor. [23] 

A gadget to measure electr ic current is cal led an ammete r . M o s t advanced ammete rs degree 

the vol tage drop over a accuracy resistor w i th a known resistance. 

Be that as it may, w h e n the current is as wel l tal l for the ammete r , a d iverse setup is requi red. 

The ar rangement is to put the a m m e t e r in paral lel w i th an exact shunt resistor. Ano the r te rm 

that 's some of the t ime ut i l ized for this sort of resistor is a m m e t e r shunt. Usual ly this is of ten 

a tall exactness manganin resistor wi th a low resistance es teem. 

The current is separated over the shunt and the ammete r , such that as it we re a little (known) 

rate s t reams through the ammete r . In this way, huge st reams can still be measured . By 

accurately scal ing the ammete r , the real amperage can be st ra ight forwardly measured . 

Uti l iz ing this setup, in hypothesis the most ex t reme amperage that can be measured is 

unending. Be that as it may, the vol tage rating of the es t imat ion gadget must not be 

surpassed. This impl ies that the greatest current dup l ica ted by the resistance es teem, cannot 

be higher than the vol tage rat ing. 

T 
load 

shunt 
T 

shunt 

load 
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F igure 25 U s e s of Shunts [24] 

4.4 G A T E DRIVERS 

A gate dr iver cou ld also be a contro l enhancer that acknowledges a l ow-power input f rom a 

contro l ler IC and produces a high-current dr ive input for the ent ryway of a h igh-powered 

semiconduc to r equiva lent to an IGBT or contro l MOSFET. Gate drivers is given e i ther on-ch ip 

or as a separate modu le . In pi th, a door dr iver inc ludes of A level shifter together w i th an 

speaker. 

A door dr iver IC serves as the interface be tween contro l signals (computer ized or analog 

control lers) and contro l swi tches (IGBTs, MOSFETs , SiC MOSFETs , and G a N HEMTs) . An 

coord inates gate-dr iver a r rangement d imin ishes plan complex i ty , advancement t ime, charge 

of mater ia ls (BOM) , and board space whereas mov ing fo rward unwaver ing qual i ty over 

d isc re te ly - imp lemented gate-dr ive ar rangements . [25] 

F igure 26 G a t e Driver Examp les [26] 
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4.4.1 M E C H A N I C A L P A C K A G I N G O F G A T E DRIVERS 

0381 ±0.127 
(0.015 ±0.005) 

1.27 (0.050) BSG 

O mi i 

0.45 (0.018) —i 

1 ±0.250 
(0.040 ±0.010) 

•4.580!«" Land Pattern Recommendation 

1.590 ±0.127 
r-(0.063 ±0.005) 

050 
002) 

_ 107 
(0.421) 

0.76(0.03) 

^ 7 
: 1.27(0. 
r—=i_L 

05: 

_ 2.16 
(0.085) 

3.180 ±0.127 
(0.125 ±0.005)-

• A 

Floating Lead Profusions max. 0.25 mm (0.01 "I 

Dimensions in Millimeters (Inches) 

Lead Coplanarity = 0.1 mm (0.004") 

Total package length (inclusive of mold flash): 4.834 mm ±0.254 mm (0.190" ±0.010") 

Figure 27 G a t e Driver Cand ida te [27] 

4.5 HEAT SINK 

A heat sink may wel l be an inact ive heat exchanger that t rades the heat made by an e lectronic 

or a mechanica l cont rapt ion to a f lu id med ium, habitual ly examine or a l iquid coolant , where 

it is d ispersed absent f rom the gadget, hence a l lowing cont ro l of the device 's tempera tu re . In 

computers , heat sinks are ut i l ized to cool CPUs , G P U s , and a few chipsets and Ram modules. 

A heat sink is p lanned to maximize its surface region in contact w i th the coo l ing med ium 

encompass ing it, such as the discuss. A i r speed , choice of fabr ic, bulge plan and surface 

t rea tment are var iables that in f luence the per fo rmance of a w a r m sink. Heat sink connect ion 

strategies and thermal inter face mater ia ls to inf luence the pass on tempera tu re of the 

coord inates circuit. Thermal cement or thermal glue progress the heat sink's execut ion by 

f i l l ing discuss holes be tween the heat sink and the heat spreader on the device. A heat sink is 

ordinar i ly made out of a lum inum or copper . [28] 

A heat sink as a rule compr ises of a metal st ructure w i th one or more level surfaces to 

guarantee good therma l contact w i th the componen ts to be coo led , and a cluster of comb or 

blade like bulges to extend the surface contact wi th the discus, and in this way the rate of 
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wa rm d iss ipat ion. A wa rm sink is in some cases ut i l ized in con junct ion wi th a fan to extend 

the rate of w ind current over the w a r m sink. This keeps up a bigger tempera tu re angle by 

replacing w a r m e d discuss qu icker than convect ion w o u l d . Usual ly known as a fo rced air 

sys tem. [29] 

Oversee ing heat is addi t ional ly a crit ical por t ion of pr inted circuit board plan and fabr icat ing. 

A board that isn't out l ined to scat ter the heat it produces may conc lus ion up w i th operat ional 

issues or indeed total fa i lure. Dur ing fabr icat ing it is addi t ional ly impor tant that the heat be 

overseen in arrange to resist the tal l tempera tu res connec ted amid the patching handle. 

Mak ing beyond any doubt to uti l ize sat isfactory PCB w a r m scatter ing procedures for plan is 

except ional ly imperat ive, and here are a f ew suggest ions that wi l l be suppor t ive to you on 

your fo l lowing ex tend . [30] 

TYPES OF HEAT SINKS 

AIR C O O L E D BY U S I N G O F FINS 

Design Factors for fins 

• Thermal resistance 

Semiconduc to r devices used in an assor tment of cl ient and mechanica l dev ices; the 

thought of thermal resistance disentangles the de te rmina t ion of heat sinks. The heat 

s t ream be tween the semiconduc to r passes on and sur round ing discuss is mode led as 

an ar rangement of resistances to heat s t ream; there 's a resistance f rom the pass on 

to the device case, f rom the case to the heat sink, and f rom 

the heat sink to the encirc l ing air. The ent i rety of these resistances is the ful l thermal 

resistance f rom the pass on to the sur round ing air. Thermal resistance is character ized 

as tempera tu re rise per unit of cont ro l , c losely resembl ing to electr ical resistance, and 

is commun ica ted in units of degrees Celsius per wat t (°C/W). If the gadget scat ter ing 

in wat ts is known, and the full thermal resistance is ca lcu la ted, the tempera tu re rises 

of the pass on over the ambient discuss can be ca lcu lated. 
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Material 

The fo remost c o m m o n heat sink mater ia ls are a lum inum al loys. A l u m i n u m al loy 1050 

has one of the higher thermal conduct iv i ty values at 229 W / m » K but is mechanical ly 

del icate. A l u m i n u m al loys 6060 (low stress), 6061 , and 6063 are c o m m o n l y ut i l ized, 

wi th thermal conduct iv i ty values of 166 and 201 W/m»K, individual ly. The values 

depend on the m o o d of the al loy. One-p iece a lum inum heat sinks can be made by 

expuls ion, cast ing, skiving or processing. [31] 

Copper has fabu lous heat sink proper t ies in te rms of its thermal conduct iv i ty , erosion 

resistance, b iofoul ing resistance, and ant imicrobia l resistance (See moreover Copper 

in w a r m exchangers). 

Copper has a round tw ice the thermal conduct iv i ty of a l um inum, a round 400 W / m » K 

[32] for immacu la te copper . Its pr imary appl icat ions are in mechanica l off ices, contro l 

plants, solar thermal wa te r systems, HVAC systems, gas wa te r radiators, const ra ined 

air heat ing and cool ing systems, geo therma l heat ing and coo l ing, and e lect ronic 

systems. 

Copper is th ree t imes as dense and cost l ier than a l um inum. One-p iece copper heat 

sinks can be made by skiving or processing. Sheet -meta l b lades can be fas tened onto 

a rectangular copper body. Coppe r is less pl iable than a lum inum, so it cannot be 

expel led into heat sinks. 

Fin efficiency 

Fin ef fect iveness is one of the parameters wh ich makes the next thermal conduct iv i ty 

mater ia l imperat ive. A blade of a heat sink may be cons idered to be a level plate wi th 

heat f lowing in one conc lus ion and being d iss ipated into the encompass ing l iquid 

because it voyages to the other. 

As heat f lows through the f in, the combina t ion of the thermal resistance of the heat 

sink b locking the f low and the heat lost due to convec t ion , the tempera tu re of the fin 

and, so, the heat exchange to the l iquid, wi l l d imin ish f rom the base to the conc lus ion 

of the f in. [33] 

Fin ef fect iveness is character ized as the genuine w a r m exchanged by the f in, isolated 

by the heat exchange we re the f in to be isothermal ( theoret ical ly the blade having 

boundless therma l conduct iv i ty) . 
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Be low Equat ion used for Fin eff ic iency 

where 

• hf is the convect ion coeff ic ient of the fin 

• Air : 10 to 100 W/ (m2K) 

• Wate r : 500 to 10,000 W/ (m2K) 

• k is the thermal conduct iv i ty of the f in mater ia l 

• A l u m i n u m : 120 to 240 W/(m-K) 

• Lf is the f in height (m) 

• t / i s the f in th ickness (m) 

Fin prof ic iency is expanded by d imin ish ing the fin aspect ratio (making t hem th icker or 

shorter) , or by ut i l iz ing more conduct ive mater ia l 

• Fin Arrangement 

A pin f in heat sink may be a heat sink that has pins that expand f rom its base. The pins can 

be round and hol low, curved or square. A stick is one of the more c o m m o n heat sink sorts 

accessible on the market . These straight f ins run the who le length of the heat sink. A 

var iety on the straight f in heat sink may be a cross cut heat sink. 

A straight f in heat sink is cut at s tandard intervals. In c o m m o n , the more surface zone a 

heat sink has, the bet ter it works . In any case, this is o f ten not cont inuous ly genu ine. The 

concept of a pin fin heat sink is to under take to pack as much surface zone into a given 

vo lume as conceivable . 

In spite of the actual fact that the pin f in has 194 cm2 surface zone whereas the straight 

f in has 58 cm2, the tempera tu re dist inct ion be tween the heat sink base and there fore the 

encompass ing discuss for the pin f in is 50 °C. For the straight fin it absolute ly was 44 °C or 

6 °C super ior than the pin f in. Pin f in heat sink execut ion is actual ly me thod bet ter than 

straight f ins once used in thei r a iming appl icat ion whereve r the l iquid st reams pivotal ly 

on the pins rather than because it we re digressively over the pins. [35] 
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Compar ison of a pin fin and straight f in heat sink of comparab le measurements . 

Heat sink fin type 
Width 

[cm] 

Length 

[cm] 

Height 

[cm] 

Surface 

area 

[cm=] 

Volume 

[cm3] 

Temperature 

difference, 

"'"case-"'"air 

Straight 2 5 2 5 3 2 58 20 44 

Pin 3.8 3.8 1.7 194 24 51 

Figure 28 Ga the red Data for heat removal [35] 

1 1 . 1 1 . 1 1 

Figure 29 Types of F ins Ar rangement [36] 

4 .5 .2 W A T E R B L O C K 

A wate r block is the water -coo l ing ident ical of a heatsink. It cou ld be a sort of plate heat 

exchanger and can be ut i l ized on numerous dist inct ive compu te r componen ts , count ing the 

central prepar ing unit (CPU), G P U , P P U , and Nor thbr idge chipset on the mo the rboard . It 

compr ises of at sl ightest two main parts; the "base " , wh ich is the range that produces contact 

wi th the gadget being coo led and is ordinar i ly made f rom metals w i th tall thermal 

conduct iv i ty such as a luminum or copper . 

The momen t por t ion, the "bea t " guarantees the wa te r is conta ined safely inter ior the water 

square and has associat ions that permit hosing to associate it w i th the wate r -coo l ing circle. 

The best can be made of the same metal as the base, s t ra ight forward Perspex, Delr in , Ny lon , 

or HDPE. M o s t more current h igh-end wa te r squares too conta in mid-p lates wh ich serve to 

include jet tubes, nozzles, and o ther f low modi fy ing devices. [37] 
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The base, best, and mid-plate(s) are f ixed together to make a "p iece " w i th a few sort of way 

for wa te r to f low through. The ends of the way have in le t /out le t connectors for the tub ing 

that connects it to the rest of the water -coo l ing sys tem. Early plans inc luded spiral , zig-zag 

design or heatsink like f ins to permi t the biggest conce ivab le surface range for heat to 

exchange f rom the device being coo led to the water . These plans by and large we re ut i l ized 

since the guess was that most ex t reme f low was requi red for tal l execut ion. 

Trial and b lunder and the advancement of wa te r block plan has appeared that exchanging 

f low for tu rbu lence can regularly progress execut ion . The Storm ar rangement of water blocks 

is a case of this. Its jet tube mid plate and measured base plan makes it more prohib i t ive to 

the s t ream of wa te r than early labyr inth plans but the expanded tu rbu lence comes about in 

a huge increment in execut ion . 

A wa te r block is super ior at d isseminat ing heat than an a i r -coo led heatsink due to water 's 

higher part icular heat capaci ty and thermal conduct iv i ty . The wa te r is usual ly pumped 

through to a radiator wh ich permi ts a fan pushing discuss th rough it to require the heat made 

f rom the dev ice and remove it into the air. 

A radiator is more product ive than a s tandard CPU or G P U heats ink/a i r coo le r at remov ing 

heat since it features a much larger surface area. Instal lat ion of a water piece is addi t ional ly 

compara t ive to that of a heatsink, w i th a w a r m cushion or w a r m oil set be tween it and the 

device being coo led to help in heat conduct ion . 

Figure 30 Water Block (Water cooling) [38] 
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4.6 PCB Design Techniques to Dissipate Heat 

To handle the more prominent thermal issues of tall speed and tall contro l sheets, here are a 

few plan procedures that can offer assistance 

• Huge metal cushions beneath hot parts to act as a " t h e r m a l " cush ion. 

• Heat sinks associated to thermal cushions of hot parts. 

• Uti l izing board mater ia ls w i th super ior thermal proper t ies such as poly imides or metal 

center sheets. 

• Cool ing fans as wel l as key componen t s i tuat ion to put hot componen ts into the 

circulat ing way of the fan. 

http://www.tul.cz


TECHNICAL UNIVERSITY OF LIBEREC 
www.tul.cz • 

5. 3D MODEL CREATION 
Due to compac tness and Modu la r i t y of the inverter packaging all the componen ts wil l be 

moved to di f ferent levels hence the f inal componen t wi l l be opt imal ly compact as possible. 

Given be low are the di f ferent levels of componen ts 

• 1 s t level - Transistors and shunts resistors 

• 2 n d level - Cont ro l board 

• 3 r d level - Gate Drivers board 

• 4 t h level - Capaci tors Assembly 

5.1 POSSIBLE VERSIONS OF ASSEMBLY 

E 
E 

120 m m 

Th ickness of P C B b o a r d = 3 m m 

Figure 32 1 s t configuration 

N e g a t i v e Bus Ba r 

Pos i t i ve Bus Ba r 

Transistors 

Shunts for C u r r e n t 
M e a s u r e m e n t s 

N e u t r a l Bus Bar 

In this conf igurat ion the bus bars are s tat ioned on top and the neutral bus bar is s tat ioned 

near to the shunt resistors. The transistors are into 4 sect ions w i th 8 t ransistors in each 

sect ion . Each sect ion current measurement is done using Shunt resistors. The overal l size of 

the PCB Board is 6 0 m m x 120mm.Each sect ion has one set one Posi t ive, negat ive and 

Neutral points. This type of conf igurat ion is general pract ice to connect all the sect ion in 

series. 

44 
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E 
£ 
c 
SO 

120 m m 

Posit ive Bus Bar 

Transistors 

N e g a t i v e Bus Bar 

Shunts for Cur rent 
M e a s u r e m e n t s 

Neutra l Bus Bar 

Thickness of P C B b o a r d = 3 m m 

Figure 33 2 n d configuration 

In this conf igurat ion the bus bars are s tat ioned near the top is the posit ive and the neutral 

bus bar and negative bus bar is s tat ioned near to the shunt resistors. The transistors are into 

4 sect ions wi th 8 t ransistors in each sect ion. Each sect ion current measurement is done 

using Shunt devices. The overal l size of the PCB Board is 6 0 m m x 1 2 0 m m . Each sect ion has 

one set one Posi t ive, negat ive and Neutra l points. 

5.2 SOLIDWORKS 3D M O D E L 

Figure 34 Transis tors and shunts resistors 
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ILW \ C PARI NUMBLR QTY. 

P C B B O A R D 1 

2 CANDIDATE 01 25 

3 SHUNT 24 

Figure 35 P C B Layout Drawing 

The above picture shows the f inal vers ion of the ar rangement of the transi ters wi th 

cor respond ing shunts. The over all th ickness of the PCB board is a round 1.5 m m . In total 24 

transistors are being used. Overal l Inverter has 4 f loors and the Board is structural ly stabi l ized 

by using spacers. 

Figure 36 Capaci tor Board 

The capaci tors are being ar ranged in ser ies as show in the above picture. The have d iameter 

of a round 2 5 m m and 8 capaci tors have been placed w i th a spacing of a round 3 5 m m f rom 

each other. 
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Figure 37 Capacitor Board Drawing 

5.3 A L U M I N U M W A T E R BLOCK FOR LIQUID COOLING 

ITEM NO. PART NUMBER QTY. 

1 Capac i to r board 1 

2 Capaci tors 8 

Figure 38 Aluminum Water Block [39] 
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ITEM NO. PART NUMBER QTY. 

1 cooling_block 1 

2 cooling_pipes 1 

3 connector 2 

14.00 

149 

Figure 39 A luminum Water Block Drawings 

The outer surface of the coolant block is made out of a luminum and the pipes are copper . 

One side of the pipes are connec ted to the input and o ther is connec ted to the output . 

The coolant has several holes on top of the surface of that dowe l pins are used to connect the 

cool ing plate and the a luminum block. The input coolant is f ree f rom external debris. 

out le t hose 
tube 

Inlet hose 
tube 

Figure 40 Inlet and outlet ports 

Speci f icat ion of Heat Sink [39] 

• Cold plates made in a lum inum and copper (5mm pipe) wi th 4 coils. 

• Extruded or core hole dr i l led coo l ing channels 

• Project-speci f ic d imens ion ing 

• Vi inch BSP adapter 

• Total weight of the W a t e r Block 3 Kgs. 

48 
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5.4 INVERTER OVERALL INPUT 

Figure 41 Inverter Board with cool ing plate 

ITEM NO. PART NUMBER QTY. 

1 Capacitor board 1 

2 spacer 4 

I Gale Driver Board 1 

4 Control Board 1 

5 Transitor Board i 

t Cola plate 1 

7 cooling .assembly 1 

8 SO4014-M3x20x 
12-N 8 

Figure 42 Inverter Board with cool ing plate Drawing 

The f inal s t ructure of the PCB board that has 4 f loors wh ich are held together w i th long bolts 

f rom both f rom top and bo t tom. The Final inverter has an overal l size of a round 7 4 m m * 

1 5 0 m m * 60 m m . This is the tota l enve lope the enc lose has be des igned wi th easy assembly 

and d issembled also wi th min imal effort and w i thout damag ing the PCB board . 
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6. ENCLOSURE DESIGN 
• Ma te r ia l : - Sheet meta l A l u m i n u m 

• Gauge : - Gauge 15 th ickness f rom table 1.4 mm [40] 

• Total weight of Enclosure = 2 kgs 

• Cost of per Kg of sheet metal = 200 Kc 

Sheet Metal Gauge Guide 

Gauge Steel (mm) Galvanized (mm) Stainless (mm) Aluminum (mm) 

3 0.2391 (6.07) • • — 

4 0.2242 (5.69) --
5 0.2092 15.31) - --
6 0.1943 (4 94) •• •• 0.162 (4.1) 
7 0.1793 (4.55) -- 0.1875 (4.76) 0.1443 (3.67) 
8 0.1644 (4.18) 0.1681 (4.27) 0.1719 (4.37) 0.12S5 (3.261 
9 0.1495 (3.80) 0.1532 (3.89) j 0.1563 (3.97) 0.1144 (2.91) 

10 0.1345 (3.42) 0.1382 (3.51) 0.1406 (3.57) 0.1019(2.59) 

11 0.1196 (3.04) 0.1233 (3.13) 0.1250 (3.18) 0.0907 (2.30) 
12 0.1046 (2.66) 0.1CS4 11.75) 0.1094 (2.78) 0.0808 (2.05) 
13 0.0897 (2.28) 0.0934 (2.37) 0.0940 (2.40) 0.0720 (1.80) 

14 0.0747(1.90 ) 0.0785(1.99) 10.0781 (1.98) 0.0641 (1.631 

15 0.0673 (1.71) 0.0710 (1.80) 0.0700(1.80) 0.0570(1.40) 
16 0.0598(1.52) 0.0635 (1.61) 0.0625 (1.59) 0.0508(1.29) 
17 0.0538 (1.37) 0.0575 (1.46) 0.0560 (1.40) 0.0450 (1.10) 
18 0.0478(1.21) 0.0516(1.31) 0.0500(1.27) 0.0403 (1.02) 
19 0.0418 (1.06) 0.0456(1.16) 0.0440 (1.10) 0.0360 (0.91) 

20 0.0359(0.911 0.0396(1.01) 0.0375 (0.95) 0.0320 (0.811 

21 0.0329 (0.84) 0.0366 (0.93) 0.0340 (0.86) 0.0280 (0.71) 

22 0.0299 (0.76) 0.0336 (0.85) 0.0310 (0.79) 0.0250 (0.64I 
23 0.0269 (0.68) 0.0306 (0.78) 0.0280(0.71) 0.0230 (0.58) 
24 0.0239(0.61) 0.0276 (0.70) 0.0250(0.64) 0.0200 (0.511 
25 0.0209 (0.53) 0.0247 (0.63) 0.0220(0.56) 0.0180 (0.46) 
26 0.0179 (0.45) I 0.0217 (0.55) 0.0190 (0.4S) 0.0170 (0.431 
28 0.0149 (0.38) 0.0187 (0.47) 0.0160(0.41) 0.0126 (0.32) 

Figure 43 G a u g e sheet [40] 

Using the above Sheetmeta l gauge sheet and depend ing of the total weight of the ent i re 

st ructure. The th ickness of a round 1.4 m m should be st rong enough . 
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6.1 C O M P L E T E ENCLOSURE 

Figure 44 Sheetmeta l Enc losure 

MUJ 
ITEM NO. PART NUMBER MATERIAL QTY. 

; enclosure_bottom AL6061 1 

2 Side enclosure AL606I 2 

3 top cover AL6061 I 

4 Tins AL6061 1 

Figure 45 Enc losure A s s e m b l y Drawing 

The f inal enc losure has 4 componen ts and the fins are assembled together w i th the help of 

screw of M 3 size. This type of enc losure might have var ious vents on the sides incase there is 

no cond i t ion for the enc losure to be air t ight or water proof. 
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6.2 FINAL ENCLOSURE WITH PCB BOARD 

SECTION A-A 

MAMIAAIMJ 

lit'.' N Ü PART N U M B E R QIY. 
ooing. assembly 1 

2 Transitor Board 

1 Gale Driver Board 1 

spacer 

s Control Bcaa 1 

6 Cold »ate 1 

J Cacao rtor board 
assembly 1 

6 SO 4014 - M3 «2CU 12- 8 

cover 1 

10 SO 7380-M3x 10-
I0N 30 

11 Fins 1 

Figure 46 Packag ing A s s e m b l y 

ITEM NO. PART NUMBER QTY. 

1 cooling_assembly 1 

2 Transitor Board 1 

3 Gate Driver Board 1 

4 spacer 4 

5 Control Board 1 

6 1 

7 Capacitor board 
assembty 1 

8 
s c 4014 . * 
12-N 8 

9 cover l 

10 ISO 7380-M3X10-
10N 30 

Figure 47 Exp loded view of the assemb ly 

The Comp le te assembly and d isassembly of the Enclosure w i th process of assembly is shown 

in the image above. The main base is the one is the orange wh ich is placed 1 s t and the all the 

componen ts are moun ted into this part and f ixed together using M 3 size bolts. 
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7. THERMAL MANAGEMENT 
7.1 A P P R O A C H OF THE P R O B L E M 

Heat generat ion of the PCB board 

W e can assume that the heat generat ion in the board is equal to 10% to total power 

genera t ion . Total current is a round 200 A and Vol tage of a round 220V. 

Total power is equal to 

0 = V * A 

=220 * 150 = 33000 W or 33 kW  

Total heat loss of 10 % = 3300W or 3.3 kW  

Q = - K * A * (T l -T2) /L 

W h e r e , 

Q = Heat in W 

K= Thermal conduct iv i ty in W / m K 

A= Cross sect ion Area in m 2 

T l = Surface Tempera tu re in K 

T2= Amb ien t Tempera tu re in K 

L = Length of source in m 

Enclosure Parameters 

O = 3300 W (100% capacity) 

A l u m i n u m mater ia l = 175 W / m K 

(Width . Length) = (0.078 x 0.155) = 0.01209 m 2 

T l =? 

T2 = 25°C = 298 K 

L =0.155 m 

Q = - K * A*(T1-T2) /L 

3300 = -175 *0 .01209* (T l -298 ) /0 .155 

T l = 268°C or 540 K ( M a x i m u m Tempera ture) 
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The heat d iss ipat ion is a round 3.3 kW and this heat is t ransferred into the coo l ing plate by the 

me thod of heat conduc t ion . Later this Heat is removed f rom the coo l ing plate via the cool ing 

block by the me thod if heat convec t ion . 

Cool ing of the PCB board is done by both air and wa te r coo l ing. Onboard the Cont ro l board 

are thermal sensors. The Inverter is coo led w i th air in the initial stages and once the duty cycle 

increases or the load increased steadi ly. The f low of wa te r is cont ro l led by the contro l board 

on the PCB. This is p rogrammed so the f low is contro l led depend ing on the tempera tu re inside 

the enve lope. Be low table shows the surface tempera tu re at d i f ferent usage levels ranging 

f rom 10 %~ 100 %. 

Table 1 Heat distribution 

Usage In 
% 

Heat in W 
Thermal 

conductivity 
in W/mK 

Cross 
section 
Area in 

m2 

Length 
of 
source 
in m 

Ambient 
Temperature 

in K 

Surface 
Temperature 

in C 

100 3300 175 0.01209 0.155 298 266.76 

90 2970 175 0.01209 0.155 298 242.58 

80 2400 175 0.01209 0.155 298 200.82 

70 2100 175 0.01209 0.155 298 178.85 

60 1800 175 0.01209 0.155 298 156.87 

50 1500 175 0.01209 0.155 298 134.89 

40 1200 175 0.01209 0.155 298 112.91 

30 900 175 0.01209 0.155 298 90.93 

20 600 175 0.01209 0.155 298 68.96 

10 300 175 0.01209 0.155 298 46.98 

7.2 T O T A L HEAT LOST DUE T O THE FINS USED: -

Parameters cons idered : -

• Amb ien t tempera tu re of air (T2) = 25° C = 298 K 

• Wal l tempera tu re (Tl) = 266 0 C (100% usage) = 539 K (Max temp) 

• Thermal Conduct iv i ty of f in (K)= 175 W / m K 

• Heat t ransfer Co-ef f ic ient for air (h) = 20 W / m 2 K 

• Length of f in (w) = 0.015 m 

• Fin th ickness (t) = 0.004 m 

• N u m b e r o f f i n s ( N ) = 20 
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t 

RECTANGULAR FINS 

Heat f low rate for rectangular f in is given by 

Q = N (K . A . B . n . AT) X I / X2.. . [41] 

W h e r e , 

X I = [(sinh(n . L) + (h / n . K). cosh (n .L)] 

X2 = [(cosh(n . L) + (h / n . K).sinh(n .L)] 

n for th in f in = ( 2 * h / K * t ) 0 5 

Tempera tu re d i f ference, AT = T l - T2 = 25 

Fin base area (A) = w x t 

= 0.078 x 0.004 

= 0.000312 m 2 

n for th in f in = ( 2 * h / K * t ) 0 5 

= ((2*20) / ( 1 7 5 * 0 . 0 4 ) ) 0 5 

= 7.56 

X I = [(sinh(n *L) + (h / n *K) * cosh (n *L)] 

= 0.167 

X2 = [(cosh(n*L) + (h / n*K)*sinh(n*L)] 

= 1.0137 

Q. = N * ( K * A * n * A T ) *(X1 / X2)) 

= 20 * (175*000312*7 .56*539 ) * (0 .167*1.0137) 

= 320 W 
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Be low table shows var ious heat losses through fins at di f ferent tempera tu res 

Tab le 2 F ins Heat distribution 

Usage 
l n % 

Heat 
in W 

Thermal 
conduct iv i ty 

in W / m K 

Cross 
sect ion 
Area in 

m2 

Length 
of f ins 
in m 

Amb ien t 
Tempera tu re 

in K 

Surface 
Tempera tu re 

in C 

Heat 
F low 

though 
fins in 

W 

100 3300 175 0.000312 0.02 298 266.76 320 

90 2970 175 0.000312 0.02 298 242.58 290 

80 2400 175 0.000312 0.02 298 200.82 232 

70 2100 175 0.000312 0.02 298 178.85 202 

60 1800 175 0.000312 0.02 298 156.87 173 

50 1500 175 0.000312 0.02 298 134.89 145 

40 1200 175 0.000312 0.02 298 112.91 116 

30 900 175 0.000312 0.02 298 90.93 88 

20 600 175 0.000312 0.02 298 68.96 57 

10 300 175 0.000312 0.02 298 46.98 30 

From the table it shows 10 % of heat generat ion is removed by the f ins used. Ma in tan ing the 

constant parameters then 

• N u m b e r of f ins 

• Fin thickness 

• Heat t ransfer Co-eff ic ient for air 

• Length of fin 

Since the inverter is placed inside the excavator . The ambien t tempera tu re is not constant as 

env i ronmenta l t empera tu re inside the excavator engine cab in . A l though we have a radiator 

to mainta in the steady tempera tu re . Assuming the tempera tu re could be in range of +10°C. 

I.e., the Tempera ture could be around 25 °C ~40 °C. Since the heat gases moves towards the 

upwards and also cons idered the heat genera ted by the capaci tors. The air f ins are used to 

cool the enc losure. The use of air f ins is reducing the power requi red to run the moto r for 

c irculat ing the water . 
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The graph be low shows the tempera tu re rise w i th ambien t tempera tu re increases f rom 25 °C 

to 40°C wi th 100 % usage of the inverter. 

Heat Flow though fins in W 

3-25 

^ 320 

£ 315 
J T 

DT 

o 310 

J 305 
u-

B 300 
x 

295 
296 29S 300 302 304 306 30B 310 312 314 

Ambient Temperature in K 

Figure 49 Heat loss due to increase in ambient temperature (100% use) 

As we see f rom the above graph, w e can see that even w i th the increase in the ambient 

tempera tu re has not much effect on the heat removal so much. 

7.3 T O T A L HEAT LOST DUE T O THE COOLING BLOCK USED 

Heat is t ransfer red to the wa te r through convect ion pr inciple. The f low is cont ro l led 

electronical ly by achieving the di f ferent f low rates. The wa te r or coolant is p u m p e d through 

f rom the reservoir wh ich placed on a higher e levat ion so no air bubbles are present in the 

sys tem. The hoses are connec ted to a pump and motor . The reservoir also has a f i l ter system 

so that no dirt or external objects enters into the sys tem. This cal ibrat ing is done on the 

contro l board l inked to the Data acquis i t ion modu le . 

P = Cp * M * dT 

W h e r e , 

P = Energy rate of removal measured in k i lowatt 

Cp = specif ic heat capaci ty of wa te r (4200 J /kg/K) 

M = the vo lume of coolant wa te r in L/sec 

dT = the tempera tu re rises in the water 
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W a t e r inlet tempera tu re = 25°C = 298K 

M a x i m u m tempera tu re of the surface = 266°C = 539 K 

P = 3300 W 

M =? 

Tempera tu re d i f ference = (539 - 298) = 241 

App ly this in the equat ion we get 

3300 = 4200 * M * 241 

M = 0.00326 L/sec = 3.26 e -6 m 3 / s e c 

M = A * V 

A = area of Cross sect ion of the pipe 

V = Ve loc i ty of Flow 

Diameter of the pipe = 3.5 m m = 0.0035 m 

Area = 9.621 e-6 m 2 

3.26 e - 6 = 9.621 e-6 X V 

V = 0.338 m/sec. 

7.3.1 T e m p e r a t u r e o f w a t e r l eav ing t h e w a t e r b lock : -

Using newtons Law of cool ing 

0 = h * A * dT 

O = Heat removed in W 

A = Surface Area in m 2 

T l = Initial Tempera tu re in K 

T2= Final Tempera tu re in K 

Heat t ransfer Co-eff ic ient for wa te r h = 2000 W / m 2 K (forced convent ion) 

3300 = 2000 * 0.0845 m 2 * (T2-T1) 

T2 = 318 K o r 4 5 ° C 

The table be low shows respect ive values for var ious duty cycles ranging f rom 10%~100% 

capacity. 

The constant parameters are given by 

• specif ic heat capaci ty of water 

• W a t e r inlet tempera tu re 

• Heat t ransfer Co-eff ic ient for water 
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Table 3 Cooling block Heat distribution 

Usage 
ln% 

Heat 
i n W 

Specific 
heat 

capacity 
of 

water 

Surface 
Temperature 

in K 

Water inlet 
temperature 

in K 

Temperature 
difference 

Flow rate 
in L/sec 

Water 
Temperature 

leaving the 
Block in K 

100 3300 4200 539.76 298 241.76 0.003249976 292.5266272 

90 2970 4200 515.58 298 217.58 0.003250036 290.5739645 

80 2400 4200 473.82 298 175.82 0.003250077 287.2011834 

70 2100 4200 451.85 298 153.85 0.003249919 285.4260355 

60 1800 4200 429.87 298 131.87 0.003249954 283.6508876 

50 1500 4200 407.89 298 109.89 0.003250003 281.8757396 

40 1200 4200 385.91 298 87.91 0.003250077 280.1005917 

30 900 4200 363.93 298 65.93 0.0032502 278.3254438 

20 600 4200 341.96 298 43.96 0.003249708 276.5502959 

10 300 4200 319.98 298 21.98 0.003249708 274.7751479 

As we can see from the tables it is concluded that the heat generation in the PCB board is efficiently 

removed and the max water temperature leaving the cooling block is around 45°C. 

The Fins used can used when the heat removal once the machine is either in OFF and this saves the 

power required to run the pump to circulate the water inside the pump. 

Cooling of the PCB board is finished by each air and water cooling. Onboard the control panel are 

thermal sensors. The electrical converter is cooled with air in the initial stages and once the duty cycle 

will increase or the load exaggerated steadily. The flow of water is controlled by the control board on 

the PCB. This is programmed therefore the flow is controlled reckoning on the temperature within the 

envelope. 

7.4 Other liquids used Glycol 

Glycol cou ld be a water -misc ib le coolant that 's habi tual ly ut i l ized in w a r m exchange and 

cool ing appl icat ions. It gives way bet ter w a r m transfer parameters than water , and can be 

b lended wi th wa te r to supply an assor tment of wa rm exchange character ist ics. 

The table be low shows respect ive values for var ious duty cycles ranging f rom 10%~100% 

capaci ty using Glycol as the cool ing med ium. Unadu l te ra ted ethy lene glycol conta ins a 

part icular w a r m capaci ty a lmost one half that of water . So, whereas giving sol idi fy secur i ty 

and an expanded bubbl ing point, e thy lene glycol brings d o w n the part icular w a r m capaci ty of 
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water b lends relat ive to pure water . A 1:1 b lend by mass includes a part icular w a r m capacity 

of a lmost 3140 J/(kg. 

At a normal f luid tempera tu re of 200° F, the heat- t ransfer coeff ic ients got ten uti l iz ing water , 

ostensib le (by vo lume) 30-70 and 70-30, g lycol -water b lends are around 3.6, 2.8, and 1.4 

t imes higher, individual ly, than the heat- t ransfer coeff ic ients got ten uti l iz ing A N - E - 2 ethy lene 

glycol . In this case I am using 70-30 mixture. 

Usage 
ln% 

Heat 
i n W 

Specific 
heat 

capacity 
of 

Glycol 

Surface 
Temperature 

in K 

Water inlet 
temperature 

in K 

Temperature 
difference 

Flow rate 
in L/sec 

Water 
Temperature 

leaving the 
Block in K 

100 3300 3140 539.76 298 241.76 0.004347102 298.5266272 

90 2970 3140 515.58 298 217.58 0.004347182 295.5739645 

80 2400 3140 473.82 298 175.82 0.004347237 292.2011834 

70 2100 3140 451.85 298 153.85 0.004347025 289.4260355 

60 1800 3140 429.87 298 131.87 0.004347072 287.6508876 

50 1500 3140 407.89 298 109.89 0.004347138 284.8757396 

40 1200 3140 385.91 298 87.91 0.004347237 282.1005917 

30 900 3140 363.93 298 65.93 0.004347402 280.3254438 

20 600 3140 341.96 298 43.96 0.004346743 278.5502959 

10 300 3140 319.98 298 21.98 0.004346743 276.7751479 

Using newtons Law of cool ing 

Q = h * A * dT 

O = Heat removed in W 

A = Surface Area in m 2 

T l = Initial Tempera tu re in K 

T2= Final Tempera tu re in K 

Heat t ransfer Co-eff ic ient for wa te r and glycol mixture h = 2800 W / m 2 K (forced convent ion) 

(Assuming a 70-30 mixture) 

3300 = 2800 * 0.0845 m 2 * (T2-T1) 

T2 = 312 K o r 3 9 ° C . 
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- Compars ion of coolants 

0 20 40 BO 80 100 120 

Usage In % 

•water —*— Glycol 

F igure 50 Compar i son of Coo lan ts 

As we can see f rom the graph above its is c lear that pure wa te r has more heat removal 

propert ies. But the only d rawback being it can cause corros ion on the copper tubes. So, the 

W a t e r wi th Glycol being the bet ter op t ion . Since the heat remova l is m in imum compared . 

W i th a long-term perspect ive, the wa te r + glycol cou ld be best op t ion . 
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8. CONCLUSION 

The design of inverter and its enc losure study is comp le ted . The main a im of the thesis was 

to create and enc losure wh ich is compact in size that has a modu la r design as wel l . 

The ar rangement on the PCB was cons idered as the heart of the p rob lem since w e had to 

have lots of t ransi ters increasing the length of the PCB is not someth ing that is acceptable. 

Hence the approach to go for vert ical d i rect ion and place all the componen ts on di f ferent 

f loors whi le keeping the total length to a m in imum but the height of the inverter is also 

increased. 

The right box bui ld design wil l ensure the long-term success of the e lect ronics project. 

The enc losure was des igned w i th f ive strategies is mind. 

• Fit (the perfect fit that comb ines safety, funct ional i ty , and cost effect iveness) 

• Mater ia l (outdoors underwate r or underground , ex t reme tempera tu res , high 

moisture) 

• Transmiss ion (Meta l l ic enc losures can hinder t ransmiss ion of wi re less signals.) 

• Layout (Study the aesthet ic pract ices of industry compet i to rs before making decis ions 

that affect the appearance and usabi l i ty of the product.) 

• Compat ib i l i ty (Before moving into p roduc t ion , compare your CAD to the B O M (bill of 

materials) to ensure package compat ib i l i ty . ) 

The enc losure has been des igned w i th a luminum sheet meta l . A l u m i n u m was chosen as it has 

good heat removal capabi l i t ies and also due to the fact that it is very light weight . The idea 

was to create an enc losure wh ich was compact in design so it can assemble easi ly and takes 

less place also. 

The coo l ing is done w i th using both air and water cool ing. As w e a l ready f rom the calculat ion 

we are able get 10 % of the total heat genera ted by the use of f ins. 

The coolant used for the heat removal is a combina t ion of wa te r and Glycol mixed in the 70-

30 mixture. The f low is cont ro l led by contro l board wh ich is coup led thermal sensors as the 

http://www.tul.cz


TECHNICAL UNIVERSITY O F LIBEREC 
www.tul.cz • 

tempera tu re increase the f low gradual ly increases. The tempera tu re is comp le ted dependen t 

of the duty cycle or work ing cycle. 

The ent i re cool ing circuit is f ree f rom debr is by using f i l ters at the end of the reservoir. The 

coolant f rom the reservoir is p u m p e d using a pump and motor coup led together . 

The appl icat ions of this type of inverter cou ld be for au tomot ive purposes such as electr ical 

vehic les i.e., cars or locomot ives in our case it 's an excavator for const ruct ion purposes. 

S C O P E O F T H E S I S : 

The thesis can be fur ther improved by funct ions and act ions as the requ i rements 

• New mater ia l can be used such as plastics wh ich could be used as an al ternat ive. 

• The manufactur ing could be ach ieved t radi t ional manufactur ing or new 

technolog ies such as 3d print ing. 

• New ar rangements inside the PCB to opt imize the size of the inverter 

• CFD analysis could be done to unders tand the f low of the f luid to have c learer 

picture of the heat exchange and using di f ferent types of coolant for var ious 

cool ing character ist ics. 

http://www.tul.cz


TECHNICAL UNIVERSITY OF LIBEREC 
www.tul.cz • 

REFERENCE 
[1] K. Ra jashekara, "Present status and future trends in electric vehicle propulsion 

technologies," IEEE J. Emerg. Sel. Top. Power Electron., vol . 1, no. 1, pp. 3 -

10, 2013, doi : 10 .1109 /JESTPE.2013 .2259614 . 

[2] "What is Inverter? - Mean ing , Types and Appl icat ion | Electr ical Concepts . " 

https:/ /electr icalbaba.com/what- is- inverter-meaning-types-and-appl icat ion/ 

(accessed Mar. 08, 2021). 

[3] "TIDA-020014 H E V / E V traction inverter power stage with 3 types of I G B T / S i C 

bias-supply solutions reference design | T l .com." https://www.ti.com/tool/TIDA-

020014 (accessed Mar. 20, 2021). 

[4] 0 . Emmanue l , "Different Types of Batteries and their Appl icat ions," Circuit 

Digest, 2018. https://circuitdigest.com/article/different-types-of-batteries 

(accessed Mar. 09, 2021). 

[5] "A Gu ide to Electronics Packag ing Des ign : Al l Y o u Need to Know." 

https:// intrepidsourcing.com/trade-wiki/a-guide-to-electronics-packaging-

des ign/ (accessed Mar. 21 , 2021). 

[6] "Electronic packaging - Wikipedia." 

https://en.wikipedia.org/wiki/Electronic_packaging (accessed Mar. 21 , 2021). 

[7] "F i le :Smal l Form Factor C a s e s , png - Wikipedia." 

ht tps: / /en.wik ipedia.Org/wik i /Fi le:Smal l_Form_Factor_Cases.png (accessed 

Mar. 21 , 2021). 

[8] Ezsc reen , "Understanding IP Ratings," A c c e s s e d : Mar. 30, 2021 . [Online]. 

Avai lable: https:/ /www.serfas.com/understanding-ip-resistance-rat ings/. 

[9] T. Sudo , H. S a s a k i , N. M a s u d a , and J . L. Drewniak, "Electromagnet ic 

interference (EMI) of sys tem-on-package (SOP) , " IEEE Trans. Adv. Packag., 

vol . 27, no. 2, pp. 3 0 4 - 3 1 4 , May 2004, doi : 10 .1109 /TADVP.2004 .828817 . 

[10] Handbook on the Physics and Chemistry of Rare Earths: Including Actinides. 

Elsevier Sc i ence , 2016. 

[11 ] "Burn-in - Wik ipedia." https://en.wikipedia.org/wiki/Burn-in (accessed Mar. 21 , 

2021). 

http://www.tul.cz
https://electricalbaba.com/what-is-inverter-meaning-types-and-application/
http://Tl.com
https://www.ti.com/tool/TIDA-
https://circuitdigest.com/article/different-types-of-batteries
https://intrepidsourcing.com/trade-wiki/a-guide-to-electronics-packaging-
https://en.wikipedia.org/wiki/Electronic_packaging
https://en.wikipedia.Org/wiki/File:Small_Form_Factor_Cases.png
https://www.serfas.com/understanding-ip-resistance-ratings/
https://en.wikipedia.org/wiki/Burn-in


TECHNICAL UNIVERSITY OF LIBEREC 
www.tul.cz • 

[12] "Temperature cycl ing - Wikipedia." 

https://en.wikipedia.org/wiki/Temperature_cycling (accessed Mar. 21 , 2021). 

[13] J . Black, Microbiology. Prent ice Hal l , 1993. 

[14] "Fi le: Rectangular-medical-autoclave-cutaway. jpg - Wikipedia." 

https:/ /en.wikipedia.Org/wiki/Fi le:Rectangular-medical-autoclave-cutaway.jpg 

(accessed Mar. 21 , 2021). 

[15] G . W u , B. Tao, and Z. Y in , "Study on the shear strength degradation of A C A 

joints induced by different hygrothermal aging condit ions," Microelectron. 

Reliab., vol . 53 , no. 12, pp. 2 0 3 0 - 2 0 3 5 , Dec . 2013, doi: 

10.1016/j .microrel.2013.06.011. 

[16] D. Frear, "Packag ing materials," in Springer Handbooks, Spr inger, 2017, p. 1. 

[17] "Custom Metal Enc losures Serv ice from M E T C A S E - Electronic Products." 

ht tps:/ /www.electronicproducts.com/custom-metal-enclosures-service-from-

metcase/# (accessed Mar. 21 , 2021). 

[18] " P C B Thermal Management Techn iques - Technica l Articles." 

https:/ /www.al laboutcircuits.com/technical-art icles/pcb-thermal-management-

techniques/ (accessed Mar. 21 , 2021). 

[19] "Transistor - Wikipedia." https://en.wikipedia.org/wiki/Transistor (accessed Mar. 

30, 2021). 

[20] "What is Transistor, History and Symbo ls | Vacuum Tubes." 

https://www.electronicshub.org/introduction-to-transistors/ (accessed Apr. 03, 

2021). 

[21] P. Mosfets, "Sth240n10f7-2, sth240n10f7-6," no. February, 2018. 

[22] "Capaci tors - learn.sparkfun.com." 

https:// learn.sparkfun.com/tutorials/capacitors/all (accessed Mar. 30, 2021). 

[23] "Shunt resistor | Resistor appl icat ions | Resistor Guide." 

https://eepower.eom/resistor-guide/resistor-applications/shunt-resistor/# 

(accessed Mar. 30, 2021). 

[24] "Shunt Resistor - S B C - 4026, T ' c " f ; 1 ^ ^ c T f 3 - . C f ^ F T ^ r ' c " f 

^Htc^cT-Shival ik Bimetal Controls Limited, So lan I ID: 

14835857597."https://www.indiamart.com/proddetai l /shunt-

resistor-sbc-4026- 14835857597.html (accessed Apr. 03 , 2021). 

[25] "Gate driver - Wik ipedia." https://en.wikipedia.org/wiki/Gate_driver (accessed 

http://www.tul.cz
https://en.wikipedia.org/wiki/Temperature_cycling
https://en.wikipedia.Org/wiki/File:Rectangular-medical-autoclave-cutaway.jpg
https://www.electronicproducts.com/custom-metal-enclosures-service-from-
https://www.allaboutcircuits.com/technical-articles/pcb-thermal-management-
https://en.wikipedia.org/wiki/Transistor
https://www.electronicshub.org/introduction-to-transistors/
http://learn.sparkfun.com
https://learn.sparkfun.com/tutorials/capacitors/all
https://eepower.eom/resistor-guide/resistor-applications/shunt-resistor/%23
http://www.indiamart.com/proddetail/shunt-
https://en.wikipedia.org/wiki/Gate_driver


TECHNICAL UNIVERSITY OF LIBEREC 
www.tul.cz • 

Mar. 30, 2021). 

[26] " A C P L - P 3 4 0 - 0 0 0 E - Broadcom - Optocoupler, Gate Driver Output, 1 Channe l . " 

ht tps:/ /cz.farnel l .com/broadcom-l imited/acpl-p340-000e/optocoupler-1-0-amp-

igbt-

ga te /dp /1897166?gc l i d=C j0KCQjwmluDBhDXARIsAF ITC_5OgVoHqFs rEs i5Az 

T u F S z U L b l D O h 8 l x W 7 B K t z h B y H J G t M d E D t A B 7 0 a A n 5 u E A L w _ w c B & m c k v = s x i F 

i D f 0 n _ d c % 7 C p c r i d % 7 C 4 9 1 3 2 6 8 9 7 1 3 4 % 7 C p l i d % 7 C % 7 C k w o r d % 7 C % 7 C m a t c h 

% 7 C % 7 C s l i d % 7 C % 7 C p r o d u c t % 7 C 1 8 9 7 1 6 6 % 7 C p g r i d % 7 C 1 0 9 0 4 4 2 1 3 2 5 8 % 7 

C p t a i d % 7 C a u d - 8 9 7 4 3 6 7 3 2 7 4 7 : p l a - 3 3 6 5 6 1 1 6 9 6 1 7 % 7 C & C M P = K N C - G C Z -

SHOPPING-Whoop-HI -31-Aug-20&gross_pr ice=t rue (accessed Mar. 30, 2021). 

[27] D. Sheet, " 1 . 0 A m p Output Current IGBT Gate Drive Optocoupler with Rail-to-

Rail Output Vol tage in Stretched S 0 6 Data Sheet," pp. 1-19. 

[28] "Heat sink - Wik ipedia." https://en.wikipedia.org/wiki/Heat_sink (accessed Apr. 

03, 2021). 

[29] "Thermal management (electronics) - Wikipedia." 

https://en.wikipedia.org/wiki/Thermal_management_(electronics) (accessed 

Apr. 03, 2021). 

[30] "How to C h o o s e P C B Heat Dissipation Techn iques | Tempo." 

https:/ /www.tempoautomation.com/blog/how-to-choose-pcb-heat-dissipat ion-

techniques/ (accessed Apr. 03 , 2021). 

[31] "Heatsink Des ign and Select ion: Material," ABL Heatsinks, A c c e s s e d : Apr. 03, 

2021. [Online]. Avai lable: http://www.abl-heatsinks.co.uk/heatsink/heatsink-

selection-material.htm. 

[32] Aluminium Matter Organization UK. . 

[33] J . Sergent and A . Krum, Thermal management handbook for electronic 

assemblies, First. McGraw-Hi l l , 1998. 

[34] I. & V . L. J . H., A Heat Transfer Textbook, Third. MIT, 2004. 

[35] T. Kordyban, Hot Air Rises and Heat Sinks: Everything you know about cooling 

electronics is wrong. A S M E Press , 1998. 

[36] "Fi le: P in fin, straight fin and flared heat s inks, png - Wikipedia." 

https://en.wikipedia.org/wiki/Fi le:Pin_fin,_straight_fin_and_flared_heat_sinks.p 

ng (accessed Apr. 03, 2021). 

[37] "Water block - Wikipedia." https://en.wikipedia.org/wiki/Water_block (accessed 

http://www.tul.cz
https://cz.farnell.com/broadcom-limited/acpl-p340-000e/optocoupler-1-0-amp-
https://en.wikipedia.org/wiki/Heat_sink
https://en.wikipedia.org/wiki/Thermal_management_(electronics
https://www.tempoautomation.com/blog/how-to-choose-pcb-heat-dissipation-
http://www.abl-heatsinks.co.uk/heatsink/heatsink-
https://en.wikipedia.org/wiki/File:Pin_fin,_straight_fin_and_flared_heat_sinks.p
https://en.wikipedia.org/wiki/Water_block


TECHNICAL UNIVERSITY OF LIBEREC 
www.tul.cz • 

Apr. 03, 2021). 

[38] "Tran-Tec Corporat ion - Liquid Coo led Heat Sinks." https://www.tran- 

tec.com/l iquid-cooled-heat-sinks.php (accessed Apr. 03 , 2021). 

[39] "Liquid Heat S inks | C T X Thermal Solut ions." 

https://www.ctx.eu/en/products/heat-sinks/l iquid-heat-sinks/ (accessed Apr. 04, 

2021). 

[40] "metal gauge convers ion chart to inches - Unese.campusquot ient .org." 

ht tps:/ /unese.campusquot ient.org/metal-gauge-conversion-chart- to- inches/ 

(accessed Apr. 05, 2021). 

[41] "Heat Sink Convect ion with Fins Calculator | Engineers Edge | 

www.engineersedge.com." 

ht tps:/ /www.engineersedge.com/calculators/heat_sink_convect ion_with_f ins_c 

alculator_10048.htm (accessed May 14, 2021). 

http://www.tul.cz
https://www.tran-
http://tec.com/liquid-cooled-heat-sinks.php
https://www.ctx.eu/en/products/heat-sinks/liquid-heat-sinks/
http://Unese.campusquotient.org
https://unese.campusquotient.org/metal-gauge-conversion-chart-to-inches/
http://www.engineersedge.com
https://www.engineersedge.com/calculators/heat_sink_convection_with_fins_c

