Cable :

Cable Specification

Mil-C-17 Coaxial Cable RG-178

1. Construction :

1 Conductor................... 30AWG 7/38 SCCS
Z Dieleelie . vivovavimmannon PTFE OD: 0.033"£0.002"
3 Shielded...................... 38AWG SPC OD : 0.051" Nominal

T FEP OD: 0.071"+0.004"

2. Physical Properities :

1 Weight per 1000ft.......... 6.3 Ibs Maximum
2 Bend Reghiuig. . ....ooovvoviny; 0.35" Mininum
3 Operating Temperature Range -55°C~ 200°C

3. Electrical Properities:

1 Impedance................... 50+2 ohms

2 Capacitance................. 32 pF/ft Maximum

3 Cut off Frequency.......... 116 GHz'

& Attermationd. .. coocovising 45.0 dB/100ft @ 1GHz
64.4 dB/100ft @ 2GHz
79.7 dB/100ft @ 3GHz
92.7 dB/100ft @ 4GHz

104.3 dB/100ft @ 5GHz
115.0 dB/100ft @ 6GHz




Mil-C-17 Coaxial Cable
QPL Approved

Single braid Double braid

Harbour supplies a complete line of hich temperature, lugh performance QPL approved MIL-C-17 coax cables for the military,
commercial and industrial npph{:frmm The specific M7 consiructions refere nmhm manifactured m accordance with the most
recent revision of the MIL-C-17 specification. The MIL-C-17 specification defines complete physical and clectrical characteristics
for each M17 part number, including dimensional parmncters, dielectric materials, shicld construction, maximun: ailemiation.
amd VSWR levels.

VSWA Sweep Testing

When selecting a 50 ol coaxial cable, constructions with VSWR requirements are recommended. Manufachiring and sweep
testing cables with concern for VSWR ensures a quality cable free of spikes over the referenced frequency range  (Note tie test
frequencies specified in the electrical characteristics section.)

Precision PTFE Dielectrics

All of the high temperature, high performance coax cables listed have PTEE dicicctrics with high diclectric strength and foee
mpmmtm ¢ i proportion to the diclectric constant. All PTFE dilectrics are manufachured wwith tolerances m;:zt.: than e
MIL-C-17 specification to ensure uniformity of electrical characteristics, cspecially impedance, attemiation and VSWR.

Tape wrapped PTFE Constructions
Harbour also manufactures PTFE tape wrapped cables to a previous revision of the MIL-C-17 specification. These constriictions

can withstand operating temperatures up to 250° C. versus 200° C. for FEP jacketed cables. Also, PTFE tape wrapped cables are
senerally more flexible than their FEP jacketed counterparts.

UL Approvals
All of Harbowr's M17 part numbers manufactured to the MIL-C-17 specification way be ordered woith UL and FT4 approvals,

It



Mil-C-17 Coaxial Cables

Physical Characteristics:

Center PTFE Quverall |  Minimu
Mi17 Ninber Conductor Dielectric|Shield| facke\Diameter{ Recommnie
Diameter Bend
MI7/60-RGI42 037 6CCS 16" SrC(2) _FEP 195 Kij ] 30
M17/93-RG178 012017 004715C (S 033" <PC FEP 0717 0.4" 55 1 200) 6.3 R
M17/93-00001 012077004750 CS 033" SsPC PFA 071" 0.4" S334230 6.3 AT O3 RGITS
Wi r\In_‘!l_Lf-"Li 1|mix

M17/94-RG179 0120170047)5CCS 063" SPC FEP 107 04" 53 4200 10.8 -
M17/95-RG180  .012011772.004")5CCS 3 livgf SPC FEP 417 0.7 =35 4200 19.8
M17 /110-RG302 025375CCS 146" SPC FEP 2027 1.07 25 5000 10.0 )
M17/111-RG303 037°8CCS 116" SPC FEP 17”7 0.9” S35 4200 31.0 -
M17 /112-RG304 0597 5CCS AR5 SPC(2) FEP  2so0° 14’ 55 1900 94.0 B
M17/113-RG316 0201 T77006795CCS 0607 SPC . FEP 0987 05" 35 1200 122
M17/127-RG393  0947(7/.03127)5C 385" SPC(2) FEP 390" 2.0” ESEENT) 165.0
M17/128-RGA00 03847 (197 008SC 1167 SPC(2) FEP 1957 1.0 A 1200 50.0 T
M17/131-RGA03 012007/00475CCS 033" SPC(2Y FEP2) 116" 0.6” A5 1200 15.0 Triavial Mi779%R(.
MI17/152-00001 .020117/00675SCCS 0607 SPC(2) FEP 1147 0.6” ERI 18.5 Double <hielded

G g M7 ARG
M17/158-00001 037°SCCS 116" SPC(2) FEP 1957 1.07 255 1200 56.0 Unswept M7 6ERC
MI17/169-00001 .012007/0047)SCCS 033" SPC FEP 071”7 0.4” 35 1200 6.3 Unswept M7, 05R(
M177170-00001 37 (50CS 116" s¢C FEP 1707 0.9” SRS 1200 39.0 Uncwept M7 71T R
M17/172-D0001 0201 /0067 05CCS 060" SPC FEP (os7 0.5” 35 4200 115 Unswept M17 17T 2R
MI17/174-00001 0947 (7/03127)SCCS 285" SPC(2) FEP 3907 2.0” 55 4 200) 1750 Unwwopl MI177 17 R
M17/175-00001 .03847(197.0087)SC 1167 S['C(2) FEP 3007 1.0” 235 +200 50.0 Unswept MI7 7 125 R
M17/176-00002 02351190057 SPAR) 042" SPA PFA  129° 0.6” 55 1230 18.0 Controllcd impeda

fwinax

PTFE Tape Wrap Jacketed RG Cables S
RG 187 AU 012077 /.004)5CCS 063 si'C PTEE 100~ 0.5” 53 250 10.0 Flexible, 2500 O rat
RGI88A/U  (2017(7/006715CCS 060 SPC  PTEE 100" 05" 55 +250 11.0 Floaible, 2507 ¢ 1t
RG195A/U  01207(7 /.004)5CCS 102 SPC__PTFE___141” 0.7" 55 +28() 18.0 Flexible, 330° L. rat
RG196 A/U  0120°(7 .004)SLCS 034 SPC PTFE On7 0.4 55 + 2501 6.0 Flesible, 250 C, rat

Electrical Characteristics:

Impedence | Capacitance| Max. Operating 3
M17 Number (ohms) (pFift) | Voltage (RMS) | 100 MHz 400 MK e
MI7760-RG142 50+/-2 791 1900 55 1.7 19.0) 35.0 480 g 17.4
MI1793-RG17R 50 +/-2 294 1000 16.0 33.0 530 94.0 : 5 30
MI7793-00001 50 +/- 2 29,3 1000 160 33.0 5200 94.0 . - a0
MI7/94-RGITY 75 +/-3 194 1200 - 210 : - - -
MI7795-RGIRD. 95+/-5 16.4 1500 : 17.0 2 - p -
MI77110-RG3N2 75 +7-3 194 2300 2 8.0 - 26.0 e o
MI7/111-RG303 50 +/-2 294 1900 3.9 8.0 15.0 28.0 E
MI7/112-RG304 50 +/- 3 294 3000 27 6.4 1.1 220 300 z T
M17;113-RG316 50 +/-2 294 1200 1.0 21.0 38.0 58.0 : - ' 3.0
MI7/127-RG393 50 +/-2 294 2500 2.4 5.0, 5.5 180 216 WO N
M177 I28-RGAN0 50 +/-2 204 1900 1A 10.5 17.0 38.0 00 78.0 124
MI7/131-RGI03° 50 +/-2 294 ~ 1000 - 370 - - : A TIXE
MI7:152-00001 50 +/-2 29.4 1200 11.5 240 40.0 75.0 1100 170.0 124
MI77158-00001 50 +/-2 394 1900 % 95 3 : 7 e
MI7/7169-00001 50 +/-2 29 4 1000 29.0 - z
MI7/170-00001 50 +/-2 294 1500 . 8.6 - -
M7/ 17200001 50+7-2 291 1200 - 21.0 < i - o
MI7/174-00001  50+/-2 294 2500 - 5.0 - : -
MI7/175-00001 50 +/-2 2944 1900 - 10.5 - - - -
MIZ176-00001 77 +/-7 19.4) 1000 - - - -
PTEE Tape Wrap Jacketed RG € ables i
RG 187 A7 U 75 +/-3 19.4 1200 - 210 : -
RGISS AL 50 +/-2 253 1200 T} 21.0 IR0 580 ; T
RG 195 A7 L 95 +/-5 151 1500 ; 17.0 . i Z ik
RGISAATU  50+/-2 204 1000 4 29.0 - e E

Mo Froquencies” are Bose as referenced on nelividyal stait sheets of the MU -C 7 specitication. No values e geoen for nnsanpi s onsiyn fungs
¢

i Hhe s Heationt recommiends these cables showdd not be wsed abooe 400 A H=. oAl figuires refevenced above are somid indoss otlierces specitind




Arnitel
polyether esters
polyetherester

esters de polyether

AEREMHEHME L

J

Units EM400 EM460 EL550 EL630 EL740 PL380
Einheiten
Unites
.19 1.16 190 1.23 1.27 1.18
6 195 185 202 212 221 197
1 m/m.k 220 160 180 140 110 150
@ \ \ 110 115 120 \
© 130 150 180 200 200 145
T \ 50 85 115 150 \
% 0.30 0.30 0.20 0.20 0.15 0.40
% 0.75 0.70 0.55 0.60 0.90 7.0
e HB HB HB HB HB HB
Mpa 55 110 220 375 900 60
Mpa 4.0 79 13.2 20.2 26.9 3.5
Mpa 5.4 9.0 15.7 23 22.6 5.2
Mpa 8.4 11.4 16.6 22.0 26.3 8.5
Mpa 17 21 32 40 45 16
% 700 800 600 600 360 450
kj/mi NB NB NB NB NB NB
kj/mi NB NB NB NB 200 NB
kj/m NB NB NB NB 9 NB
kj/mi NB NB 20 4 4 NB
38 45 55 63 74 38
MV/m \ \ \ \ \ \
O.cm 5*%10" 10" 10 10" 102 10"
O >10" >10" S >10" >10" >10"
\ 4.1 \ \ 3.8 \ 4.7
\ 4.0 4.4 4.0 34 33 4.4
x10" 10 \ \ 3.8 \ 310
x10" 170 350 400 350 300 350
\ 800 800 600 600 600 800
\ 600 600 600 800 800 600
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Arnitel

2.2 Product coding
The structure of the Amitel productcodes is illustrated wirth the following example:
UM S551.V

Thermoplastic elastomer type:

E = polyether ester; polyether = PTHF

P = polyether ester; polyether = PEQ/PPO

U = polyester ester; (with extra urethane linkages)

Indication of viscosity range or processing technique
L, M = injection moulding and extrusion
B = blow moulding grade

Indication of hardness (Shore D)
Serial number

Indication of additives, perfomance
H = heat-stabilized

L = light/UV stabilized

V = flame-retardant (not V-0)

S = flame-retardant (V-0)

Figure 2.2: Amitel product coding

2.3 Product portfolio
The Amitel productrange is available with a hardness from 38 to 74 Shore D. The general Amitel grades

are shown in table 2.2. In order to enhance the flexibility of the portfolio a set of masterbatches (a.o. for
heat, UV, elc) are on offer (refer to § 2.4).

Because of the development of these masterbatches heat stabilised Amitel P is suggested for application
areas where thermo-oxidative stability is an issue. For applications where colour and UV stability is
required, the Amitel E range is advised.

BT M0t 4By S8 B3N T
EM400  EM460  EL550  EL630 EL740
EM550  EM630  EM740

PL460 PL580

PM581

UMS51  UM622

UMS51-V

UMS52

UMS52-V

e el
Table 2.2: Amitel productrange for general purpose

Besides these multi-purpose grades, specialty grades can be offered for specific purposes and/or
application areas. These grades are not intended for regular sales and are therefore restricted.
Permission from marketing is needed before sampling is initiated.

EdEEEUGETE AN E Atel U
Automotive
e CVJboots EB460

EB463

EB464
* Boyplugs PL380-MO
Extrusion
» _Roofing foil EM402-L

Table 2.3: Examples of specialty grades

Chapter Il - 2 May 1998
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Arnitel® EL630/EM630

2.8.31 General:

Amitel is the brand name of a series polyester based thermoplastic elastomers. These polymers combine
excellent processability with good elastomeric properties between -40 and 200°C. Amitel EL630 and

EMB30 are excellent materials for injection moulding and extrusion applications respectively.
The chemical stucture of Amitel EL630/EME30 is shown below.

(o]
R0 Lo} 7 't
W\o o}
Ao
9 n (o] m

Figure 2.9: Chemical structure of Amitel EL630/EM630.

Another way of writing the structure of Amitels is shown below in Figure 2.

Figure 2.10: Simplified structure of Amitel EL630/EM630 .

Amitel EL630/EM630 is TOSCA registered (including DSL-Canada) under CAS 37282-12-5
2.8.32 Thermal properties:

¢ Modulus-temperature behaviour:

The materials have a glass transition at circa -40°C and a typical melting point at 213°C.

The modulus-temperature behaviour is shown in graph 2.76, for comparison, accompanied by other
Armitel E types.

Temperature-Modulus for the Arnitel E range.
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Graph 2.76: Modulus-temperature behaviour of Amitel EL630/EM630.
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Arnitel® EL630/EM630

Although information on performance at higher temperatures may be extracted from the above shown
graph, a Vicat or HDT are shown in table 2.29.

analysis | Slunit | typical data [ test method
Vicat A C) 200 ISO 306/A |
Vicat B C) 125 ISO 306/8B
HDT-B C) 115 ISO 75-1
Table 2.29: Vicat and HDT data on Amitel® EL630 and EM630

Arnitel EL630 and EM630 have a melting point of 213°C as found in the second heating curve of a DSC.
The polymer will crystallize at 155°C using a 20°C/min cooling rate.
The thermal expansion coefficient of Amitel EL630/EM630 and is 140*10™ pm/mK .

 Heat aging:
Amitel EL630/EM630 shows an optimum between heat resistance and colour stability. Heat aging for
EL630/EM630 is under test at this moment, however the data will be between EL550 and EL740.
Arrhenius curves of thermo-oxidative heat aging are shown in graph 2.77. Criterium chosen is retention of
50% original elongation at break.

Heat aging of Aritel E40D, 46D, 55D and 74D.

Natural products, Arrhenius plot.
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Graph 2.77: Heat stability for Amitel E-range.

Heat ageing can be improve using a stabilisation masterbatch, however for heat stabilisation the P-range
is preferred for it's excellence in performance. These data can be found in the Amitel properties summary
oranAmitelPdatasheet
2.333Promslng lnd I-Ilndllnn G < N
Amitel EL63QIEM$30|sapdyesterMﬂ1adensnyof1 129(c:rn according ISO 1183. .- . ' * "
o Duetothepolynternamreofmmmabrialsﬂuofma;orhwmncetostommemterialdry,pnorto
- . .processing. Matenalspad:agedhsealsd packaging should have a moisture content lower then 500 ppm. .
Thepolymermlloonmn 12%moismn50%RHand058%wataraﬂersaturaﬂon in'water. Both
numbers are in equilibrium. f LRIRT L eUl
-lfsémplesnavobeebmdwmdurhqsmgeadrymgstepof24nwrs1zo°t:(orehours140°0)pmrto '
use will prevent degradation of the material during pmeessmgmbnodwihanevenmdlossqf S
properties. The air or nitrogen willhmtohaveadew pointo(atlaast -30°C
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Arnitel® EL630/EM630

e Processing:
Amitel EL630/EMB30 shows a single melting point at 195°C in DSC. Processing conditions are shown in

the table below.

polymer zone 1 zone 2 zone 3 additional meit mold
EL630 225 230 235 235 225-235 20-50
EM630 225 230 235 235 235 50

All temperatures are in °C.
Table 2.30: Processing conditions for Amitel EL630 and Amitel EME30.

e Rheology:
The temperature depending melt viscosity of Amitel EL630/EM630 and are shown below in graph 2.80
and 2.81 respectively.

Shear rate dependent of the melt viscosity of Amitel EL630.

Effect of melt temperature. -
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