HEATING ELEMENT CALCULATIONS
BASIC DESIGN FORMULAS

To make the basic calculations for the design of heating elements, the following formulas,
known as Ohm’s Law, are essential:

1. Volts = Amperes X Ohms E=IXR
2. Watts = Volts X Amperes W=EXI
3. Watts = (Amperes)? X Ohms W=1I2 XR

USEFUL COIL FORMULAS

Length of one turn of wire = m(Outside coil diameter — wire diameter)

Number of turns of wire per inch of coil = 1
Wire Dia.

Length of wire in 1" of closed coil = n(Outside Coil Dia. - Wire Dia.)
Wire Dia.

Resistance per

inch of closed coil = n(0.D.- Wire Dia.) (Resistance /Ft. of Wire)

12(Wire Dia.)

Total Resistance of Coil

Length of coil = .
Resistance per Inch of Closed Coil

COMBINING THE FORMULAS GIVEN ABOVE WE GET THE COMPLETE FORMULA
FOR COIL CALCULATIONS.,

Leng?h of - Coil Resistance X Wire Dia.
coil .262 (Coil O.D.- Wire Dia.)(Resistance / Ft. of Wire Used)
WIRE RESISTANCE = OHMS /CIRCULAR MIL FEET
(DIAMETER EXPRESSED IN MILS)?
STRIP AND
RESISTANCE THICKNESS (MILS ) X WIDTH (MILS) X CORRECTION FACTOR

If calculations are done for ribbon wire, a correction factor of .94 or .83 must be used
depending on the ratio of width to thickness. The higher the width to thickness ratio the
lower the correction factor.

WIRE WT. nr?2 X LENGTH X LBS./CUBIC INCH

STRIP WT. THICKNESS X WIDTH X LENGTH X LBS./CUBIC INCH

OHMS/SQ. MIL FT. = OHMS/CIR. MIL FT. X .7854



COILED ELEMENT DESIGN

Suppose a coil is to be designed to fit a ceramic hot plate spiral

We know that:

We want an 800-watt element

The groove is 30" long and 1" wide.

. The element is to operate on 115 volts.

. To insure the best possible 1ife, we will use NICHROME 80.

H ON =

To find total cold coil resistance:
Table I shows that for NICHROME 80 we need 15.44 ohms in the coil and the recommended
wire gauges are #18 to #22.

To select coil diameter and wire gauge:
The heavier the wire selected the lTower will be the final operating temperature of the
element itself, but the wattage input will determine the heat delivered.

For the present element let us select #20 gauge wire. Looking in Table II we find the
resistance per inch of close would coil for 7/32" dia. (thus allowing 1/32" clearance
in the %" groove) #20 gauge. This resistance is .967 ohms per inch.

Length of coil and stretch factor:
We now know that we need a total coil resistance of 15.44 ohms and a resistance per
inch of .967 ohms thus 15.44/.967 = 16" of closed coil. This would mean a stretch
factor of 30/15 or 2:1. A stretched coil should be 1.5 to 4 times its closed length
for good design.

Other calculations on this coil might be:
Estimated wire temperature:

Can be found in Table III.
We are using #20 gauge wire and can calculate that the current will be:

- W _ 800 _
I ol S 6.95 amps.

Looking across the table we find the coil temperature in air will be about 1300° F.
When surrounded by the ceramic this temperature would probably be about 200° F. higher
or about 1500° F.

Watts per square inch of element surface:
One method used to test the soundness of an element design is a check on the power
density per square inch of radiant surface. This is done in the following manner:

Our element is to be constructed of #20 gauge wire (.032" dia.) with a total resistance
of 15.44 ohms. From Table V we find that .032" NICHROME 80 has a resistance of .6347
ohms per foot. Thus the total length of wire _ Total ohms

15.44 _ Ohms per Foot of Wire
= —6527 =24.4 feet of wire

The surface area of the element is:
Surface area = n(wire dia.) (length of wire in inches)
or (3.14) (.032) (24.4) (12)
29.4 square inches

The power density is thus = Watts - 800
Area 29.4

= 27.2 watts per square inch



For safe design the watts density on an open helical coil should not exceed 35 watts
per square inch when the element is operated in still air. Naturally, if the coil is
to be used to heat a rapidly moving air stream, the power density may be safely
increased. Conversely, if the coil is to be imbedded in a refractory material, the
power density must be decreased to prevent overheating of the element.

Number of coils per pound of wire:
Using #20 gauge wire with 15.44 ohms per coil, from Table V we find that there are
.6347 ohms per foot of wire, thus

Ohms per Pound = Ohms/FT X 1000 - -6347 X 1000 _ 216.4
LBS. per 1000 FT. 2.933
, 216.4 ,
1 d = =14
pound of wire 544 coils

RIBBON ELEMENT DESIGN

Suppose a ribbon wound mica element is to be designed for a single piece toaster.
We know that:

1. We want 500 watts.

2. The element will operate on 115 volts.

3. The mica sheet has space for 10 feet of ribbon. Again we will use NICHROME 80.

To find the cold ribbon resistance:
Table I shows that for NICHROME 80 we need 24.704 ohms of cold resistance.

As we need 10’ of ribbon this means a resistance per foot of 24.704 _ 2.470
10 B

To estimate ribbon size:
From the ribbon resistance for NICHROME 80 in Table IV we find that 1/16 X .004 ribbon
has a resistance of 2.458 ohms per foot which should work very well and wrap easily on
the mica form.

To make an approximate check on the soundness of our element design e\we should
calculate the watts density per square inch of element surface.

Our ribbon is 120 inches long, 1/16 inch wide and .004" thick. Therefore, the total
surface area is:

120 X .062 X 2

120 X .004 X 2

Total surface area

15.0
.96
15.96 square inches

The watts density is thus: 500 _ 4y 4 ports per inch.
15.96

For approximate design calculations the following table gives the range of watts per
square inch for various types of elements:

Element Type Range of Watts Per Square Inch
Furnace Strip....ireeeireenncerronnnnnsnsoes 6 to 20
Toaster Elements..ovvevievreeeronarnnnnsans 20 to 40
Flat Irons (Ribbon Elements).....vevveeeens 30 to 60

It should be pointed out that the matter of watts per square inch is a factor which
varies considerably due to design characteristics of the unit. In general, the better
a means is provided for heat conduction from the element the higher is the safe 1imit
of power density. This is especially true for electric irons where, due to close
contact, the sole plate can be considered the radiating surface.



TABLE |

Size and Approximate Cold Resistances of Various Alloys for Common Wattages

NICHROME 80 NICHROME 60 RECOMMENDED
Watts at Ohms at 75 Degrees Ohms at 75 Degrees A.W.G. SIZES Watts at
Operating 110-120 220-240 220-240 Operating
Temperatures peu e el 110-120 Volts iy 110-120 Volts 220-240 Volts Temperatures
700 723.52 49409 718.10 472.40 Max. 26--30Min. Max.29--33Min. 700
150 82.347 329.38 78.732 314.93 26--30 29--33 150
200 61.761 247.04 59.050 236.20 25--29 28-32 200
250 49.409 197.64 47.240 188.96 24--28 27--31 250
300 41.174 164.69 39.366 157.46 24--28 27--31 300
350 35.291 T41.16 33.742 134.97 2827 26-30 350
400 30.881 123.52 29.525 118.10 22--26 25--29 400
450 27.449 109.80 26.244 104.98 20--24 23--27 450
500 24.704 98.817 23.620 94.479 20--24 23--27 500
550 22.458 89.832 21.472 85.889 19--23 22--26 550
500 20.5686 §3.345 79.683 79.730 19-23 22-26 600
650 19.004 76.016 18.170 72.679 19--23 22--26 650
700 17.646 70.584 16.871 67.486 18--22 21--25 700
750 16.468 65.874 15.745 62.982 18--22 21--25 750
800 15.440 61.766 14.762 59.055 18--22 21--25 800
850 74532 58.128 13.894 55577 77--21 20--24 850
900 13.724 54.897 13.122 52.487 17--21 20--24 900
950 13.002 52.009 12.431 49.726 17--21 20--24 950
1000 12.352 49.409 11.810 47.240 16--20 19--23 1000
1050 11.764 47.055 11.247 44.989 16--20 19--23 1050
7100 71.229 44918 10.737 32.946 16--20 1923 7100
1150 10.741 42.964 10.270 41.078 15--19 18--22 1150
1200 10.2936 41.174 9.8418 39.367 15--19 18--22 1200
1250 9.8817 39.527 9.4479 37.792 14--18 17--21 1250
1300 9.5016 38.006 9.0845 36.338 14--18 17--21 1300
7350 9.1497 37.599 8.7480 35.092 13-17 76--20 7350
1400 8.8229 36.292 8.4356 34.743 13--17 16--20 1400
1450 8.5188 34.075 8.1449 32.579 12--16 15--19 1450
1500 8.2347 32.938 7.8732 31.493 12--16 16--19 1500
2000 6.1761 24.704 5.9050 23.619 10--14 13--17 2000
2500 49409 79.764 4.7240 78.896 9-13 12-16 2500
3000 41174 16.469 3.9366 15.746 8-12 11--15 3000
TABLE Il
Ohms Per Inch of Closed Helix
NICHROME 80
AWG OUTSIDE DIAMETER OF HELIX IN INCHES AWG
SIZES 3/4 5/8 1/2 3/8 1/4 7/32 3/16 5/32 1/8 3/32 1/16 1/32 SIZES
4 446 365 283 202 121 101 T4
15 .638 523 408 293 178 149 120 15
16 .895 735 575 415 255 215 175 135 16
17 1.32 1.08 851 617 383 325 266 208 150 17
T8 | 55 156 T.22 891 559 475 392 309 226 18
19 560 2.14 1.69 1.23 779 665 551 438 324 19
20 g 3.07 2.42 1.78 1.13 967 .805 644 482 20
21 453 3.58 2.63 1.68 1.45 1.21 971 733 496 21
22 4.98 3.67 2.36 2.03 1.70 1.37 1.05 719 22
23 7.02 518 3.34 2.88 2.42 7.96 151 7.05 23
24 4.69 4.05 3.41 2.78 2.14 1.50 865 24
25 6.87 5.94 5.02 4.10 3.17 2.25 1.32 25




TABLE Il

CURRENT TEMPERATURE CHARACTERISTICS OF
NICHROME 80
HELICAL COILS

These data have been compiled as an aid to the manufacturers of helical coils and show the approximate
current in amperes required to heat the coils in open air to the indicated temperatures under the conditions

specified.
Temp.2000°F
No. Diam. Tewp .400°F. 600 800 1000 1200 1400 1600 i800
AWG Inches |Temp.204°F. 316 427 538 649 760 871 982 Temp.1093°F
16 .051 3.48 5.51 7.64 9.84 12.10 15.25 18.56 22.14 25.90
17 .045 3.06 4.78 6.58 8.42 10.30 12.77 15.28 18.13 21.00
18 .040 2.51 3.93 5.41 6.93 8.48 10.41 12.48 14.53 16.70
19 .036 2.20 3.46 4.78 6.14 7.53 9.25 11.06 12.94 14.91
20 .032 1.63 2.64 3. T2 4.84 6.01 7.44 8.96 10.54 12.20
21 .0285 1.35 2.19 3.09 4.03 5.01 6.23 7.52 8.89 10.30
22 .0253 1.17 1.82 2.48 3. I8 3.84 4.93 6.13 7.42 8.81
23 .0226 1.02 1.60 2.19 2.81 3.43 4.32 5.28 6.29 7.37
24 .020 .991 1.52 2.05 2.59 3.13 3.82 4.55 5.30 6.07
25 .0179 .859 1.31 1. T7 2.24 2.7% 3.32 3...95 4.61 529
26 .0158 .686 1.08 1.50 1.93 2.37 2.87 3.39 3.92 4.47
27 .0142 .583 .896 1.22 1.54 1.87 2.28 2.70 3.05 3.60
28 .0126 .410 .663 .993 1.22 1.5 1.87 2.26 2.56 3.09
29 .0113 .328 .538 .742 .965 1.19 1.53 1.86 2.24 2.61
30 .010 .277 .448 .631 .822 1.02 1.32 1.64 1.90 2.38

Data based on coiling on an arbor .128" diameter and stretched to twice the close wound-lengths.

TABLE IV

RESISTANCE OF
NICHROME 80 RIBBON

In Ohms per Foot at 68° F. (20° C.)

THICKNESS WIDTH-INCHES

No.

AWG Inches 1/64 1/32 3/64 1/16 3/32 1/8 3/16 1/4
25 .0179 .6466 .4850 .3233 .2425 .1520 .1140
26 .0159 1.092 -7279 .5459 .3640 -2729 .1711 -1283
27 .0142 1.223 -8150 .6113 -4075 .3056 .1815 .1437
28 .0126 1.378 .9186 .6890 .4593 .3445 .2158 .1619
29 .0113 1.536 1.024 .7683 .5122 .3841 .2407 -1805
30 .010 3.472 1.736 1. LT .8681 .5787 .4340 .2720 .2040
31 .0089 3.903 1.951 1.301 .9757 .6505 .4878 .3057 .2293
32 .008 4.340 2.170 1.447 1.085 .7234 .6145 -3400 .2550
33 .0071 4.892 2.446 1.631 1.223 .8154 .6926 .3832 .2874
34 .0063 5.511 2.755 1.837 1.378 .9184 .7801 -4317 -3237
35 .0056 6.202 3.101 2.067 1.550 1.171 .8779 .4858 -3643
36 .005 6.945 3.472 2.315 1.736 1..311 .9831 .5440 .4080
37 .0045 7.715 3.858 2.572 1.929 1.456 1.092 .6044 .4533
38 .004 8.681 4.341 2.894 2.458 1.639 1.229 .6800 .5100
39 .0035 9.921 4.960 3.307 2.809 1.873 1.404 L7771 .5828




TABLE V

NICHROME 60 WIRE

ADVANCE WIRE

AWG DIAMETER OHMS/FOOT LBS. PER FEET PER AWG DIAMETER OHMS /FOOT LBS. PER FEET PER
IN INCHES AT 68° F. 1000 POUND IN INCHES AT 68° F. 1000 FEET POUND
8 .128 .04120 46.00 21.74 8 .128 .01794 49.65 20.14
9 .114 .05194 36.49 27.40 9 .114 .02263 39.38 25.39
10 .102 . 06488 29.21 34.23 10 .102 .02826 31.53 31.72
11 .091 .08151 23.25 43.01 11 .091 .03550 25.09 39.86
12 .081 .i029 18.42 54.29 12 .081 .04481 19.88 50.30
i3 .072 .1302 14.56 68.68 13 .072 .05672 15.71 63.65
14 .064 .1648 11.50 86.96 14 .064 .07178 12.41 80.58
15 .057 .2078 9.123 109.6 15 .057 .09049 9.845 101.6
16 .051 . 2595 7.304 136.9 i6 .051 .1130 7.881 126.9
17 . 045 .3333 5.686 175.9 17 . 045 .1452 6.136 163.0
18 .040 .4219 4.493 222.6 18 .040 .1837 4.848 206.3
19 .036 .5208 3.639 274.6 i9 .036 .2270 3.927 254.6
20 .032 .6592 2.875 347.8 20 .032 .2871 3.103 322.3
21 .0285 .8310 2.281 434.4 21 .0285 .3619 2.461 406.3
22 .0253 1.055 1.737 556.5 22 . 0253 . 4557 1.940 515.5
23 .0226 1.322 1.434 697 .4 23 .0226 .5756 1.548 646.0
24 .0201 1.871 1.134 881.8 24 .0201 L7277 1.224 817.0
25 .0179 2.107 .8997 1,111, 25 .0179 .9176 .9709 1,030
26 .0159 2.670 .7099 1,413, 26 .0159 1.163 .7660 1,305.
27 .0142 3.348 .5662 1,766 27 .0142 1.458 .6110 1,637.
28 .0126 4.251 . 4458 2,243, 28 .012¢ 1.852 . 4854 2,061.
29 .0113 5.286 .3586 2,789. 29 .0113 2.302 .3869 2,585,
30 .010 6.750 . 2808 3,561. 30 .010 2.940 .3030 3,330.
31 .0089 8.523 . 2224 4,496. 31 .0089 3.722 . 2400 4,167.
32 .0080 10.55 L1797 5,565. 32 .0080 4.594 .1939 5,157.
33 .0071 13.39 .1416 7,062, K] .0071 5.833 .1527 6,549, "
34 .0063 17.00 L1114 8,977. 34 .0063 7.408 .1203 8,313.
35 .005¢ 21.52 .08806 11,360. 35 . 0056 9.375 .09503 10,520.
36 .0050 27.00 .07020 14,250. 36 .0050 11.76 .07575 13,200.
37 .0045 33.33 .05686 17,590. 37 .0045 14.52 .06136 16,300.
38 . 0040 42.19 .00493 22,260. 38 .0040 18.37 .04848 20,630.
39 .0035 55.10 . 03440 29,070. 39 .0035 24.00 .03712 26,940,
40 .0031 70.24 .02698 37,060. 40 .0031 30.60 .02912 34,340,
41 .00275 89.29 .02124 47,080. 41 .00275 38.88 .02292 43,630.
42 .00250 108.0 .01755 56,980. 42 . 00250 47.04 .01894 52,800.
NICHROME 80 WIRE PURE NICKEL
AWG DIAMETER OHMS/FOOT LBS. PER FEET PER AWG DIAMETER OHMS/FOOT LBS. PER FEET PER |
IN INCHES AT 68° F. 1000 FEET POUND IN INCHES AT 68° F. 1000 FEET POUND
8 .128 .039¢67 46.93 21.31 8 .128 . 003662 49.37 20.26
9 .114 .05001 37.22 26.87 9 .114 .004617 39.17 25.53
10 .102 .06248 29.80 33.56 i0 .102 . 005767 31.35 31.89
11 .091 .07849 23.72 42.16 i1 .091 . 007246 25.06 39.90
12 .081 .09907 18.79 53.22 12 .081 .009145 19.77 50.57
13 .072 .12585 14.85 37.34 i3 .072 .01157 15.62 64.01
14 .064 .1588 11.73 85.25 14 .064 .01465 12.35 81.00
15 .057 . 2000 9.306 107.5 15 .057 .01847 9.788 102.1
16 .051 . 2499 7.450 134.2 16 .051 .02307 7.836 127.7
17 . 045 .3209 5.800 172.4 17 . 045 .02963 6.100 163.9
18 . 040 .4062 4.583 218.2 18 .040 .03750 4.822 207.4
19 .036 .5015 3.712 269.4 19 .036 .04630 3.906 256.0
20 .032 .6347 2.933 340.9 20 .032 .05859 3.085 324.1
21 .0285 .8002 2.326 429.9 21 .0285 .07387 2.430 411.4
22 .0253 1.017 1.833 545.6 22 .0253 .09374 1.946 513.8
23 .0226 1.272 1.463 683.5 23 .0226 L1175 1.539 649.5
24 .0201 1.609 1.157 864.3 24 .0201 .1485 1.218 821.0
25 .0179 2.029 L9177 1,090. 25 .0179 .1873 .9655 1,036.0
26 .0159 2.571 . 7241 1,381. 26 . 0159 .2373 .7619 1,313.0
27 .0142 3.228 .5775 1,732, 27 .0142 . 2976 .6076 1,646.0
28 .0126 4.090 .4547 2,199. 28 .0126 .3778 . 4786 2,090.0
29 .0113 5.090 .3657 2,734. 29 .0113 .4699 .3785 2,642.0
30 .010 6.500 . 2864 3,492. 30 .010 .6000 .3014 3,318.0
31 .0089 8.206 .2269 4,407. 31 .0089 .7576 . 2387 4,189.0
32 . 0080 10.16 .1833 5,456. 32 . 0080 .9375 .1929 5,185.0
33 .0071 12.9 L1444 6,925. 33 .0071 1.190 .1519 6,583.0
34 .0063 13.37 L1137 8,795. 34 .0063 1.511 .1196 8,364.0
35 . 0056 20.72 .08982 11,130. 35 .0056 1.913 .09451 10,580.0
36 .0050 26.00 .07160 13,970. 36 .0050 2.400 .07534 13,270.0
37 . 0045 32.09 .05800 17,240. 37 . 0045 2.963 .06100 16,400.0
38 .0040 40.62 . 04583 21,820. 38 . 0040 3.750 . 04822 20,740
39 .0035 53.06 . 03509 28,500. 39 .0035 4.898 .03689 27,110
40 .0031 67.63 .02752 36,340, 40 .0031 6.243 .02893 34,570
41 . 00275 85.98 .02166 46,170. 41 .00275 7.934 .02281 43,840
42 .00250 104.00 ,01790 55,870. 42 . 00250 9.600 .01885 53,050




CURRENT TEMPERATURE CHARACTERISTICS OF
NICHROME 60

STRAIGHT WIRE

Showing approximate amperes necessary to produce a given temperature.
Applying only to straight wires stretched horizontally in free air.

No. Diam. |[Temp.400°F 600 800 1000 1200 1400 1600 1800 2000° F.
.& S. Inches [Temp.204°C 316 427 538 649 760 871 982 1093° C.
1 .289 75,10 104.00 134.0 169.0 210.0 257.0 309.0 363.0 417.0
2 258 62.81 87.45 112.4 142.1 176.5 215.9 259.5 304.9 350.3
3 .229 52.54 73.53 94 .33 119.4 148.5 181.4 217.9 256 .0 294 .2
4 .204 43.94 61.82 79.15 100.4 124.8 152.4 1830 215.0 247.2
5 .182 368575 51.98 66.41 84 .36 104.9 128.0 152.7 180.6 207.6
6 s LB2 30.74 43.72 5572 70.91 88.16 107+5 129.0 151.7 174 .3
7 .144 25.71 36.75 46.75 59.60 74 .12 90.35 108.3 127.4 146 .4
8 .128 21.50 30.90 39.23 50.10 62.30 75 .90 91.00 107.0 123 .0
9 .114 18.00 25.90 33.20 42.10 52.40 64.20 76.80 90.20 104.0
16 102 15, 43 22.03 28.15 35.63 44.30 54.39 65.08 76.40 88.00
11 .091 13.23 18.72 23.89 30.16 37.54 46.07 55.15 64.70 74 .4
12 .081 11.34 15.91 2027 25:53 31.77 39.03 46.73 54.80 63.01
13 .072 9.73 13.53 17.21 21.61 26 .89 33.06 39.60 46.41 5331
14 .064 8.34 10.50 14.59 18.30 22.76 28.01 33.56 39.31 45.11
15 .057 7.15 9.78 12.38 15,50 19.26 23.73 28.44 33:.30 38.17
16 .051 6.13 8.31 10.50 13.11 16.30 20.10 24.10 28.20 32:30
1 .045 5.31 7.18 9.,13 11.30 13.90 16 .90 20.30 23.60 27.00
18 .040 4.66 6.26 7230 9:75 11.96 14.51 17.37 20.48 23.08
19 .036 4.09 5.46 6.84 8.41 10.30 12 .45 14.87 17.78 19.73
20 .032 3.58 4.77 5.92 7.25 8.86 10.69 12.72 15.43 16 .87
21 0285 3.14 4.16 5.13 6.26 7.63 9.1% 10.88 13.40 14.40
22 .0253 2.76 3.63 4.44 5.40 6.56 7.87 9.31 11.63 12.33
23 . 0226 2.42 3.16 3.84 4.67 5:65 6.76 797 10.09 10.54
24 .020 2:12 2.76 3.32 4.01 4.86 5.80 6.82 8.76 9.01
25 .0179 1.84 2.42 2.90 3.44 4.15 4.97 5.86 6.96 712
26 .0159 1.58 2.09 2.52 3.00 3.61 4.31 5.06 5.97 6.63
27 .0142 1.37 1.80 2.19 2.62 3.14 373 4.37 5al2 5.69
28 » 0125 1.18 1.55 1.90 228 2.73 3:23 3.77 4.39 4.88
29 .0113 1.02 1:.34 1.65 1:.99 2.37 2.80 3.25 3.76 4.19
30 .010 .875 1.16 1.43 1.74 2.06 2.43 2.81 3.22 3.59
31 .0089 .754 1.00 1.24 1.51 1.79 2.10 2.42 2.76 3.09
32 .008 .650 .860 1.08 1.32 1.56 1.82 2,09 287 2:65
33 .0071 .560 .750 940 1 .13 1.34 1.56 1.80 2.04 2.26
34 .0063 .493 .658 820 .978 1.16 1.34 1.54 1.74 1.93
35 .0056 .434 i 715 .846 1.01 1.16 1.32 1.49 1.66
36 .005 .382 .506 623 § 732 872 998 1513 1.27 1.42
37 .0045 .337 .444 543 .633 755 860 .970 1.09 1.21
38 .004 .296 .390 474 .548 654 741 .831 831 1.04
39 .0035 .261 .342 413 .474 567 638 s 712 796 .888
40 .0031 230 .300 .360 .410 491 550 .610 680 .760




