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ABSTRACT

A Study on the Optimum Design and Characteristics of

Photovoltaic Hybrid Cable for Hybrid Interconnections

Ryeok Park

Aavisor : Prof. Kim jae-yeol, Ph.D.
Oept. of Mechanical systems and future
automotive engineering, Dept. of

Graduate School of Chosun University

With the growing use of smart electronics such as PCs, TVs and smart phones
commonly used in everyday life, the demand for continued growth in data and video
signals, such as faster data processing speed and increased data storage capacity,
is gradually increasing. Multimedia optical transport devices are devices that send
high definition (HD) or full-definition video over long distances, and are used in
large—area population density areas such as department stores, big marts, subways,
and bus terminals. Due to the rapid development of the Internet, the use of HOMI is
increasing as all information is being digitize due to demand for high capacity,
high speed and high quality, and video transmission distances have increased in one
location. EMI (Electro Magnetic Interference, Noise from Electromagnetic Interfaces)
does not cause any distortion of data and, accordingly, transmission of display
signals from medical devices or airplanes is possible. HOMI is expected to grow HOMI
cables that require long-distance connectivity such as Home theater, Digital display
system, and industrial/medical display system, and support high-quality images such
as 1080p. It can gain competitive edge over products that are currently in use and

occupy large markets not only in South Korea but also in other countries.
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HOMI, which is currently in commercial use, is mainly composed of three types:
basic copper cable, copper optical fiber and GOF (glass optic fiber), hybrid cable
with copper and POF (plastic optical fiber) have. POF Hybrid Cable has a
disadvantage that it can not be transmitted over a long distance due to its large
optical loss. Various attempts have been made to fabricate a GOF hybrid cable that
combines a GOF and a copper. However, due to a sudden external change, GOF has a
bending characteristic It is difficult to fabricate Hybrid Cable that combines GOF
and Copper. The purpose of this study is to investigate the difference between the
shape of the basic copper cable, which is the conventional HOMI cable, the shape of
the copper and the GOF cable, and the shape of the hybrid cable using the
combination of the copper and POF , The GOF hybrid cable that minimizes the optical
loss by overcoming the GOF bending characteristic in the case where the GOF cable
and the copper are separated from each other due to the large loss of light and the
long distance loss was impossible) We want to design a fiber guide.

_Vi_
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Ml 1 & Hybrid Cablel SEM4 & &}

Hybrid Cable2 POF Hybrid Cablel & &40 0ot &Hel A0 HHAS0| &
o4 O
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Fig. 2-1 Structure of hybrid cable
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Acrylate coating layer Core

Core
Clad Clad
Tight buffer layer Acrylate coating layer

(a) Tight buffered fiber (b) Bare fiber

Fig. 2-2 General structure of HOMI cable and structure of GOF hybrid cable

H
omel s7E Sd= =48 ZUHMI 20
2

e HMetst Ml 4xg S =SEC=Z o
SOt LE. Table 2-12 ZAH0I=2 oMM SFE EH0 CHoll LIEtLH DD AULCEH.
Table 2-1 MM Characteristics of optical cable types
Test oMl — OoOM2 — OM3— OM4—
Requirement 62.51um 50pum 50um 50pum
OFL Bandwidth 200/500 500/500 1500/500 3500/500
@850/1300nm MHz-km MHz-km MHz-km MHz-km
EMB @ 850nm No No
) ] 2000 MHz-km | 4700 MHz-km
Requirement Requirement
Minimum reach 275/550m 550/550m 800/550m 1100/550m
@ 1 Gb/s (850/1300nm) (850/1300nm) (850/1300nm) (850/1300nm)
Minimum reach 300m 550m
33m 82m
@ 10 Gb/s (850nm) (850nm)
Minimum reach No No 100m 125m
@ 40 & 100 Gb/s Requirement Requirement (850nm) (850nm)

Eo, SE 022 - 44 LYGE TX, RX Cable X MY Y FX
Cable, UTP_DN, DPE 222l SEH= =40t AHOI=S FHO OHE 8 NFE
T A0t AWG28=Z S EGHLCEH. HOMI &Z2& SH0IE2IE Aol HEH 28 HdEE
ZHOIE W Fiber?t ==3H0l=2 6Corez 2 EHE FHoALH, 1 A0
Optical FiberE Z2Sot)| ?et zH2 HOI2 FEEHS MASIUTH. FH ot0]
S2lE JHolE TS HIELZ Z2&S 40ore ¥ == 6Core, R4 55
HOIEE2 23 = yarn ¥ jacket2 12U H ZHDI0IBLIE X SHE
&I SHSHACH
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Ml 2 & Fiber Guide ¥ GuideE Jig &

ST HOMI Cable = Copper Cabledt E& 2| 4C2| GOFE ArEotd HI&ot
SHENR GOFJF Of= POFE 0|&8t Hybrid Cable2 HI&E & AIE =
M= JIE0l MAetD Jeses 2 =40 2 POF Hybrid Cablel &

Hel 8&0l =2l GOF Hybrid Cable=S ZEotl GOFES =8 = U= Fiber
X

Guide2l 282 & HXEGIHUCE.
Fiber Guide= Bt FerruleX & Wiredt& Al I8 E£= HAEHIEZ0| E0| ARG
Jl 2o 282 4D ocog

2 HZECIH AISS22 M MaE JAJE 8Mol B2 = U

CHEr MAH0| Jtset 32 8= MAGHULH. Fig. 2-32 Fiber Guide2l 20 & XA

THE UEHH A0l Fig. 2-4, Fig. 2-5, Fig. 2-6, Fig. 2-72 Fiber Guide 3
DEHETHE LIEIR D Fig. 2-82 MZAE Fiber GuideE LIEHH A 0ICH.

oNgele)

(a) Plan and front view of fiber guide

fia b

[ED!

|
o
]
i
1
0
P
i

e 3 (easo) |
0,60

General Tolerancer £0.025mm

(b) Side and rear view of the fiber guide

Fig. 2-3 Fiber guide 2D design drawing
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Fiber Guide2l @& &H Al 140um2 Hole size & Hole 2+ Pitch 400umE Al

E & & UOIOF ofH Wire=Z JtSobAl %12 4C2| Optical FiberE &8 & = U
O10F StCH. JIZES Wire JIB2=2 28t =2 MAHIES L MES Soil 22
= A0 e MAOl JbsSOHCH,

| T nm-—m
IIIEE

(a) Fiber Guide front View

(b) Fiber Guide side View
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(d) Fiber Guide back view 2

Fig. 24 Fiber Guide top core 20 drawings
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(b) Back view of original plan

Fig. 26 2D drawings in the original drawing
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(b) Rear view of main part
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(c) Sub—part drawing in fiber guide
Fig . 2=7 Part 20 drawings of fiber guide molding
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(b) Fabricated fiber guide-plated plan view
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(c) Fabricated fiber guide—plated front view

Fig. 2-8 Fabricated fiber Guide Molding
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Fig. 2-9= Polishing Jig II=

g It= B2 20 £HEE
LHEHHCE.

x 2(open,close)
HHel &850 Jisst

S Polishing Jige &3

= EHOIXNE NFE HEEO0

U= Fiber—-Guide Polishi

A2l 20 dHEE UEIRUCH,
LIEFHCH. 2l Fig. 2-112
Fig. 2-12= HMZ&E Polishing

It= AE
LIEHH 2O,

Polishing Jig
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(b) Back view of polishing Jig
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(c) Fronr view of polishing Jig

Fig. 2-9 Polishing jig part drawing A

_20_

(*ICollection @ chosun



(b) Insertion of a manufactured polished jig part A

Fig. 2-10 Fabricated Polishing Jigs Part A
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% o

(a) Plan view of polishing jig part drawing B

| A . |

E. ' e )

(b) Back view of polishing jig part drawing B

Fig. 2-11 Polishing jig part drawing B
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Fig. 2-12 Fabricated Polishing Jig Part B
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Polishing JigE

&
S0l SE2 SO HMESHAU20 8 Portll Fiber GuideE SAI0 A0 & = US
£ HEGOHUCE. E£8t 12 Port2l Fiber GuideE sSAI0 HOIE = JUAEE SITU2H
Z et GuideBEE & &= UTE Wire Jt3S MAGHUCH. Teld Fiber Guidel
HOMI 2= 30te] FE2E JIE22 ¥ & = U MA StA20M JIE A0
28 E=0| Jtsotl 32401 FHUSS M of€CH. O 20 ot S0l HOf
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H 3 2 Fiber Guide2 30 £H % FEM ol A

4C2] MM Optical Fiber /X2 X[HSE @6t Fiber Guidel 30 LS ot
UM, ReSRLdAEES S& A2H0IEE2 =HotAUCH. FEM(Finite Element
Method) SH& 0|t 2Rt QAES AXNGtD 2 24HXE HF 8 = Meshing
AN JH XA HEHOI 2L 0I=0 ZR8H PreProcessing SHAHIIE 22 & H,
Main Menull Solution2 &EHGI Z2AF HE Pote HES ST 0 Ay
T2 ANsSHOZ2 £85ls 2192 40l 2=2%H  ‘Solution is done!’

Olet= OIAIX &2 Z=otH A AMNE0l ES5H &8 lt=s 240 D=
SXZYNE StHAO ez 52, HFHOl DataZ =g £ UL, oHaZ
dte 3 B, HEE, SEEXE S0l 2 & Uy Lo, A d2E2 JE8y £
QULCH. Fig. 3-12 Fiber Guidel 3022 &t 21 LIEIRUCH

(b) Plan view and rear view of the fiber guide
Fig. 3-1 3D modeling of fiber Guide
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S AME S AXIA =0 4 oA
DHOl oHAXAHY Mesh &4 HEES MNHSIALH 24ALE Node @ 533,581,
Element : 379,56322 MAMGIULE. Fig. 3-2= W& 2HQ! Fiber GuideE LIEHH
A0l Table 3-12 Fiber Guidell off& = g. 3-32 Fiber Guide

o oA XAHS UEIHH, oA X222 50N2 ot=s0l HEY e BHAEsS +

=2 —

=
nio
.
m
o
[

¥

(a) Analytical Modeling of fiber Guide (Front)

o

(b) Analytical Modeling of fiber Guide (Rear)

Fig. 3-2 Analytical Model
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Table 3-1 Analysis Criteria for fiber Guide

A4 C P

p (tonne/mm3) 1.2e—9
E (MPa) 2350

A (MPa) 0.3902
os (MPa) 61
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(a) A meshed model (b) Setting boundary conditions (c) Given load (50N)

Fig . 3-8 Analysis Criteria for fiber Guide
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(a) Structural analysis results of fiber guide (plan view)

o

(b) Structural analysis results of fiber guide (pront view)

_29_
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(c) Structural analysis results of fiber guide (back view)

L

——

(d) Fiber Guide Strain Analysis Results (plan view)
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OlH, =ICH

[

(e) Fiber Guide Strain Analysis Results (back view)

'__ '—_ L

ol

h__ __ .
(f) Fiber Guide Strain Analysis Results (front view)
Fig. 3-4 FEM analysis results of fiber guide

Fi

g. 3-4% 20| 50N° ots0l HEE M 2= o4
E SHE0 ot AR SH ol 2XH2e2 F3HY
HEE2 0.00021292me 2 BEHSN 28 FE0
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(a) Uncovering

(b) Insert fiber Guide

(c) epoxy hardening
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(d) Abrasive process

(f) Measuring process
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(a) Socket squeeze process

(b) Hybrid cable after socket sgueeze process is complete

Fig. 3-6 Before and after the socket compression process of the Hybrid cable

otoIEZ2IE A0IES Ed5%7 M2 AR0 =2 2 & 40| 20te AsS
=zl g Ilds ddotAt. 1HHE2=Z Fiber guide&t

LI GH|

-
S Oot) MEALE 20 4882 =0 E2 A AtEdct= A

2= EpoxyE & ETHI| AoH EpoxyE S& =401 BtEAl 2 R0t
Ct. OOl et E.2%2t 20l EpoxyE E4ES FAHOIU2H, MEBE E4 ¥ ==
g, 232, 8%, 3% 52 1046t A & = U= UV Epoxy(0P-54)E 1Xt
SHGIALCE. Table 3-2= ZAI2 EFYE S5 48 210/
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Table 3-2 Analysis of Epoxy Properties

A=
) A3 ¥ = | D-Rigid
X W E = o
= =4 T 248 (cP) | A=Elastic
00=Soft
OP-52 & A, butt bonding, 1.9% 1520 | 5000 | D-85
bundling and splitting o : '
P alh= 7
OP-54 A %=, butl bonding, 1.8% 1.506 100 D-82
bundling and splitting
1200 T, wel, 58 449 28,
AN A4% 9 sred Tgrh 2718 <0.2% 1,540 500 D-85
3 WA 2 o) WAy
O%ﬁm6 A4E ALY 2 59, Gap 33 & 0.5 1505 | 21,000 | D-55
OP-4-206 e ZAE, 158 w4, __ .
58 ool WeEe AR, Lo85 | 120 | P
Hybrid Z248%2l ILISZ2 HOT stripperE &80t €0 = &FSt U Epoxy
(OP-54)E &206l0 V-groove?t 248K 2t0 AHSE XAMIFHSH 0l0 2 At
A =82 ol WV ZADIE 269U
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H 2 Z Hybrid Cable2 XM= =& A3

Hybrid Z24&8%2°2 II=2 HOT strippere &S0t
(0P-54)E &6t V-groovelt Z&K2t0] AHIIE &?:”6}91901, olo
UVZE AL i

(b) Cable after stripper process

Fig. 3-7 Fiber stripper process
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Cst W &3 SFOUM UWZAL AlI2HZ2 bsec, 10sec, 1bsec, 20sec, 25sec,
30sec, 35secE AXSH = UV GUNS Helol E ZUE 24 GI¥RSH, W
Epoxy(OP-54)= Fiber Guidell H&ERE Lot A3 x=A
OtRALCH. Fig. 3-82 UM=EAl SEUZUHM AtEst WZEAIIZM, EXPOALS 4XH
SA0 &3 Jtss HNS22 2zl = 100WE LMSt= EHIE A
L8k Fig. 3-9= 9um, 3um, Tum, 0.2um 2 WE ZAtst HI=AIS HOIBES
LIEHAH =4 0ICH.

4N

O e

(a) Ultraviolet irradiator

(b) Ultraviolet irradiation process

Fig. 3-8 Ultraviolet irradiator
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(a) 9Qum Ultraviolet irradiation (b) 3um Ultraviolet irradiation

(c) Tpum Ultraviolet irradiation (d) 0.2um Ultraviolet irradiation

Fig. 3-9 Abrasive process
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Table 3-3 4Ch Guide Vmon Test Data

Test data
Vmon =74 4t Vmon =7 %t
Cable Cable
1 2 3 4 1 2 3 4
No No
1 38 46 47 75 41 36 86 136 37
2 58 116 357 121 42 38 107 148 57
3 182 493 342 222 43 68 87 229 71
4 57 224 248 99 44 66 171 89 39
5 43 186 51 52 45 45 234 170 120
6 74 144 243 113 46 48 134 164 42
7 105 142 218 122 47 138 220 234 105
8 38 50 115 39 48 39 112 175 97
9 36 50 67 57 49 69 209 216 107
10 44 314 247 115 50 43 137 322 101
11 66 89 183 73 51 43 109 210 81
12 108 154 141 89 52 52 220 80 103
13 74 103 104 72 53 111 170 133 57
14 46 45 75 47 54 55 169 134 47
15 39 58 208 83 55 82 222 128 68
16 112 176 141 70 56 38 93 175 65
17 71 169 112 74 57 49 174 238 84
18 98 106 219 88 58 49 202 140 124
19 131 242 346 138 59 55 113 255 50
20 66 114 137 41 60 52 190 197 35
21 40 45 104 68 61 47 230 255 68
22 81 99 229 87 62 40 158 189 82
23 38 101 121 59 63 65 115 191 46
24 68 183 217 128 64 52 129 61 52
25 37 164 238 70 65 70 154 225 39
26 80 138 264 127 66 40 98 186 44
27 180 442 350 163 67 54 266 115 101
28 36 81 204 86 68 45 157 118 47
29 47 87 193 66 69 69 243 225 94
30 36 104 42 51 70 35 144 67 45
31 57 185 51 52 71 45 88 255 58
32 56 152 279 93 72 57 187 150 41
33 39 249 160 77 73 104 280 186 42
34 119 254 152 71 74 59 148 204 50
35 53 74 110 36 75 35 200 226 168
36 104 225 234 95 76 45 109 149 40
37 65 109 218 109 77 59 160 343 118
38 45 189 96 46 78 64 200 213 100
39 36 93 156 41 79 74 180 263 48
40 111 139 263 145 80 38 124 120 40
—_ 43 —_
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