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ABSTRACT 

The purpose of this thesis is to provide a suitable 

basis for comparing the relative advantages of the friction 

·and drum hoists under various conditions of operation. 

Such comparisons are mainly and necessarily based 

upon physical characteristics of the mechanisms for lack 

of approprlate economic data. It is celieved, however, 

that this inadequacy may be alleviated to some extent by 

substituting comparative theoretical energy requirements 

of' the two hoisting systems under identical duty condi ·tions 

over a practical range of mining situations involving va.rious 

depths and daily productions. 

This has been accomplished by adapting a computer to 

standard mine-hoist design techniques and utilizing basic 

data that are accepted by pertinent author~ties. 

The results are gratifying in that they do indicate 

areas of advantage for each of the heisting syste:ms within 

the span of operations considered. 
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I. INTRODUCTION 

Ho~st~ng ~s an essent~al part of every deep m~n~ng 

operation. It ~s the pr~nc~pal means of acces's for men 

and mater~als and the only conveyance by wh~ch the mine 

products are brought out to the surface. Operat~onal 

eff~c~ency of the mine ~s d~rectly dependent upon the 

ho~st~ng system, and proper selection of the ho~st des~gn 

is extremely ~mportant. 

Various ho~sting systems have been applied to many 

mine condit~ons. However, only two general types have 

survived the tests of dependability and over-all economy: 

the drum hoist and the friction hoist. To date the pre

ferred system has never been determined. 

1 

The drum ho~st "'Tas the fi.rst type to be used in mining. 

Its popularity has persisted and is by far the most common 

form ~n the United States, England, South Africa, Canada, 

India, and most of the British Commonwealth countries. The 

system (Figure 1) consists of a drum, a headsheave, a rope, 

and a suitable conveyance. Rotation of the drum winds and 

unwinds the rope to raise or lower the conveyance. The 

drum may be cylindr~cal, conical, or some combination of the 

two, depending on the requirements of each particular 

mining condition. Cylindrical drums are the most frequently 

used, with the drum and headsheave diameters and grooves 

being compatible with rope diameter. The latter is selected 

to withstand the pu11 exerted, while the skips, or cag.es, 
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are designed to meet the expected duty of the system. 

Hoisting may be unbalanced with the use of a single skip, 

or cage, or it may be partially balanced with two skips, 

or cages, being used tocounterweigheach other. The same 

effect can be attained with a dead-weight on one side. 

For the balanced system two drums are often used. 

The principle of friction hoisting was introduced by 

W. F. Koepe in 1877 at the Hannover Colliery near Westphalia, 

Germany. The unit had the outward appearance of a balanced 

drum hoist but differed in its drum arrangement. The rope 

was not wound on the drum, the drum imparting traction to 

the rope system by means of friction at the rope-drum 

contact. Gradually, this became known as the Koepe Hoist-

ing System. 

In later installations, the drum was eliminated with 

traction being imparted to the rope directly at a headsheave 

(see Figure 2). This offered the advantages of a lesser 

inertia of moving parts and greater compactness. Modern 

units are of this type but use t\vO or more pairs of ropes 

for greater safety and ef~iciency. The remaining portions 

of this system are much the same as those of a drum hoist. 

Because of its European origin, the friction hoist 

has remained extremely popular in Germany, Sweden, HolJ_and, 

and Belgium. After "\vorld War II, the techrtique soon 

developed interest in other countries. In 1955 the first 
/ 

unit was installed in Canada, and later, others were 

installed at various locations in the United States. 
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Introduction of the friction hoist evoked controversies 

regarding its physical and economical advantages as compared 

to those of drum hoists. Extensive comparisons between the 

existing installations have been published, but due to the 

unique character of each mining operation exac~ duplication 

of hoisting requirements is rarely achieved. Therefore, 

the analyses did not represent matching conditions. By 

careful selection of appropriate existing systems, major 

advantages can be demonstrated for either hoist. 

In order to properly evaluate each system under similar 

mining conditions
1

a standard method for comparison would be 

required. No appropriate standard appears to exist at 

present. It was the purpose of this study, therefore, to 

ir~estigate the essent~al required data and develop a 

method by which realistic comparisons could be made for the 

mining conditions most frequently encountered. 

The author wishes to express his appreciation to 

Professor R. F. Bruzweski of the M~ning and Petroleum 

Engineering Department, of the University of Missouri at 

Rolla, for his guidance and suggestions throughout the 

investigation. 
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II. THE STATUS OF PRESENT SYSTEMS-COMPARISONS 

The various reports in the literature that compare 

friction and drum hoists have been confined to physical 

characteristics, capital and installation costs, etc., but 

operating costs apparently have never been evaluated 

adequately. For example, one of the first comparisons of 

hoisting systems, which resulted in considerable discussion, 

was published by Behr (1). Comparing the hoisting systems 

for deep mines, he stated that 

"The Koepe or Whitting systems (whi.ch uses 

sheaves instead of drums, thus driving the 

ropes by friction), though having, in most 

executed examples, with drums of insufficient 

diameter, a comparatively small Moment of 

Inertia, are not well adapted for great 

depths in a single lift, because they cannot 

employ taper ropes. The tail rope which 

they require is also objectionable in most 

cases." 

In reviewing the comparison, Whitmore (2) wrote that 

"If Mr. Behr could be induced to extend 

his work a little further so as to draw 

a comparison between the advantages of 

the various systems by stating the sizes 

of steam cylinders required to wind the 

same load in the same time, the paper 

would give an excellent idea concerning 

the merits of each system; whereas the 

paper finishing as it did, and dealing 

with a subject in 'lvhich there were so 

many points that must be considered 
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~eparately and all collectively, it was 

impossible to draw any inference as to 

the mechanical advantages and efficiency 

of any of the plants mentioned over any 

other." 

7 

It is surprising to note that no attempt was subsequently 

made by other investigators to follow this line of thought. 

However, many authorities have attempted to set some form 

of guideline for evaluating the systems. In some instances, 

a few problems were solved to demonstrate the difference in 

horsepower requirements, but the variables used for calcula-

tions were not identical for the two hoists. Therefore, 

no positive conclusion can be drawn. For example, Huelsome 

and Moore (J) stated that 

"A complete analysis requires the study o:f 

(a) First cost of electrical drive, 

electrical operating costs, 

power consumption and demand; 

(b) First cost of mechanical equip

ment, operating advantages and 

disadvantages, and operating 

costs; 

(c) Installation costs for mechanical 

and electrical equipment." 

They bolstered t .heir argument with four problems to show 

the economics of the systems. A paper by Landau and 

Malmow (4), in which they analyzed the problems solved by 

Huelsome and Moore, stated that 

"The weight of the skip is larger for 

the friction drive hoist. In this 
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case this weight could be smaller, if 

for some reason this would be preferable. 

It is to be noted that the skip weight 

has an extremely small influence on the 

size and cost of friction drive hoisting 

plants,whereas the skip and rope size 

directly influence the cost of the drum 

hoist." 

8 

Landau and Malmow solved a few representative examples to 

illustrate the points raised by them. However, no con-

elusions were drawn with absolute certainty. Essentially, 

the comp~rison was based on physical characteristics rather 

than power consumption~ 

The emphasis on physical characteristics for the 

selection of hoists is further exemplified in a more recent 

paper by Gronseth and Hardie (5), in which they stated that 

"All hoist builders have certain parameters 

in mind within which one hoist should be 

more economical than another. We are 

reluctant to state this~ however, because 

it may be taken for fact and applied to 

a specific case without study." 

Regarding the Koepe system, they pointed out that 

"At depths of 3,500 to 4,000 ft, some 

operators have been experiencing problems 

with hoists and tail ropes on Koepe _hoists. 

The stress on the pull ropes decreases as 

it passes over the wheel from loaded side 

to the empty skip (counterweight) side, 

causing premature failure in the strand 

ropes. Locked coil ropes are used for 

deeper shafts but, of course, the weigh t 

to · strength ratio becomes a problem." 
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With respect to the effects of depth on drum hoisting, 

Osthof {6) wrote that 

"\vi th greater depths and higher u~eful loads 

the disadvantages of drum winders increase, 

as there are heavy drums with big diameters 

and widths, which cause high axial loads on 

main shafts and bearings and other unfavor

able effects of the diagonal rope-pull on 

the ropes and headgear pulleys. Furthermore, 

the necessary power increases uneconomically 

as compared with winding capacity '\vhen bigger 

and bigger drum winders are used." 

On the other hand, McCulloch and Futers (7) stated that 

"The Koepe and Whitting systems have the 

great advantage that exact maximum depth 

of the mine need not be known at the time 

when a winding engine is being built s ]_nc e, 

within the limits of the strength, more 

rope can be added to suit the . requirements. 

In the case of a drum hoist or flat rope 

reel, this cannot be done because the size 

of the drum or reel closely determines the 

quantity of rope that can be used." 

Bar {8) commented, also, 011 the depth problem with respect 

to drum hoisting: 

"The large diameters and masses of the drums, 

the widths of which depend on the length 

and diameter of winding ropes, require 

high acceleration and braking forces, 

long shafts, large foundations and spacious 

engine houses. This in turn means high 

weights and prices. These disadvantages of 

the drum winders have led to the introduc-
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tion of friction of Koepe pulley which 

was first tried in Germany." 

10 

Another of the advantages -brought forward in favor of 

the friction hoist was that it required no winding engine 

operator, which results in improved safety and more efficient 

operation. Kidd (9) stated that 

"In Sweden, where there are fully auto

matic and push-button automatic winders 

are _in use, one is told that no person 

there would care to ride in a cage 

driven by a man, in case the driver 

should make a mistake they feel safer 

in automatic winder, and shaft accidents 

are in fact almost unknown." 

It may be said that a similar argument could be presented 

by people using shafts where the winders are operated by 

men. They may say that they feel more secure while riding 

in the cage driven by man. In any case, accidents in 

Germany and other countries using friction hoisting have 

been reported. 

Broughton {10), while comparing the various hoisting 

systems, listed the following factor~ for and against the 

friction hoist: 

"Objections to the Koepe system: 

Periodic recapping of the rope is impossible, 

It is not poss~ble to lubricate the rope in service, 

The use of balance {tail) rope is imperative 

Detaching hooks cannot be fitted, 

Damage on one side of the hoist endangers the other 

side of the hoist. 
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Advantages of the friction hoist: 

Smaller than the conventional hoist, 

Friction hoist can be easily adopted for changing 

level by changing ropes, 

1 1 

Lower peak power is required because of the tail rope, 

Multi-rope systems can be used and this will reduce 

the pulley size by employing ~ore ropes in parallel 

than in case of a drum hoist or single rope friction 

hoist. In this case, the factor of safety is also 

increased, 

Automatic push-button controls eliminate delays and 

thus improve the efficiency and result in power 

savings." 

In considering the problems associated w1th systems evalua

tion, K~dd (9) pointed out that 

"To obtain a true comparison one needs 

to take into account not only the cost 

of the winding engine itself with electric 

drive and control gear, but also headgear, 

a tower, winding engine house, foundations, 

decking gears and keps, shaft equipment and 

costs of the various landings and pitbottoms, 

and any difference in ventilating cost arising 

from the layout of shaft equipment." 

Although there exists a very good understanding of the 

physical characteristics of the hoisting systems, considera

tion of these factors alone is not adequate to provide a 

realistic guide for the seiection of the most appropriate 

hoisting system on a fair comparison basfs. It is true that 

numerous advantages and disadvantages of pl1ysical character

istics have a profound effect upon the selection of a 

particular unit, but they should not be considered as the 
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sole basis for fi.nal selection. The capital and operational 

costs also must be given prime consideration and resolved 

into unit production costs. Thus, any physical advantages 

may be related to unit costs, and rather than merely listing 

physical characteristic advantages as points in favor, their 

evaluation would be on a monetary basis. 
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III. REQUIREMENTS FOR DEVELOPMENT OF A SYSTEMS ANALYSIS 

A extensive search was conducted for pertinent, basic 

cost data, but none was found. Data that were available 

were either antiquated, incomplete, or based upon different 

national economies. This may ·explain why a complete cost 

comparison had nsver been presented by others. Therefore, 

it was decided to investigate the feasib~lity of an evalua

tion based upon energy consumption per unit of production, 

which can be calculated. 

A se.arch of published data revealed that op_erating 

costs of mine hoists normally exceed tw6-thirds of the total 

production costs. Subtracting the charge for labor, repairs 

and maintenance, which may be nearly equal for both types 

of' hoists, the resulting power cost would be the only 

significant ~ariable. Furthermore, po1ver costs could be 

expected to vary with the efficiencies of the prime mover 

and drive. Thus, the energy-input ·to the hoist itself 

could be cons~dered as a true measure of the machine per-

formance and an important factor for comparison. Because 

of' operational restrictions on maximum speed and accelera

tion rates, the loads carried per cycle by each of the 

hoist types would not be same for any like-hoisting require-

ment. Therefore, the energy-input per unit of production 

should be considered in the evaluation, expressed as horse

power-seconds per ton of ore hoisted. · 

The problem, th~refore, was to compare energy-inputs 

pe·r . unit ·of ·production for the drum and friction hoists 
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under s~m~lar duty requ~rements, ~n order to prov~de a 

gu~de for their selection. This could be accompl~shed by 

apply~ng standard des~gn techniques to assumed ~dent~cal 

cond~t~ons for both systems; and then, calculat~ng the unit 

energy consumpt~on by accepted procedures. For the purpose 

of obta~n~ng a truly representat~ve comparison, the follow

ing six hoist types were to be .considered: 

and 

(1) A frict~on ho~st with two skips and four pairs of 

.ropes, 

(2) A friction ho~st with two skips and one pair of 

ropes, 

(J) A fr~ct~on ho~st w{th one skip, a counterwe~ght 

and four pairs of ropes, 

(4) A frict~on hoist with one skip, a counterwe~ght 

. and one pair of ropes, 

(5) A drum hoist with one skip and counterwe~ght, 

(6) A drum ho~st w~th two sk~ps. 

Because ore-raising costs by far outwe~gh those for 

man-riding and supplies handling, the study was to consider 

only ore ho~sting. Hoist duty requ~rements were to range 

within the depth and tonnage limits nor~ally encountered in 

the American mining industry. The horsepower-seconds per 

ton of ore hoisted would be calculated then for each hoist 

type for various depths and production-rate increments. 

The tabulated results and performances of the various hoist 

types, compared under identical conditions for each depth

production combination, should provide a sign~ficant gu~de 
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for the select~on of the most appropr~ate ho~st~ng system. 

Because the proposed data-der~vat~ons ~nvolved 1,920 

individual ho~st-des~gn problems and a like number of energy 

calculat~ons, completion of the study by conventional pro

cedures would require many months of full-time effort. ~ 

reduce the magnitude of this undertaking, the necessary 

calculations would be conducted by computer, and with 

little additional effort, it would be possible to obtain 

root-mean-square horsepowers for further comparisons. The 

latter provides the average power rating requ~red for a 

motor over all operating conditions. 
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IV. SELECTION OF DESIGN PARAMETERS 

It was essential that basic desj_gn parameters be selected 

before appropriate design data could be assembled, prepared 

for computer application, the operation suitably programmed 

and processed, and the necessary results obtained. Appendix I 

provides a list of symbols used, and Appendix II outlines 

the expressions used for execution of the various mathemati

cal operations. The basic information considered included 

the following ten factors: 

(1) Depth of mine, 

(2) Tons of ore to be raised per shift, 

(3) Velocity and acceleration rates, 

(4) Rope size, weight, and breaking stress, 

(5) Drum size and weight, 

( 6) w·eight and size of the friction wheel, 

(7) Conveyance andcounterweight u~ed and their weights, 

(8) Hoisting and rest time, 

(9) Friction of the hoisting system, 

and (10) Size of headsheave and its weight. 

1. Depth of Mine 

It was felt that the min~mum depth of hoisting be fixed 

at 250 ft, because resulting minute energy-differences below 

this lirui t would be unsui tabJ.e for comparisons. The maximum 

depth was set at 5000 ft because few mines extend beyond 

this .limit. The depth range, then, could be expected to 

provide adequate coverage of the great majority of present-
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day operations. Increments of 250 ft we ::.:e selected to pro-

vide the maximum practical number of situations for comparison. 

2. Tons of Ore to be Raised per Shift 

Production limits were established between 250 and 4000 

tons per 7-hour shift, in order to afford coverage that 

would be commensurate with that of industry. The 250-ton 

increments were chosen to provide adequate intermediate 

representation. 

J. Velocity and Acceleration Rate 

Hoisting speeds and accelerations for the various drum 

ho~st situations were taken from a table compiled by a 

committee of rope manufacturers and recommended by the 

United States Bureau of Mines (11). These data were ex-

panded {Table 1) as needed to better suit the conditions 

assumed. This would not alter the recommended values but 

could serve to adjust them to a more usable form. 

For friction hoisting, hoisting speeds do not d~ffer 

materially from those used for drum hoists. However, it 

is customary in friction hoisting to take hoisting speed 

as one half the maximum attainable velocity. With regard 

to accelerations, winding at high rates will cause slippage 

of the rope on the drive drum. The usual practice is to 

2 limit the acceleration rate to less than J fps In 

some cases, lower values are preferable. I t '\vas dec ide d 

for this investigation to use the acceleration rates 

2 
from 2.5 to J fps • In each hoisting situation the 

highest possible acceleration rate, within the presc~ibed 
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Table 1. 

Drum Hoisting Recommendations by the 

United States Bureau of Mines {11) 

A. Recommended Speeds: 

Length of Maximum Speed Factor of 

Rope, ft fpm Saf'ety 

500 or less 1200 8 

500 to 1000 1600 7 

500 to 1500 2000 6 

1500 to 2000 2000 6 

1000 to 2500 2250 5 

2500 to 3000 2500. 5 
3000 to 3500 27.?0 4 

3500 to 4000 3000 4 

4000 to 4500 3250 4 

4500 to 5000 3500. 4 

B. Permissible Accelerations for Recommended Hoisting SuP..eds: 

---
Speed, fpm Acceleration, fps 2 

.500 or less 4.16 

750 4.16 

1000 5-55 

12.50 5-95 
1500 6.2.5 

2000 8.33 

2 .500 to 3500 8.JJ 
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l~m~tat~ons, determ~ned by computer would be used ~n 

calculat~ng the unit energy ~nput. When the required value 

2 
was less than 2.5 fps , the s~tuat~on would be rejected as 

~ 
be~ng ~pract~cal. 

4. Rope S~ze, Weight, and Break~ng Stress 

Rope s~ze ~s governed by the required production and 

ho~sting distance. It ~s chosen so that ~ts tens~le strength 

just exceeds the sum of ~ts own weight and the load exerted 

by the conveyance, all attachments, ore be~ng hoisted and 

accelerat_ion, plus allowances for a suitable factor of safety. 

The computer could perform the necessary iterations for 

select~ng the m~n~mum usable rope-diameter for each condition, 

us~ng manufacturers rope data as shown ~n Table 2 (12). It 

was necessary to convert th~s ~nformation ~nto equations 

(Eq. 12 and 13, Append~x II) to fac~litate programming. 

Any ho~st~ng depth and production combination requir~ng a 

rope d~ameter ~n excess of J.S ~n. was d~scarded as be~ng 

more su~table to mult~-stage hoist~ng and not pertinent to 

th~s study. 

A constant safety factor of 4.0 was selected for all 

hoist~ng systems for ease of computation. Although it 

could be argued that th~s value ~s sl~ghtly inadequate for 

certa~n conditions, and that it should be a l~ttle lower 

for others, the factor ~s generally acceptable for hoisting 

ore. 

5. Drum Size and Weight 

Cy1ind~~ca1 drum dimensions are governed by rope size 
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Table 2. 

Rope Diameter, Weight, and Breaking Load 

for 6 x 37 Classification Hoisting Rope with 

Fiber Core Suppli.ed by the 

United States Steel Corporation {12) 

Rope Diameter, Breaking Load, Rope Weight, 

in. tons(Plow Steel) lb. 

0.25 2.25 0.10 

0.3125 J.50 0. 16 

0.375 5.02 0.22 

o.4J75 6.80 O.JO 

0.50 6.85 0.39 

0.5625 11.20 0.49 

0.625 13.70 0.61 

0.75 19.60 0.87 

0.875 26.60 1 • 19 

1. 0 J4.6o 1. 55 

1. 125 4J. ·5o 1. 96 

1. 25 53-50 2.42 

1. 375 64.50 2.9J 

1. 50 76.40 J.49 

1. 625 89.30 4.09 

1. 7 5 103.00 4.75 

1. 875 118.00 5.45 

2.0 1J4.oo 6.20 
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and hoisting depth. The~r diameters are usually fixed at 

about 90 times the rope thickness {9). The face width shouJ.d 

be suff~cient to accommodate in a single layer all of the 
~ ) 

rope to be wound, plus 3 safety wraps. These guides were 

followed throughout the investigation. 

Drum weight and its moment of inertia were more diffi-

cult to obtain for lack of factual data. Many of the sizes 

required for this study have not been manufactured, and 

those that were in existence varied with manufacturers. 

Therefore, some means of estimating drum inertia had to be 

devised. 

Bright (13) suggested that an acceptable drum weight 

approximation could be made by allowing 200 psf of dr1~ 

:face, from which the moment of' inertia could be calculated 

when using a radi.us of gyration that is J in. less than that 

of' the drum. In comparing these results to actual weights 

and inertias of' presently manufactured drums, it was found 

that est~mates were consistently too high and the error 

originated in the ~nitlal unit-weight assumption. The latter 

was recalculated from available drum data and f'oun.d to be 
·--e;· 

160 psf' of drum face. All hoisting drum weights and inertias 

used in this study were approximated on that bas~s. 

6. Weig!lt and Size of Friction "\vheel 

The friction wheel diameter was established at 90 times 

the rope size, the same ratio as used for the drum hoist. 

This was in keeping with accepted practices, and it main-

tained a fair comparison between the two basic hoisting 
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systems. Effective weights could not be obtained directly 

from currently manufactured wheels for the same reason 

mentioned in discussing drums. Therefore, they were 

approximated by an equation (Eq. 97, Appendix II) derived 

from Table 3 from data published by Price (15). The 

relationship produced values that we~e reasonably accurate 

when compared to all available data. 

7. Convevance and Counterweight used and Their Weights 

Because this investigation was concerned only with 

hoisting of ore, the conveyance considered in all cases 

was a skip. Its weight was taken to equal one-half the 

payload being hoisted. Although this assumption might not 

be in accord with all existing installations, it would be 

a fair average. According to standard practice, the 

counterwei.ght equaled the weight of the conveyance p1.us one-

half' the pay load. 

8. Ho~sting and Rest Time 

Hoisting time was a:r·bitrarily fixed at 7 hours per 

shift, merely to establish a limit on the production 

period. Rest time, the interval required for loading a:ad 

unloading the conveyance, was assumed to be 12 sec. for 

similar reasons. Neither hoisting sys tern w·ould gain any 

advantages by these decisions. 

9. Friction of the Hoisting Svstem 

Friction for each of the hoisting systems['?.r ·'~v-as assumed 

as 10% of the sum of the positive and negative static moments, 

i.e., 10% of the up-load (T~fUL), plus up-rope (TNUR), plus 
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Table 3. 

Inertia of Friction Wheels Supplied by M/S · 

British Ropes Limited, Doncaster, Durham, England (15) 

Diameter of Brake Path, Inertia, psf 

Friction 1vheel, ft 

ft 2 Ropes 4 Ropes 

9.0 11.0 15,000 30,000 

8.0 10,000 17,000 

10.0 12.0 22,000 35,000 

9.0 14,000 23,000 

11.0 13.0 28,000 4J,OOO 

10.0 20,000 30,000 

12.0 14.0 35,000 46,000 

11.0 26,500 37,000 

13.0 15.5 44,000 58,000 

12.0 32,000 46,000 

14.0 16.5 56,000 75,000 

13.0 40,000 60,000 

16.0 18.5 100,000 136,000 

15.0 71 '000 107,000 

17.5 20.0 128,000 175,000 

16.0 96,000 135,000 

18.0 21.0 156,000 200,000 

17.0 102,000 155,000 
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down-skip or counterweight (TMDL). The ratio would be as 

accurate as any that is presently used. 

10. Size of Headsheave and Its Weight 

The headsheave diameter in each case was taken as being 

eq~al to that of the drum in accordance with standard prac

tices. Its effective weight at rope center was - determined 

from a relationship (Eq. 32, Appendix II), which was derived 

from Figure 140 presented by Staley (14). Because tru.ly 

representative weights could not be obtained by this means 

for headsheaves having diameters less than 3.75 ft, a 

constant weight value of JOO lb was assigned for diameters 

to 2.75 ft and 375 lb for diameters to 3.75. The estimates 

should provide a more realistic basis for the shallow depth 

hoisting computations. 
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V. COl\1PUTATION PROCEDURE 

Basic data were appropriately inserted into a computer 

program, representing each hoist type, and processed in a 

normal manner to provide the following data: 

Ore per trip (OTR), 

Rope diameter (RD), 

Acceleration time (AT), 

Peak horsepower (PHP), 

Horsepower-second per ton (HPT), 

and Root-mean-square horsepower (RMSHP). 

The above mentioned were determined for each practical 

hoisting situat~on, e.g., incremental shift-production rates 

and depths for each hoist type. The complete programs and 

the related outputs are given in Appendices III through VI. 

The computer results were tabulated and plotted on graphs 

(Figures J through 7) for greater ease in the final analyses. 

Tables 4 through 6 give representative comparative data. 

The appended programs may be easily adjus·ted to obtain data 

for various other hoisting situations by merely substituting 

the desired inputs. 

Appendix II gives the list of expressions used for 

the solutions or the various hoisting condit~ons considered. 
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VI. RESULTS OF THE STUDY 

From Figures 3 through 8 the data indicate that all 

of the hoist types considered require fe'\'ier horsepower 

seconds per ton of ore hoisted at the higher dai.ly pro-

duction levels. This phenomenon is most obvious '"i th the 

friction winders {Figures 3 an~ 4). Another point of 

interest is that the required energy inputs per unit 

output . are not directly proportional to the hoisting depth. 

As shown in Figure 7, the energy requirements for drum 

hoists increases ~n less than direct proportion to the 

depth during the lower 2000 to 4000 ft, after which the 

ratio is reversed, i.e., the energy input curves attain a 

slope of less than 45°. Friction hoists, on the other hand, 

display two such flexures, one at about 1000 ft and the 

other near 4000 ft. 

The balanced 2-skip friction hoists (!t~igure 7 and 

Tables .4 through 6) appear to be impractical at hoisting 

depths less than 4500 ft, evidently due to excessive TU/TL 

ratios caused by rope slippage on the drive wheel. Although 

these ratios may be reduced by adding weights to the skips, 

this would increase the required energy inputs and, thereby, 

el~minate a standard basis for comparison. For this reason, 

only data derived from its practical operating range are 

computed and compared. 

Drum hoists and the friction hoist with one pair of 

ropes . and a counterw·eight require larger rope diameters, 
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Table 4. 

Representative PHP & RMSIIP of the Various Hoisting Systems 

Type of Hoist 

Drum with Counter 
Weight 

Drum in Balance 

F'riction with Counter 
l~eight & 4 Ropes 

Friction '\vi th Counter 
lveight and 1 Rope 

Friction with lt. Ropes 
in Balance 

Friction with 1 Rope 
in Balance 

250 

PHP 

65.9 

53.3 

529.8 

361.4 

Compared for - Depth 250 ft 

ton 2000 ton 4000 

RMSHP PHP RMSHP PHP 

50.0 485.9 385.9 878.8 

29.0 310.2 198.8 605.0 

327.5 564.4 315.9 822.4 

218.5 461.6 283.6 774.3 

27 

ton 

RMSHP 

764.3 

393.8 

535.7 

523.0 
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Table 5. 

Representative PHP & ~~SHP o~ the Various Hoisting Systems 

Type o~ Hoist 

Drum with Counter 
'~eight 

Drum in Balance 

Friction with Cotmter 
Weight and 4 Ropes 

Friction with Counter 
Weight and 1 Rope 

Friction with 4 Ropes 
in Balance 

Friction with 1 Rope 
in Balance 

Compared ~or - Depth 2500 ~t 

250 ton 2000 ton 4000 

PHP RMSHP PHP RMSHP PHP 

1 38 3. 1 598.2 7129.7 3708.0 . 1 3065.2 

1382.9 496.7 5534.4 1'856.3 9469.9 

1549.0 9lt-1.J 3301.0 2277.8 6035.8 

922. 1 537.2 3227.5 2244.3 7232.9 

28 

ton 

RMSHP 

7141.7 

3151.8 

4392.3 

4759.6 
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Table 6. 

Representative PHP & RMSHP o£ the Various Hoisting Systems 

Compared £or - Depth 5000 £t 

Type o£ Hoist 250 ton 2000 ton 4000 ton 

PHP RMSHP PHP RMSHP PHP RMSHP 

Drum with Counter 5769.7 2497~8 29952.2 14833·3 
Weight 

Drum in Balance 5641.4 ?164.9 22460.8 8143.0 38921.8 13933-3 

Friction with Counter 2036.3 1199.6 7508.3 5076.9 . 14780.2 10130.3 
Weight and 4 Ropes 

Friction lvi th Counter 1539.5 907.9 9295.4 5785.5 
Weight and 1 Rope 

Friction with 4 Ropes 5075.4 3646.9 9278.3 7049.9 
in Balance 

Friction with 1 Rope 5090.7 3802.9 11064.3 7568.4 
in Balance 
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i.e., above 3.5 in., than are normally available when pro-

duction rates approach the maximum considered. Also, the 

required corresponding drum diameters, or above 28 ft 

become impractical due to excessive inertias. 

A. friction hoist with counterweight and one pair of 

ropes (Figure J) requires its greatest horsepower-second 

input per ton of ore hoisted at extremely low rates of pro-

duction. As the tonnage per shift increases, economy 

increases until about 1500 tons per shift are produced. 

At greater outputs, the unit-energy inputs are almost 

unrelated to the production. A strong point favoring this 

type of hoist is that it has the lowest peak horsepower 

in the intermediate and high productio? rates and depths 

(Tables 4, 5, and 6). 

Figure 4 shows the characteristics of the friction 

hoist with four pairs of ropes and a counterweight. Its 

performance trends are much the same as those sho'vn in 

Figure 3, with the exception that this particular winder 

is the least economical system at extremely low production 

levels. On the other hand, its economy at the highest 

outputs is exceeded only by the balanced drum hoist. 

Furthermore, its performance is not as limited by rope 

slippage and extreme diameters as are the other hoist types 

due to its multiple-rope arrangement. In addition, the 

multiple-rope type has the very desirable safety feature 

of each rope being able to sustain the total load when a 

safety factor of 4 is used. With this arrangement, a 
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broken rope merely redu~es the safety factor. 

Drum hoists with two skips (Figure 5) and operating 

for less than about 4000 to 5000 ft of hoisting depth are 

more economical than any of the other types considered. 

In addition, this winder requires the most favorable peak 

and root-mea·n-square horsepower w:i.thin the low to inter

mediate depth ranges (Tables 4, 5 and 6}. However, its 

economic margi~ diminishes with the increased production. 

Co-unterweighted drum hoists (Figure 6) are less 

economical and more limited in performance by rope size than 

its counterpart hoist wj_th two skips. On the other hand, 

its energy requirements per unit of production are less in 

the low production and depth ranges than those of the counter-

weighted friction hoists. Its economic trends with respect 

to the depth and production are generally the same as those 

of the other hoists discussed. 

In summation and with reference to Figure 7, it would 

a.ppear that the balanced (2 skips) drum hoist is the most 

econom~cal for all depths ranging below 4000 - 4500 ft. 

Also·, this type of un:i. t offers the most favorable peak and 

root-mean-square horsepower requirements within the inter-

mediate to low depths and outputs. On the other hand, the 

friction hoists, particularly those with two skips, are the 

most economical and have the most favorable peak and root

mean-square horsepowers at depths greater than 4500 - 5000 

ft. Counterweighted friction hoists have areas of optimum 

economic operation that fall roughly between these t1vo. 
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Specific areas of optimum economic application are 

outlined in Figure 8 for each of the hoists considered. 

The depth zone of economic conversion between specific 

hoisting systems, or the area in which one type ceases 

37 

and other commences to be most economical, is generally 

where the li.mits below which the balanced friction hoist 

becomes impractical due to rope slippage and above which 

the drum hoist · requires excessive rope and drum diameters. 

It follows, then, that the drum and friction hoists each 

will have their specific areas of economical and practical 

application: balanced friction hoists for deep mines and 

balanced drum hoists for shallow depths. The favorable 

economy of the drum hoist may possibly be extended to 

greater depths through the development of multi-rope drum 

hoisting. The absence of a depth zone for the counter\veighted 

drum hoist should be noted; apparently this particular winder 

never attains economic favorability. 
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VII. CONCLUSIONS 

The computer technique developed by this study permits . 

various mine-hoist types to be compared on the theoretical 

basis of horsepower-second input per ton of ore hois~ed. 

Because of the flexibility possible with the system, corre

sponding peak and root-mean-square horsepowers also can be 

determined with little additional effort. The data obtained 

from calculations provided the following conclusions: 

1. Each of the hoist types considered, except the counter

weighted drum hoist, has an area in which it is economi

cally most favorable. 

2. Balanced drum hoists are generally most favorable at 

less than 4500 ft of hoisting depth. 

3. Balanced frj_ction hoists are generally most favorable 

for greater than 4500-ft mines. 

4. Counterwej_ghted friction hoists are most favorable in 

an intermediate zone of hoisting depths and production 

levels. 

5. All hoists are more economical at higher production 

rates. 

6. The margin of economic advantage diminishes for the 

balanced drum hoist with increased product~on. 

7. Drum hoists are limited in hoisting depth because of 

excessive rope and drum diameter requirements. 

8. Balanced friction hoists are limited to use at greater 

depths due to rope slippage on the drive wheel. 
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The results presented are based upon tl1eoret~cal values 

and may d~ffer somewhat from those obtained under spec~f~c 

m~ning condit~ons. However, since energy input constitutes 

a large portion of the total ho~sting costs, power costs 

necessarily must be g~ven pr~me considerat~on ~n the selec

t~on of mine hoists. 
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VIII. RECOMMENDATIONSS 

Considerable additional research should be extended into 

areas of greater production rates (above 1000 tons per hour) 

and hoisting depths (above 10,000 ft) in order to provide 

comparative data pertaining to the very large and deep 

foreign mines. Such information could show the maximum 

limits to which drum hoists may be used, perhaps even with 

a multi-rope arrangement. Also, the economics of balanced 

friction hoists may be more appropriately portrayed for 

extreme hoisting depths. 

A study of the economics of optimum acceleration and 

constant speed rates may result in a worthy contribution 

to the mining profession. Such an investigation may be 

conducted by utilizing the basic computer programs already 

developed. 



www.manaraa.com

42 

BIBLIOGRAPHY 

1. Behr, H. C. Winding Plants for Great Depths. Trans
actions of Mining and Metallurgy. 11th 
Session, 1901-1902. The Institution of 
Mining and Metallurgy; Salisbury House, 
London, p. 2. 

2. Whitmore, L. F. Discussion on Winding Plants for Great 
Depths. Transactions of Mining and Metallurgy. 
llth Session, 1901-1902. The Institution of 
Mining and Metallurgy, Salisbury House, . 
London, p. 66. 

J. Huelsman, A. and Moore, R. B. Electrical Aspects of 
Friction vs. Drum Hoists. Engineering and 
Mining Journal. Mid-March Guide Book. Vol. 
156,No. Ja, Mid-March 1955, p. 42. 

4. Landau, F. and Malmlaw, E. G. Another Viewpoint is 
Presented on Friction vs. Drum Hoisting. 
Engineering and Mining Journal. Vol. 156, 
No. 10, October 1955, p. 90-95. 

5. Gronseth, J. R. and Hardie, H. How Modern Hoists Are 
Selected. Engineering and Mining Journal. 
Vol. 166, No. 6, June 1965, p. 18 J. · 

6. Osthof, o. Drum Winder or Koepe Winder. Proceedings 
of Mechanizat~on of Mines in India Symposium. 
Journal of Mines, Metals, and Fuels. Vol. 10, 

· 1962, p. 198-206, and 215. 

7. McCulloch, G. and Futers, T. C. Winding Engines and 
Winding Appliances. Edward Arnold, London: 
1912, p. 84. 

8. Bar, S. Project Engineering and Construction of Shaft 
Winding Install_ations. Proceedings of t-1echani
zation of Mines in India ?ymposium. Journal 
of M~nes, Metals, and Fuels. Vol. 10, 1962, 
p. 193. 

9. Kidd, A. w. and Hughes, A. M. Modern Trends in Winding 
Technigue. Transactions of Institution of 
Mining Engineers. Vol. 11 4, Part 5, Februal'Y 
1955, London, p. 426. 

10. Broughton, H. H. Electric Winders. Second Edition, E & 
F. N. Spon Ltd. 57, Haymarket, London. S.W. 1, 
1948, p. 18. 



www.manaraa.com

11. Ingalls, W. R., Douglas, J., Finlay, J. R., Channing, 
J.P., and Hammond, J. H. Rules and Regula
tions for Metal Mines. Bulletin 75, 1915, 
United States Bureau of M~nes, p. 112-113. 

12. United States Steel Corporation. T~ger Brand Wire Rope. 
525 William Penn Plac~, Pittsburgh, Pennsyl
vania. 15230, 19 56, p. 14. 

13. Bright, G. Determination of Electric Equipment for 
a Mine. Transactions of American Institute 
of Mining Engineers. Vol. 66, 1922, p. 580-
608. 

14. Staley, W. W. Mine Plant Design. Second Edition, McGraw
Hill Book Company, Inc., 1949, New York, p. 
109-118 and 276-356. 

15. Price, A. B. Winding Engine Calculations for the ~lining 
Engineers. The General Electric Company, Ltd., 
Fraser and Chalmers Engineering Works, Erith, 
Kent, England, 1957, p. 156. 

16. Bryson, T. Mining Machinery. Third Edition, Sir Isaac 
Pitman and Sons Ltd., 1952, p. 393-437. 

17. Ketchum, M. s. The Design of Mine Structures. McGraw
Hill Book Company, Inc., Ne~ York, 1912, 
p. 17-40. 

18. Peele, R. Mining Engineers' Handbook. Third Edition, 
John Wiley and Sons, Inc., Vol. 1, Sect. 12, 
New York, 1961, p. 1-18. 

19. Everett o. Rational Design of Hoisti~Drums. Mechanical 
Engineer, Vol. 42, No. 12, December 1920, 
p. 675-79. 

20. Pfleider, E. P., Malmlaw, E. G., and Landau, F. Friction 
Drive r.1ine Hoists, Recent Installation and 
Design Considerations. Engineering and Mining 
Journal, Vol. 7, No. 1, January 1955, p. 25-40. 

21. Grudstedt, G. H. Cleveland Clit"'f's .~~aft Uses First 
U. S. Koepe Hoisting Sxstem. Min~ng World, 
April 1955, Vol. 19, No. 4, p. 44-48. 

22. Nordberg, V. B. Hois tin S stems Com a.red Part-~ 
I & II • Engineering and Mining Journal, 
Vol. 93, No. 20-21, May 18 and 25, 1912. 
p. 993-996 and p. 1035-10)8. 



www.manaraa.com

44 

2J. Cory, E. D. Koepe Ho~st Installat~on at Cl~ffs Shaft 
Mine. Min~ng Congress Journal, Vol. 4), .No. 1, 
January 1957, p. 41-45. 

24. Redd, H. R. Cost of Deep-Mine Ho~sting w~th Electr~city. 
Technical Paper No. 831, Institute of Mining 
Eng~neers, New York, Sept. 1937, p. 22. 

25. Holcomb, J. w. Modern Automat~c Electric~ty Controlled 
Elevators for Transporting Men at Two Coal 
Mines in Western Pennsylvan~a. Informat~on 
Circular No. 7628, Un~ted States Bureau. of 
Mines, January 1952, p. 5. 

26 • . Kelly, M. V. Multi-Rope Frict~on Winders. Transact~ons 
of the Inst~tution of Min~ng Eng~neers, Vol. 
115, London, 1955-1956, p. 277-J04. 

27. Ilsl~y~ L. C. Inspect~on and Maintenance of M~ne 
Hoisting Ropes. Techn~cal Paper No. 602, 
United Stat~s Bureau of M~nes, Washington, 
1939, p. 26. 



www.manaraa.com

45 

APPENDIX I 

Table o:f Symbols 

C AL=ACCEL~ R ATION FOR DRUM HOIST 
t-·-·--·-- ·-P-P~·: ?k n ou c T 1 n N -y~l T cf~1 s··- ··---------
c O=OEPTH OF WIND IN FEET 
C Vl=IS LINEAR VELOCITY c·- -- - -RrJ -=-P"f.fp t: OI.A~-1 [-fE.R ___ .. ___________________ ---------- ---

c G=ACCELERAfiON DUE TO GRAVITY 
C H=HOUR S ~·IOPKFO c ----f:s--;-fi\CtoR. oFsA~~Tv .. ------------------------·-···- ··- ------
c RT=REST TIME IN SECONDS 
C AT=ACCFLERATION TIME c ......... - --·c·:r:~t-il'r\f sf t,N"-=r--sP.EI·o··--r-r ME _______ .. _____________ .. _______ · .... ·-··-·---- · ... .... ......... ---· ..... .. .. .... · -· .. --- -· --------
r AD=~CC~LERATION DISTANCE IN FEET 
... C 0 = C C r·.t S T ~ N T S P f F D D I S T .1\ ~ l C E I N F E E T 
:·-·--·-·---r;>;-TiHF. ·P-ER oRE-Hor_s_ffNG"-·rfi·r-p------·------------------·------------ -·-- ·-· ----------- --.. -
: TN=NUMBER OF TRIPS PER DAY 
.. OT:Qf<:f PFR TRIP ·- ---- ·- · --·cfr R = IiR E ·--rE R. rR:fr'---+-rr:r:f-·--------· --- ---- ...... ............. ------- -- ___ .. · ---· ---.... . ··· · .... --·--· ..... .. 

SW=SKIP WEIGHT IN TONS 
J CW=~ETGHT OF THE COUNTERWEIGHT IN TONS 
~- - - -- - .. ·· - ·---rric;~fiYfAT.-6-E Ao---t..oA-o·av--LoAo ____________ .. _______ ... _____ .. ... .... ·------·- -·------.. --_ __ .. _________ --·- .... ....... .. 

WR= WCfGHT OF ROPE IN POUNDS 
.., TLR:.:LOAD DUE TO ROPE IN TONS 
,.- - - - - ~ - --- - · ·--·-·· -l<l·-;r .;;:·r-~--t-J-~fBf:R -CfF.ROPE-ITSE·o--f·N-- C ./.\ ·s·E--a-·F- ·-F R-i-.t --T·I-(L'~ - - t-to r s T - . . . - ··- ---- ·. ---···- . -------- .. .. -

R ~~ = ~~ E t G H T 0 F 4 f< 0 P E S U SED F 0 R MU L T I-R 0 P E H 0 I S T l N G 
.... V 0: t·! A X I ~1 U t·~ V E L OC IT Y 
.; ·-M- -- · ·· ·· ·· ----- ~--V~-~i'(1.-i S-... i-I i't G \f F. L [)( I T-y- FfJRF-P:-fv·--- ------- -- ----·- . -··-- ...,-· -· - -- --~ - -- --- - -- -- - -- ---·- - -- --~- --- ----·--· ·····-·----- ... _ 

V:HGISTING VELOCITY FOR FRICTION HOIST 
A:~AXIMU~ P[RMISSIALE hCCELERATION FOR FRICTION HOISTT~~ 

.. ........ -.- £fst;· t:~o-f·t\ K'T'fTG ____ s_f_R''f.: s_s ___ CF-- -~roP-E- - ·rN--- t b N s 
TU=l~NSTON ON LCAOED SID[ 
T l-= T F "·iS I iJ N 0 N EMPTY S I DE 

--- -- -,~-5 ·;: s·f;\ =t·fc--ftf"Ns Tf.iFf---oN--·R.-iTrE·---··----- -----·------ -- ··--------- . . ·- -- --·--- .. .. - .... -. ... . . ............ . 
TD=DYNl\:'1IC TFNSION ON ROPE 
T ,.".~-J::: ;\~U "1 : :. ER OF ACTIVE TURNS OF HCJ IS lING ORU~-1 -· ........ v ·-- Ts·--r~--R-:·r -~ .. s -----------------·----- ---· ·------· .. .... ------ -- -- ··· · 
VR=VEL.nCITY TN P.P.S 
P= PI TC i-t I~! lNCHES 

-- - ~ ... - . , - -o-r5·~-c-R~tt;,4~-c=,rA ·f.1 E 1 ·~:R- · -·I"-~J~ FE Er--..--·------·------ -·- .. ~ -- - __ ... _ --· ·· ------ ·-··_... .. ~- - -- -- - ·- -·- --- --· ---- -· -·----- ·· · ·· -~- · ....... ·----
Fw=FACE WIDTH OF DRUM lN FEET 
[H·i =DRUV •·'E IGHT 1 N POUNDS 
OK!=TN~RTIA OF FRICTION WHEEL 

:: ________ Q_~ F_:: 01.;~!-·, E T (~ P. O.f_· F R l(: T I 011_J~ tlff .. l.. __ ···---·--- ---· - _ .. _____ --- --- --- --------- :·-·-· -- ----- .. -----· --- --------
~ WF:WEf~HT OF THE FRICTION WH~El 

R W A= R 0 P F. ~~ GU ~~ 0 0 UR I N G.. A C C E L E R A T I 0 N 
~~----~£~ .. ::RQ_P.£ ~~Ol}Ntl_OU.RI ~.:..~CO.~t~J_l\J'~ .I .. __ S._P..ffD_ _ __ . ....... __ ...... --- __ ___ , ___ _ ··-·----··- - ..... . 
C T~HJL:MOMENT ·tJ_P· .L:BAO ;\ 'f.' 1E~d- TUR"'S 
,.. TN:UP. ;~MfJ.'·~EN.~: tjlJ ~it;s;aa A·t ,g,TA R T 0 F A C C E l ERA T I Ci :.: 
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~--· TMUR 1= t-'1rr..., E NT UP ROPE AT TURNS DURING 1\CCELERATION 
c T t1 UR 2= 1'·10 ME: NT up R 0 p E 0 UR I N G R E.T.A R 0 ATIO N -· --- ----------------- ----------- -

c TOCW=NOMENT DOWN COUNTER WEIGHT 
C TOCC=f-10t-1ENT TU LOWER THE SKIP 

··r:--------T"Mo-R-=t-,oTiE"N"T oo~~-~:t"R_o_PE ·-iRoP E-· w·ouN~o---DliR· I-NG-- A.cc t:l. ER ·.~ rioN PERt oo 1 
C TMO=TOTAL MOMENT AT ZERO TIME 
C T~A.SA=TOTAL NOENT AT THE START OF ACCELARATION 
C TMEA=ii!Oi.'1ENT AT THE E ~'JO-OF _ __ AC-CELERATfO~J - -· - --------- ----------- ·- ·- ·-· 

C TMCS=TOTAL MOMENT AT THE START OF CONSTANT SPEED 
-~---- - ----- ~-J.MECS=_!_OT_:~ _~MQ~i~f-JJ ____ ~I__lt!_!; ___ E_NQ _Q.f_ ___ ~Q f-.J __ ~T.AN_T __ SP.l: .~P ________ ··--· -·· · _ ..... .. _ ... .. . 
C TMEW=MOMENT AT THE FND OF WINO 
C Tf'.lDL=f~0~·1ENT OOWN L _OAD AT ZERO TURNS 

_(_ _____ FM=~R ICT ION ~Q ~'"'ENT ···- · -- ---------- -····-·- ------· ··-- --------·----
C FA=FORCE REQUIRED TO START THE SHAFT 
C AM=MOMENT TO ACCELERATE FA 

__ C __________ J3__f.·!_=E._E T_~_g_o t\_T I 0~-~ f~"l_i!'l_I _____ _____ _______ _ ____ _ _____ - -· -- - ·-·- -- - ______ _ _ __ __ __ _ . _ ------ ·---·-····-- -.. ___ . 
C TNO=NFTT MOMENT AT ZERO TURNS 
C TNA=NETT MOMENT DURING ACCELERATION 
-~--- T f'! C =NETT r-1 ON F NT DU R I N_g__~ 0 N .?.J~~ N T. ___ .?_e_E_ E_Q_ ______ ···- -- ------------- ------
C TNO=NETT MOMENT DURING OECCELERATION 
C TMDR=MOMENT DOWN ROPE 

- ~- -··-___ ____ T:'-1 OP J..::~DJ1cJiL D 0!-:LN_f3:_9J'.s __ ~_f_ "I I:.3 - ~(:~_E L E~-~~-~ ON . . . .. ···-----··- . ____ _____________ . ___ _ 
C TMOR2=~0MENT DOWN ROPE AFTER CONSTANT SPEED 
C ~-~ H S = ~~ t I G H T 0 F T H E HE AD SHE AVE I N P 0 UN 0 S . 

__ C ____ __!!:tQ~ .. = ~~ o ~"Lf. NT AT A C C E L ER · .~ T I Q_t:L_fE ~- I OD --------- ---------
C TNAC=M~~ENT AT THE CONSTANT SPEED PERIOD 
C TNCC=MOMENT AT THE END OF CONSTANT SPEED 
C TNDC=MOMENT AT THE END OF OECCELERATION 

--c ·---~-A-l = F 0 PC r- T 0 A C C E L E R AT E DR I-V E S~.f~:t=- t ------- -- -------- ---··---- - - ----- --------·---- ··-. 
C FMl=FRICTION MOMENT 
C AMl=,CCELERATION MOMFNT .. e:· ------1?. f"ll;-R-ETA R 0 A TIOFf--;"10 t~ ENT··--------------···-- · ·····-· -···- ------ ·---- --- ---- ·· -- . ·---····- ----- ... - -
c HPO=HORSE POWFR AT ZERO TURNS 
C H P A= H 0 Q. S E P 0 ~·l E t{ AT S T A R T 0 F .1\ C C f L F. R A T I 0 N ·c-- · ·-· · ·- - -~~-r;-r-;-Hil~-sE- ro; .. JFR At _ __ fHTE"N"r1 ___ r5F" -·J\c·cE"LER_A .. TI eN ·····--·· - -- - - - -- -· · ---- - - - ·-· -- -

c HPC-= HOPS~? POWCP AT THE ENfJ OF CONST1~NT SPEED 
C H r E C = ~! 0 R S E P n ~J f: k A T EN f) 0 F D E C C E L f: R A T .I 0 ~ -c-------HP {\:i:;-H"oR s E-PDw-F ~{-TrTH E-t:N"o ___ ar-··-· -w-fN·o ·· ··-· --- -·---- -- -- --------- --- ------···--···----- -----------
c HPTJ\-=HIJRSE POwER. SECOND DURING t-~CCELERATION 
C H P T C = H n R S F P C \~ E R S E C D N D S A T F N 0 0 F C 0 N S T A \J T S P E F 0 
f. HPTD=Hn~SF PO•.J'=R SEC rJNDS DURING OECCELAPt\TION 
C H P T = ~ ! 0 R S E P 0 ~i E ~~ S E C 0 N D P E R T 0 "J 0 F 0 R E H 0 I S T E 0 -c.-·--JTr, o-r; H o~ s E P n 0 E J:.~ A r TH E:s r 1\rff-cfF"-~ii t-~ a-- ----------- - ·--·- -------------·- --- ·--·--
c tlP/\1-=HGRSE PfH·JER AT THE START OF AC\.fLERA.TI!JN 
C H P E 1 = H 0 c< S t: P 0 W E R. A T T H E S T f\ R T 0 F C 0 i\l S T AN T S P ~ F 0 
c:· --· ·- -- - ---"f ! P .2c ·f;~~riR. SE ___ P_P_t1w E_R_ A_f ·-THE- E :'-J{)- · rjF - o·ECCFL EPA T I o·N · ··· · ·· - · 
C HPCl=HP1RSF PO~ER AT THE END OF CONSTANT SPEED 

_C H P E W 1 = H 0 >< S F P 0 • ... E R L\ T T H F: E N D G F W I N D I N :_-; c:----· · ·--t~P T" 1 = 1 h)R s E PO~·IF: R SE CONo·s-ou~R.-i. NG· · · · · A c·c E-L ER-.. ~- -T--i-tl~~-- - ~ -- - ·-·-·--- -· -- --···-· -·--·- -·-- · 
C HPTCl-=HORSE POWER SECONDS AT THE CONSTANT SPEED PERinO 
C HPTOl=HORSE PO~ER AT THE OECCELERATION PE~IOD 
.t ___ ___ ·- j:ff -"-;- ~J .=· -r · .,.---qf)~~ s r:- -P-0\·1 E-R·--s-E:-cori b s-- -ouR 1 r:, s :~t. -c F L:: R "r 1 f!\' · 

c H T c = : • E r r ..-. n ~- s E P ow f P. s E c :J N .J s :J u R. r n G c c; :' J s T ~ \ T s F 1:: r: : .1 ~' ~: · ·_:_ 1 ~. : r) 
~- - ----- J:.~"!'. .Q::_t~Qj~)_f:__ _PO~~EK SECONDS OUH ING THE OECCELERt\TION Pf f->. IOD 
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------·---·-------··---·· ·---r H t> ~ r-t-,f:<- ·H"o "R-:~r:-P o ~4E=-;·f F o "R--,.-H E w i No-
HPT=HnRsEPowER SECONDS PER TON OF ORE HOISTED 
RMSHP=ROOT MEAN SQUARE HURS~POWER FOR THE HOIST 
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APPENDIX II 

List of Expressions Used for Drum Hoist 

and Friction Hoist Calculations 

Drum Hoist 

AT = ( VL) I ( AL) ( 1 ) 

AD = ( 0 . 5 ) ( AL) (AT) 2 ( 2) 

CD = (D) - ( 2) (AD) ( 3) 

CT = (CD)I(VL) {4) 

TP = (4){AT) + (2)(CT) + (2)(RT) (5) 

TN = (H) ( J 600 ) I (TN) ( 6 ) 

OT = (PR)I(TN) (7) 

OTR = (1.1){0T) (8) 

SW = (OTR)I(2) (9) 

c~ = ( sw) + ( oTR) 1 ( 2) ( 1 o) 

TDL = (OTR+SW)(G+AL)(Fs)I{G) (11) 

BST = (-1.5424)(RD) 3+(J8.226J)(RD) 2-(0.J694)(RD)+ (12) 

(0.1325) 

WH = (1.5654)(RD) 2+(0.1185){RD) - (0.06396) (13) 

'l'LR = ( D) + ( G+ AL ) ( 1ffi ) ( F s ) I (G) ( 2 0 0 0 ) (14) 

TTDL = (TDL)+('l'LR) (15) 

DD = (7 • .5)(RD) "( 16) 

TAN = (D)I(n)(DD) ( 17) 

v = (TAN)I(TPI2 - RT - AT) (18) 

p = (RD+0.25) (19) 

FW = (TAN+J.~)(P)/(12.0) (20) 

DW - ( DD) ( n) ( F1-l) ( 1 60) ( 21) 

'TMUL = (SW+OTR)(DD)(1000) (22) 
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TMUR = (D) ( WR ) ( DD) I ( 2 ) (23) 

TMUR1= (D-RWA)(WR)(DD)/(2) (24) 

TMUR2= ( R1vA) ( WR ) ( nn) I ( 2 ) (25) 

TDCW = ( CW) ( DD) ( 1 000) (26) 

TNO = (TMUL+TMUR-TDCW) (27) 

TNA = (TMUL+TMUR1-TDGW-TMUR2) (28) 

TNC = (TMUL+TMUR2-TDCW-TMUR1) (29) 

TND - ( T!'-1UL-TDCW -TMUR) (30) 

FM = (TMUL+TDCW+TMUR)(0.1) (31) 

WHS = (0.5576)(DD) 2 + (560.45J1)(DD)-(1811.7024) ( 32) 

FA = . ( ( C W + SW + OTR ) ( 2 000 ) + ( D+ 2 S 0 ) ( 1ffi ) ( 2 ) + DW + ( 2 ) (WHS) (33) 

(AL)) I( G) 

AM = (FA) ( DD) I ( 2 ) (34) 

TMO = (TNO+FM+AM) (35) 

TMSA ·= (TNA+FM+AM) (36) 

TMCS = (TNC+FM) (37) 

TMECS= {TNC+FM+RM) (38) 

TMEA = (RNA+FM) (39) 

TMEW = (TND+FM+RM) ( lt-0) 

z = (2)(1t)(v)I(550) (41) 

HPO = (TMO)(z) {42) 

HPA = (TMSA) ( Z) (43) 

HPE = ( T~IEA) ( Z) (44) 

HPC = (THCS)(z) (45) 

HPEC = (TMECS)(z) ( l~6) 

HPEW = (TMEW)(z) .( 47) 
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HPTC = (HPE+HPC)(CT)/(2) (48) 

HPTA = (HPO+HPA)(AT)/(2) (49) 

HPTD = (HPEC+HPEW)(AT)/(2) (so) 

HPTO = (HPTC+HPTD+HPTA) (51) 

TUCR = (TDCW) (52) 

TUR - (TMUR) (53) 

TUR1 = (TMUR1) (54) 

TUR2 = (TMUR2) (55) 

TDCC = (sw)(2ooo)(nn)/(2) (56) 

TDR1 = TMUR2 (57) 

TDR2 = TMUR1 (58) 

TDR = TMUR (59) 

TNOC = {TUCR+TUR-TDCC) (60) 

TNAC = (TUCR+TUR1-TDCC-TDR1) (61) 

TNCC = (TUCR+TDR1-TDCC-TDR2) (62) 

TNDC = (TUCR-TDCC-TUR) (63) 

FA1 = ( ( C W + S W ) ( 2 0 0 0 ) + ( D+ 2 50 ) ( WR ) ( 2 ) + ( D1v ) + ( 2 ) ( WHS ) ) {64) 

(AL)/(G) 

FM2 = (TUCR+TDCC+TMUR)(0.1) (65) 

AM1 = ( F'A 1 ) ( DD ) I ( 2 ) (66) 

HP01 = (TNOC+FM1+AM1)(z) (67) 

HPA1 = (TNAC+FM1+AM1)(z) . ( 68) 

HPE1 = (TNAC+FMI)(z) {69) 

HPEC1= (TNCC+FM1+RM1)(z) (70) 

HPE\¥1 = (TNDC+RM1+FM1)(z) (71) 

HPTA1= (HP01+HPA1)(AT)/(2) (72) 
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HPTCl= (HPE1+HPC1)(CT)/(2) (73) 

HPTD1= (HPEC1+HPEW1)(AT)/(2) (74) 

HPT1 = (HPTA1+HPTC1+HPTD1) (75) 

HPT = (HPTO+HPT1)/(0TR) (76) 

PHP = (HPO+HPA)/(2) (77) 

RMSHP= [ ( (HPA 2 (AT) +HPC 2 + (HPE) (HPC) [CT+HPEC 2 (AT) ]/ 

(AT+CT+.25(RT)]] 1/ 2 

TP = ( 2) (AT) +C'l'+RT (79) 

v = (TAN)/(TP-RT-AT) (so) 

TNO = (TMUL+TMUR-TMDL) (81) 

TNA = (TMUL+TMUR1-TMDL-TMUR2) (82) 

TNC = (TMUL+TMUR2-TMDL-TMUR1) (83) 

TND = (TMUL-TMDL-TMUR) (84) 

FM = (~MUL+TMDL+TMUR)(0.1) (85) 

FA = (4000(SW)+2000(0TR)+(D+250)(WR)(2)+2(WHS)) 

(AL)/(G) (86) 

* When solving for Drum Hoist with Counter Weight use ex-

pressions 1 through 77. For Drum Hoist with Two Skips use 

Expressions 79 through 86, as well as Equations 1 through 

77 except Equations 5, 18, 26-39, and 54~75. 

Friction Hoist 

vo = [(A)(D)]·t/2 

v = (vo)/2 

AT = (v)/(A) 

AD = (A)(AT) 2 /(2) 

(87) 

(88) 

(89) 

(90) 
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CD = ( D- ( 2 ) (AD) ) (91) 

RW = (RN) (WR) (92) 

TU = . ( Slv+OTR) ( 2000) + (RW) (D+ 50) (93) 

TL = (sw)(2000)+RW(D+50) (94} 

TS - (TU)I(TL) (95) 

DKF = 7.5(RD) (96) 

DKI = 0.0395 (DKF) 6 
+ 1.6191 (DKF) 5 + 27.6288 (DKF) 4 (97) 

- 230.7825 (DKF)J + 1125.88 (DKF) 2 - 333.7235 

(DKF) + 2545.5254 

VR = 'l'AN(AT+CT) (98) 

TMUL = (SW+OTR)(DKF)1000 (99) 

TMUR = ( D+ 5o ) ( Rlv) ( DKF) I ( 2 ) ( 100) 

TMDL = (sw)(DKF)(1000) (101) 

TNO = (TMUL-TMDL) ( 1 02) 

FA = (.4ooo(sw)+2000(0TR)+(D+50) (Rlv) (2)+1vF) (A) I( G) ( 1 OJ) 

AM = (FA)(DKF)I(2) ( 104) 

+ For Friction Hoist with Two Skips use Expressions 1-103 

except 1-5, 9-12, 12-40 and 52-86. 

TDCW = (cw)(DKF)(1000) 

FA = ( (CW+SW+OTR) (2000)+(D+50) (RW) (2)+(lvF)) (AF)/G 

FA 1 = ( ( c lv + s lv) ( 2 o o o ) + ( D +5o ) ( R w) ( 2 ) + ( lvF' ) ) (A ) I ( G ) 

i<··>E- F'or ]'riction Hoist '\-lith Counter\veight use Equations 1 

through 107 except 1-4, 15-21. · 

(105) 

(106) 

( 107) 
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APPENDIX III 

Computer Program Used ~or the Friction 

Hoist Using 2 Skips with 1 Pair o£ Ropes and 

for 2 Skips with 4 Pairs o~ Ropes 

FRICTION HOISTING IN BALANCE FROM 250 TO 5000 FEET 
DIMENSION PR(20),0(20} 

~---------------RF.A0(1,54)R.N 
READ ( 1 , 2 5 ) ( P R ( J } , J = l, 16) 
R E AD ( 1 , 7 6 ) ( D C I l , I = 1. , ? 0 ) __ . 

--W-R I T E ( 3 ~19 )-. --~- ... - -· ------- -- :.# . . -------- -- -- -· ·- - - -- · - · ···-- ---- --- ··- · . 

WRITE(3,22lCPR(J),J:1,16l 
------· W P I T E ( 3 ,_ 1 7 l _ 

WRITE{3,23)(D(I) ,1=1,20) 
WRITEC3,56) 

-- - · --- ·--- -- ----~-~) T E (_1_,_!_2_9_) ___ .:...._· ___ _ 
55 DO 5 J=lrl6 

DO 5 I= 1, 20 

53 

-------

RD=0.?5 
~------------------- • --··------· ----P•o ···- ·- · - -~ ·- -- · · ·- ·- ··· -· ·- ·---- - ··--····- -·-----

F S=4· . 0 
RT=L2.0 

·-------~=._3;€~.7 
H=7.0' - · 
t\.=3.5 

_______ _!t_1 VO= SQP T ( A*D ( I) ) 
V=0.5*Vfl 
AT=V/A 
AD=0.5*A*AT**2.0 --·--------- --- --co =-(~6Tli-- 2 • o *An ·) --------------------------- -- -------- · -· ------ ------- -

C T=C 0/V 
TP=2 .ot.~!\ T+CT+RT ·-- - ___;.,. _______ , __ _ 
TN=H~:)600. 0/TP 
OT=PR(J)/TN 
flTP..=OT*l.l 

·---· ------

·-- ~---- -- ----- --- - - - - -- - -----~---------- --------- - - - -~ - - --- · --- --- - · ···----------- ---- --
S~-t==O. 5*!lTR 

4 W~={-659.67674330E-04J+(ll8.52413135E-03)*RD 
l+(l56.53931681E-02)*R0**2 

----- -----P~..r;-:~-N*w_R_____ . ---------···-----·-- ------ ·- -- -------·--------- -·- --- ·-·- ·----------·-- ··-
TOL=CSW+OTRl*(G+A)*FS/G 
RST=Cl3~.56l65299E-03)-(36G.36228R27E-03)*RD+ 

-- ---- -- - - - -·-rc-:H:~2-:2 62 s t-,;6 s"E·=·an-*R o-;::*2= crs4 ·:t~ ·:q ·s 9 t.3"~1-l-r:~ oz > *RD :::* ~ -

TLR=(D(f)+50.0)*(G+A)*RW*FS/(G*2100.0) 
TTDL=TDL+TLR 

--- IF- ( R-N-*.13S"T-TTDL 12-,3, '3----
2 IFCP0-0.625)7,6,6 
7 RD=R.0+0.0625 

Go r·a 4 . ·- · 
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6 IF(R0-~.1?5)16,36,36 

16 HD=RD+O. l25 
GO TO 4 

36 P.D=R0+0.250 

54 

-----· --- ___ C;_o __ 1-t,- ·-~;- --·~---- ---------------- ---- - - ----- ·- -·--·-------- -·---- -· · 
3 TU=(SW+OTR)*2000.0+RW*(0(1)+50.0) 

TL=SW*~OOO.O+RW*(0(1)+50.0) 
---------~~~~~--------~~~~~~~-------------TS=TU/TL 

IF(TS-1.50.)6-5,65,5 
65 TD=TS*CG+A)/(G-A) 

If ( Td-=1. 87f9r;9f,67 
67 A=A-0.05 

IFCA-1.0)5,47,47 
---=-"'!,.-

g 1 CfKF:_ 7. 5::~RD 
OKI=C254.52538644E+Ol)-(333.7234942lE-00)*0KF 

1+( 112.502R4830E+Ol)*OKF**2-(230.78253002E-00l*DKF**3 
·- ----------r+l -276-~-~-ffeo 0 686t- OTT* D"K F*-* 4·=-l1_6_ l _~_ 9 o 59 2 7 5 1 E- 02 ) * o·k F * * 5 

l+C 395.09828625E-04)·*DKF**6 . 
WF=4.0*0KI*G/(0KF**2• 

---T-AN=DTI >I ( 3. 14l*DKF l 
VR=TAN/CAT+CTl 
TMUL={SW+DTRl*DKF*lOOO.O 

- -- ---- ·--·----TrTOR-;TD Cr1+so .-0- f*R. W*tfK_F.*<r.-,,-0 ·--------· -·- ·--- -· -- ---- ---- - - -·· -·-- - . -· -
TMOL=SW*lOOO.O*OKF 
TNO=TNIJL-TMDL \ 
F M~-fTi--1UL + T NOL +Tf--1UR) *0. l ------·--- ·--·---·- · ··----·---· ------··-· ··- ·· ---- -- ··-- · .. 

FA=(4000.*SW+2000.*0TR+(D(I)+50.)*RW*2.+WF)*A/G 
AM=FAl(==DKF/2.0 

- ---------- ----p_-;~-=-AM -------- -------- - -- -- ----- ---,···------··-- · - -···--· -·· ···- --·-····-· -- -· - ··---·· · 

Z=?..0*3.14l*VR/550.0 
HPO=(T~O+FM+AM)*Z 

···-·-------HP A= ( t~rj+r M+At~) * Z 
HPE=(TNCJ+FM)*Z 
HPC=(TNO+FN)*Z 

--·-·---· ·--H-r> Et- ;;-t -ff'rtl+-rr~~+-frtn-•-z--------- · · -- --------- ·-·---
HPEW=<TNO+FM+RM>*Z 
HPTA=(HP0+HPA)*0.5*AT 

·----- --·· ---H P -=rc.-:;;--rFfPE. + H PC ) * o • 5 * Cl-------- -----·- ·--------·-·· 
·IF(HPEC+HPEW)34,34,35 

34 HPTO=O.O ----- ---- -----·Gn-·-ro----;n ·-- ------- ----------·---=-- ---- ····--···- -· ---·--··- - ·· · --·-·- --···· --·· 

35 HPTO=(HPEC:+HPEW)*0.5*AT 
-- ---- . -- ··-· · -~ ----- ------ -- ·--- - - ·---------- ---- ---- -------30 HPT=(HPTA+HPTC+HPTQ)/OTR 

·-------PHP = HP~~ 
RMSHP=S CRT((HPA**2*AT+HPC**2*CT+HPEC**2*AT)/(AT+CT+0.25*RT)) 
W R. I T .E ( 3 , 1 0 1 ) D ( I ) , P R ( J ) , 0 T R , R D , A T , PH P , H P T , R i" S H P 

5 CONTINUE 
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IF(RN-~.0)57,58,58 

58 RN=l.O 
WRITF( 3, 103) 
GO TO 55 ---- ---

57 CALL FXIT 
54 F(1RMAT(F10.3) 

55 

56 FORMAT(?OX,'FRICTION HOISTING WITH FOUR ROPES IN BALANCE•) 
25 FORMAT(4Fl0.3) 
26 FOR~AT(4Fl0.3) 
.17 FORMAT(20X, 1 DEPTH IN FEET•) 

·--2-:-2 FOR~, AT ( 12X,4Fl0.1) --- - --- --------·--- ·-- ··· -- ------· ·----------·--·-- -·- ----- -----··-- - · - · 

19 FORMAT(20X,•PRODUCTION IN TONS') 
23 FORMAT(l2X,4Fl0.1) 

---.,-2 9 F 0 R f·l 1\ T ( 2 0 X t 1 P R 0 0 U C T I 0 N I N T 0 N S = 1 F 6 • ff- -- - ---- -----
1 0 0 F 0 R ~-~ AT ( 1 '5 X , I 0 • ' 7 X ' I p R • , 4 X ' • 0 T R I ' It- X , • R {) I ' 5 X ' • AT ' ' 5 X ' I pH p I ' 6 X , • H p 

15X, 1 R~-1SHP') 
101 FOR~1 f\ T ( 12-X, F 7. 1, 1 X, F 7. f; -[x ;t=· s ·:-r;rx_;_F_6_:-3 ·,-iX-,f:- ·s-:T~ 1-,f~ F·a· :· i~ 1-X ,--Fa·.-i 

11X,F8.l) 
103 FORMAT(?.OX,•FRICTION HOIST IN BALANCE WITH ONE ROPE') 

END 
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INPUT DATA FOR CALCULATIONS 
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57 

-··-----------------------------------------
pp_r.I)!!(Tfr1N T~J Tn~•<; 

75n.n0 ~on.nn 

l ?t:;0. 0'1 
??'"iO.n0 
~?!).}.{)() 

1')0(J.OfJ 
·····-·- ··- - -·-~·--

?C)()f"l.()(l 

"-\ '1 fH) • () () 

7')0.00 1000.00 
1 1 ')(). n.-'..n._. -----'-~'-0.......::) 0;_;;. f'_....:•:.....:;o'-,r_, _____________________ _ 

?750.00 3000."0 
l75o.oo 40oo.nn 

___ _!_)f:_?Jll__f_~-l F~_~=_· T __________________________________ _ 

?r-:o.n0 · r:;no.nn 
l?.r::;o.nn 
??~o.nn 

. ~'JC.().0·~ 

'+?~o.no 

1 •:; ":'.no 
., ') 0 (l • . !~_() __ 
'2,1:)0().()0 

4':.0n.no 

1so.no 
1750.00 
?.75n.on 
~7'50.(Hl 

lt·7'")0. ()() 

1000.00 
7()'10.00 
?noo.nn 
4000.0!1 
'1000.00 

--- -- -- -·-·-··----·----···--·----- -----------------------------------
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COMPUTER OUT·PUT USING 4 ROPES AND 2 SKIPS 



www.manaraa.com

f.: q T r: T T nN H n ! S T T N G W l T H r- 01 ! o 
~ DQ ~TP DD AT PHP HPT R~SHD 

- ·--·- ---"' ()0 0 .J) __ _ J_0_'1 0 ~- q .... ___ !! ··-~~ 
lt750.0 1 :' c; () • 0 r:; • 7 
Ci0')0.,() 1?'511.0 C).f1 

().7~() 

n.?so 
o.1c;o 

1 ~' • (.) ':\ (} 7 J1 • 7 ~ 1 7 11.. 0 , 0 0 0 • '· 

lA.4 ~30Q.q ?q?o~.o ?211 •. 9 
18.Q 1474.8 30q4l.R ?350.0 

59 

__ !; 75J) .• 0_1_5_00_._0 .-:..:'r..,-1•-q.:....-.-O,.;_a..,. --A ..... 7 ..... ()~-1.._n.;.;...·' .._. ---~--':\ ...... ~..-.'4-.l""-' ..., • .-./_ ... ;>_o;;..;.· A..:...!., .... R~--'t _ _..? __ A....,I .... l ·_..~Jl-'-Q-------------
~n0n.O lSOO.O 7.0 0.~7~ 18.~ 40~4.7 ~134~.~ ?A06.n 
~onn.o 1~5n.o R.t O.A75 1q.~ 4440.9 10761.1 1158.7 

--- -·-- ____ It 7r; 0 • fl ? "l f) 0 .• . f1 __ - ·--· 2 ~ l_ ____ 1 • Q ') 0 __ 1:.-.q ~~_....;!..+_· __ ,+.:.....,;~..;;..1..:...· -=-7~• ...:...1 _ _.:..? __ n_r;;"--.. ()...:..· ....;..·'.:l..:z.•...J:...] __ 1...:...4...:..· A:...-~ ~O..z..•--:1;,__, _______ , ___ _ 

f:.it'"'nn,f'\ ;::HH1 :1.o 0.-:'\ t.ooo JA.9 '1075.? 31267.~ 3646.9 
47~n.o ??~O.n lO.? t.oon 1".4 ~194.~ 2Qfqo.t 1AOO.R 
~!-~~~!~• ... !J ___ ?._~~S!.L..n 10, r; 1.000 l R,O C)t,.71,1.. 1()~7~./, ta.f)Q4.4 

.. i n n n • () ? f1 n o • 0 l 1 • 1-, 1 • l '? ~ t.A • a 6 1 h ? • " ~~ 1 11 9 • 1 4 5 1 7 • l 
4~00.0 ?7~0.0 1?.? 1.125 J7.q 5AP~.O 27670.A 4378.7 

__ ----- -- '•-7'' (). 0 ., ;~0 • .0 __ ___ __1 __ ?. --~----L!II_l ?_--:;') __ 1~..-q..;;..· ~· "...._,. _ ___;,.,A::...;,..,__._?....;..n:.;_. ~· ~4-~?_o_, ~~- n .... _7~ ...... 1 __ ,+.....,n-=-.,_7~ ........ ? ____________ _ 
~nn0.n ??sn.n l?.n l.l?~ lq.o A5~R.l ~005l.1 4A76.B 
r>nP~).n ~f10f).() J1.o 1..">'50 lq,q 7?c,o.P 31'" -~'t.l 541!..1 

----~t~l5.D _. _ _.o __ ~ ~·H:; ct~ n 1~...:".!:...• ._ • ....:.11_...~.l_..t..o..,_r..t..., "..:..-_.:,;l..;..q:..l'l,.;;4~-7..:;....;..?~o..;.;:, ... ;..,·~.-l"'----'-z ....;.Q~tt"""'t);...;.. ,_..~.-~..:..--~"-...;A;'t...~.7..;.:4~.~..~ ..... -------------
s ()!) n. n 3 ~.,C) n. n 1 "· l 1 • ? '5 r 1". q 7 6 q 6. o 111 14. o 57 7 l • ~ 
47~~.0 1S00.n 1S.~ 1.?~0 tR.4 7671.~ ?Q?0~.9 ~~1q,5 

____ · - ~~0~n.n _ ~~n0~ _ n ____ l6_~3~_1L~,~s~n~_l~R~· L'~o __ Q~n~o~. ?~·~'--~~o~q~·~~Q~·~A~~6~1-1~1~-~7--~---~-----~ 
5 n n r) • n 3 7 I) q , n l 7 • 4 l • 1 7 5 1 ~ • 0 ~ -~A 2. 1 1 l ? q 7 • 7 6 6 n 7 • P 
47~0.0 410n.o ln,? l.175 1A.4 n790,Q 2q1o4.7 6AA~.Q 

___ ':J:~!.!}. , _ _Q_ 1, ') 0!1.,_ ~' 1 q , ·" 1 , " 7 '; 1 ~ , (} q ? 7 P , ~ ~ 1 fl 4 ~ , J 7 ()It 0 • q 

.. . . ..... . .. ·- ---·- ---------
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COMPUTER,OUTPUT USING 1 ROPE AND 2 SKIPS 
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6 1 

n [)f) on -----···- --- --··--· ·---· 
'i n ')() • n ' s r) • 0 1 • ' n • 1 5 n 1 f1 • 0 1. "'3 6 7 • 7 4 1 ~ P 1 • n s o 1 • 6 
47~o.n snn.n ?.1 1.000 lq.4 16o~.~ ~14?4.5 101~.7 

'1 0 n 1 • 0 (:; 0 '1 • _0 ___ _ ? ._:. 1 • 0 0 0 1 R • Q 1 7 6 / • " 1 ~ n q t • ?. l 0 A B • q 
--~~-----~~~--~~.~~--~~~----------------

') n 0 n • n 7 s '' • n 1 • t:: 1 • ? 'i o 1 R • o ? ? 7 '? • 3 3 1 4 "3 4 • ' l'• R 7 • 4 
t,. -, r.; n • 0 1 n 0 n • 0 '+ • ~; t • ~ 7 ·') 1. ~ • '• ? r\ ? ~ • 1 ?. o 1 q t+ • 6 l 7 r, 5 • 4 

·--t; n n r)__. _")__L~ ~--":__· _---:..4.!:... • ..:..;,6_...:..1..:.•__;1;_;7 ..... 5;..__1~R-.:-. ·=-q.;...· -...:~"-'. 7.;_r.;..;.., ;;;:,.6 ..:...• .;..;.f)_ ..... 1...;:;.l..;.;O--:t+_..A;..::.:....:l-......:1-..q.;_7:.-Q.;...· •:.-..,;._-' ------------
~7~~.n l?~n.n ~.7 1.50n lq.~ 1100.1 2"'24.~ 2170.4 
~ C' ~~ q • r1 1 ;> ':; n. q s . n 1 • 5 n n l 9 • o ~? 5 q c q 1 n n 6 l • -, ? ?. ~ s. ?. 
4 7 r:, n • () l S n " • 0 _ .. __ t~ • ~) ___ 1 • 6 2 '1 l.:_q...:... . . =-· ~~--'-~ _11 _o..;....:...'+....;::.•....:..;f:, __ -'-'?'--. Q__,l=--lt'--'7_,.'--o'--. _ _..;:?'--"-'-· '"'-=-· 'i-=-. .::...• c; _ __,_ _ ____________ . _ _ _ 
~on0.n 1~nn~n 7.0 1.750 lq.q 30?R.Q 31~34.7 277?.? 
r, n f) n • () 1 7 S 11 • 0 '-1 • 1. l • q 7 '5 l fl • q 1,. 't 9 ':i • ~ ~ l ? A '1 • ? 3? 0 5 •. fl 

--·- _s rt'J'. 0 ___ ?J~'-!1_.~~-..:.:_._ l ? ··~0_()_0--. _1.:.-q...-:..• 0 ___ ~.;...o_o ..... n..:.._7_.._3_l,_?_4._1 __ • __ ~ __ 1.._. '..._l4-...0_ . ..... ..._? ___________ _ 

1 .. 7sn.1 ??')').'1 10 • ., ;>.non 1.~.,.,. '5"lO.t ?QlA<1.1 ~o.o~.o 

') IV) I) • f) ') ? ') () • ") 1 () • t) ? • 1. 7 '.) l q • f) ') 7 J. 0 • It ) 1. 2 t:j ~ • 2 4 J. 0 4 • ? 

~7~o.n ?Sn0.n 11.~ ?.l?~ 1q.4 ~BOA.~ ?0?18.? 4?14.5 -- - · ··-·---- --
') n n n • 0 ;" "q 0 • o 1 1 • r, 2 • -~ 7 ~ 1 q • Q r> 7 l n. ? 11 7 3 q • '*' 4 7 o 1 • q 
1, 7 1

) '' • n ? -, r; () • f) 1 ':' • ') ? • '~ 7 t; 1 8 • 4 6 7 '~ 6 • ~ ? "6 c:;; q • Q '+ 7 9 7. 1 
-------~ (H'" ._.() _____ ?_?_5_0_ ~_0_1_::_!~-~..:....· ___;?..;...;· ·=--~..:..· ..:....7 r...;..t_..:..l .;_q.:..• _<1 __ 7..;..l_n~A...:.•_1~_:l;...:' 1_~.;_· ~..:..1.;..:· •=-':\ __ '>;.;..-r..-1';..;... ) ....;.£:;.::..• --'"-------------

I.,Sfl'l.O -:.q0n.n ·1.1."' 2.171::; 17.0 A7lt0,.4 ?7707.7 ~~~~6l.~ 

'' 7 s " • n ·1 ~1" f) • 11 1 1 • (l 2 • l 7 ') l q • 't 71 ? 4 •. ~ 2 n 1 '• 7 • 1 '5 11 s • o 
~ (l() ,, • ') 

47r::0.0 

":'nn. n 

~, t)f) '). t1 .. . l_ J .• _f} _ ___~_"_ ~_3_?~£:..:....' __ 1.:.....- n-'-·. ::::....• o_, _ __;_7-'-tl..:....O..:....?.!:.. • ...:...c;_..:_1__;,()..:_n,__;,9--=lt--=•..:....q _ _;r::;._. l.:-.t 1"-. l~·::.....;?'-------------
3?~n.n l~.R ?.6?5 lq.4 q?RQ.R ?0770.9 ~77~.~ 

1?~n.n 1~.1 ?.A?~ 1R.0 A7?6.l ~14A1.t A0~?.l 

- ~-----~ ~n~~~--3~()!~~~~--~~~..:.....' ~?~·=-A~'~-c~,~~l ~7~.o~~-P.;_'~1~4~·-o-~'~7-~-~~-1~. ·~'-~~~7-R~. 1~~ ~· ~1~----~-~~~~~-
4 -,r. n. f) 
r: nn 11. r, 

'• '. n () • " 

.v::;n~. n 
~son." 
"1, ?t;!1.0 

?.~?S 1~.4 Rh~7.~ ?q~01.4 AlOP.O 
l'"'·"' ;>.6?~ lg.q 
l!, • l., -- ?_!_~ _~2__J_;_7. t') 

01??.~ 1l1A~.n A434.4 
P~7~.~ ;>7~1n.A ~l01.4 

·~--~~~~~--~-~-----------
,, 1 ~-.. (~ • n T7 ') n • " 1 7 • " :) • ~. ~ ~ 1 '1 • It a () l;lt • 7 2 q ? ~ ~ • ? 6lt If ') • 1 
r, (I" 1) • " ~ 7 r; ! ) • n 1 1 • /, 2 • ~ 7 I) l H • ('I 1 0 A f. 0. • l 1 16 ? "- • 7 7 ? ? l • Q 

..... - .. --·· ·-4 7.~ r~. n ____ !•~ 'lfH).•!.'_1.~-!'~?~. _..;:"~·~"-··-7!,_~.;...· ~.!-.1 _:..q .:-._•"..!..t ___ , ...:.n~c;_"..;..'..:.•..;.;5_-:'-o....:..r';...:7--~~·:..;;='---:7:-l:-q-7:-=-. 1~------------
r:l (\ (\ I I • n ~ ,., () f) • f) ' ~ • t., ., • Q 7 '"· 1 (~ • (') 1 1 () I ,J, • 1 3 l 1 r; f) • 9 71) 6 Q • '• 
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APPENDIX IV 

Computer Program Used for the Friction 

Hoist Using a Counterweight with 4 Pairs of Ropes 

And a Counterweight with 1 pair of Ropes 

62 

----~-- ~---· -------- -- --------- - -COUN TFR WF: IGHT HOIST IN~ FROM 2 50-5000 FT ~ --- p -~(j"[)(fc-"fl-o~f--- iso:.-soo·o-- ---c 
DIMENSION PRC20l,Vl(20),AL(20),0(20) 
READ ( 1 , 2 '5 ) ( P R ( J) , J::;: 1 , 16) 
READ ( 1 , 2 6 ) ( V L ( I ) , ,h, L ( I ) , D ( I ) , I::;: 1, 2 0 ) 
WRITE(3,19) 

--------

___ W_~ 1 T f ( 3, 2 2 l ( P R ( J ) , J= 1, 16) __________ _ ____ ______ _ _______ ________ ___ _ 
W R I T E ( 3 , 1 7 ) ---· ------ -· -- --- --

~-JR IT E ( 3, 23) ( VL (I ) , AL (I), D ( I l , I= 1, 20) 
\4R ITE ( 3,_l00) 
DO 5 J=l,l6 
DO 5 I -=1, 20 
RD=0.25 

------- (_;;32~--

H=?.O 
FS=4.0 
RT=l2.0 
AT=VL(I)/AL(I) 
AD=0.5*AL(I)*Af**2 

·-----C--O=o(][)~2.0*AD 

CT-=CO/VL(l) 
TP=4.0*AT+2.0*CT+2.0*RT 
TN-=H*3600.0/TP 
OT=PR(J)/TN 
OTR= 1. l~' OT - --- - --s-w-;-0. 5 * 0 TP---------- --- -- --·- -- ----- - --------- -·------ ·- -- ----- -- - -

C W-=S \-J + 0. 5*'0TR 
TOL=(OT~+SW)*(G+AL(l))*FS/G 

15 BST=132.56165299F.-03-369.36228827E-03*RD+38Z.2A287699F-Ol*RD**2: 
l-154.23859881E-02*RD**3.0 

4 WP=-6~q.67674330E-04+118.'52413335E-01*RD+l56.53031681F-02*RD**2~ 
----- ---·--f[R;;-oTT>-* c G+A-cnTr*T~ !~-*Fs7rc; *-2oaa·:-o f --- --- -- ·---- --- - -- --,-- ------ - --- -- - ----

rroL=ToL+TLR 
------~IF_CRST-TTDL)2,3,1 

? lF(~0-0.625)7,6,6 
7 RO-=RD+0.0625 

GO TO l~ 
------- -6 -rt=fRo- 2-:-?.-56 > 16 , 3 6 , 3 6 

16 RD=RD+O.l25 
GO TO 15 

36 RO=P0+0.250 
IFfRD-3.5)15,15~11 

3 00=7 • 5*RD ._ .. . ,.-· , 
r ! •. N: off, .t r_3. i -~-,i ~(oo~f 
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V=TAN/(0.5*TP-RT-ATl 
P=PD+0.25 
FW=(TAN+3.0)*P/12.0 
DW=OD*1.14l*FW*160.0 ---------R w A ;-AD- -
RWR=RWA 
RWCS=CD 
TMUL=(SW+OTR)*DD*lOOO.O 
TMUR=O(l)*WR*DD/2.0 
TMURl=(O( I )-RHA·)*WR*DD/2.0 
TMUR2=RWA*WR*D0/2.0 

· TDCW=CW*DD*lOOO.O 
TMOR=Tt--1UR2 

----TrvHSR 1=TNUR 1 
Tl'-10R Z=T~~UR 
TNO=TMUL+TMUR-TDCW 

·--- -- ·--r:r\J-5.;;--t}XuT ... t-f.fuRI=Joc-w=-rr~n"R-2- · -------· -----· ------------- --
TNC= Tt,liJL + Tiv1UR 2-T DC~~- T MlJR 1 
TN 0= T t~UL- T DC W- T1"\ UR 

--------·F M= ( TMUL + TDCl..J+Tf"1UP-, .,..-) =e-,0-• ....,...1--
IF(00-2.75)77,77,78 

77 WHS=375.00 

---------------

- -----------t·a--·--i·a·--q-------------------------------- ----------- ------ ---- · --- ---------- ---· -----

78 IF(DD-3.75)80,80,88 
-----~--Q_ W H ?_~_'5..;_0.-:.0.-:.._0:....,._ ______ _.!.._ --------- ·-- . ·---- - · 

GO TO 9 \ 
88 WHS=-l.Bl.17024280E+Ol+560.45313382E-00*00+557.59457933E-03*00**2. 

9 FA=( ( CW+S"H·OTR )*2000.0+( 0( I) +250.) *¥JR*2.+0W+2.0*~1HS) *Al (I) /G 
-·- ----·---·-A r~1 = F-A~<6D I?. • 0 ·---- -- -- ---- _____ .. __ - -

RM=-AM 
Tr--,0= ( TNO+FM+AM) 

-----T1\1S-A = ( T f\1 /1. + F-J\.,....1 +_A_M__,_) --------
TMEA= ( T!\JJ\+f!\1) 
T t..., C S = ( T \J C + r- ~1 ) 

· ·-·------Tf·fE_t_s:-crNc·+-FT~~:R~f-) ---·---------------------- --- ·· 

T ~~ E W = C TN 0 + F t,1 + R M ) 
Z=2.0*3.14l*V/550.0 

-------·--- f-t p'()-;-t-~ (}* l ------- ---------------·------·· -------- -

H P A= T ~~ S A* Z 
HPE=TV.EA*Z - . ----- - - ---R·-p·-c-;·-=r ·r~CS*z--------------- -:----·--------------- - ----- --- - -- --- --- ·---- ---- --- - -

HPEC=TMECS*Z 
HPEW=TMEW:'.'Z 

--------H· PTC ~ ( H p E + H p c ) * 0 • 5 * c T 
HPTA=(HPO+HPAl*0.5*AT 
1F(HP~C+HPEW)30,30,35 

30 HPTD=O.OO 

GO T0 . 37 
35 HPTO=(HPEC+HPEW)*0.5*AT 
37 HPTO=(HPTC+HPTO+HPTA) 

------------- · 

--------·-----.--------- --------- ------·------- - ------·------- -- -- - --- - - ---- -- - -~- -- .. 

lJD C C!U~'-JTEP 'fJ£ I GH T DOWN SKIP - ----------·TUCR-;;-T DCW____ ---~-.. --.. --------------·--.... -
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c 

c 

c 

c 

M 0 i'-1 f NT U P R 0 P E 
TUP.= T f-1UR 
TUR 1 =T ~~UR 1 
TUR2=T t~UR 2 
DOWN SKIP 

6l~ 

-----------

---- ··-··- ------- ---- . - - ----·- - --- -- ------- -- · 
TOCC=SW*20CO.O*DD*0.5 
DOWN ROPE 
TOR 1 =T i'_,UR 2 
TDR2=T ~·IUR 1 
TOR=TNUR 
NETT MOMENTS 

--~-

TNOC=TUCR+TUR~TDCC 

TNAC=TUCR+TUR1-TDCC-TORl 
TNCC=TUCR+TDR1-TDCC-TDR2 

--·-- ·-- -- ····----· 

TNOC=TUCR-TDCC-TUR 
FAl;((CW+SW)*ZOOO.+(O(I)+250.)*WR*2.+DW+2.*WHS)*AL(l)/G 

_____________ F r.1l= ( T UC R + T DCC +T MU R ) * 9 -~__:_~ ----- -- _______________ ________ _____ ____ ____ . ________ _ 
At~ 1 = FA 1 * 0 0 * 0 • 5 
RM1=-A\11 
HPOl=tTNOC+FMl+AMl)*Z 

---::;;.. ________ ----- -----------------
HPAl=(TNAC+FM1+A M1 )*Z 
HPEl= CTNAC+FMl )*Z .:. 

__________ __________ HP C 1 = _! Ti\JC~ +F M 1 }_~_Z_ _ ____ ------------- ----·------------------- ___ ___ ·· ·--····· ·· ·--· ···----- ---------------- .. 
HPECl=CTNCC+FMl+RMll*Z 
HPEWl=CTNDC+RMl+FMll*Z 
HPTAl=(HPOl+HPAq)*0.5*AT 
HPTC 1= t HPE l+HPC 1 )*0. 50*CT 
lf(HPECl+HPfW1)40,40,45 

_________ --~-t!.P.. T 0 1 = 0 • 9_0 __ _ 
GO TO 47 

45 HPTDl=(HPECl+HPFW1)*0.5*AT 
47 HPTl=(HPTAl+HPTCl+HPTDl) 

HPT=(HPTO+HPTl)/OTR 
PHP=(HPO+HPA)*0.5 
R M S H P-= S Q R T ( ( H P .t\ * * 2 *A T + ( H P E * * 2 + H PC** 2 + H P E * H PC } * C l + H P E C * * 2 * '\ T ) I ---· ---- -- ----- - --1 (At +C T +o. ~ 5*P T l ) ------------- ------------· ----- ·-· -- --- ... _. _____ .. ______ -- ---- · --- --- · .... -- -- -

\-J P I T E ( 3 , 1 0 l ) D ( I ) , P R ( J ) , 0 T R , R 0 , AT , P H P , H P T , R ~·'! S H P 

GO T 0 5 ---------------------------
11 WR1Tf(3,102lD(I) 

~IP. ITE( 3, 12)RD 
5 CONTINUE 

CALL EXIT 

_____ 1_0 C F G Ri~ AT ( 1 5 X t ' D 1 , 7 X, 1 ~ R. ' , 4 X, 'n T ~- 1 
, 4 X , ' R 0 ' __ ,_2-~ .. !~,~~.2~ ... ~--~ -p_t·~_!'_~_! -~~..! __ '_ ~-~ 

15X, 1 R.~·1SHP') 
101 FORMAT(l2X,F7.1,1X,F7.1,1X,F5.1,1X,F6.3,1X,F5.1,1X,FB.t,lX,F8.1 

llX,FA.l) ·----2-·3rtfR:M-AtTi 2 x, 3 F 1 o:11-------- -------- ----.. -------- -- -- .. --------- ---·- ··--- -------- -- --- ...... -- --· · ·- ·-·- · ----
22 FORMAT(12X,3Fl0.1} 

_____ .?_5_ £ _0 ~-~1_A_!_(_~ j._C}. ~ J 
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.... - - --i6 -FORt{Af-(3 F 10. 3) 

19 FORMATC20X,'PROOUCTION IN TONS') 
17 FORMAT(20X, 1 VELOCITY,ACCELERATION AND DEPTH') 

102 FCJRr·1 AT (~ox - , • DEP~Tt:·ITN--F-EET-;;-w ·· F-6:--f)--------------- -------- - -------------------- ·-····--.- ------- -- ---· 
12 FORMAT(20X, 1 ROPE DIA IS LARGER THAN 3.5 IN. CALCULATED DIA= 1 F5. 

END 
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INPUT DATA FOR CALCULATIONS 
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PRODUCTION IN TONS 
250.00 500.00 

1250.00 1500.00 
2250.00 2500.00 
3250.00 3500.00 

DEPTH IN FEET 
250.00 500.00 

1250.00 . 1500~00 
2250.00 2500.00 

.. ~ 3250.00 3500.00 
4250.00 4500.00 

' ; 

750.00 
1750.00 
2750.00 
3750.00 

750.00 
1150 . .. 00 
2:.750.00 
3750._00 
4150·.00 

1000.00 
2000.00 
3000.00 . 
4000.00 

1000.00 
2000.00 
3000.00 
4000.00 
5000.00 

67 
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COMPUTER OUTPUT USING 4 ROPES AND A COUNTERWEIGHT 
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f") p~ '1TR RO AT PHP HPT R~SHP 

?t;O,O ~50.0 0 .7 o.zc;o 4.2 529.8 7107.l 327.5 
500.0 --~5_0. 0 0.9 0.250 6.0 764.9 llB36.2 478.0 
7t;O,O ?50.0 1. 1 0.250 7.3 951.7 15~9l,R 59r;,e 

l 000 . 0 ?50.0 1.? 0.250 8.5 1113.5 19582.?. 696,7 
1250.0 '?50.0 1.1 0.250 9,4 1259.5 23027.6 787.0 
1500.0 '?SO.O 1.4 0.313 10.4 1145.2 2?.7fJ6.6 701.7 
1750.0 '?50.0 1.5 0.313 11.2 1252.9 2'5541.7 766.0 
2000.0 ~50.0 1. 6 0.313 12.0 1355.5 28?<)Q.5 827.0 
22~0.0 ?50.0 1.6 0.313 12.7 1454.0 309Q4.7 R85.1 
?'500.0 ?C)Q,O 1.7 0.313 13.4 1549.0 33638.1 941.3 
2750.0 ~c;o.o l.R 0 .375 14.0 1454,A 33673.4 870.6 
3000.0 2150.0 1. 9 0.375 14.6 1538.3 36172.8 919.? 
32t;O.O ?'50.0 1. Q 0.375 15.2 1620.1 38651.6 966.9 
~500.0 '?50.0 2.0 0.3715 15.8 1700.5 41113.0 1013.6 
3750.0 250 .0 2.0 0.375 16.4 1779.7 435'59.5 1059.7 
4000.0 250.0 2. 1 0.375 16.9 1857.7 459Q3.4 1105.0 
4250,0 '?50.0 '7.2 0.438 . 17.4 1810.8 47220.9 1068.0 
4500.0 ?.50.0 2.2 0.438 17.9 1886.5 4q694.7 1112.1 
4750.0 ~'50.0 2.3 0.438 1A.4 1961.6 52167.7 1156.0 
sooo.o ?'50.0 ?..3 0.438 18.9 2036.3 54640.6 1199.6 

·-·-·-----. ----- -----------------------------------
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0 PR OTR RO AT PHP HPT RMSHP 
250.0 '500.0 1. 4 0.313 4.~ 46'5.2 3633.2 271.7 
'500.0 500,0 t.R 0.313 6,0 689 .1 6~40 .1 404.6 
150.0 500.0 2.1 0.375 7.3 767.6 80AO . O 4'+ 5. 3 

1000.0 500.0 2.4 0.375 8 . 5 916.9 10268.7 '531. 9 
1250.0 500.0 ?.6 0.315 q ,4 1055.7 12386.'5 61.2 . 4 
lSOO.O 500.0 2.8 0.438 10.4 1093.5 13837.4 631 .9 
1750.0 '500.0 3.0 0.438 11.2 1213.9 15838.7 70?.6 
2000.0 500.0 3.1 0.438 12.0 1330.8 17820.2 771.5 
2250.0 '500. 0 3.3 0.438 12.7 1444.9 19786.9 839.1 
2'300.0 '500.0 3.4 o .• '5 00 13.4 148 5. 5 21388.1 866.0 
2750.0 500.0 3.6 0.500 14.0 15Q4.8 ' 23357.9 932 .0 
3000.0 500.0 3.7 0.500 14.6 1703.0 25325.5 997.6 
3250.0 c;oo.o 3.8 0.500 15.2 1810.2 27292.6 1062.8 
3500.0 '500.0 4.0 0.563 15.8 1878.1 29333.4 1110.3 
3750.0 '500.0 4.1 0.563 16 .4 lq86.2 31362.5 1177.0 
4000.0 c:;oo.o 4.2 . 0.563 16.9 2094.0 33397.6 1243.7. 
42-=iO.O '500.0 4.3 0.6?5 17.4 2199.2 35988.9 1·3] 5-1 
4500.0 '500.0 4.4 0.625 17 ,q 2311 .1 38125.2 1'384.9 
4750.0 '500.0 .ft.5 0.625 18.4 2423.2 40272.1 1454.q 
5000.0 500.0 4.6 0-.750 1A.9 2632.3 44899.6 1593.0 
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0 PR OTR RO AT PHP HPT RMSHP 
250.0 7'50.0 2.? 0.313 4.?. 505.0 2879.3 286.5 
500.0 750.0 ?.? 0.375 6.0 672.6 4767.7 381.3 
750.0 750.0 3.2 0.43A 7.3 798.5 6453.8 454.5 

1000.0 750.0 3.6 0.438 8.5 967.7 8324.7 554.6 
12'50.0 750.0 3.q 0.500 9.4 1067.6 9912.5 618.4 
1'500.0 750.0 4.2 0.500 10.4 1217.3 11713.3 709.q 
1750.0 750.0 4.4 0.500 11.2 1363.0 13502.2 799.9 
2000.0 750.0 4.7 0.563 12.0 1460.4 15158.9 868.1 
2250.0 750.0 4.q 0.563 12.7 1600.8 16954.2 956.9 
2500.0 750.0 5.2 0.563 13.4 l73q.s 18750.0 1045.3 
2750.0 750.0 5.4 0.625 14.0 1854.7 20620.8 1127.3 
3000.0 750.0 5.6 0.625 14.6 1994.4 22461.7 1217.3 
3250.0 750.0 5.8 0.625 15.2 2133.6 2430A.8 1307.4 
3500.0 750.0 6.0 o. 750 15.8 2299.4 26949.4 1426.1 
3750.0 750.0 6.1 o. 7 .50 16.4 2448.6· 28938.4 15?.3.0 
4000.0 750.0 6.3 0.750 16.9 2598.4 . 30940.5 1620.3 
4250.0 750.0 6.'5 o.7c;o 17.4 2748 .• 7 32955.5 1718.1 
4500.0 750.0 6.7 0.750 17.9 28q9.7 34983.3 1816.3 
4 750.0 750.0 6.8 0.875 18.4 3209.4 39092.8 2015.3 
5000.0 750.0 7.0 0.875 18.9 3378.5 41339.7 2124.2 

- ------- - ·--··-- -- ---- ---- - ------------------------------- - -
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0 pq OTR RO AT PHP HP T RMSHP 
?50 . 0 1f100 . 0 2 . 9 0 . 3 7 5 4 . 2 4A2 . ? ?321 . 7 266.7 
500 . 0 lf)OO . O 3 . 7 0 . 438 6 . 0 685 . 4 4078 . 3 386 . 6 
750 . 0 1 ooo . 0 4 . 2 O. t;OO 7 . 3 850 . 2 5714 . 2 489 . 6 

1 ooo . 0 1000 . 0 4 . 7 0 . 500 8 . 5 1042 . 6 7 442 . 0 608 . 7 
tzc;o.o 1 '100 . 0 5 . 2 0 . 563 9 . 4 1 184. 3 9032 . 9 105 . 4 
1500 . 0 1{)00 , 0 5 . 6 0 . 563 10 . 4 1~60 . 7 10729 , q 818 . 7 
1 750 . 0 l ooo. 0 c; , q 0 . 625 11 . 2 1504 . l 12382 . 7 920 . 6 

0 _l (} .o 6 . 3 0 . 625 12 . 0 1675 . 3 14091 . 6 1 033 .2 
2~50 . 0 1 OOl} . 0 6 . 6 0 . 6 5 12 . 7 1845 . 0 15803 . 2 1145.4 
2500 . 0 l ()00 . 0 fl . 9 0 . 750 13 . 4 2005 . 4 17773 . 7 1266. 1 
2750 . 0 l 000 . 0 7 . 2 0 . 750 14 . 0 2 1 80. 8 1 956A . 4 138 3.2 
3000 . 0 1000 . 0 7 . 4 0 . 71)0 14 . 6 2356 . 2 21373 . 0 1500. 6 
3250 . 0 1 000 . 0 7 . 7 o. 750 15 . 2 2531 . 9 23187 .7 1 618 .4 
3 e; 0 0 • Q _____ l f) 0 0 . 0 7 . 9 0 . 750 15 . 8 2708 . 0 250 1 2 . 4 1 7 3 6 . 5 
3 750 . 0 1000 . 0 8 . ? 0 . 875 16 . 4 298 1. 0 27 864. 2 1919. 8 
4000 . 0 1000 . 0 8 . 4 0 . 8 7 5 16 . 9 3172 . 4 29835 . 0 2047.1 
4250 . 0 1 000 . 0 8 . 7 0 . 875 17 . 4 3365. 0 318 23-3 2175.1 
4500 . 0 1000 . 0 8 . 9 0 . 815 17 . 9 3558 . 7 33839 . 3 2303 . 9 
4 750 . 0 1000 . 0 9 . 1 1 . 000 19 . 4 3972 . 4 . 377 65 . 9 2562 . 3 
5 ooo . 0 1000 . 0 9 . 3 1 . 000 18 . 9 4188 . 7 39965 . 1 2703 . 8 
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0 PR OTR RO AT PHP HPT RMSHP 
250 . 0 1? '5 0 . 0 3 . 6 0.438 4 . 2 480.0 203'5 . 6 264 . 6 
500 . 0 1?.50 . 0 4 . 6 0 . 500 6 . 0 715 . 0 3709 . 4 4Qq . 6 
75 0. 0 1 250 . 0 5 . 3 0 . 563 7 . 3 Ql5 . 2 '5308 . A 54 1. 1 

1000 . 0 1 250 . 0 5.9 0 . 563 8 . 5 1133 . 1 6959 . 2 681 . 9 
1250 . 0 1 ?50 . 0 6 . 5 0 •. 6 25 9 . 4 1313 . 6 8545 . 1 809 . 1 
1 500 . 0 1250 . 0 7 . 0 . 0 . 625 10 . 4 1518 . 2 10185 . 9 945 . 8 
175 0 . 0 1 250 . 0 7 . 4 ·o. 750 11 . 2 1693 . 6 11879 . 5 l 079 . 1 
2000. 0 1250 . 0 7 . 8 0 . 750 12 . 0 897 . 8 13587 . 3 12 1R.l 
2250 . 0 1250. 0 a. ·2 0.750 12 . 7 2101 . 3 15351 . 5 1357. 1 
25QQ;~ ·o 1 250 . 0 8. 6 . ,, ~. 0 • 7 50 13 . 4 2304 . 3 17126 . 6 1496. 2 
2750. 0 1250 . 0 '9~'o · : 0 . 750 14 . 0 2507 . 2 18912 . 1 1635 . 5 
3000 . 0 1250 . 0 9 . 3 0 . ff75 14 . 6 2767 . 0 21303 . 1 1817. 2 
37.50 . 0 1 250 . 0 9 . 6 t> . 875 15 . 2 2982 . 6 23186 . 9 1964. 3 
3500 . 0 1250 . 0 9 . 9 Oe8'75 5 . 8 3199 . 2 25083 . 2 2112 . 0 
3 750. 0 1250 . 0 1 .2 ·o. s7s 16 . 4 3416 . -8 26991 . 6 2260 . 4 
4 000 . 0 1 2SO . 0 . 5 l . DOO 6 . 9 3797 . 1 29979 . 2 2505. 4 
4 250 . 0 1250 . 0 10 . 8 1.000 · ,· 17 •. 4 4035 . 2 32015 . 7 2665 . 3 
4 500 . 0 1250 . 0 11 . 1 l.'Q()O . :. 17 . 9 4275 . 0 3 ·4066 . 5 2826 . 3 
4750 . 0 1250 . 0 11 . 4 1 . 000 18.4 4516 . 6 36131 . 4 2988 . 2 
5000 . 0 1250 . 0 11 . 6 1 . 125 18 .• 9 5054 . 8 39911 . 0 3316 . 9 
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D PR QTR RO AT PHP HPT RMSHP 
250.0 1500.0 4.3 0.500 4.2 4A9.6 l86B.l 273.2 
'500.0 1500.0 5.5 0.563 6.0 755.3 3487.5 443.8 
"750. 0 1500.0 6.4 0.56 3 7.3 1016.1 5109.7 613.2 

1000.0 1500.0 7.1 0.625 8.5 1234.7 6 665.6 767.1 
1250. 0 1'500.0 7.8 0 •. 150 9.4 1439.7 8298.6 921.1 
1500.0 1500.0 8.3 0.750 10.4 1675.5 10002.9 1083.7 
1750.0 l 500.0 8. 9 o. 750 11.2 1909.0 11718.3 1245.6 
2000.0 1.500.0 9.4 0.750 12.0 2141.2 1344~.9 1407.3 
2250.0 1500.0 9.9 0.875 12.7 2396.1 15496.4 1591.9 
2500.0 1500.0 10.3 0.875 13.4 2637.1 17297.4 1759.6 
2750.0 1£:)00.0 10.7 0.875 14,0 2876.7 19110.2 1921.7 
3000.0 1500.0 11.2 O.A75 14.6 3120.9 20934.4 2096.4 
3?50.0 lliOO.O 11.5 1.000 15.2 3474.4 23414.0 2332.7 
3500.0 15.00. 0 11.9 1.000 15.8 3734.7 25.338.0 2511.5 
3750.0 1500.0 12.3 1.000 16.4 3996.6 27275.1 2691.3 
4000.0 1'500.0 12..6 1.000 16.9 4260.1 2qzzs.o 2 872.0 
4250.0 1500.0 13.0 1. 1 25 ] 1.4 4751,8 32289.7 3180.2 
4500.0 1500.0 13.3 1.125 17.9 5040.9 34365.9 3 .374. 9 
4 750.0 tt;OO.O 13.6 1.125 18.4 5332.2 36456.q 3570.9 
5000.0 1'500.0 13.9 1 • . 250 18.9 5971.9 40140.9 3957.5 
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D PR OTR RO AT PHI' HPT RMSHP 
250.0 1750.0 5.1 0.500 4.2 529.3 1797.1 298.9 
500.0 1750.0 6.4 0.563 6.0 826.4 "381.2 494.2 
750.0 1750.0 7.4 . 0.625 7.3 1090.5 4926.0 677.9 

1000.0 1750.0 8.3 0.750 8.5 1330.6 6571.7 856.9 
1250.0 17'50.0 9.1 o. 7 '50 9.4 1598.6 8249.4 1043.8 
1'500.0 1750.0 9.7 0.750 10.4 1862.8 9937.5 1229.4 
1750.0 1750.0 10.4 0.875 11.2 2130.3 11818.9 1427.1 
2000.0 1750.0 11.0 0.875 12.0 2398.9 13567.8 1616.7 
2250.0 1750.0 11..5 0.875 12.7 ' 2667. 4 15328.1 1806.6 
2500.0 1750.0 .12. 0 0.875 13.4 2936.1 1709q. 1 ' 1996.7 
2750.0 ' 1750.0 12.5 1.000 14.0 3285.2 19306.3 2237.4 
3000.0 1 750.0 13.0 1.000 14.6 3569.7 21158.9 2436.5 

I 3?50.0 1 750. 0 13.5 1.000 15.2 3855.7 23023.6 2636.5 
3500.0 1750.0 13.9 1.000 15.8 4143.3 24900.1 2837.5 
3 750. 0 1750.0 14.3 1.12'5 16.4 .4616.7 27566.1 3141.9 
4000.0 1750.0 14.7 1.125 16.9 4q28.l 29546.6 3355.7 
4250.0 1750.0 15.1 1.125 17.4 5241.9 31540.5 3570.8 
4500.0 1750.0 15.5 1.250 17.9 5851.5 34697.0 3945. q 
4750.0 1750.0 15.9 1.250 18.4 6195.8 36816.9 4177.5 
5000.0 1750.0 16.3 1.250 18.9 6543.1 38952.0 4410.7 

-------~----~-~--·------------------------------------------------
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0 PR OTR. RO AT PHP HPT RMSHP 
250.0 2000 . 0 5 . 8 0 . 563 4 . 2 546 . 4 1712 . 4 315 . 9 
500 . 0 2000 . 0 7 . 3 0 . 625 6 . 0 874 . 2 3268 . 5 537 . 4 
7so·.o 2000 . 0 8 . 5 0 . 750 7 . 3 1157 . 6 4888 . 9 744 . 7 

1000 . 0 2000 . 0 q.s 0 . 750 8.5 14.:60 . 8 6545 . 7 957 . 5 
tzso·.o 2000 . 0 10 . 3 () .• 1 •50 9 . 4 l1,7 . 4 8212 . 6 1167. 8 
tsoo . ·o· 2000 . 0 11 . 1 0. '875 l-0.4 2~048.5 10014 . 9 1385 . 1 
1750.0 2000 . 0 11 . 9 0.$?5 It.z ... 2:345 . 8 11733 . 5 1597. 7 
2 ooo. 0 2000 . 0 12 . 5 o.8~s 12 .J~~ . ·. 2:642 . 3 13462 . 7 1810. 2 
2250.0 2000 . 0 13 . 2 t.oon 1 ·~·1· .. ' 2 ·9 '91 . 4 15474 . 7 2057 . 8 
2soo·. o 2000. 0 13 . 8 1 . :.o·OO-· :. 13~~,' '··; ~'301.0 172 7 1 . 8 22 7 7 . 8 
2750 . 0 2 000 . 0 14. 3 1.000 :Jl i .iitr~:~ .·· 36lt . 1 19080 . 5 2498 . '5 
3000.0 2000.0 14 . 9 1 . 000 

( .. , ,\' ~. . ~ 

.Ji9·23 . 7 2720 . 1 l4:~t): ·._ ·. 20900 . 4 
3250.0 2000 . 0 15 . 4 1.125 t 5 ~;~;·~· ·,;\.:.:~"3 .8 2 . 1 23276 . 3 3023 . 2 
3500 . 0 2000.0 15 . 9 .t ... l ''25 15 ,9 ~/·). '1'1ll6. 2 25183 . 6 3256 . 6 .. ·~ ' : ·· : ... t'\ 40 ·. : .·~,~· 0 

3750 . 0 2000.0 16 . 4 ·.·,.1> .. 125 16. 4:,.~.::. ·,:."\': .. · -~~!i -2" . 5 27103 . 3 3491 . 2 
4000.0 2000 . 0 16 . 9 ··, ~:250 16. 9 .· ~:,~<1;:"635.1 29873 . 2 3857 . 7 
4250 . 0 2000 . 0 1783 ~a, · ·· z-so ti •• ; :';:\j:j~···· 31'899 . 3 4107 . 7 ~il•:·&~ ): 

4500.0 2000 . 0 17 . 7 ,. ):::~250 1.., 9 ... +, -~~,?i, " 'tie ; ? 33939 . 4 4359.4 . ~ .( ~~. ' . ... ' 

4750.0 2000 . 0 18 . 2 .. l~ ~- 3.75 1s . ~ · . . ~·:· ·· -\o4···• 37198 . 4 4806 . 2 
sooo . o 2000 . 0 lA.6 ···t • '375 18 . 9 .. ,ft.8:&3 39365 . 0 '5 0 7 6 . 9 

-------··--·------
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D PR OTR RO AT PHP HPT RMSHP 
?50 . 0 ?.?.50 . 0 6 . 5 0 . 563 4 . 2 5A6 . 1 16 74 . 5 343 . 6 
'300 . 0 2~'50 . 1) 8 . 2 0 . 6215 6 . 0 945 . 2 3219 . 5 590. 3 
750 . 0 2250 . 0 9 . 5 0 . 750 7 . 3 1258 . 6 4876 . 0 822 . 5 

1000 . 0 ?.?50 . 0 10 . 7 0.750 8 . 5 1590 . 9 6525 . 5 1059. 0 
1250 . 0 2?50 . 0 11 . 6 0 . 875 9 . 4 1908 . 5 8268 . 4 1297. 4 
1500 . 0 2250 . 0 12 . 5 0 . 875 10. 4 2235 . 8 9962 .7 1533 . 6 
1750 . 0 2?.50 . 0 13 . 3 0 . 875 11 . 2 2561 . 2 11667 . 2 1769 . 3 
2000 . 0 2?50 . 0 14 . 1 1 . 000 ll . O 2926 .4 13582 . 9 2032 . 9 
2250 . 0 22')0 . 0 l4 . R 1.000 12 . 7 3262 . 7 15346 . 2 2275 . 0 
2'500 . 0 2.250 . 0 15 . 5 1 . 000 13 . 4 3599 . 9 -17120 . 4 2517. 7 
2 750 . 0 2?'50 . 0 16 . 1 1 . 125 14 . 0 4041. 2 1 9?78 . 9 2822 . ~ 

3000 . 0 ?2'50 . 0 16 . 7 1 . 125 14 . 6 4404 . 2 21127 . 5 3075 . 5 
3250 . 0 22'50 . 0 17 . 3 1 . 125 15 . 2 4763 . 4 229R8 . 0 3329.9 
3'500 . 0 2?50 . 0 17 . Q 1 . 125 15 . 8 5124 . 8 24860 .1 3585 . 5 
3750 • . 0 2'-50 . 0 18 . 4 1 . 250 16 . 4 5708 . 7 27417 . 4 3959. 4 
4000 . 0 2250 . 0 19 . 0 1 . 250 16 . 9 6098 . 1 29382 . 3 4229.7 
4250 . 0 ?.?.'50 . 0 19 . 5 1 . 375 11.4 6798 . 0 32261 . 9 4663 . 1 
4500 . 0 2?.'50 . 0 :?0 . 0 1 . 375 17 . 9 7221 . 4 3433'i . 6 4951 . 4 
4750 . 0 2~50 . 0 20 . 4 1 . 375 18 . 4 7648 . 6 36421 . q 5241 . 8 
5000 . 0 ?.2'50 . 0 20 . 9 1 . 500 18 . 9 8520 . 6 3q793 . 7 5766. 1 

·----- ------- - ----------- ------------------ ------
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0 PR OTR RD AT PHP HPT RMSHP 
250.0 2500.0 7.2 0.625 4.? 608.4 1625.2 365.5 
500,0 2'500.0 q,l 0.750 6.0 9A.5.2 3231.2 635.0 
750.0 2'500.0 10.6 0.750 7.3 13'59.5 4865,6 qoo.s 

1000.0 2500.0 11.8 0.875 8.5 1708.4 6562.9 1162.5 
1250.0 2500.0 12.9 0.875 q,4 2067.4 6231.0 1423.4 
1500.0 2500.0 13.9 0.875 10.4 2423.1 9921.0 168 2. 9 
1750.0 250().0 14.8 1.000 11.2 2806 .1 11761..6 1963.7 
2000.0 2500.0 15.7 1.000 12.0 3169.8 13497.~ 2228.2 
2250.0 2500.0 16,1) 1.000 12.7 3533.9 15243.4 2493.1 
2500,0 2500.0 17.2 1.125 13.4 3991.1 17289.4 2810~7 

2750.0 ?'500.0 17.9 1.125 14.0 4313.6 19101.0 3085.3 
3000.0 2500.0 18.6 1.125 14.6 4 758.1 20923.R 3360.9 
3250.0 2'>00.0 19.2 1.250 15.2 5320.3 23243.3 3730.7 
3500.0 2'500.0 lq,q 1.250 15.8 5730.9 25146.5 4020.0 
3750.0 2500.0 20.5 1.250 16.4 6144.5 27062.0 4310.8 
4000.0 2500.0 21.1 1.375 16.9 6841.4 29728.4 4749.0 
42150.0 2'500.0 21.6 1.375 17.4 1268.1 31740.? 5051.2 
4500.0 2500.0 22.2 1.375 17.9 7738.6 33765.6 5367.1 
4750.0 2500.0 22.7 1.500 18.4 8601.2 36857.7 589l.q 
5000.0 2500.0 23.2 1.~00 18.9 9091.7 389q6,1 6223.2 
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0 PR f)T R RO AT PHP HPT RMSHP 
250 . 0 2 750 . 0 8 . 0 0 . 625 4 . 2 6 4 8 . 1 1602 . 8 394.4 
500 . 0 2750 . 0 10 . 1 0 . 750 6 . 0 1056 . 3 3226 . 7 6 8 9 . '5 
750 . 0 2750 . 0 11. 7 0 . 8 7 5 7 . 3 1444. 6 48 88 . 3 978 . 3 

1000 . 0 2750 . 0 13 . 0 0 . 875 8 . 5 1838 . 6 6544 . 8 1265. 4 
1250 . 0 2750 . 0 14. 2 0 . 8 7 5 9 . 4 2226 . 3 8211 . 3 154 9 . 8 
1500 . 0 2750 . 0 15 . 3 1 . 000 10 . 4 262q . 6 9992 . 3 t s4q . o 
1750 . 0 2750 . 0 16 . 3 1 . 000 11 . 2 3021 . 5 117 04. 8 2136. 6 
2000 . 0 2750 . 0 17 . 2 1.000 12 . 0 3413. 2 134 27 . 3 2424. 1 
2250 . 0 2 750 . 0 18 . 1 1 . 125 . 12 . 7 388 1. 7 15383 . 1 2755 . 6 
2500 . 0 2750 . 0 18 . 9 1 . 125 13 . 4 4290 . 0 17163. 9 3051. 8 
2750 . 0 2750 . 0 19 . 7 1. i25 14 . 0 4700 . 1 18955 . 4 3349. 0 
3000 . 0 2750 . 0 20 . 5 1 , '250 14. 6 5266 . 6 21147 . 2 •3728 . 7 
3250 . 0 2750 . 0 21 . 2 1 . 250 15 . 2' '>701 . 6 230 10 .4 4 038 . 7 
3500 . 0 2750 . 0 21 . 9 1~·zso 15 . 8 6139 . 6 24885 . 2 4350 . 3 
3 750 . 0 2750 . 0 22 . 5 1 . 3 75 16 . 4 6834 . 3 27379 . 1 4794.4 
4000 . 0 2750 . 0 23 . 2 1 . 375 16 . 9 7 304 . 4 29339 . 9 5122 . 5 
4250 . 0 2750 . 0 23 . 8 1 . 500 17 .• 4 8124 . 0 32119 . 7 5630. 5 
4500 . 0 2750 . 0 24 . 4 1 . 5 00 1'7 . 9 , 8632 . 4 34180 . 1 597 8 . 7 
4 750 . 0 2750 . 0 25 . 0 1•500 18.4 91 45. 5 36254 . 9 6329 . 4 
5000 . 0 2750 . 0 25 . 6 1 . 625 18 . 9 10151 . 3 39468 . 2 6935 . 1 
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D PR flTP RO T PHP HPT RMSHP 
250 . 0 3000.0 R.7 0.7'50 4.2 663 •. 5 1605.1 416.1 
500 .0 3000.0 11.0 0.750 6.0 1127.3 ~?23.0 744.2 
7'50. 0 3000 .0 11!.7 0.875 7.3 154'5.5 48 7A. 7 10'57.6 

1000.0 3000.0 14.2 0.875 8.'5 1968.7 6'5?9 .7 1368.6 
1250.0 3 000.0 15.') 1.000 9.4 2395.4 826?.6 1 688.0 
1500.0 3()00.0 16.7 1.000 10.4 2816.8 9955.0 1999.2 
1750.0 3000.0 17.8 1.000 11.2 3237.0 11657.4 ;?..309.9 
7000.0 3 000.0 l8.R 1.125 12.0 3718.4 13539.8 2656.3 
2250.0 3000.0 19.7 1.125 12.7 4153.0 15294.4 2974.6 
2'500.0 3000.0 20.6 1.250 13.4 4704.1 17328.6 3354.5 
2750. Q 3000.0 21.5 1.250 14.0 $16 l. 0 19146.5 3684.1 
3000.0 3000.0 22.3 1.250 14.6 5620.6 20975.9 4015.1 
3250.0 3000.0 23.1 1.375 15.2 6286.8 23262.5 4452.0 
3500.0 3000.0 23.8 1.375 15.8 6776.6 2'5168.1 4798.5 
3 750.0 3000.0 24.6 1.375 16.4 7270.2 27086.1 5146.8 
4000.0 3000.0 .25. 3 1.500 16.9 8083 .1 29688.9 5658.0 
4250.0 3000.0 26.0 1.500 17.4 8614.1 31696.8 6025.8 
4500.0 3000.0 26.6 1.625 17.9 9567.6 34594.0 6609.5 
4 750.0 3000.0 27.3 1.625 18.4 10142.4 36704.9 7000.3 
5000.0 3000.0 27.q 1.750 18.9 11260.0 ":\9942.1 7670.3 
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---- - ------------ - --· 

n PR OTP RD AT PHP HPT RMSHP 
250.0 3?50.0 9.4 0.750 4.;? 703.2 1604.0 445.8 
500.0 3l50.0 ll. q 0.8 75 6.0 1181.4 32 33. A 796.3 
750.0 1250.0 13.8 0.875 7.3 1646.5 4870.5 1137.2 

1000.0 1250.0 15.4 1.000 8.'5 ?.101.5 6564.3 1479.1 
1250.0 "3?.'10.0 16.8 1.000 <).4 2554.3 8238.9 1815.1 
1500.0 3?.50.0 18.1 1.000 10.4 3004.1 q923.'5 2149.7 
17'50.0 32'50.0 lq.3 1.125 11.2 3500.5 11745.3 2512.2 
? 000.0 37'50.0 7.0.4 1.125 12.0 3961.9 134 77.3 2852.A - - -- --·---- -

2?'50.0 ~'250.0 21.4 1.250 12.7 4521.2 15430.3 3245.4 
?'500.0 3?'50.0 22.4 1.250 1~.4 5003.1 1721q.4 3596.3 
?750.0 ~2'50.0 ?3.3 1.250 14.0 5487.5 lqQJQ.8 3948.5 
3000.0 ~250.0 24.2 1.375 14.6 6154.7 21194.6 4393.9 
1 2 '50.0 3?.'50.0 25.0 1.375 15.2 6668.1 23064.0 4760.8 
1500.0 3 2SO. 0 25.8 1.375 15.8 71A5.2 ?.4q45.4 5129.'5 - - - - ---- - - --·-- ·- ----

1750.0 3?'iO.O 26.6 1.500 16.4 7992.6 27400.1 5645.0 
4000.0 ~ ? 50.0 27.4 1.500 16.9 8546.1 29361.2 6032.4 
4250.0 ~?50.0 28.1 1.625 17.4 9488.4 32o7q.o 6616.6 
4';00.0 ~~'50.0 28.R 1.625 17.9 l0084.A l4135.7 7026.":\ 
4750.0 3250.0 29.5 1. 750 18.4 11185.3 37154.3 76q2.7 

_ 5 OOO~JL _____ ~ ~_50~_0 30.2 1.750 18.9 11831.1 39317.2 8128.4 
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0 PR OTR RO AT PHP HPT RMSHP 
250.0 3500.0 10.1 0.750 4.2 742.q 1603.1 475.7 
500.0 3500.0 12.8 0.875 6.0 1252.4 3230.1 851.6 
750.0 3'500.0 14.8 0.875 7.3 1747.4 4863.5 1216,q 

1 ooo. 0 3500.0 16.6 1.000 8.5 2231.6 6549.9 1582. 8 
1250.0 3500.0 18.1 1.000 9.4 2713.2 8218.6 1942.4 
1500,0 3500,0 19.5 1~125 10.4 3227.0 9990,0 2322.5 
1750.0 3500.0 ?.0.7 1.125 11.2 3716.0 11701.8 2686.0 
2000.0 3500.0 21.9 1.125 12.0 420'5.3 13423.7 3049.7 
2250.0 3500.0 23.0 1.250 12.7 4792.5 15l50.8 3464.8 
250.0.0 3500.0 24.1 1.250 13.4 5 .302. 0 17125.8 3838.5 
2750.0 3'500.0 25.1 1.375 14.0· 5911.6 19206.3 4293.3 
3000.0 3500.0 26.0 1.375 14.6 6508.7 21044.3 4680.8 
3250.0 3 500.0 26.9 1. 375 15.2 - 7049.5 22893.9 5070.1 
3500.0 3500.0 27.8 1.500 15.8 7852.2 25223.3 5590.8 
3750.0 3500.0 28.7 1.500 16.4-~ ,, ·8 ·428.4 27147.5 5998.0 
4000.0 ~'500.0 29.5 1 ~ ·625 16.~ . ··:, ·9360. 5 29709.5 6583.8 
4250.0 3500.0 30. ·3 ' 1~625 1.7;. :6 ·:., , ..• 9978.5 31719.'5 1012.6 
4500.0 3500.0 31.1 ·1.1·50 t7. :~ '.·. 1·1063.0 34552.2 1616.6 
4 750.0 3500.0 31.8 1.750 tl'·';:! \i. ,· l 'c"~ 11729.6 36659.5 8130.7 
5000.0 3500.0 32.5 '1.875 . . 11r~·;q. . · l'Z991. 9 3q8Q3.2 8887.4 

"-. 
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0 PR OTR RO AT PHP HPT RMSHP 
250.0 3 750.0 10.8 0.750 4.2 782.7 1602.3 505.6 
500.0 37'50.0 13.7 0.875 6.0 1323.4 3226.9 907.0 
7'30.0 3 750.0 15.q 1.000 7.3 1845.0 488l.7 1300.2 

1000.0 37'50.0 17.8 1.000 8.5 2361.8 6537.5 1686.7 
1250.0 3750.0 19.4 1.125 9,4 2896.3 8?66.6 2086.1 
1500,0 3 750.0 20.9 1.125 10.4 3414.2 9960.3 2473.3 
1750.0 3750.0 22.2 1.125 11.2 3931.4 11664.1 2860.0 
2000.0 3750.0 23.5 1.250 12.0 4528.6 13579.4 3289.1. 
2?50.0 37'50.0 24.7 1.2·50 12.7 5063.7 152A?.O 3684.6 
2500.0 3 7c;o. o 25.A 1.375 13.4 5736.9 1728~.1 4149.8 
2750~. 0 3750.0 26.9 1.375 14.0 6298.0 1909?.5 4558.1 
3000.0 3 750.0 27.C) 1.375 14.6 6862.6 20914.1 4968.2 

~ ... 3250.0 3750.0 28.9 1.500 15.2 7662.0 23136.4 5495.1 r 
·;, ,_, ~ 3500.0 37'50.0 29.8 1.500 15.8· 8260.9 25026.6 sqzz.3 
. 3750.0 3 750.0 30.7 1.625 16 .• 4 ' 91'83. 7 27456.8 6510.7 ( .. 

4000.0 3 750.0 31.6 1.625 16.9 9823.5 2C)425.8 6958.7 
4250.0 3750.0 32.4 J •. 750 17.'4 .. ·. 10892.9 3209Q.3 7621.3 
4500.0 3750.0 33.3 1.750 ll,'it.'9 ' 11580.2 34157.<} 8093.9 
4 750.0 3750.0 34.1 1 •. 875 1 ~:~,.· 12821.4 37111.5 8845.1 
5000.0 3 750.0 34.9 1.875 1'8~.9·,. 13563.0 39270.q q346.2 

·, ' 
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0 PR OTR RO AT PHP HPT RMSHP 
250.0 4000.0 11.6 0.750 4.2 822.4 1601.6 535.7 
500.0 4000.0 14.6 0.875 6.0 1394.5 3224.1 962.6 
750.0 4000.0 17.0 1.000 7.3 1946.0 4876.7 1380.3 

1 ooo. 0 4000,0 18.9 1.000 8.5 24<}1.9 6526.6 1790.8 
12SOeO 4000.0 20.7 1.12'5 9.4 3055.2 8?47.1 2213.7 
1500.0 4000.0 22.3 1.125 10.4 3601.5 9934.4 2624.3 
1750.0 4000.0 23.7 1.250 11.? 4210.A 11747.0 3 068.5 
2 000. 0 4000.0 ?.5.1 1.250 12.0 4772.0 134 7q. 3 3486.? 
2250.0 4000.0 26.3 1.375 12.7 5450.4 15410.6 3962.8 
2500.0 4000.0 27.5 1.375 13.4 6035.8 17196.3 4392.3 
2750.0 4000.0 28.7 ]. 375 14.0 6624.5 18993.0 4823.3 
3000.0 4000.0 2Q,7 1.'500 14.6 7421.7 21123.0 5357.3 
3250.0 4000.0 30.8 1.500 15.2 8043.3 22983.0 5804.7 
3500.0 4000.0 31.8 1.625 15.8 8958.1 25299.4 6396.6 
3750.0 4000.0 32.8 1. 6.25 16.4 9619.6 27232.2 6864.0 
4000.0 4000.0 33.7 1.750 16.9 10675.0 29767.7 7526.4 
4250.0 4000.0 34.6 ] .750 17.4 11383.0 31783.4 8017.6 
4500.0 4000,0 35.5 1.875 17.9 12604.2 34572.3 8764.5 
4 750.0 4000.0 36.4 1.875 18.4 13365.6 36681.2 9283.5 
5000.0 4000.0 37.2 z.ooo 18.9 14780.2 3q759.4 101~0.3 
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CO~IPUTER OUTPUT' USING 1 ROPE AND A COUNTERWEIGHT 
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0 PR OTR RO AT PHP HPT RMSHP 
250.0 250.0 0.7 0.375 4.2 361.4 5137.6 218.5 
500.0 250.0 0.9 0.438 6.0 466.6 7939.3 281.4 
750.0 250.0 1.1 0.500 7.3 533.7 10146.5 318.9 

1000.0 250.0 1.2 0.500 8.5 631.5 12735.1 376.6 
1250.0 250.0 1.3 0.563 9.4 670.8 14508.9 396.3 
1500.0 250.0 1.4 0.563 10.4 750.6 16836.4 442.8 
1750.0 250.0 1.5 0.625 11.2 782.2 18510.8 458.4 
2000.0 250.0 1.6 0.625 12.0 853.0 20718.6 499.6 
2250.0 250.0 1.6 0.625 . 12.7 921.8 22900.1 539.5 
2500.0 250.0 1.7 0.750 13.4 922.1 24311.1 537.2 
2 750. 0 250.0 1.8 0.750 14.0 986.5 26473.7 574.9 
3000.0 250.0 1.9 0.750 14.6 1050.0 28630.6 612.3 
3?.50.0 250 .0 1.9 0.750 15.2 1112.7 30783.6 649.3 
3500.C 250.0 2.0 0.750 15.8 1174.8 32934.3 686.0 
3750.0 250.0 2.0 0.875 16.4 1207.5 35253.3 706.3 
4000.0 250.0 2.1 o • . a75 16.9 1270.6 37497.5 744.1 
4250.0 250.0 2.2 0.875 17.4 1333.4 39748.3 781.8 
4500.0 250.0 2.2 0.875 17.9 1396.1 42005.9 819.5 
4750.0 250.0 2.3 1.000 18.4 1473.0 45547.0 86 7.6 
.5000. 0 250.0 2.3 1.000 18.9 1539.5 47971.7 907.9 
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0 PR OTR RD AT PHP HPT RMSHP 
250.0 500.0 1.4 0.563 4.2 304.2 2691.7 171.0 
500.0 500.0 1.8 0.625 6.0 435.6 4687.9 246.5 
750.0 500.0 2.1 0.750 7.3 519.q 6378.5 295.9 

1000.0 500.0 2.4 0.750 8.5 631.3 8243.3 362.1 
1-250.0 500.0 2.6 0.150 q.4 736.9 10075.2 425.6 
l500.C soo.o 2.8 0.875 10.4 804.5 11708.9 470.1 
1750.0 500.0 3.0 0.875 11.2 902.3 13514.9 530.6 
2000.0 500.0 3.1 0.875 12.0 998.2 15315.8 590.4 
.2 250.0 500.0 3.3 1.000 12.7 1078.1 17165.0 644.8 
2500.0 500.0 3.4 1.000 13.4 1173.4 19004.1 705.3 
2 750.0 500.0 3.6 1.000 14.0 1268.0 20847.7 765 .• 1 
3000.0 500.0 3.7 1.000 14.6. 1362.3 22696.2 826.0 
3250.0 500.0 3.8 1.125 15.2 1470.0 24987.0 897.7 
3500.0 500.0 4.0 1.125 15.8 1567.7 26918.7 960.6 

-
3750.0 500.0 4.1 ' 1.125 16.4 1665.4 28860.2 1023.6 
4000.0 500.0 4.2 1.250 16.9. 1808.3 31675.3 1115.0 
4250.0 500.0 4.3 1.250 11.4 1911.9 33732.2 1181.7 
4500.0 500.0 4.4 1.250 17.9 2015.9 35802.1 1248.7 
4 750.0 500.0 4.5 1.375 18.4 2201.7 39267.5 1363.8 
5000.0 500.0 4.6 1.375 18.9 2313.7 41483.2 1435.6 
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0 PR OTR RD AT PHP HPT RMSHP 
250.0 750.0 2.2 0.750 4.2 298.9 2080.3 164.7 
500.0 750.0 2.7 0.750 6.0 470.0 3887.5 266.4 
750.0 750.0 3.2 0.8 75 7.3 593.1 5513.7 345.3 

1000.0 750.0 3.6 0.875 8.5 730.9 7205.7 432.2 
1250.0 750.0 3.9 1.000 9.4 845.0 8837.2 509.9 
1500.0 750.0 4.2 1.000 10.4 973.Q 10518.2 594.1 
1750.0 750.0 4.4 1.000 11.2 1100.5 12197.5 677.5 
2000.0 750.0 4.7 1.125 12.0 1223.4 13968.6 762.6 
2250.0 750.0 4.9 1.125 12.7 1349.9 15683.6 84 7. 0 
2500.0 750.0 5.2 1.250 13.4 1491.9 17649.3 942.9 
2750.0 750.0 5.4 1.250 14.0 1621.5 19423.8 1029.6 
3000.0 750.0 5.6 1.2 50 14.6 1751.1 21207.3 1116.6 
3250.0 750.0 5.8 1.375 15.2 1923.7 23493.q 1229.1 
3500.0 750.0 6.0 1.375 15.8 205Q.5 25360.2 1.319.7 
3750.0 750.0 6.1 1.3 75 16.4 2195.7 27238.3 1410.8 
4000.0 750.0 6.3 1.500 16.9 2408.6 29939. l 1544.6 
4250.0 750.0 6.5 1.500 17.4 2553.2 31921.3 1640.5 
4500.0 750.0 6.7 1.625 17.9 2807.1 35027.1 1795.7 
4750.0 750.0 6.8 1.625 18.4 2962.2 37132.1 1897.4 
5000.0 750.0 7.0 1.750 18.9 3265.3 40716.9 2078.3 
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0 PR OTR RD AT PHP HPT RMSHP 
250.0 1COO.O 2.9 0.750 4.2 338.7 1903.1 18 8 .? 
soo.c 1000.0 3.7 0 .A 75 6.0 517.4 3531.0 302.0 
750.0 1000.0 4.2 1.000 7.3 677.? 5120.3 409.1 

1000.0 1000.0 4.7 1.000 8.5 843.2 673f5.1 519.2 
1250.0 ICOO.O 5.2 1.125 9.4 996.1 8350.5 625.9 
1500.0 1000.0 ·5. 6 1.125 10.4 1154.8 q971.4 7·34. 0 
1750.0 1000.0 s.g 1.2 50 11.2 1317.0 11747.0 846.9 
2000.0 1000.0 6.3 1.250 12.0 1475.5 13479.3 955.9 
22'>0.0 1C00.0 6.6 1. 375 12.7 1655.5 1541 0 .6 1078.4 
2500.0 1000.0 6.9 1."375 13.4 1A17.7 17196 • .3 1190.0 
2750.0 lCOO.O 7.2 1.375 14.0 1979.9 18993.0 1301.8 
3000.0 1000.0 7.4 1.500 14.6 2191.2 2112"3.0 1440.6 
3250.0 lCOO.O 7.7 1.500 15.2 2360.4 22q83.0 1556.4 
3500.0 lCOO.O 7.9 1.625 15.8 2605.7 25299.4 1712.2 
3750.G lCOO.O 8.2 1.625 16.4 2783.9 27232.2 1833.0 
4000.0 1COO.O 8.4 l. 750 16.9 3071.5 29767.7 2010.0 
4250.0 lCOO.O 8.7 1.750 17.4 3?60.9 3l7A3.4 2136.9 
4500.0 1000.0 8.9 1.875 17.9 3600.5 34572.2 2340.0 
4?50.0 1000.0 9.1 1.875 18.4 3803.2 36681.2 2474.1 
5000.0 1000.0 9 • .3 2.000 18.9 4206.2 40007.4 2709.2 -- ·--- ---------

------ - ·-- -- -------------··---- - --------
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0 PR OTR RD AT PHP HPT RMSHP 
250.0 1250.0 3.6 0.875 4.2 361.0 1758.0 205.8 
500.0 1?50.0 4.6 1.000 6.0 571.5 3340.6 346.4 
750.0 1250.0 5.3 1.125 7.3 768.9 4906.9 481.0 

1000.0 1250.0 5.9 1.125 8.5 964.5 65?8.8 615.2 
12'50.0 1250.0 6.5 1.2 50 9.4 1154.9 8743.4 749.7 
1500.0 1250.0 7.0 1.2 50 10.4 1344. 6 99(9,4 88 2. 5 
1750.0 1250.0 7.4 1.3 75 11.2 1546.0 11727.0 1023.3 
2000.0 1250.0 7.8 1.375 12.0 1736.6 13454.6 1157.4 
2250.0 1250.0 8.2 1.500 12.7 l95B.O 15357.2 1308.3 
2500.0 1250.0 8.6 1.500 13.4 2153.5 17133.4 1445.3 
27'10.0 1250,0 9.0 1.625 14.0 2402.9 1Ql64.7 1610.0 
3000.0 1250.0 9,3 1.625 14.6 2605.9 20996.8 1751.2 
3250.0 12'50,0 9.6 1.750 15.2 2891.9 23182.1 }q33.5 
3500.0 1250.0 q,q 1.750 15.8 3105.0 25077.8 2080.2 
3750.0 1250.0 10.2 1. 8 75 16.4 3437.2 27443.7 2284.7 
4000.0 1250.0 10.5 1.875 16.9 3662.6 2941.1.3 2437.8 
4250.0 1250.0 10.8 2.000 17.4 4052.4 31985,6 2670.2 
4500.0 1250.0 11. 1 2.000 17.9 4292.4 34033.7 2831.1 
4750.0 1250.0 11.4 2.125 18.4 4753.1 36845.5 3098.0 
5000.0 1250.0 11.6 2.375 18.9 5604.6 41730.9 3553.3 
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0 PR OTR RD AT PHP HPT RMSHP 
250.0 1500.0 4.3 1.000 4.2 3A9.3 16 73.2 228.6 
'>00.0 1500.0 5.5 1.125 6.0 635.7 3230.0 jq6.0 
750.0 1'.500.0 6.4 1.250 7.3 866.3 4H 8 l.l 557.5 

1000.0 1500.0 7.1 1.2 50 8.5 1092.5 653~.4 716.5 
1250.0 1500.0 7.8 1.375 9.4 132'0.2 A245.5 878.3 
1500.0 1500.0 8.3 1.375 10.4 1541.7 9032.3 1036.1 
1750.0 1500.0 8.9 1.500 11.2 1782.5 11721.5 1204.6 
2000.0 1500.0 9.4 1.500 12.0 2006.0 13447.9 1364.1 -----------------------
2250.0 1500.0 9.9 1.625 12.7 2269.8 1533"3.3 1543.7 
2500.0 1500.0 10.3 1.625 13.4 2499.4 17105.? 1706.6 
2750.0 1500.0 10.7 1.750 14.0 2795.4 lqlo7.1 1901.2 
3000.0 1500.0 11.2 1. 7 50 14.6 3033.8 20930.8 2068.8 
3250.0 1'500.0 11.5 1.875 15.2 3371.9 23071.1 2 2 8 3 • . 1 
3500.C 1500.0 11.9 2.000 15.8 3751.2 253lg.4 2516.0 

---------------- - -------
3750.0 1'500.0 12.3 2.000 16.4 4013.4 27254.5 2695.8 
4000.0 l500.C 12.6 2.125 16.9 4457.1 2968l.l 2958.8 
4250.0 1')00.0 13.0 2.125 17.4 4735.1 J 1688. -~ 3146.8 
4500.C 1500.0 13.3 2. 375 17.9 5547.1 35066.2 31580.2 
4750.0 1500.0 13.6 2.375 18.4 5860.3 3719 8 .1 3786.2 
5000.0 1500.0 13.9 2. 375 18.9 6175.8 39347.5 399~.5 

--- ---·--

- - - ---- - - - --- ---- - ------ - ------- - - - ------ ------
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0 PR OTR RO AT PHP HPT RMSHP 
250.0 1750.0 5.1 1.000 4.2 429.1 1630.1 257.0 
500.0 1750.0 6.4 1.125 6.0 706.7 3221.8 449.5 
750.0 1 75 0. 0 7.4 1. 2 50 7.3 967.2 4865.6 63 5.4 

1000.0 1750.0 R.3 1.375 8.5 .1226.2 6539.6 821.2 
1250.0 1750.0 9.1 1.500 9 8 4 1491 8 4 8251.1 1010.0 
1500.0 1750.0 q.] 1.500 10.4 1745.5 9939.7 1193.2 
1750.0 1750.0 10.4 1.625 11.2 2026.7 11724.4 1389.7 
2000.0 1750.0 11.0 1.625 12.0 2284.0 13451.4 1575.0 
2250.0 1750.0 11.5 1.750 12.7 2592.1 15326.1 1783.8 
2500.0 1750.0 12.0 1.750 13.4 28.56.7 17096.8 1 S72.9 
27'50.0 1750.0 12.5 1. 875 14.0 3202.4 19079.6 219H.6 
3000.0 1750.0 13.0 2.000 14.6 ~5B5.6 21146.4 2440.6 
3250.0 1750.0 13.5 2.000 15.2 3872.0 23009.5 2 64 0. 7 
3500.0 1750.0 13.9 2.125 15.8 4315.0 25217.9 2909.7 
3750.0 1750.0 14.3 2.125 16.4 4616.7 27141.5 3117.5 
4000.0 1750.0 14.7 2. 3 75 16.9 5390.9 29971.6 3 53 3. 5 
4250.0 1750.0 15.1 2.375 17.4 5726.4 -=\2007.4 3758.1 
4500.0 1750.0 15.5 2.625 17.9 6813.4 36027.6 4322.1 
4750.0 1750.0 15.9 2.625 18.4 7192.6 38209.0 4568.6 
5000.0 1750.0 16.3 2.625 18.9 7574.5 40408.4 4816.8 
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D PR OTR RD AT PHP HPT RMSHP 
250.0 2COO.O 5.R 1.125 4.2 461.6 1603.0 283.6 
500.0 2COO.O 7.3 1.250 6.0 773.4 3225.0 502.9 
750.0 2000.0 8.5 1. 375 7.3 1069.2 4871.0 715.5 

1000.0 2000.0 9.5 1.500 8.5 1364.8 6546.7 928.2 
1250.0 2COO.O 10.3 1.500 9.4 1650.3 821 ·4.0 1135.g 
1500.C 2000.0 11. 1 1.625 10.4 1956.1 <)949.q 1153.4 
1150.C 2000.0 11.9 1. 750 11.2 2279.5 11732.4 1578.4 
2000.0 2000.0 12.5 1.750 12.0 2571.5 13461.1 1789.7 
2250.0 2COO.O 13.2 l. 875 12.7 2927.0 15329.5 2028.6 
2500.C 2COO.O 13.8 1. 875 13.4 3227.5 17100.8 2 244.1 
215 0. c 2000.0 14.3 2.000 14.0 3627.1 19071.0 2502.4 
3000.0 2000.0 14.9 2.125 14.6 4071.1 21119.3 2779.3 
32'50.0 2COO.O 15.4 2.125 15.2 4396.5 22978.8 1007.1 
3500.0 2000.0 15.9 2. 3 75 15.8 5135.4 25485.9 3409.6 - - - -------- -- ------
3750.0 2000.0 16.4 2.375 16.4 5493.5 27439.7 3653.2 
4000.0 2000.0 16.9 2.3 75 16.9 5853.9 29406.9 3898.2 
4250.0 2000.0 17.3 2.625 17.4 6927.1 32546.0 4453.9 
4500.0 2000.0 17.7 2.625 17.9 7330.6 34610.1 4 720.0 
4?50.0 2000.0 18.2 2.875 18.4 8837.1 39666.9 5492.1 
5000.0 2000.0 18.6 2.875 18.9 92<)5.4 41931.4 5785.5 

--------------- ----

-- · ·- ---------- - ------------ -----
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0 PR OTR RD AT PHP HPT RMSHP 
250.0 2250.0 6.5 1.125 4.2 501.3 1601.6 313.0 
500.0 2250.0 8.2 1.375 6.0 843.7 322A .3 558.1 
150.0 2250.0 9.5 1.500 7.3 1175.4 4876.5 797.5 

1000.0 2250.0 10.7 1.500 8.5 1495.0 6526.4 1031.1 
1250.0 2250.0 11.6 1.625 9.4 1827.5 8224.9 1270.8 
1500.C 2250.0 12.5 1. 750 10.4 2174.5 9961.9 1516.4 
1750.0 2250.0 13.3 1.875 11.2 2542.9 11743.9 1770.6 
2000.0 2250.0 14.1 1.875 12.0 2870.5 134 75_. 5 2008.4 
2250.0 2250.0 14.8 2.000 12.7 3277.2 15340.0 2278.6 
2500.0 2250.0 15.5 z.ooo 13.4 3614.9 17113.1 2521.3 
2750.0 2250.0 16.1 2.125 14.0 4073.8 19074.9 2813.5 
3000.0 2;?50.0 16.7 2.375 14.6 4779.8 21339.0 3206.1 
3250.0 2250.0 17.3 2.375 15.2 5160.9 23227.5 3469.1 
3500.0 2250.0 17.9 2.375 15.8 5544.1 25128.8 3733.3 
3150.0 2250.0 18.4 2.625 16.4 6564.0 27740.5 4264.5 
4000.0 2250.0 19.0 2.625 l6.q 6989.3 29739.3 4548.9 
4250.0 2250.0 19.5 2.875 17.4 8419.6 33873.2 5278.3 
4500.0 2250.0 20.0 2.875 17.9 8899.0 36005 .·s 558 8 .q 
4 750.0 2250.0 20.4 2.875 18.4 9381.3 38155.0 5901.4 
5000.0 2250.0 20.9 3.125 18.9 11447.7 43959.9 6968.0 
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0 PR OTR RO AT PHP HPT RMSHP 
250.0 ?.500.0 7.2 1. 2 50 4.2 537.0 1602.8 341.6 
soo.c 2500.0 9.1 1.375 6.0 914.7 3223.6 613.1 
750.0 2500.0 10.6 1.500 7.3 1276.4 4866.2 876.9 

1000.0 2500.0 11.8 1.625 8.5 1638.8 6535.3 1140.6 
1250.0 2500.0 12.9 1.750 9.4 2011.5 8236.5 140 8 .1 
l500.C 2500.0 13.9 1.875 10.4 2402.3 9975.3 1682.4 
1150.0 2'500.0 14.8 1.875 11.2 2758.4 11683.1 1943.3 
2000.0 2500.0 15.7 2.000 12.0 3183.7 13492.7 2231.6 
2250.0 2500.0 16.5 2.125 12.7 3646.6 15355.3 25.34. 7 
2500.0 2500.0 17.2 2.125 13.4 4022.8 17131.1 2804.8 
2750.0 2500.0 17.9 2.375 14.0 4727.2 19267.3 3203.5 
3000.0 2500.0 18.6 2.375 14.6 5133.7 21114.2 3487.5 
3250.0 2500.0 19.2 2.625 15.2 6102.4 23·476.1 3998.1 
3500.0 2500.0 19.9 2.625 15.8 6549.9 25407.7 4301.0 
3750.0 2-500.0 20.5 2.625 16.4 6999.8 27352.8 4605.5 
4000.0 2500.0 21.1 2.875 16.9 8406.1 30776.0 5320.6 
4250.0 2500.0 21.6 2.875 17.4 8909.7 32817.5 5650.5 
4500.0 2500.0 22.2 3.125 17.9 10873.1 37827.4 6656.0 
4 750.0 2500.0 ?.2.7 3.125 18.4 11444.4 40059.1 7018.7 
5000.0 2500.0 23.2 3.375 18.9 14160.3 46551.9 8456.3 
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0 PR OTR RO AT PHP HPT RMSHP 
250 . 0 2"750 . 0 8 . 0 1.250 4.2 576.7 1601.7 371 . 5 
500 . 0 2750.0 10.1 1.500 6 . 0 988 . 3 3227 . 0 66q . 9 
750 . 0 2150 . 0 11.7 1.625 7.3 1386.9 4872.3 960.8 

1000.0 2150 . 0 13.0 1.750 8 . 5 1788.6 6544.5 1252.0 
1250 . 0 2750.0 14.2 1.875 9.4 2204 . 0 8248 .4 1 547 . 9 
1500.0 2150 . 0 15.3 1.875 10.4 2589 . 6 9936 . 2 1832.5 
1750.0 2150 . 0 16.3 2 . 000 11.2 3034 . 8 11701.3 2139 .7 
2000 . 0 2750 . 0 17 . 2 2.125 12.0 3514.7 13512.0 2460 . 2 
2250 . 0 2150 . 0 18 .1 2. 375 12 .7 4190.7 15493 . 8 2854 . 4 
2500 . 0 2750 . 0 18.9 2.375 13.4 4621.4 17294 . 3 3158 . 6 
2750.0 2750 . 0 19.7 2.375 14 . 0 5053.7 19106 . 6 3463 . 9 
3000 . 0 2750 . 0 20 . 5 2.625 14 . 6 6011 . 2 21334.2 3974 . 3 
3250 . 0 2750 . 0 21 . 2 2 . 625 15 . 2 6483 .7 23222 .1 4297.7 
3500 . 0 2750 . 0 21 . 9 2.625 15 . 8 6958 . 5 25122 .7 4622.6 
3150 . 0 2750 . 0 22 . 5 2.875 16.4 8341 . 2 28006 .4 5325 . 9 
4000 . 0 2750 . 0 23 . 2 2.875 16.9 8869 .1 299 73 . 1 5675 . 4 
4250 . 0 2750.0 23.8 3 .1 25 17.4 10794 . 8 34494 . 5 6654 .7 
4500 . 0 2750 . 0 24 .4 3.125 17 . 9 ,, 11390.3 36632 . 9 7036 . 2 
4750 . 0 2750 . 0 25 . 0 3.375 l-8.4 14052.0 42468.0 8429.9 
5000 . 0 2750.0 25.6 3 . 375 18 . 9 14731 . 5 44813 . 6 8852 . 4 
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D PR OTR RD AT PHP HPT RMSHP 
250.0 3COO.O 8.7 1. 375 4.2 614.8 1602.9 401.4 
r;oo.c 3000.0 11.0 1.500 6.0 1059.3 3223.2 72 5. 3 
750.0 3000.0 12.7 1.625 7.3 1487.8 4864.0 1040.6 

1000.0 3000.0 14.2 1.750 8.5 1918.7 6529.4 1355.6 
1250.0 3COO.O 15.5 1.875 9.4 2362.9 8223.q l674,q 
1500.C 3000.0 16.7 2.000 10.4 2829.3 9952.6 2002.1 
1750.0 3000.0 17.8 2.125 11.2 3327.5 11720.4 2340.9 
2000.0 3000.0 18.8 2.375 12.0 4004.6 13624.2 2744.7 
2250.0 3COO.O 19.7 2.375 12.7 4461.9 153q5.8 3070.8 
2500.0 3000.0 20.6 2.375 13.4 4920.4 17178.8 339 7. 6 
2750.0 3000.0 21.5 2.625 14.0 5867.4 19296.1 3909.5 
3000.0 3000.0 22.3 2.625 14.6 6365.2 21147.2 4253.6 
3250.0 3COO.O 23.1 2.625 15.2 6865.0 23010.4 4599.2 
3500.0 3000.0 23.8 2.875 15.8 8224.5 25482.9 5292.9 

- ~-------

3150.C 3000.0 24.6 2.875 16.4 8777.0 27387.0 5662.3 
4000.0 3000.0 25.3 3.125 16.9 10665.2 31502.4 6618.2 
4250.0 3COO.O 26.0 3.125 17.4 11284.9 33563.0 7018.8 
4500.0 3000.0 26.6 3.375 17.9 13892.4 38851.0 8371.9 
4150.0 3000.0 27.3 3.375 18.4 14596.2 41100.6 8812.7 

DEPTH IN FEET 5000.0 
ROPE DIA IS MORE THAN 3.5 INCHES CALCULATED DIA= 3.625 
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0 PR OTR RD AT PHP HPT RMSHP 
250.0 3250.0 <1.4 1. 3 75 4.2 6'54.5 1602.0 431.5 
500.0 3?50.0 11.9 1.625 6.0 1136.~ 3226.6 78 3. 3 
750.0 3250.0 13.8 1.750 7.3 1603.3 4870.3 1126.0 

1000.0 3250.0 15.4 1.875 8.5 2075.8 6539.1 1469.2 
1250.0 3250.0 16.8 2.000 9.4 2565.9 8237.2 1817.8 
1500.0 3250.0 18.1 2.125 10.4 3083.8 996CJ.3 2176.0 
1150.0 3250.0 19.3 2.125 11.2 3543.0 11675.5 2514.0 
2000.0 3250.0 20.4 2.375 12.0 4248.0 13555.2 2939.1 
2250.0 3?.50.0 21.4 2.375 12.7 4733.2 15312.9 3287.9 
2500.0 3250.0 22.4 2.625 13.4 5670.4 17338.6 3802.8 
2750.0 3250.0 23.3 2.625 ·14.0 6193.9 19158.0 4167.9 
3000.0 3250.0 24.2 2.875 14.6 7480.6 21364.5 4832.9 
3250.0 3250.0 25.0 2.875 15.2 8055.8 23256.4 5220.7 
3500.0 3250.0 75.8 2.875 15.8 8633.1 25161.3 5610.1 
3750.0 3250.0 26.6 3.125 16.4 10483.9 28772.6 6545.3 
4000.0 3250.0 27.4 3.l25 16.9 11128.2 30767.2 6965.2 
4250.0 3250.0 28.1 3•375 17.4 13681.5 35593.1 8280.8 

DEPTH IN FEET 4500.0 
ROPE DIA IS MORE THAN 3.5 INCHES CALCULATED OIA= 3.625 
DEPTH IN FEET 4750.0 
ROPE DIA IS MORE THAN 3.5 INCHES CALCULATED DIA= 3.625 
DEPTH IN FEET 5000.0 
ROPE OIA IS MORE THAN 3.5 INCHES CALCULATED OIA- 3.625 
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-- ---- ---------

D PR OTR RD AT PHP HPT RMSHP 
250.0 3500.0 10.1 1.500 4.2 694.8 1603.1 462.3 
500.C 3500.0 12.8 1.625 6.0 1207.3 32?1.4 839.0 

-~----

750.0 3500.0 14.8 1.750 7.3 1704.2 4863.4 1206.1 
1000.0 3500.0 16.6 1.875 8.5 2206.0 6526.6 1573.0 
1250.0 3SOO.C 18.1 2.000 9.4 2724.8 8217.0 1945.0 
1500.0 3500.0 19.5 2.125 10.4 3271.1 9939.0 2326.3 
1750.0 3500.0 ?.0.7 2.375 11.2 3978.8 11760.6 2762.<1 
2000.0 3500.0 ?1.9 2. 3 75 12 .o 4491.4 13496.0 3134.1 ----

2250.0 3500.0 23.0 2.625 12.7 5419.6 15444.7 3653.5 
2500.C 3500.0 24.1 2.625 13.4 5969.3 172 3 6.5 4039.9 
2150.0 3500.0 25.1 2.8 75 14.0 7234.0 19344.1 4700.0 
3000.0 3500.0 26.0 2.875 14.6 7834.6 21202.1 5108.2 
3250.0 3500.0 26.9 2.87'5 15.2 8437.1 23072.5 5518.0 
3500.0 3500.0 27.8 3.125 15.8 10250.7 26249. 2 6434.8 
3750.0 3500.0 28.7 3.125 16.4 10919.8 28186.9 6 874.2 
4000.0 3500.0 29.5 3.375 16.9 13418.7 32617.5 8 155.2 
4250.0 3500 .0 30.3 3.3 75 17.4 14171.6 34716.2 863 3. 2 

DEPTH IN FE ET 4500.0 

ij ROPE DIA IS MORE THAN 3.5 INCHES CALCULATED DIA= 3.625 
DEPTH IN FEET 4750.0 

----- ----

~ 
ROPE OIA IS MORE THAN 3.5 INCHES CALCULATED DIA= 3.625 
DEPTH IN FEET 5000.0 

~ ROPE DIA IS MORE THAN 3.5 INCHES CALCULATED DIA= 3.625 
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0 PR OTR RO AT PHP HPT RMSHP 
250 . 0 3 750 . 0 1 0 . 8 1. 500 4. 2 7 34 . 6 160 2. 3 492 . 6 
500 . 0 ~ 750 . 0 13 .7 1. 750 6 . 0 128 8 . 2 3 ? 26 . 8 898 .1 
750 . 0 3 750 . 0 15 . 9 l. 8 75 7 .3 1825 . 8 4869 .7 1293 . 2 

1000 . 0 3 7 50 . 0 17 . 8 2. 000 8 . 5 237 2 . 3 6536 . 5 1689 .1 
1250 . 0 3 75 0 . 0 19 .4 2 .12 5 9 .4 2941 . 1 8230 . 8 2 091 . 5 
1500 . 0 3 750 . C ?.0 . 9 2. 375 10 . 4 3653.1 10003. 4 2541 .2 
1750 . 0 3 750 . 0 22 . 2 2 . 37 5 11. 2 4 194 . 3 11718 . 9 zq3s .4 
2000 . 0 3 750 . 0 23 . 5 2 . 625 12 . 0 5 114. 4 13602 . 3 3 460 . 7 
2250 . 0 3 750 . 0 24.7 2 . 625 12 . 7 5690 . 9 1536Q . 6 3868 . 9 
2500 . 0 3 750 . 0 25 . 8 2 . 625 13 . 4 6 268 . 2 17 148 . 0 427 8 . 0 
2750.0 3750 . 0 76 . 9 2 . 8 7 '5 14 . 0 7 560 . 5 19221 .1 4954 . 8 
3000 . 0 3 750 . 0 27 . 9 2 . 8 7 5 14 . 6 8 188 . 5 21061 . 3 5385 . 2 
32'50 . 0 3750 . 0 2 8 . 9 3 . 125 15 . 2 996 5. 1 23890 . 8 6285 . 8 
3500 . 0 3750 . 0 29 . 8 3 . 125 15 . 8 10659 . 3 25779.3 6745 . 0 
3750 . 0 3 750 . C 30 .7 3 . 3 7 5 16 .4 13 1 03 . 9 29867 . 8 7994 . 0 
4000 . 0 3750 . 0 3 1. 6 3 . 375 16 . 9 13881 . 7 3 1905 . 9 8491 . 0 

DEPTH IN FEET 4 2 50 . 0 
ROPE D I .A IS r~ ORE THAN 3 . 5 INCHES CALCULATED OI A= 3 . 625 
DEPTH IN FEET 4500 . 0 
ROPE DIA IS MORE THAN 3 . 5 I NCHE S CALCUL ATEO DIA= 3 . 625 
DEPTH IN FEF T 4 750 . 0 
ROPE DIA IS MORE THAN 3 . 5 INCHES CALCUL .ATED DIA= 3 . 625 
DEPTH I N FEET 5000 . 0 
ROPE OIA IS MORF THAN 3 . 5 INCHES CA LCULATED OI A= 3 . 625 
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0 PR OTR RO AT PHP HPT RMSHP 
250 . 0 4COO . O 11 . 6 1 . 500 4 . 2 774 . 3 1601 . 6 523 . 0 
500 . 0 4000 . 0 14.6 1 . 750 6 . 0 1 359 . 2 3224 . 0 g53 . 9 
750 . 0 4000 . 0 17 . 0 1 . 875 7 . 3 1926 . 8 4863 . 7 1373. 4 

1000.0 4COO . O 18 . 9 2 . 125 8 . 5 2550 . 3 6546 . 4 1808 . 3 
1250 . 0 4COO . O 20 . 7 2 . 375 9 . 4 3269 . 2 8277 . 5 2273.0 
1500.0 4000 . 0 22 . 3 2 . 3 7 5 10. 4 3840. 4 9974 . 8 2690 . 9 
1750 . 0 4000 . 0 23 . 7 2 . 375 1 1 . 2 4409 . 7 11682 . 5 3 108 . 2 
2000 . 0 4000 . 0 25 . 1 2 . 625 12 . 0 5357 . 8 13547 . 7 365 4. ? 
2250 . 0 4COO . O 26 . 3 2. 625 12 . 7 5962 . 1 15303 . 9 4085 . 1 
2500 . 0 4COO . O 21 . 5 2 . 875 13 . 4 7232 . 9 17300 . 3 4159 . 6 
2750 . 0 4000 . 0 28 . 7 2 . 875 14 . 0 7887.0 19 1 13 . 6 5210 . 9 
3000 . 0 4000 . 0 29 . 7 3 . 125 14 . 6 962.6 . 6 21666 . 8 6097 . 4 
3250 . 0 4COO . O 30 . 8 3 . 125 15 . 2 10346 . 4 23512 . 0 6576 . 6 
3500.0 4000 . 0 31 . 8 3 . 375 15 . 8 12736 . 3 27301 . 7 7796 . 0 
3150 . 0 4000 . 0 32 . 8 3 . 3 7 5 16 . 4 13539 . 7 29286 . 9 8312 . 2 

DEPTH IN FEE T 4000 . 0 
ROPE DI A IS MORE THAN 3 . 5 INCHES CALCULATED DIA= 3.625 
DEPTH I N FEET 4250 . 0 
ROPE DIA IS MORE THAN 3 . 5 INCHES CALCULATED OIA= 3 . 625 
DEPTH IN FEET 4500 . 0 
ROPE DIA IS MORE THAN 3 . 5 INCHES CALCULATED OIA= 3 . 625 
DEPTH IN FEET 4750 . 0 
ROPE OIA IS MORE THAN 3 . 5 INCHES CALCULATED DIA= 3 . 625 
DEPTH IN FEET 5000 . 0 
ROPE OIA IS MORE THAN 3 . 5 INCHES CALCULATED DIA= 3 . 625 



www.manaraa.com

lOZ 

APPENDIX V 

Computer Program Used for the Drum Hoist with 2 Skips 

BALANCED HOISTING FROM 250-5000 FT.PRODUCTION 250-4000 TONS 
DIMENSION PRC20) ,VL(20) ,AL(20) ,0(20) 
R E A 0 ( l , 2 5 ) ( P R ( J ) , J = 1 , 16--) ------ -- -- - - - ---

R E AD ( 1 , 2 6 > { V L ( I ) , A L ( I ) , 0 ( I ) , I= 1 , 2 0 ) 
WPITE(3,lO) 

-----\~R--1 T E , -=3 ,·--2? )(PR-(Jf-;-j-~-l--,16)-- ------------------- -- ------ -------------- ------ - --- --- ---- --- - - ----- -- -- ------

WR.ITEC3,l7) 
WRIT f ( 3, 2 3) ( VL C I J, AL C I), DC I) , I= 1, 20) 
WRITE(3,100) 
DO 5 J=1,16 

_____ ____ D_Q__ 5 I= 1 , ___ 2_0 _ 

--- ·· 

R0 =0 .• 25 
FS=4.0 
H.:-.: 7. 0 
RT=l2.0 
G= 32.2 
AT=VL(l)/AL(I) 

------ AD= 0 • 5 ~::A L C I )-*-_.A::-::T=-~-:-: -*=-2· 
ClJ=O (I )-2.0*AD 

CT=C O/VL (I)------------·- ----- --- ---- - - - --- ·-- -··---- --- -----· 
TP=2.0*4T+CT+RT 
TN=H'~3600. 0/TP 
OT=PR(J)/TN 

-· -------- -· ----------- --- - ------- - --·-- - -----
OTR=l.l*OT 
S l.J = 0 • 5 * 0 T F 
T 0 l = ( 0 T R + S ~!) * ( G + A L ( t l ) ~::: F S I G 

1 5 B S T = t 3 2 • 5 6 16 52 9 9 E- 0 3- 3 6 9 • 3 6 2 2 8 8 2 7 E- 0 3 * R 0 +:fa 2 : 2 6 2 8 i 66-9E- 0-1 * ~Q. 0 * * 2 -· 
l-154.?1R598AlE-O~*RD**3.0 

4 WR~-65q.67674330E-04+118.52413335E-03*RD+156.53931681f-02* R D~*2. 
---· - -- ·· ·· ··--f[P.;-[)(f1*.(G+AL_( _fT)*-~fcf~~F-S7T.G*2cf6 cf~· -o ; -------·--- -· -- -- -- ... . ·--··- --- ·----·-·-------- . .... . ··-· ·-

TliJL=TDL+TLR 
IF(AST-TTDL)2,3,1 - -~-2-I"F-·nro- o • 6 z s > 1 , 6 -, ~6---------- - ---- ·--- --- ·- -- -· -- -- --- - -·· --- -- --- - ·· ···-·· --·· -- ·- ·· - ----

7 RO=Rn+0.0 6 25 
GO TO 1'5 -- --6 - - -~ ~--FTR[J--?. ~-5 c1)~t;, 3 6--;-_3_6 ____ --- -------------- -------- -------·-· ·- ---------- ---- ------- ----- -- ----- --- ------ ----- -- -- --. 

16 RO=R0+0.125 
Gn TO 15 

-- 3·6-- R D=P 0+ 0. 2 :::,o 
Gn rn 15 

3 DD=7. 5:.~R 0 
TAN=O(I)/(3.141*00) 
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V=TAN/(TP-RT-AT) -------P=RD+0.25 
FW=CTAN+3.0)*P/12.0 
DW=D0*3.141*FW*160.0 

1.0,3 

------- · ---RW-A--;;A 0 --·- - ---------------·-- ---- ------- - ---- - -- · --- --- ·----- ---- · ·· --- ·-· ··· · ---· -· - --- ·-·· ·- -

R WR= fd,J 1\ 
RWCS=CD 

----··- --Tf·1 U L. = ( S W + 0 T R ) * D 0 * 1 0 0 0 • 0 
TMUR=DCI)*WR*DD/2.0 
TMURl=CD(I)- RWAl*WR*OD/2.0 

--- ·· T M lJ R 2 = R ~·J t\ ~: ~"' ·p, :.~ 0 0 / . 2 • 0 --- -· - - -- -

TMDL=SW*DD*1000.0 
TMOP=T i\1URZ 

- ----TMORi= T !·1UR 1 
T i'-1 OR 2= T M Uf.~ 

TNO=CT MUL+T M UR-T~nL) 
- -··- ··----·-t-~f.A-;-· r =r ·~11Tc-+·r~n:JR.--r--=- -c 1-~xts-c+t MD~~:-2T· , -·- ·---- --

TNC= C TMUL+Tr'•UR2- { T MOL+T ~1UR 1)) 
TN f)= C T f·1 U L- ( T r-~ 0 L + T ~1 U R ) ) 

---·- --- - ------FM=( T~~ !JL+Tl"1DL+T i'1UR )*0.1 
IFCOD-2.75)77,77,78 

7 7 w H S= 3 7 5. 0 0 -- -- --- -- - -G-(1- -T-o~q---:---------------- ·-------------- -------- -- -- ---

78 IF(D0-3.75}80,80,RR 
80 WHS=500.0 

- -- ··--· ····- GO TC 9 ·-----

·------ -------------

8P WHS=-1Rl.l7024?80E~01+560.45313382E-OO*DC+557.59 457S33E-O~*DD**~ 
q FA=C4000.~=S W +1000.*DTR~(0(1)+250.)*WR*Z•+2.*DW +Z.*~HSl*Al(l)/G 

T~~~ EA= C TNA-+ F~~ ) 

TMCS=(TNC+F M) ... i f.'-Ec ·s = ff.NC-+F ~·:+P.~·f> _____ _____________ .. .. -------· ... -·. ·-· -·- -- .... -. -·· - ____ ..... 

T ~~\ f: W = ( T ~! 0 + F ~-1 + R ~1 ) 

--· ·--· -- .. - .. -. .?~= -? ... ~ ~~}-~_!:~~ * v _{_~~- ~~--Q_-----· ··--·---- .... ---.. -- ·-------· .. ·- '. .. - - . -·· - ··- ·-- -- - -.. .. ·-- . .. -· .. - -- . -
HPO=T~1 0*Z 
HP !\ ·= 1 MSt\*Z 
H P E = T ~·1 E A* l 

·· ·--... · - -- -~Tr, t= -r;~n~-s*· z 
HP EC =T ~"1 FC S ~=Z 
H P E W = T t·l f W * 7 

HPTA=(H PO-+HP'\)*().')*'\T 
---~H.!....!..P.......:T~C = ( HP E +HP C ) :::n. S *( T 

T F ( H p F.:: c .. H p E ~..; ) 3 4 ' )It- ' 3 C_) 

34 Hf' TD=tJ. I)() 

----- -·--·---·-· .. -

··-··-· _____ GO TO 30 ---- - -- - - -- ------------··- - - -- -
35 HPTO=(HrEC+HPf W )*0.5*l~T 
30 HPT~(HPTA+HPTC+HPTO)/OTR 

P HP= (HOO+! ~ Pf\ )* 0 . 5 

-- --- ----- #- - -- - - - - - - - - ---
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'R t~ SHP=Sf)RT ( ( HPA**2*A~f+HP.C**l*CT+H-PEC**2*AT)/ (AT+CT+0.25*RT,) 
WPITF(1,l0l)O(l),PR(J),OTR,RD,AT,PHP,HPT,RMSHP 

'5 C n 1\! T 1 f'' U E 
CALL EXIT 

?5 FORMATC4Fl0.3) 
_ _?_f~ _ _fORMAT ( 3F 10. 3) -~-------- - -- -- - ----- __ 

22 FORMATC12X,3Fl0.1) 
17 FORMATC?OX,'VELOCITY,ACCELERATION AND DEPTH•) 
lq FnRMATC?OX,•PROOUCTION IN TONS') 
23 FORMAT(12X,3FlO.l) 

100 FORMAT(l5X, 1 0 1 ,7X,•PR•,4X,•OTR 1 ,4Xt•RD•t5Xt•AT 1 t5X, 1 PHP•,6X,'HPT' 
15 X, •·RM_S_H_P_' _:_) ___ _ ____ _ 

---i oi·--F-OR MAT C 1 2 X , F 7. 1 , 1 X , F 7. 1 , 1 X , F 5. 1 , 1 Xt F 6 • 3 -;l>f;t=s;t,u;t=·a-:1-, 1-X -, F 8 • 1 , 
llX,FS.l) 

____ _ _ !lill__ .. 
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INPUT DATA FOR DRUM HOIST USING 2 SKIPS 
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PROOUf.TION TN TONS 
250.0 500.0 

1000.0 1250.0 
1750.0 2000.0 
2500.0 2750.0 
3250.0 1500.0 
4000.0 

7150.0 
1.500.0 
2250.0 
3000.0 
3750 0 

VELOCTTV.ACCELE~ATION .NO DEPTH 
16.5 5.5 250.0 
20.0 6.0 500.0 
24.5 6.7 750.0 
27.0 7.0 1000.0 
30.0 7.1 1250.0 
33.0 8.1 1500.0 

--~3~5~·~5 ~.? 1750.0 
37.5 8.3 2000.0 
40.0 A.4 2250.0 
42.0 8.5 2500.0 
44.0 R.6 2750.0 
4A.O ~.~ 3000.0 

106 

---~~. 0 8. 7 3215 o. 0 
.~~----~~~~-----------------------------------------------------------50.0 R.8 3500.n 

5?.0 B.P 3750.0 
54.0 8.0 4000.0 
5A.~ 8,Q 4250.0 
5R,O 8.9 4500.0 

______ ~-Q~_Q_________ _ _o _! __ 0 ______ _ 4..:._7~~~- o~. _;_o _____________________________________________________ __ 
62.5 q,o ~ooo.n. 
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COMPUTER OUTPUT FOR DRUM HOIST uSING 2 SKIPS 
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---- -----·--

0 PR 'lTR RO ~T PHP HPT RMSHP 
?50.0 ""50.0 0.1 0.250 3.0 53.~ 1363.0 2Q.O 
500.0 :?'50.0 0.4 0.313 3.3 112. 6 ?751.0 51.8 
750.0 ?50.0 0.5 0.375 3.7 212.5 4456.2 89.2 

1000.0 ?50.0 0.6 0.375 3.9 300.8 5979.2 119.4 
1250.0 7.50.0 0.6 0.375 4.1 410.8 7674.6 15A.7 
1'100.0 ?50.0 0.7 0.438 4.0 621.1 9868.1 2?7.8 
1750.0 ?')0.0 0.7 0.43A 4.3 764.0 11786.5 279.2 

__ 2_Q 0 0~_:'2_ ___ -- --:?50.0 0.8 0.500 4.5 997.2 14234.4 358.5 
2?50.0 250.0 0.8 0.500 4.8 1188.7 16498.3 429.2 
2'500.0 ?'50. f) O.A 0.500 4.Q 13R2.Q 18672.7 496.7 
2750.0 ?')0.0 0.9 0.500 5.1 1 5Q 1. 6 ?0949.2 570.1 
3000.0 250.0 0.9 0.563 5.3 1971.0 24489.6 708.0 
3?'50.0 ?50.0 o.q 0.'563 1).5 2211.0 27140.3 798.5 

_ 3 soo. Q_ _____ z c:;o. o 1.0 0.563 5.7 2496.9 29920.15 901.5 
3750.0 ?'50.() 1.0 0.625 5.9 3029.9 34640.4 1103. 1 
4000.0 250.0 l. 0 0.625 6.1 3349.2 37899.4 1226.9 
4?50.0 ?50.0 1.0 0.150 6.3 435C).~ 466QQ.q J 636.0 
4500.0 ?50.() 1. 0 0.750 6.5 4731.9 501'54.8 1773.0 
47')0.0 ?.50.0 1.1 0.750 6.7 5146.7 54438.0 1945.5 
5000.0 ::>50.0 1.1 0.750 6.9 5641.4 59680.? 2164.9 
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0 PR nTR RO AT PHP HPT RMSHP 
250.0 '500.0 0.7 0.375 '3,0 92.1 1311.0 53.J 
500.0 500.0 0,9 0.438 3.3 182.4 2591.7 90.1 
750.0 500.0 1.0 0,500 3.7 320.7 4077.6 141.2 

1000.0 500.0 1.2 . 0,563 3.9 475.6 5571..1 191.8 
1250.0 ')00,0 1.3 0.563 4.1 640,9 710'5.8 249.0 
1'500.0 '500.0 1.3 0.6.2t; 4.0 938.9 R966,6 . 341.0 
1750.0 soo.o 1.4 0.625 4,3 1146.0 10649.4 412.8 
2000.0 '500.0 1.5 0.750 4.5 1568.3 13030.2 549.4 
2250.0 500.0 1.6 0.750 4.8 1857.8 15016.5 652.6 
2500.0 500.0 1.7 0.750 4.9 2150.3 16934.1 750.9 
27'50. 0 500.0 1.7 0.750 5.1 2463.6 18927.7 857.5 
1000.0 500.0 1,A 0.750 5.3 2785.7 21001.1 970.8 
3250,0 500,0 l.<.J 0.875 5.5 3558.0 24796.4 1250.4 
3500.0 500.0 1.9 0.875 5.7 4003.5 27241.6 1407.5 
3750.0 500.0 l.O 0.875 5,9 4440.9 29793.8 1570.0 
4000,0 '500.0 2.0 0.875 6.1 4896.5 32453.5 1742.6 
4250.0 500.0 2.0 1.000 6.3 6133.9 38394,A 2238.5 
4500.0 500.0 ?.1 1.000 6.5 6647.3 41145.4 2423.3 
4750.0 500.0 ?.1 1.000 6,7 7218.2 44459,5 2656.3 
5000.0 'iOO.n 2.2 1.125 6.9 8879,7 52417.0 3352.5 
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f) PQ flTR RO AT PHP HPT RMSHP 
?50 . 0 750 . 0 J • 0 0 . 438 3 . 0 126 . 4 l'310 . A 76 . 9 
500 . 0 750 . 0 l . ~ 0 . 563 3 . 3 253 . ? 2542 . 5 12<) . 1 
750 . 0 750 . 0 1 . 5 0 . 6;?5 3 . 7 438 . 2 Jq76 . '5 197 . 8 

1000 . 0 750 . 0 1 . 7 0 . 625 3 . 9 603 . 0 5312 . Q 255 . 7 
1250.0 750 . 0 ) . Q 0 . 750 4 . 1 902 . 7 7000 . 1 348 . 8 
1500 . 0 750 . 0 2 . 0 0 . 750 4 . 0 1216 . 3 8'575 . '5 44 4 . 4 
1750.0 750 . 0 2 . 1 0 . 750 4 . 3 1476 . 2 10153 . 9 533 . 0 
2000 . 0 750 . 0 ' ·3 0 . 875 4 . 5 1964 . 6 12229 . 2 683 . 1 
2250 . 0 750 . 0 2 . 4 0.875 4 . 8 2317 . 4 14039.5 A05 . 6 
?500 . 0 750 . 0 2 . 5 0 . 875 4 . 9 2673 . 0 157q4 . l 922 . 1 
2 750 . Q 750 . 0 ? . 6 1 . 000 5 . 1 3420 . 1 JA514 . 6 1170. 3 
3000 . 0 7'50 . 0 2 . 7 1 . 000 5 . 3 3860 . 0 205?0.4 1 322 . 6 
3250 . 0 750 . 0 2 . 8 1 . 000 5 . 5 4308 . 4 22603.1 1483 . 6 
3500 . 0 750 . 0 2 . <) 1 . 000 5.7 4835 . 9 2475A . 5 1665 . ? 
3750 . 0 750 . 0 2 . 9 1 . 125 5 . 9 5972 . 3 28574 . 4 2079. 3 
4000 . 0 750 . 0 3 . 0 1 . 125 6 . 1 6576 . 9 31079 . 3 2305 . 9 
4'50 . 0 750 . 0 3 , 1 1 .1 25 6 . 3 7 2 60 .4 340 10 . 3 2 5 89. 3 
4500 . 0 750 . 0 3 . 1 1 . 250 6 . 5 8 7 22 . 5 38681 . 6 3137. 0 
4750 . 0 750 . 0 3 . 2 1 . 250 6 . 7 9463 . 7 41726 . 5 3437. 0 
5000 . 0 7'5 0 . 0 3 . 2 1 . 375 6 . 9 . 11420 . 6 48324 . 9 4259 . 7 
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n PR r:JTP RO AT PHP HPT R-.,SHP 
?.SO . O t '}OO . n 1.1 0 . 563 3. 0 161) , Q 1312.0 101.6 
soo . o 1 fl01~- 0 1. q 0 , 62.:; ~.3 ~17 .7 ''>04.1 167,7 

·- ------ -· ···-- -----
7')0 . 0 1')00 , 0 z.n 0 .7 50 ~.7 1562 . 6 ~Q4'l . 1 256 . 0 

1 C\00 . () l'lf}f),O ?.~ 0 ,750 3 , q 76A.6 52c;9 , 0 378 . 0 
l?r;o . o l 'lOO , 0 ?, , 5 0. 875 It . 1 1122.7 6R71 . 6 437.1 
1500.0 1000 . 0 2 .7 0 . 875 4.0 1 ~0 1, A A~99,0 550.A 
1750 , () tnon . o ?,Q 0 . 87':) 4.3 1Rl6.4 <}910 . 1 656.8 
_?._ Q__QQ ~ Q ___ l_~9__9_! 0 3 . 0 1.000 4.5 23 7'.~ 11A'57.2 822 .4 
2750 . 0 1 ooo . 0 3 . 2 t.ooo 4.8 2701 ,7 13585.2 q65.0 
2"00 . 0 1()0() , 0 3 . 1 1.000 4.9 3212 .? 115263.0 1100.6 
?7'50 . 0 l ooo . 0 ~.5 1.125 5 .1 4047.3 17720.2 1 36Q. 6 
3()00 . 0 lflOO.O 3 . 6 1.125 5. 3 4560.3 19(,09.5 1543 ,<l 
1?50. 0 1 ooo . n 3.7 1.12'5 5 , 5 5082 . <l 21~65.7 1728.3 
~1)00 , 0 1 flOO , 0 3,8 1.250 5.7 627A .? 24704.9 2140.? 
3750 . 0 1 ooo . 0 3.9 1.250 5.9 6Q4~.7 ' 6931 .1 i!38l.3 
4000.0 1000.0 4.0 1.37t:; 6 .1 83Q0.4 307?.1.1 29lq.7 
4250.0 1000.0 4.1 1. 3 7'5 6.3 9256.2 33591.5 3276.1 
4500 . 0 lf)QQ , O 4.2 1.375 6.5 10014.2 35931.6 3543. t 
4750.0 100() . 0 4.3 1.500 6 .7 11883.2 40804,Q 42R9.6 
1)000 , 0 1000 . 0 4.3 1.500 6 , q 12q78.2 44284.2 4 76 3. 2 
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0 PR OTR RO 4T PHP HPT RMSHP 
250.0 1250.0 1.6 0.625 3.0 203.7 131?.0 126.1 
500.0 1250.0 2.2 0.750 3.3 397.6 2507.? 208.5 
750.0 1?50.0 2.5 0.750 3.7 635.3 38.34.2 305.2 

1000.0 12'>0.0 2.Q 0.87~ ~.9 <)38.7 5235.4 401.0 
12'>0.0 1250.0 3.2 0.87~ 4.1 1236.5 6628.8 'i03.9 
1500.0 1.~50.0 3.4 1.000 4.0 1795.5 8"30R.4 658.A 
17'50,0 1250.0 3.6 1.000 4.3 2166.7 9814.9 782.7 
2009~_ 0 1? '50.0 3.~ 1.125 4.5 2793.1 11656,7 965.1 
2?50.0 1?50.0 4.0 1.125 4.8 3279,3 1.3~40.0 l128.A 
2'500.0 1?.50,0 4 • .2 1. 1 2'.5 4.9 3767,9 14<)77. 6 1284.0 
2750.0 1?.'50.0 4.1 1.250 5.1 4693.5 l]?AO.l 1575.7 
~ooo. o 1250.0 4.5 1.250 5.3 5282.2 19104,7 1773.1 
3?'50,0 1?50.0 4,7 1.250 5.5 5881.6 20990.5 1 981.7 
3500~0 l2~ Q_. 0 4.A 1.375 5.7 7192.0 23881.8 2425 • . '::\ 
3750,0 1250.0 4,q 1.375 5.9 ]q49.2 16004.5 2695.5 
4000.0 1?.50.0 5.0 1.500 6.1 9520.0 29454.5 3272.1 
4250.0 1?'50.0 5.1 1.500 6.3 10493.) 32145.2 3670.4 
4500.0 1?50.0 '5,2 1.625 6.5 12329.3 35981.6 4351.7 
4 750.0 12'50 .0 1),3 1.625 6.7 13362.8 38735.4 4765.1 
5000.0 1?50.0 5.4 1.750 6,q 15804.8 44048.7 '>793.? 
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D PR fJTR RO AT PHP HPT RMSHP 
250.0 1'500.0 2.0 0.625 3.0 234.1 1311.2 149.6 
500.0 l'iOO.O ?.6 o. 750 3.3 448.0 ?487.9 245.6 
750.0 1'500.0 3.0 0.875 3.7 762.9 38 39.3 363.7 

1000.0 1'500.0 3.5 1.000 3.9 1113.2 5227.0 474.1 
1250,0 1500.0 '3,8 1.000 4.1 1462.6 6614.9 593.9 
1500.0 1500.0 4.0 1.000 4.0 1932.9 8055.6 733.3 
1750.0 1'500.0 4.3 1.125 4.3 2527.0 9753.9 910.0 
2000.0 1500.0 4.6 1.125 4.5 2971.4 11.221.4 1047.0 
2 250.0 1500.0 4.8 1.250 4.8 3781,6 l31q9,4 1295.8 
2500.0 1500.0 '5.0 1.250 4,q 4340.2 14813.1 14"71.4 
2750,0 1'500.0 '5.2 t. 375. 5.1 5358.7 17017.1 1787.5 
3000.0 1'500.0 5.4 1.375 5.3 6025.5 18802.9 2008.8 
3250.0 1'500.0 5.6 1.375 5.5 6704.4 20646.5 2242.7 
3500.0 1:_500,0 5.7 1.500 5.7 8132.9 23377.3 2720.1 
3 750.0 l 500. 0 '5.Q 1.500 5.9 8982.8 25436.3 3020.5 
4000.0 1500.0 6.0 1.625 6.1 10682.9 28663.8 3638.6 
4250.0 1.500.0 6.1 1.625 6.3 11767.3 31243.1 4078,q 
4500.0 1.'500.0 6.~ 1.750 6,5 13740.9 34800,6 4804.7 
4750.0 1500.0 6.4 1.875 6,7 16043.2 39064.4 5728.1 
5000,0 1'500.0 6.5 1.875 6.9 17505,3 42314.7 6357.5 
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0 PR OTR RD AT PHP HPT RMSHP 
?50.0 17'50.0 2.~ 0.750 3.0 27Q.q 131.2.2 175.3 
500.0 17'50.0 3.1 0.875 3.3 529.7 2491.0 286.3 
750.0 1750.0 3.5 0.875 3.7 835.6 3777.A 414.5 

1000.0 1750.0 4.0 1.000 3.9 1205.8 5127.2 534.8 
1250.0 1750.0 4.4 1.125 4.1 1694.8 6613.5 684.1 
1500.0 1750.0 4.7 1.125 4.0 2234.7 8050.8 842.7 
1750.0 1750.0 5.0 1.250 4.3 2897.4 97 24.1 1038.5 
2000.0 1750.0 5.3 1.250 4.5 3403.6 111A5.3 1193.1 
2?50.0 1750.0 5.6 1.375 4.A 4298.2 13118.6 1465.6 
2'500.0 1750.0 5.8 1. 375 4.9 4929.1 14718.4 1662.2 
2750.0 1750.0 6.1 1.375 5.1 5599.7 16362.9 1873.8 
3000.0 1750. 0 6.3 1.500 5.3 6790.3 lA617.2 2250.4 
3250.0 17'50.0 6.5 1.500 5.5 7551.4 20434.7 2510.5 
3500.0 1 7'50. 0 6.7 1.625 5.7 9100.9 23054.9 3023.8 
3750.0 1750.0 6.9 1.625 5.9 10046.5 25072.9 3355.7 
4000.0 1750.0 7.0 1.750 6.1 11879.0 28146.4 4017.6 
4250.0 17'50.0 7.1 1.87'5 6.3 14051.8 31825.1 4680.~ 

4500.0 1750.0 7.~ 1.875 6.5 15192.5 34014.8 5214.2 
4750.0 1750.0 7.5 2.000 6.7 17653.3 38025.5 6257.? 
5000.0 17')0.0 7.6 2.125 6.9 20611.'i 42851.'5 1516.4 
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0 PR OTR RO AT PHP HPT R~SHP 

250.0 2000.0 2.6 0.750 3.0 310.2 1311.6 198.8 
500.0 2000.0 3.5 0.875 3.3 580.2 248A.4 323.7 
750.0 2000.0 4.0 1.000 3.7 966.3 3792.6 472.8 

1000.0 2000.0 4.6 1.125 3.9 1384.8 5139.9 607.8 
1250.0 2000.0 5.0 1.125 4.1 1808.5 6494.0 755.2 
1500.0 2000.0 5.4 1.250 4.0 2544.8 801)6.8 952.5 
1750.0 2000.0 5.7 1.250 4.3 3055.4 9498.7 1121.3 
2000.0 2000.0 6.1 1.375 4.5 3847.8 11172.4 1340. 8 
2250.0 2000.0 6.4 1 • . 375 4.8 4497.7 12751.2 1553.8 
2500.0 2000.0 6.7 1.500 4.9 5534.4 14667.3 18.56. 3 
2750.0 2000.0 7.0 1.500 5.1 6283.9 16303.2 2091.1 
3000.0 2000.0 7.2 1.625 5.3 7576.7 18503.9 2497.6 
3250.0 2000.0 7.4 . 1.625 5.5 8422.5 20305.3 2785.0 
3500.0 2000.0 7.7 1.750 5.7, 10096.0 22846.4 3336.1 
3 750.0 2000.0 7.9 · . ·1. 750 5.9 11140.4 24837.5 3700.8 
4000.0 2000.0 8.0 . ·.1. 8 75 6.1 13108.4 . 27799.7 4408.8 
4250.0 2000.0 8.2 ' .. z.ooo 6.3 15442.3 31328.3 5330.6 
4500.0 2000.0 8.4 · ·z;. ooo 6~.5 1'6'6 ·8·4.0 33476.0 5759.7 
4 75.0. 0 2000.0 8.5 ·_;~.125 6 ,:.1· 19;306.9 37302.0 6804.9 .... 
5000;.0 2000.0 8.6 :2.250 .··6., •. ·9 2?460.8 41886.0 8143.0 

. · . 

. ~ .. ' 
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D PR OTR RO AT PHP HPT RMSHP 
250.0 221)0.0 3.0 0.875 3.0 356.8 1312.6 224.5 

' 500.0 22'50.0 4.0 1.000 3.3 663.7 2491.4 364.2 
750.0 22'50.0 4.5 1.000 3.7 1039.0 374<}.9 524.1 

1000.0 2250.0 5.2 1.125 3.9 1477.4 5071.9 670.1 
1250.0 2?50.0 '5.7 1. ')50 4.1 2046.7 6512.9 845.2 
1500.0 2~50.0 6.0 1.250 4.0 2682.2 7916.2 1031.4 
1750.0 2~50.0 6.4 1. 375 4.3 3435.9 0514.4 1250.6 
2000.0 22_50.0 6.9 1.37'5 4.5 4026.2 10936.0 1430.4 
2250.0 2250.0 7.2 1.500 4.8 5028.6 12753.3 1725.9 
2500.0 2250.0 7.5 1.500 4.9 5754.6 14294.0 1948.9 
2750.0 2?50.0 7.8 1 .625 5-1 6Q87.0 16277.1 2'312.5 
3000.0 2?.50.0 8.1 1.750 5.3 8384.5 18439.1 2750.5 
3250.0 2250.0 8.4 1. 750 5.5 9317.8 20231.0 3066.1 
3500.0 2250.0 8.6 1.875 5.7 11118.2 2271.3.6 3657.1 
3750.0 2250.0 8.8 1.875 5 .• 9 12264.4 24687.5 4055.7 
4000.0 2~50.0 9.1 2.000 6.1 14371.1 27566.7 4812.0 
4250.0 2?50.0 9.2 .. ·Z .1 25 6.3 16863.7 30983.4 5795.5 
4500.0 2250.0 9.4· . 2.125 6.5 18215.5 33101 . 9 6261.2 
4750.0 2?.50.0 .9.6 .-':2.250 6.7 21004.0 36788.7 7371.2 
5000.0 2250.0 <J.7 2.500 6.9 25858.8 42680.7 9438.?. 
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0 PR nTP RO AT ~HP HPT RMSHP 
250.0 2500.0 3.1 0.875 '3.0 3A7.3 1312.0 248.0 
500.0 2500.0 4.4 1.000 3.3 714.1 2489.3 401.8 
750.0 2500.0 5.0 1.125 3.7 1172.q 3767.8 582.2 

1000.0 2~00.0 5.8 1.250 3.9 1660.8 509l.q 742.6 
1250.0 2'500.0 6.3 1.250 4.1 2160.5 6427.4 918.3 
1500.0 2500.0 6.7 1. 375 4.0 3000.4 7942.?. 1141.0 
1750.0 7.500.0 7.2 1.375 4.3 3593.<} 9355.1 1337.6 
2000.0 2500.0 7.6 1. '5 00 4.5 4482.4 10962.1 1578.7 
2?.50.0 2500.0 R.O 1.625 4.8 5573.7 12768.7 1900.3 
2500.0 2500.0 8.3 1.625 4.9 6376.5 14311.4 2145.3 
2750.0 2'>00.0 8.7 1.750 5.1 7709.1 16274.4 2538.0 
3000.0 2500.0 q.o 1.750 5.3 8646.3 17952.0 2839.0 
3250.0 2500.0 9.3 1.875 5.5 10237.2 20195.3 3354.0 
3500.0 2500.0 9.6 1.875 5.7 11422.1 22026.0 3737.6 
3750.0 2500.0 9.8 2.000 5.9 13418.5 24597.1 4420.6 

----, 

4000.0 2';00.0 10.1 2.125 6.1 15667.1 27413.5 5227.3 
4250.0 2500.0 10.2 2.125 6.3 17231.7 29811.7 585.3.0 
4500.0 2'>00.0 10.5 2.250 6.5 19787.0 32843.1 6778.8 
4?50.0 2500.0 10.7 2.500 6.7 24119.5 37625.6 8527.2 
5000.0 2500.0 lO.q 2.500 6 •. 9 26290.4 40682.6 9460.1 
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D PR OTR RD AT PHP HPT RMSHP 
250.0 2750.0 3.6 0.875 3 . 0 417 .7 1311 . 6 271 . 7 
500.0 27C)Q. 0 4.8 1.000 3. 3 7~4 . 5 2487 . 5 439 . 7 
750.0 2750.0 5.6 1.12r; 3 . 7 1245 . 6 3735 . 1 634 . 1 

1000.0 2750,0 6.4 1.250 3 . 9 1753 . 4 5040 . 7 805 . 8 
12'50,0 2750.0 6.9 1.375 4 .1 2404 . 8 6454 . 4 1007. 8 
1500.0 2750.0 7.4 1.375 4 . 0 3137 . 8 7837 . 6 1 22 . 2 
1750.0 2750.0 7.9 1.500 4 . 3 3984 . 4 Q389 . 7 1466. 1 
2000.0 2750.0 8.4 1.625 4 . 5 4950 . 6 10993 . 7 1728 . 5 
2 250,0 2 71)0, 0 8,8 1.625 4 . 8 5773 . 3 12533 . 3 1993 . 8 
2500.0 2750,0 9,2 1.750 4 . 9 7015 . 0 14~40 . 1 2344. 9 
2750.0 27'i0,0 9.6 1.750 5 . 1 7950 .1 15q2'i . 6 2632 . 2 
3000,0 2750.0 9.9 1.875 5 . 3 9475 . 6 17Q68 . l 3096. 2 
3250.0 2750.0 10.2 2.000 5 . 5 11180 , 9 20187 . 5 3648 . 9 
3500,0 27'50,0 10.5 2.000 5 . 7 12471 . 4 22016 . 2 4065 . 8 
3750 •. 0 2750.0 lO. R ?..125 5 . 9 14602 .7 24550 . 2 4795 . 6 
4000.0 2 750.0 11.1 2.250 6 . 1 16996 . 3 27318 . 2 5654, 9 
4250.0 ~750.0 1 1. 2 2-250 6 . 3 18669 . 9 2970 1. 2 633 1. 5 
4500.0 2750.0 11.5 2.500 6 . '5 22661 . 7 3 .3661 . 4 7820 . 1 
4750.0 27'50,0 11.7 2.500 6 . 7 24528 . 7 36163 . ~ 8559. 4 
5000.0 2 750.0 11.9 2.750 6 . 9 29878 . 8 4162, . 0 1084 3 . 0 
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f) PR f'JTR RO AT PHP HPT RMSHP 
250.0 1000.0 3.9 1.000 3.0 465.3 1312.5 297.~ 
500.0 3 ')00. 0 5.3 1.125 3.3 ASO.O 24Q0.3 479.8 
750.0 3!100.0 6.1 1.250 3.7 l382.7 3753.8 691.7 

1 ooo. 0 3 000.0 6.9 1. 375 3.9 1941.3 5063.6 877.8 
1250.0 3 000.0 7.6 1.375 4.1 251A.5 6388.0 1082.0 
1500.0 "3 ooo. 0 8.1 1.500 4.0 3464.2 787,.1 1331.5 
1750.0 3000.0 R.6 1.625 4.3 4384.9 9426.5 1596.9 
2000.0 3000.0 9.1 1.625 4.5 5128.9 10831.3 1820.9 
2250.0 ~ 000. 0 q.6 1. 750 4.8 6332.6 12575.q 2169.1 
7500.0 3000.0 10.0 1.750 4.9 7235.2 14087.4 2442.0 
2750.0 1 ')00. 0 10.4 1.8715 5.1 8691.2 15967.9 2860.4 
3000.0 3000.0 10.8 2.000 5.3 10326.5 17998.q 3359.1 
3?50.0 "3 000. 0 11.2 2.000 5.5 11463.0 19730.4 3736.4 
3';00.0 3 000.0 11.5 2.125 5.7 13547.9 22030.1 440?.4 ------ ----- ---

3 750. 0 ~ 000. () ll.A 2.250 5.9 15817.1 24535.9 5181.0 
4000. 0 1000.0 12.1 2.500 6.1 19408.5 28009.2 6494.5 
4250.0 ~000.() 12.3 2.500 6.3 21349.0 30479.8 1278.6 
4500.0 3 ()00 . 0 12.6 2.500 6.5 2.3050.0 32556.0 786?.8 
47'50.0 3 ooo. 0 12.8 2.750 6.7 27818.2 37061.2 9793.5 
5000.0 1 noo. o 13.0 2.7'50 6.q 30310.5 40045.2 10863.3 

----- ----·------··-· 
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0 PR fJTR RD AT PHP HPT RMSHP 
250 . 0 3?.1)(} , 0 4 . 3 1 . 000 3 . 0 495 . 7 1312 . 1 32Q , q 
'500 . 0 3?.50 . 0 5 . 7 1. 125 3 . 3 900 . 4 2488 . 8 517 . 7 
750 . 0 3250 . 0 6 . 6 1. 250 3 . 7 1455 . 4 37 27. 2 74 3 . 7 

1000 , 0 3?'>0 . f) 7 . 5 1 . 375 3 . 9 2033 . Q 5022 . 5 9 4 1 . 4 
1250 . 0 32'50 . 0 8 . 2 1. 500 4 . 1 2768 . 9 641~ . 4 11 70. () 
1500 . 0 3 ?50 . 0 B. 7 I . 500 4 . 0 3601 . 6 7 7R8 . 9 1414. 1 

750 . D 3250. 0 Q, 3 l . b2s · 4 . 3 4542 . 9 9310 .7 1685 . 2 

~~ - ~ ?_t)t\ . ~ <:) . <:) \ .,5 ~ .C) C)~~<\ . \ \\\~1b .q \ <\1 \) . q 
2250 . 0 '32.'50 . 0 0 . 4 1 . 750 4 . 8 6532 . 2 l23ql . 6 2266 . 4 
?500 . 0 ':J250 . 0 1-0 . 8 1 . 875 4 .• 9 7890 . 2 141 4 1 . 2 2643 . 0 
21~0 . 0 3?t;Q . O l\ . 3 2 . ()()() 5 - l q45 \. 2 lf>OlJ . e 30q3 . 0 
3000 . 0 3"50 . 0 11 . 7 2 . 000 5 . 3 10588 . 3 17658 . 1 3452.4 
3250 . 0 3?.50 . 0 12 . 1 2 . 125 5 . 5 12430. 8 19777 . 8 4 036 . 3 
3500 0 3~_'5 . o 12 . 4 2 . 250 5 . 7 14651 . 5 22062 . '3 4 747 . q 
~150 . 0 '32.'50 . 0 2 . 8 2 . 500 5 . 9 18011 . 2 25162 . 0 5921 . q 
4000 . 0 3~'50 . 0 13 . 1 2 . 500 6 . 1 19754 . 5 27247 . 9 6547. 9 
4250 . 0 3:>50 . 0 13 . ~ 2 . 500 6 . 3 21116 . q 29617 . ~ 7 33 1 . 7 
45 . o 325 . o 13 . 6 2 . 150 6 . 5 26 84 . '5 333qs . o sq74 . 4 
475 . o 3?50 . 0 13 . 2 . 750 6 . 7 28 27 . 4 35867 . 3 9823 . 0 
5000 . 0 3 50 . 0 14.0 3 . 000 6 . 9 34089 . 2 41041 . 1 12336. 4 
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D PR QTR RO AT PHP HPT RMSHP 
250.0 "3SOO.O 4.6 1.000 3,0 526.1 1311.7 ~44.6 

500~0 "3500.0 6.?_ 1.250 3.3 qa7.6 2491.4 557.6 
7'50.0 3500.0 7.1 1.250 3.7 1528.1 3704.6 796.2 

1000.0 1'>00.0 B.l 1.375 3.9 2126.5 4987.2 1005.8 
1250.0 3500.0 R.8 1.500 4.1 2882.7 6364.1 1245.8 
1'500.0 "31100.0 q,4 1.625 4.0 3q36.l 7827.5 1523.0 
17')0.0 3500.0 10.0 1. 750 4.3 4q53.5 9354.7 1815.2 
2 QQ_Q __ ~Q_ __ 3 '50 0. 0 10.1 1.750 4.5 5787.5 10746.0 2065.7 
2?50.0 3500.0 11.2 1.875 4.8 7105.8 12448.0 2442.4 
?500.0 3'?00.0 11.7 2.000 4.9 A561,6 14198.6 2847.4 
2750.0 3500.0 1~.? 2.000 '5.1 96q2.3 15762.1 3190.0 

3000.0 3'500.0 12.6 2.125 5.3 11460.7 17721.5 3718.7 
3250.0 3500.0 13.0 2.250 5.5 13422.7 19835.4 4343,4 
3')00.0 ~500.0 13.4 2.250 5.7 14955.3 21617.7 4831.6 
3750.0 3'500.0 13.7 2.500 5.9 18336.1 24577.2 5984.3 
4000.0 1500.0 14.1 2.500 6.1 20100.5 26595,4 6610.0 
4250.0 3500.0 14.3 2.750 6.3 24523.5 30391.2 8343.0 
4500.0 3'500.0 14.7 2.750 6.5 26472.7 32466.5 9013.5 
4 750.0 "3t)00.0 15.0 3.000 6.7 31690.8 36785.1 11138.1 
'5000.0 3500.0 1'5.1 3.000 6.9 3452Q,q 39731.0 12353.7 

-------------- ------ - ------ - -------~------------------------.------
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D PR OTR RO AT PHP HPT RMSHP 
250.0 ~ 750.0 4.9 1.000 3.0 '5')6.6 1311.4 . ~368. 3 
500.0 3 750.0 6.6 1.?'50 "l.1 10'::\P.O 2490.0 ~.<5'95. 6 
750.0 3750.0 7.6 1.375 '3.7 1668.3 3723.6 , . ·B.53. 2 

1000.0 3750.0 8.7 1.500 3.q ?31A.Q 5012.0 · l017.0 
1250.0 3750. Q 9.5 1.62'5 4.1 3J3Q.l 6396.0 .- l3)4. 2 
1'500.0 3750.0 10.1 1.625 4.0 4073.5 7758.4 · lb06.5 
1750.0 3 750.0 10.7 1. 750 4.3 5111.5 9259.1 'l i904. 9 
2000.0 3750.0 11.4 1.875 4.'5 6279.7 10798.8 · az·1s •. 1 
2250.0 3750.0 12.0 1.87~ 4.8 7~05.4 12296.7 .. 2,54,2. 2 
2500.0 3750.0 12.5 2.000 4.9 8781.9 14005.8 ·l:94:6. 0 
2750.0 3750.0 13.0 2.125 5.1 10471.? 15831.2 . 3/tZ!t .• 9 
3000.0 3750.0 13.5 2.250 5.3 12354.6 17790 .• 4 .. 3991.0 
3250.0 3 750.0 14.0 2.?50 15.5 13704.(} 19493.2 ·4433 •. 9 
3500.0 3 750.0 14.4 2.500 5.7 16940.0 22166.9 5466.3 
3750.0 3750.0 14.7 2.500 '5.9 18661.0 24070.3 6054.9 
4000.0 3750.0 15.1 2.750 6.1 22645.8 27284-.6 7493.1 
4250.0 3750.0 15.3 2.750 6-3 24891.4 29655-1 8391.6 
4500.0 3750.0 15.7 3.000 6.5 29667.2 33307.4 10198.6 
4750.0 3750.0 16.0 3.000 6.7 32100.1 357·68.8 11163.8 
5000.0 37'>0.0 16.2 3.250 6.9 38490.2 40746.9 13919.7 
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D PR OTR RO AT PHP HPT RMSHP 
250.0 4000.0 5.3 1.125 3.0 605.0 1312.2 393.8 
500.0 4000.0 7. 0 l.250 3.3 1088.4 2488.8 633.6 
750.0 4000.0 R.1 1. 375 3.7 1741.0 3707.0 905.7 

1000,0 4000.0 9.2 1.500 3.9 24ll.5 4981.8 1141.5 
1250.0 4000,0 10.1 1.625 4.1 _3252. 9 6349.8 1409.5 
1500,0 4000.0 10.7 1.7'50 4.0 4416.2 7798,8 1714.9 
1750.0 4000.0 11.5 l. 750 4.3 5269.6 9175.5 1997.1 
2000,0 4()00.0 12.2 1. 875 4.5 6458.0 10689.2 2312.2. 
2250.0 4000,0 12.7 2.000 4.8 7893.3 12360,6 2718.7 
2500,0 4000.0 13.4 2.125 4.9 9469.9 14074.5 3151.8 
?750. 0 4000,0 13.Q 2.125 5.1 10712.3 15619.1 3525.3 
3000.0 4000.0 14.4 2.250 5.3 12616.3 17526.5 4085.9 
3250,0 4000,0 14.9 2.500 5,1) 15479.0 19973.3 4981.1 
3500,0 4()00.0 15.3 2.500 5.7 17243.8 21771.3 5544.3 
3 750, 0 4000.0 15.7 2.750 5.9 20975.7 24682.4 6832. q 
4000,0 400Q,O 16.1 2.750 6.1 22991.8 26711.4 7549.9 
4250.0 4000.0 16.3 3.000 6.3 27845,3 30428.3 9470.2 
4500,0 4000.0 16.8 3,000 6.5 30055.4 32500.4 10233.1 
4 750.0 4000.0 17.1 3,250 6.7 35737.5 36689,3 12 56?. 8 
5000,0 4000,0 17.3 :3.250 6.9 38921.8 Jq6l9.0 l3q33. 3 

---- ---------
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APPENDIX VI 

Comp~ter Program Used for the Drum Hoist Using Counterweight 

c --·-- --fRICTIONHCfiSTI-NG-WiTH- COUNTER .. WE-fGHT ___ FROM 250T-OSO.OO-FEF._T __ 
DIMENSION PR(20),0(20) 
READ(l,54)RN . ------wAB<-r;-?S, ( PR { J, , J = 1,16, 
REA0(1,26l(D(Il,I=l,20) 
W~ITE(3,19) _ 

-----------wRTTFT3; 2?Tf"P_R_TJT; J~ 1, 16 1 
WRITF(3,17) 
WRITE(J,23)(0(Il,I=l,20l --·--· -;iitffE(3;56T" ::_::_.:::____.__..;.. _______________ _ 

WRITE(3,100) 
ss oo s J=l,16 ------------------ -i)tr ··s--1-= t-;-2a--·- --------_- --------

Rr~l2·o 
Fs~4.0 

---------------~~3i::2 

H~7.0 

A-:::.3. 5 ·-- ------- ---------rfo-;-o-;·2-5 - ---
4 WR=(-659.67674330F-04)+(118.52413335F-03)*RD 

1+(156.5393l681E-02)*RD**2 
·-------·---~·Rw~rfN*~!R 

47 Vo=SORT(A*O(I)) 
V'=0.5*VO . -"--------------. ----Ay:;;v7A- ·------- -----------. --------

Ao=o.s*A*AT-**2.0 
CI1=(D(J)-A0*2.0l ·-----·------··--·--c-r;;-cfilv :_;_:::___:,;_::.....::__:__ _________ _ 
Tp=(4.0*AT+2.0*CT+2.0*RT) 

__________ ____ !N_= _~*_~_!?.2..9 __ ~_2_0~--------------------------- ---·- ·--· -- ------- --------
- · nr=PR(Jl/TN 

0TR== 1. l*DT 
SW~O.C)*OTR ·----- ·--------··c:·w:; .. s\~;-o:-s*o-.. r~P-, ----
roL==csw+orR>*(G+A)*FstG 

15 Bs T:: C l ~?. 56165299F-03l -_L~i)-~~2_-?_?2~_§_~I.§.:-O? > *Rf!~------------------ -·
·--- ------ - -- - -- - -- i -i'3 .Ff?:- t6i'ff7-66<.H~-=o1f*ffil** 2- f 154. 2 3 85 gg 81 E-02 l * R0**3 

TLR~(D(l)+50.0)*(G+A)*R~*FS/tG*2000.0) 
TTOL:::TrJL+TLR 

-----------·----IF -n~-N*-t=fsr-T T oi"Tz-;·3 ' 3 

2 IF(R0-0.625)7,6,6 
1 Ro=R.Oi-0.062'5 
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GO TO 4 

.... _________ q _ _j£.J.P.J)-__ 2.• 1 2:-5::-. ..Ll ~l~A_zt-==3~6~,r--~c::...:-6~-----------------------
16 R 0 = R D+ 0 • 12 5 

GO TO 4 
_________________ .3 6_ R D::_8_Q:!"_Q_!_Z___5 ----------------------· 

I F ( R 0- 3. 5 ) 4 , 4 , 11 
3 TU=(SW+OTR)*2000.0+RW*(D(l)+50.0) 

_!~.:= C W* 2 0 0 0 • 0 + R ~~ * ( 0 ( I ) + 50 • 0 ) 
TS=TU/TL 
IF(TS-1.50)65,65,5 

___ 6::._~: _ID~T-~* ( G -~:_p. l /_L~-A_.:._l ___________ _ 
IFCTD-1.87)91,91,67 

67 A=A-0.05 
--~---·----··---J._fj_A-1_'!..9._15_, 4 7, 4 7 

91 DKF=7.5*RD 
OKI=C245.52538644E+Ol)-(133.72349421E-00)*DKF 

__________ _______ J_~_J JJ_?.~~--2 8 4 8 3 O_f + 0 l_l_!Q_t< F * * 2- ( ?.._} 0. 7 8 2 ~)_9 0 2_f::.:- 00 ) * Q~_E_!_~_} __________ __ _ 
l+C276.28800686E~Ol)*DKF**4-(161.90592751E-02)*DKF**5 
1+(395.09828625E-04)*DKF**6 

WF=4.0*DKI*G/(DKF**2) 
-·-···- ----- .. -----TAN;--r){I)/(. 3·. 14l*DKF l 

VR=TAN/(0.5*TP-AT-RT) 
Z:?.0*3.14l*VR/550.0 --- --------- -·-------------- -- ----··-------- ---· - - ·-- -t-·--·· 
TMUL=( SW+OTR l*D'KF*lOOO.O 
TMUR=(D(I)+50.0)*RW*DKF*0.50 
TDCW=CW*DKf*_~l~O~O~. ~0~·~0-----------------~~-------------------------
FM= ( Tr~Ul +TMUR+TOCt-1) *0. 1 
TND-=TMUL-TOCW 

--------- ----··--- --F A_:=_!_i~~L~-~!-J+.OTR l * 2000. 0+ { D ( 1l +50. 0) *R W*2. +'tl_F) *~t!i ___ ________ _ 
AM=-FA*DKF*0.5 
RM=-AM 

--~---·-- - -- - - .. - -~_P O=J.l~O +F TV:_+ AMJ * Z~-----~---
HPA=(TNO+FM+AM)*Z 
HPE=CTNO+FM)*Z 
HPC=(TNO+FM)*Z ___________________ H_P_i:_f;;(rNri+-F="M-+R ~~, * z 
HPEW=(TNO+FM+RM)*Z 
HPTA=(HPO+HPA)*O.S$AT 

·-·------------t-tPT C = .t H P E- + H P Ci* 0 • 5-; C T ---

IF(HPEC+HPEWl30,30,35 
------- - - JQ __ ~JP___!__r~_Q~- ----------------------· ----·--.---------------- --------- --------

Go TO 96 
35 HPTD=(HPEC+HPEWl*0.5*AT 
96 HPTO=(HPTC+HPTA+HPTDl _______ _ 

---c-- --·-u?--cou.NTER-wF r GH r --
Tocc=sw*Iooo*nKF 

c NETT MOMENTS 
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TNOC=TDCW-TDCC 

- ---- -- F A 1 = ( ( C H + S W l * 2 0 0 0 • 0 + ( 0 ( I ) + f5 0 • ) * R ~~ * 2 • + vJ F ) * .A. 1 r; 
FMl=(TOCW+TDCC+T MUR)*O.l 
A t·11 = f f\ 1 * 0 • 5 * D K F 

C RMl=RETARDATION MOMENT -·---·-·--------~-,;-1-i =~A. t~-1 ----------

HPOl=ITNoc+FMl+AM1l*Z 
_____ __ .ti.~~l:= t.I!.JQ_C +F f'-1 1 +AM 1 ) * Z 

HPEl=(TNOC+FMl)*Z 
HPC1=(TNOC+FM1)*Z 
HPECl=(TNOC+F Ml+RMl)*Z 

-- ------_____ H_P_E~T 1 ~Tfr\{oc-+ Fr~-f+RM"!f* z 
HPTA1=(HP0l+HPA.l)*0.5*AT 
HPTCl=(HPEl+HPC1)*0.5*CT 

--------------·-rFTH-PE-ci + H" P" E w IT4 o , 4 o , /t s 
40 HPTOl=O.OO 

GO TO 52 
--- ------4-5-~.fPYo· r;;-TtiP-f.ci+HP-EWl) *0. 5*AT 

52 HPTl=(HDJAl+HPTCl+HPTDl) 
-----" ___ lj_P._I _:=_L~J_O+HPT l) /O_T_R ___ _____ _ _ 

126 

PHP=HPA 
RMSHP=SQRT((HPA**?*AT+HPC**2*CT+HPEC**2*AT)/(AT+CT+0.25*RT)) 

_______ _W R I T E ( 3 ~ 1 0 1 ) 0 { I ) , P R ( J ) , OT R , R 0 t AT t PH P , H P T , ~ M S H P -----G c1·---;,.-o --5---------------- ------ ----- - ·---- .. ·---- ·-

11 WRITEC3~102)0(l) 

-·------ !!~~- -~--~D __ , 1 2 ) R D 
5 CONTINUE 

IFCRN-4.0)57,58,5R 
58 RN=l.O --·-------- -·- - ---w-R-IT-F.T-3 ;-ro3> ____________ _ - - -· - - ---·------ - ·------ --

GO TO 55 
57 C~LL FXIT 

------·---- -·-s· 4f: 6 R ~(ir-i'f:--J·.-o- .-3-) 

12 FO R ~,i AT(l7X,'R0Pf OIA IS MD:?E THAN 3.5 INCHES CALCULAT ED DI .~='F 

102 FORM .AT(?6X,'OEPTH I"l FEET' ,!=1.0.1) ·------·-- - -2-5---F rfRf1.A f -( -4 F-1 o:-1T _ ______ --------------- - ---- ----·---------- ---------- - -------

26 FORMAT(4Fl0.3) 
1 7 F 0 Rf\.1 AT ( 2 0 X , ' 0 E P T H IN FEET' ) 

---------·---·y-9:-f:-()RM.AT f2ox-;-tP R!Jnuc-fi oN IN TONS') 
22 FORMAT(l?X,3Fl0.2) 
23 FORMAT(12X,3Fl0.2) ------- -··-2·q ___ F{SR ~1 - A'tT2-cfX,'- ~>fo 5Dt t T-:rfN-- I N--r c)Ns--;;• F s-:i -,---·---- ---- ----·--·-- ·---- - -------- --
56 FORMATC20X,'FRICTION HOlSTl ~ G WITH FQUq P~PES IM PA RA LLEL') 

l 0 0 F 0 R ~4 AT ( 1 7 X , ' 0 1 , 8 X ~ ' P R ' , 3 X , • () T R ' , 7 X , ' R 0 ' , 7 X , ' ~ T ' , 4 X , ' P H ~ ' , 6 X , ' H 
-· -·-------· ·-·--r6-,<"~ '-k'1~s·y-r---.;---- ------ ·------------- - -- ·---------

tol FORMAT(12X,8Fq.l) 
103 FORMATC20X,•FR.ICTION HOIST WITH CO IJ'~TER. WEIG4T USI NG 0 \ l f R,fJPf' 

ENO 
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INPUT DATA FOR ·DRUM .HOIST USING A COUNTERWEIGHT 
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PRODUCTION TN TONS 
250.0 500.0 

1000.0 1250.0 
1750.0 2000.0 
2500.0 2750.0 
3250.0 ~500.0 

4000.0 

750.0 
1500.0 
2250.0 
3000.0 
3750.0 

VflOC1TY.ACCElERATION AND OEPTH 
16.5 5.5 250.0 
20.0 6.0 500.0 
24.5 6.7 750.0 
21.0 7.0 1000.0 
30.0 7.3 1250.0 
3~.0 8.1 1500.0 
35.5 8.2 1750.0 
37.5 8.3 2000.0 
40.0 R.4 2250.0 
42.0 8.~ 2500.0 
44.0 8.6 2750.0 
46.0 8.6 3000.0 
48.0 8.7 3250.0 
50.0 8.8 3500.0 
5?.0 8.8 3750.0 
54.0 8.9 4000.0 
56.5 8.9 4250.0 
58.0 8.9 4500.0 
6o.o q.o 475o.o 
62.5 9.0 sooo.o 

128 
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0 PR OTR RO .AT PHP HPT RMSHP 
250.0 250.0 0.7 0.375 3.0 65.9 1578.5 50.0 
500.0 250.0 o.q 0.438 3.3 126.4 3115.3 86.4 
1'50.0 ~50.0 1.0 0.500 3.7 216.8 4900.7 131.3 

1000.0 ?50.0 1.2 0.'563 3.9 317.0 6702.A 175.q 
1250.0 ?C)Q.Q 1.3 0.5.63 4.1 421.8 8540.0 227.7 
1500.0 ~50.0 1.3 0.625 4.0 613.2 10828.2 291.6 
1750.0 250.0 1.4 0.625 4.3 742.3 12855.3 346.5 
2000.0 250.0 1.5 0.750 4.5 1020.5 15q36.3 451.9 
2250.0 ~50.0 1.6 0.750 4.8 1201.2 18369.3 526.5 
2'500.0 ?50.0 1.7 0.750 4.9 1383.1 20714.1 598.2 
2750.0 750.0 1.7 0.750 5.1 1577.1 23153.1 674.7 
3000.0 250.0 1.8 0 • . 750 5.3 1776.0 25693.2 754.9 
3250.0 250.0 l. 9 0.875 5.5 2290.2 30828.1 966.3 
3500.0 ~50.0 1.9 0.875 5.7 2567.1 33873.8 1075.2 
3750.0 250.0 2.0 0.875 5.9 2839.0 37061.5 1187.8 
4000.0 250.0 2.0 0.875 6.1 3121.8 40385.3 1306.4 
4250.0 ?50.0 2.0 1.000 6·3 3954.0 48621-2 1677.2 
4500.0 250.0 2.1 1.000 6.5 r.276.9 52124.5 1809.0 
4750.0 250.0 2.1 1.000 6.7 4635.7 56354.0 1969.4 
5000.0 250.0 2.2 1.125 6.9 5769.7 67629.1 2497.8 
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0 PR OTR RO AT PHP HPT RMSHP 
250.0 '500.0 t. 3 0.563 3.0 121.1 1539.2 97.7 
'500.0 500.0 l.A 0.625 3.3 228.8 30?7.1 168.1 
750.0 500.0 2.0 0.750 3.7 401.1 4794.8 255.7 

1000.0 500.0 2.l 0.750 · 3.9 541.8 63A1.2 329.'5 
1250.0 '500.0 2.5 0.875 4.1 786.8 A404.7 434.8 
11500.0 '500.0 2.7 0.875 4.0 1041.8 10270.3 534.9 
1750.0 500.0 z.q 0.875 4.3 1250.4 12146.3 630.3 
2000.0 '500.0 3.0 1.000 4.5 1632.8 14644.1 780.9 
2250.0 '500.0 ~.2 1.000 4.8 19Qq.3 l67q5.8 901.0 
2500.0 500.0 3.3 1.000 4.9 2186.4 1A879.8 1016.9 
2750.0 c;oo.o 3.5 1.125 5.1 2763.0 22176.9 1248.4 
3000.0 'iOO.O 3.6 1.125 5.3 3101.6 24565.2 1392.2 
3250.0 500.0 3.7 1.125 5.5 3446.0 27045.4 1542.5 
3500.0 500.0 3.8 1.250 5.7 4277.1 31388.8 1887.3 
3750.0 500.0 3.Q 1.250 5.9 4718.7 34258.2 2077.8 
4000.0 500.0 4.0 1.375 6.1 5737.7 39633.0 2529.3 
4250.0 '500.0 4.1 1.375 6.3 6314.5 43413.9 2799.6 
4500.0 500.0 4.2 1.375 6.5 6819.6 46475.9 3014.8 
4750.0 500.0 4.'3 1.500 6.7 8155.8 53554.0 3641.4 
5000.0 'iOO.O 4.3 1.500 6.9 8889.6 58217.8 39q4.4 
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0 PR OTR RD AT PHP HPT RMSHP 
250.0 750.0 2.0 0.6?.5 3.0 173.3 1533.3 144.8 
500.0 750.0 2.6 o. 750 3.3 329.3 zq91.6 24q.6 
750.0 7'50.0 3.0 0.875 3.7 556.6 4678.9 371.2 

100·0. 0 7'50.0 3.5 1.000 3.9 807.1 6393.6 495.A 
1250.0 750.0 3.8 1.000 4.1 1051.5 8093.0 619.1 
1500,0 7'51).0 4.0 1.000 . 4.0 1379.0 9857.2 754.2 
1750.0 7'50. 0 4.3 1.125 4.3 1796.7 12033.3 931.8 
2000.0 750.0 4.6 1.125 4.5 2101.1 13846.3 1068.7 
2250.0 750.0 4.8 1.250 4.8 2672.1 16449.4 1305.7 
2500.0 750.0 5.0 1.250 4.9 3053.6 18475.7 1471.0 
2750.0 750.0 5.2 1.375 5.1 3116.6 21441.0 1 769 .• 1 
3000.0 750.0 5.4 1.375 5.3 4232.4 2~729.4 1968.9 
3250.0 750.0 5.6 1.375 5.5 4695.7 26094.5 2177.~ 
3500.0 750.0 5.7 1.500 5.7 571'5.4 29889.7 2606.9 
3750.0 750.0 5.9 1.500 5.9 62q6.6 32573.4 2863.9 
4000.0 750.0 6.0 1.625 6.1 7524.8 37167.6 3415.4 
4250.0 750.0 6.1 1.625 6.3 8269.9 40609.8 ~769.8 

4500.0 750.0 6.3 1. 750 6.5 9714.3 45790;8 4429.6 
4750.0 750.0 6.4 1.875 6.7 11411.5 52079.4 5248.3 
sooo.o 750.0 6.'5 1.875 6.9 12429.7 56545.6 5748.9 
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0 PR OTR RO AT PHP HPT RMSHP 
250.0 l ooo. 0 7.6 0.750 3.0 231.(] 1534.1 l 93. -~ 

500.0 1000.0 3.5 0.875 3.3 431.5 2978.0 331.6 
750.0 1000.0 4.0 1.000 ·3.7 715.0 4628.4 492.0 

1 ooo. 0 1 ooo. 0 4.6 1.125 3.9 1019.3 6290.6 648.3 
1250.0 1000.0 5.0 1.1.25 4.1 1321.8 79 51.5 807.0 
1'500.0 1.000.0 5.4 1.2.50 4.0 1853.9 9931.6 1017.3 
1750.0 1000.0 5.7 1.250 4.3 2212.5 11720.4 1193.7 
2000.0 1 ooo. 0 6.1 1.375 4.5 2782.2 13888.8 1433.c; 
2250.0 l ooo. 0 6~4 · 1.375 4.8 3l36.6 15878.9 1643.3 
2500.0 1000.0 6.7 1.500 4.9 39A4.5 18429.1 lq55.8 
2 750.0 1000.0 7.0 1.500 5.1 4508.1 20510.2 2186.2 
3000.0 1000.0 7.2 1.625 5.3 5446.6 23516.3 2589.4 
3250.0 1 ooo. 0 7.4 1.625 5.5 6039.2 25851.7 2862.1 
3500.0 1000.0 7.7 1.750 '5.7 7259.1 29401.5 3385.9 
3750.0 1000.0 7.9 1.750 '5.9 7991.8 32023.7 3716.8 
4000.0 1000.0 8.0 1.875 6.1 9441.8 ~6261.0 4378.5 
4250.0 1 ooo. 0 8.2 2.000 6.3 11170.7 41387.4 5208.3 
4500.0 1 ooo. 0 8.4 2.000 6.5 12052.6 44281.2 '5605.7 
4 750. 0 1000.0 8.5 2.125 6.7 14019.5 4q947.6 6565.6 
5000.0 1000.0 8.6 2.250 6.9 16389.8 56808.1 7755.9 
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0 PR flTR RO AT PHP HP T RMSHP 
250, 0 1250 . 0 3 . 1 0 . 875 3 . 0 291 . 3 1535 . 0 24 2. 0 
500 . 0 1 250 . 0 4.4 1 . 000 3 . 3 535 . 3 2973 . ? 414.1 
750 . 0 12 50 . 0 5 . 0 1 . 125 3 . 7 876 . 3 4604 .1 61 1. 9 

1000 . 0 1250 . 0 5 . 8 1. 250 3 . 9 1235 . 5 62 37.1 8 0 2 . 6 
1250 . 0 1250 . 0 6 .3 1 . 250 4 . 1 1'397. 9 7877. <} 997.4 
1.500 . 0 1250 . 0 6. 7 1. 375 4 . 0 2214. 3 9795 .7 1 24 7. 0 
1 7 50 . 0 1.2'50 . 0 1 . 7 1. 375 4 . 3 2637 . 7 1 1551.2 14 60 . 8 
2000 . 0 1250 . 0 7 . 6 1 . 500 4 . 5 3285 . 0 136? 7. 6 173 9 .7 
2250 , 0 1250 . 0 8 . 0 1 . 625 4 . 8 4081 .7 160 14. 8 2 08 6 .1 
2500 . 0 1250 . 0 8 . 3 1 . 625 4 . 9 4653 . 5 1797 1. 3 2345.5 
2750 . 0 1250 . 0 8 . 7 1 . 750 5 . 1 5631 . 8 20620 .5 2 763 .2 
3000 . 0 l250 . 0 9 . 0 1. 750 5 . 3 629q , 2 22785 .0 3067. 8 
3250 . 0 1250 . 0 q , 3 1. 875 5 . 5 7476 . 6 25R()2 ,1 35q5. 5 
3500 . 0 ··1250 . 0 9 . 6 1 . 875 5 . 7 8319 . 9 28288 . 0 3q6 ? .4 
3750 . 0 1250. 0 9 . 8 2 . 000 5 . 9 9804.5 3 1927 . 9 4633.7 
4000 . 0 1250 . 0 10 .1 2. 125 6 . 1 488 . 7 359 77. 8 541 5. 2 
4250 . 0 1250 . 0 10 . 2 2. 125 6 . 3 12613. 1 39248 .7 5965.4 
450 0 . 0 12'50 . 0 10. 5 2 . 250 6 . 5 14'547 . 3 4 3694. 8 6 81 3 .8 
4 750 . 0 1250. 0 10 . 7 2 . 500 6 . 7 17914 . 4 5 11 02 . 0 8 552 .7 
5000 . 0 1 J5Q . O 10 . 8 2 . 500 6 . 9 19500 . 3 5 54 28 .7 935 6 .3 
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0 PR. OTR RO AT PHP HPT RMSHP 
250.0 1500.0 3.9 1.000 3.0 351.5 1535.9 290.9 
500.0 1500.0 '5."3 1.125 3.3 640.7 2972.8 496.9 
750.0 1500.0 6.1 1.250 3.7 1040.5 4592.8 732.7 

1000.0 1500.0 6.q 1.,375 3.9 1456.0 6208.4 958.3 
1250.0 1,00.0 7.6 1.375 4.1 187q.7 7838.4 1190.0 
1500.0 ISOO.O 8.1 1.500 4.0 2582.5 9717.4 1480.1 
1750.0 11500.0 8.6 1.625 4.3 3260.6 11717.2 1792.7 
2000~0 1'500.0 9.1 1.625 4.5 3799.2 13472.0 2051.9 
2250.0 1500.0 9.6 1.750 4.8 4687.3 15773.8 2443.q 
2500.0 1500.0 10.0 1.750 4.9 5338.5 1.7692.0 . 2744.6 
2750.0 1500.0 10.4 1.875 5.1 6418.3 20223.3 3210.4 
3000.0 lSOO.O lO.R 2.000 5.3 7638.5 23005.1 3751.0 
3?.50.0 1500.0 11.2 2.000 5.5 8461.4 25271.5 4141.3 
3500.0 1~00.0 11.5 2.125 5.7 10021.9 28490.7 4826.0 
~ 750.0 1500.0 11.8 2.250 5.9 11734.6 32059.2 5614.6 
4000.0 1'500.0 12.1 2.500 6.1 14518.1 37293.6 6936.7 
4250.0 1500.0 12.3 2.500 6.3 15946.0 40729.0 7649.6 
4500.0 lt;OO.O 12.6 2.500 6.5 17198.5 4357o.o · 823?..7 
4750.0 lSOO.O 12.8 2.750 6.7 20948.5 50575.8 10123.6 . 
5000.0 1500.0 13.0 2.750 6.9 22797.6 54834.7 11069.7 

---------
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-- --------- ------··-·----·- ----------

0 PR r)TP Rfl AT PHP HPT RMSHP 
250 . 0 1751) . 0 4 . 1> t . ooo ~ . o 39~ . 0 1'5":\4 . ':\ 336 . R 
500. 0 1150.0 - 6.2 1.250 3 . 3 1~1 . 8 2Q1~.Q 580.2 
750 . 0 1750 . 0 7 . 1 1 . 250 3 . 7 11'54 . 8 4520 . Q 841 . 5 

1000. 0 l7C)O . O ~ - 1 1 . 37'5 3 . 9 1602 . 5 6Qqc; . A 1095 . ? 
1250.0 1150.0 e.a 1 . 500 4 . 1 2161 . 2 7818 . 4 1364. 5 
1500 . 0 1750. 0 Q. 4 1 . 625 4 . 0 2958 . 3 C)672 . 0 1716. 3 
1750 . 0 1750 . 0 10 . 0 1. 750 4 . 3 3714. 6 11636 . 5 2071 . 1 
2POO . O 1750~0 10 . 7 1 - 1~0 4.~ ~324.2: 13)76.6 Z369.~ - ----
2250 . 0 1750 . 0 11 . 2 1 . 875 4 . 8 5306 . 6 15620 . 6 2808 . 6 
2'500 . 0 l 7'50 . 0 11 . 7 z. ooo 4 . CJ 6396. 9 179155 . 0 3287. ? 
2 7'50 . 0 1750.0 12 . 2 2 . 000 5 - l 7223 . 0 19965 . 0 3661. 9 
3000 . 0 1750 . 0 12 . 6 2 . 12S 5 . 3 81553 . 6 2264l . 5 4262 . 2 
32'iO . O 1750. 0 13 . 0 2 . 250 5 . 5 100:Jq . 6 2'5582 . 6 4946 . 5 
3500 . 0 1750 . 0 13 . 4 2 . 250 5. 1 11161.9 27937 . 5 5447 . 2 
3750 . 0 1750. 0 13 . 7 2 . 500 5 . 9 13782 . 2 32320 . 1 6660. 0 
4000 . 0 1750. 0 14 . 1 2.500 6 . 1 15086 . CJ 35063 . 2 7282 . 1 
4250 . 0 1 750 . 0 14 . 3 2 . 750 6 . 3 18549 . 8 4 0856. 0 8995 - 0 
4500 . 0 1750. 0 14 . 7 2 . 750 6 . 5 20006 . 1 43708 . 9 9682 . 4 
4 750 . 0 1750 . 0 15 . 0 3 . 000 6 . 7 24153 . 0 504 51 . 1 11796. 3 
'5000 . 0 1750 . 0 15 . 1 3.000 6.9 26281.5 54689.4 12895 . 3 

----- -·--
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- - - ------ -- --------- - ------- -- - -----·--- - --- --------------------------

n PR OTP Rf) AT PHP HPT RMSHP 
?.50.0 ?000.0 5.3 1.12r; 3.0 415R,O l'i35.3 385.q 
500.0 2000.0 7,0 1.250 3.~ 825.8 294 ~.A 657.4 
750.0 2 ()00. 0 8.1 1.37'5 3.7 13 21.9 4526.5 963.2 

1 ooo. 0 2()00.0 Q,2 1.500 3,Q 1827.1 6097.? 12'5.?.4 
1250.0 ?.000.0 10.1 1.625 4.1 2460.4 7810.4 1581.0 
1500.0 2000,0 10.7 1.750 4.0 334l.q q647.2 }()55.1 
1 750. 0 2000.0 11.'5 1. 7'50 4.3 3971.0 11366.7 2?86.q 
2000.0 2000.0 1?.? 1.875 4.5 4862.0 13318.9 2691.6 
2250.0 2000.0 12.7 2.000 4.8 5Q19.6 15522.5 3l7q.8 
2500.0 2 000.0 13.4 2.125 4.Q 7129.7 l7805.q 3708.0 
27150.0 2000.0 13.q 2.125 5.1 8046.2 19793.8 4135.0 
3000.0 2000.0 14.4 z ·.25o 5.3 9489.5 22397.9 4785.0 
3250.0 2000.0 14.Q 2.500 5.5 11711.6 25932.2 5801.6 
3500.0 2()00.0 15.3 2.500 5.7 13022.2 28329.3 6393.5 
3750.0 ?000.0 15.7 2. 750 5.9 15947.1 32662.2 7770.7 
4000.0 2 'lOO. 0 16.1 2.750 6.1 17458.4 35443.5 A499,q 
4?50.0 200().0 16.3 3.000 6.3 21297.6 41135.0 10424.0 
4'500.0 2000.0 16.A 3.000 6.5 22970.1 44012.A 11223.2 
4750.0 2 ooo. () 17.1 3.250 6.7 27527.9 50577.1 13570.7 
5000.0 2000.0 17.3 3.250 6.9 29952.2 54824.5 1483 3. 3 
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0 PR OTR RO AT PHP HPT RMSHP 
250.0 2250.0 5.9 1.125 3.0 505.4 15 34. l 43l,q 
500.0 2250.0 7.9 1.37'5 3.3 934.5 ?950.5 741.1 
750.0 2250.0 9.1 1.500 3.7 1491.9 4'534.?. l 08 5. 6 

1000.0 2250.0 10.4 1.625 3.9 2055.8 610~.A 1410.Q 
1250.0 2250.0 11.3 1.150 4.1 2.159.4 7810.6 177CJ. ') 
1500.0 2250.0 12.1 1.875 4.0 3733.2 96 36. 1 2197.2 
1750.0 2250.0 12.9 1.875 4.3 4434.6 11353.1 2 569.6 
2000.0 2~50.0 13.7 2.000 4.5 5410.7 13286.3 3018.6 
2250.0 2~50.0 14.~ 2.125 4.8 6586.3 15461.0 3557.2 
2500.0 ?~50.0 15.0 2.250 4.9 7878.5 17707.2 4136.4 
2 750.0 2?50.0 15.6 2.500 5.1 9 ,83'1, 3 20606.7 4997.2 
3000.0 ??.50.0 16.2 2.500 5.3 10995.6 22769,6 5549.7 
3250,0 2250.0 16.7 2.500 5.5 12173.4 25004.9 6124.7 
3500.0 2?'50.0 17.2 2.750 5.7 14988.2 28750.3 7397.4 
~ 750.0 2?50.0 17.7 2.750 s,q l6480.CJ 31290.0 8112.1 
4000.0 2'-'50.0 18.1 3.000 6.1 19959.8 35884.2 9791.5 
4250.0 ??50.0 18.4 3.000 6.3 21902,8 39128,7 10778.8 
4500.0 2?50.0 18.9 3. 25'0 6.5 26090.6 . 44426.5 12855.7 
4750.0 22'>0.0 lq,2 3.500 6.7 310:73.3 50870.4 15447.? 
5000.0 2?50.0 1Q.4 3.500 6,q 33809.6 55146.7 16883.8 
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0 p~ OTR RO AT PHP HPT RMSHP 
250.0 2500.0 6.6 1.250 3.0 567.1 1535.2 481.1 
500.0 2500.0 A.8 1.375 3.3 1012.6 2933.5 818.4 
750.0 2500.0 10.1 1.500 3.7 1606.1 4489.7 1195.0 

1000.0 2500.0 11.5 1.750 3.9 228A.7 6111.5 1570.7 
1250.0 2500.0 12.6 1.750 4.1 2940.5 7706.6 1945.5 
1500.0 2~00.0 1.3.4 1.875 4.0 3955.9 CJ485.3 2389. l 
1750.0 2500.0 14.1 2.000 4.3 4907.7 11351.5 2 856.0 
2000.0 2500.0 15.2 2.125 4.5 5970.A 13271.3 3350.3 
2250.0 2'500.0 15.q 2.250 4.8 7246.7 15425.2 3940.5 
2500~0 2500.0 16.7 2.500 4.9 9064.5 18014.2 47~8. 0 
2750 . .. 0 2500.0 17.4 2.500 5.1 102~1.4 20033.5 5289.3 
3000.0 2500.0 lA.O 2.500 5.3 11423.9 22115.5 5862.8 
3250.0 2500.0 18.6 2.750 5.5 13939.3 25435.3 7025.3 
3500.0 2500.0 19.1 2.750 5.7 15486.8 27770.0 7733.7 

; . ~750. 0 2500.0 19.6 3.000 5.9 18763.3 31783.7 qze3.9 
4000.0 2500.0 20.1 3.000 6.1 20528.6 34463.9 10144.7 
4250.0 2500.0 20.4 3.250 6.3 24794.7 39671.1 12287.9 
4500.0 ?.'500.0 21.0 3.500 6•5 29367.5 44911.2 14580.7 
4750.0 ?'500.0 21.4 3,500 6.7 31746.8 48364.1 15809.4 

DEPTH I"' FEET 5000.0 ·--
ROPE OTA IS ~ORE THAN 3.5 INCHES CALCULATED OIA= "3. 75 0 
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0 PR '1TR RO AT PHP HPT RMSHP 
2~0.0 ?7'50.0 1.? 1.2'50 3.0 613.6 1534.2 527.2 
500.0 27'50.0 9 .7 1.500 3.3 1122.9 2939.? 902.4 
750.0 27'50.0 11.1 1. 6 25 3.7 117q.o 4502.1 l31A.2 

1000.0 27'50.0 l2.7 1.750 "3.9 2435.2 6048.7 1708.4 
1250.0 27'50.0 13.q 1.875 4.1 3245.1 7721.4 ?145.7 
1500.0 27'50.0 l4.q 2.000 4.0 4355.0 94C}7.7 2631.7 
1750.0 2750.0 1'5.8 2.125 4.3 5390.4 11358.6 3146.0 
2000~_0_2_750 . 0 l6.A 2.250 4.5 6542 .4 13269.1 3686.'> 
2?.50 . 0 27'50.0 17.5 2.500 4.8 8?.83 .7 15698.3 4465.5 
2500 .0 2750.0 1A.4 2.500 4.9 9423.8 17606.0 5015.3 
2750.0 2750.0 19.1 2.750 5.1 11 648.6 20387.5 6006.3 
3000 . 0 27'50.0 19.8 2.750 5.3 13013.4 22519.7 6666.3 
3250.0 ~750.0 20.5 2.750 5.5 14401.1 24721.8 7352.9 

500 2750.0 21.1 3.000 5.7 17558.3 28260.3 8790.5 
37'50 .0 2750.0 21 . 6 3.250 5.9 21163.1 32294.0 10522.6 
4000.0 2 750.0 22.1 3 . 250 6 .1 23159.Q 35032.0 11505.6 
4250.0 2150.0 22.5 3-500 6.3 27830.6 40249.5 13881.5 

DEPTH I"' FEFT 4500 . 0 
ROPE OIA IS MORF THAN 3 . 5 INCHES CALCULATED IA= 3.750 

p ~ F fT 4750.0 
ROPE Oil\ IS MORF THAN 3 . 5 INCHES CAlCUlATFO OTA= 3 .750 
DEPtH IN FEET r;ooo . o 
ROPE DIA IS MORE THAN 3-5 INCHES CAl Clll AT EO DIA- 3-150 

·------ -----
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0 PR OTR RO AT PHP HPT R~SHP 

250.0 3 000.0 7.9 1.375 3.0 676.1 1535.3 576.6 
500.0 3000.0 10.6 1.500 3.3 12oo.q 2q2B.8 97<J.q 
750.0 ~ooo. o 12.1 1.750 3.7 1954.8 45l4.8 1442.2 

l 000.0 3 ooo. 0 t3.Q 1.875 1.9 2672.? 6063.Q 1 R69. 3 
1.250.0 ~ ooo.o 15.1 2.000 4.1 3'55'5.5 7738.4 2347.8 
lc:>OO.O 1000.0 16.1 2.125 4.0 4761.7 qst4.l 2881.0 
1750.0 3000.0 17.2 2.250 4.3 5882.7 11372.2 3439.6 
2 000.0 3000.0 1A.3 2.500 4.5 74~0.1 134Q7.5 4134.5 
2250.0 3000.0 19.1 2.500 4.8 8608.7 15404.9 4724.8 
2500.0 3000.0 20.0 2.750 4.q 10673.6 l7q22.1 5645.3 
2 750.0 3000.0 20.9 2.750 5.1 12042.8 1992~.1 6300.4 
3000.0 3000.0 21.6 3.000 5.3 14686.3 22924.8 7515.4 
32'50.0 3 ooo. 0 22.3 .3 .ooo 5.5 16260.8 25181.6 8299.2 
3500.0 3000.0 23.0 3.250 5.7 19735.3 28755.9 9907.0 
3 750. 0 3000.0 23.6 3.250 '5.9 21696.8 31295.6 10864.9 
4000.0 3 ooo. 0 24.1 3.500 6.1 z5qzt.t 35614.2 12 941.9 
4250.0 3 ooo. 0 24. c; 3.500 6.3 28435.8 38818.6 14240.0 

DEPTH tN FEET 4500.0 
ROPE OIA IS "40RE THAN 3.5 INCHES CALCUlATED OIA= 3.750 
DEPTH ~~ FEET 4750.0 
ROPE OlA IS tt10R.E THAN 3.5 INCHES CALCULATED Oil= 3.750 
DEPTH IN FEET 'lOOO.O 
ROPE Dlt\ IS MORE THAN 3.5 INCHES CALClll ATED DIA= 3.150 
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0 PR OTR RD A.T PHP HPT RMSHP 
250.0 3?'50.0 8.6 1 . 3 7 5 3 . 0 722 . 6 1534 . 5 622 . 6 
500.0 3250.0 11.4 1. 625 3 . 3 1312 . 9 2934 . 8 1 064. 3 
750.0 3~50.0 13.1 1 . 750 3 .7 2069 .1 44~2 .1 1551 .7 

1000.0 3250.0 15.0 1 . 875 3 . 9 2818 . 7 6014 . 4 200 7.'5 
1250.0 1~50.0 16.4 2 . 125 4 . 1 ~ 871 . 5 77C)7 . ~ 255 1. 8 
1500.0 3250.0 17.5 2 . 250 4 . 0 5 176 . 2 9533 . 7 31 3 1 . 1 
1750.0 3 ~ 50.0 18.6 2 . 500 4 . 3 6639 . 5 11 562 . '3 3822 . 1 
2000.0 3 ?50.0 19. 8 2 . '500 4 . 5 7720 . 0 13?91 .3 43 7 ? . 9 
2250.0 3250.0 20.7 2. 500 4 . 8 8933 . 7 15156 . 6 49RA . 2 
2500.0 3250.0 21.7 2 . 750 4 . 9 11032 . 9 l75R3 . 8 5923. 2 
2750.0 32c;o.o 22.6 2 . 750 5 . 1 12436 . 9 1Q,1q . 3 6600. 6 
3000.0 3250.0 23.4 3 . 000 5 . 3 15 1 14. 7 2240q .7 7824 . 9 
3 250.0 3250.0 24.2 3 . 250 5 . 5 1821 4. 4 2564?. . 2 929A . 4 
3500.0 3250 .0 24.9 3.250 5 . 7 20234 . 0 28001 .4 1024 1 . 0 
3750.0 '3250.0 25.5 3 . 500 5 . () 24214. 1 31~'55 . 0 12165 .4 
4 000.0 32'50.0 26.1 ·3 . 500 6 . 1 264sq . s 34542 . 4 13295. 1. 

DEPTH IN FfFI 4250. 0 
ROPE OJ ~ IS MO RE TH AN 3 . 5 INCHES CAlCULATED OIA= 3 . 750 
DEPTH I ~ FEFT 4500 . 0 
ROPE or~ IS MOR E TH AN 3 . 5 INCHES CALCULATED DIA- ~ . 750 

OFPTH IN FEET 47SO . O 
ROPE OIA IS MORE TH AN 3 . 5 INCHES CAlCULATED DIA = 3 . 750 
DEPTH I !\I FEFT 5000 . 0 
ROP E DIA IS MOR F TH AN 1 . 5 INCHES CALCULATED DIA= 3 . 750 
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11 PR OTR RO .AT PHP HPT \RMSHP 

250.0 ~'500.0 Q.2 l. ~75 3.0 769.1 1533.8 668.7 
500.0 3'500.0 12.~ 1.625 ~.3 1391.0 2926.2 1141.7 
750.0 3'500.0 14.1 1.875 3.7 2247.8 44q6.6 1676.5 

1000.0 ~'500.0 16.2 2.000 3.9 3059.9 603?..9 2169.5 
1250.0 3'500.0 17.7 2.125 4.1 4052.7 7686.8 2718.3 
1.500.0 3500.0 lA.A 2.2'50 4.0 5398.9 9431.3 3324.0 
17'50.0 ~500.0 20.1 2.500 4.3 6895 • . 9 11413.4 4037.8 
2000.0 3500.0 ?1.3 2.500 4.5 8009.9 13114.6 4614.2 
2?.50.0 3500.0 22.1 2.750 4.8 10025.·4 154?8.5 5532.8 
2500.0 3500.0 23.4 2.750 4.q 11392 • . ~3 17293.8 6205.7 
2 750.0 3500.0 24.3 3.000 5.1 1392J.:;If. 19903.9 7346.3 
3000.0 3500.0 25.2 3.000 5.3 15543.0 2196A.? 8140.9 
3?50.0 3500.0 26.0 3.250 5.5 18676.2 25066.8 9621.8 
3500.0 31500.0 26.A 3.500 5.7 2251'61: • . 5 28519.4 11411.8 
3 750.0 3500.0 ?_7.5 3.500 r;.q 2474.1·•·8 11030.5 12510.9 

DEPTH IN FEFT 4000.0 
ROPE OTA IS MORE THAN 3.'5 INCHE.S CA ¢;ULATEO 011\= 3.750 
OEPTH lt\1 FEET 4250.0 !~ ~~:'. 
ROPE DIA TS MORE THAN 3.5 INCHES CA'titUl ATE D 

' ' . 
OIA= 3.750 

DEPTH IN FEET 4500.0 
• ,fi 

·I.' 

ROPE DIA IS MORE THAN 3.5 INCHES CA.tt:Ul AT EO OIA= 3.750 
DEPTH IN FEET 4750.0 
ROPE OIA IS MORE THAN 3.5 1 NCtfES CALCULATED OI~= 3.750 
DEPTH I~ FEET 5000.0 
ROPE OIA IS MORf THAN 3.5 ' CHtS CALCULATED DIA= 3.750 
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0 PR flTR RD AT PHP HPJ RMSHP 

250.0 3 750.0 9.q 1.500 3.0 832.3 1534.7 718.3 
soo.o -- 3_1_')0. 0 13.? 1. 750 3.3 1504.6 2932.'3 1226 • .5 
750.0 37'50.·0 1'5.1. 1.875 3.7 2362.1 4469.4 1786. 1 

1000.0 3750.0 17.3 2.125 '3.9 3305.2 6051.6 2332.9 
1250.0 3750.0 18.9 2.250 4.1 4~74.4 7710.4 zqz4.o 
1'>00.0 ~ 750.0 ?.0.1 2.500 4.0 6028.3 9579.7 3639.7 
1750.0 3750.0 21.5 2.500 4.3 7152.3 11284.4 4255.6 
?000.0 ~750.0 22.9 2.750 4.'5 A943.5 13337.1 5078.0 
2250.0 3 750.0 23.9 2.750 4.8 10350.4 1'5211.8 5795.4 
2500.0 3750.0 25.0 3.000 4.9 12705.8 17608.9 6860.0 
27CiO.O 3750.0 26.1 j.ooo 5.1 14321.6 19~68.6 7646.3 
3000.0 3750.0 27.0 3.250, 5.3 1729C).3 22383.7 qoz4.6 
3250.0 3750.0 27.9 3.500 5.5 20723.7 25535.7 10668.6 
3500.0 3750.0 28.7 3.500 5.7 23015.2 27881.2 11747.5 

OEPTH I"' FEET 3750.0 
ROPE OIA IS MORE THAN 3.5 INCHES CALCULATED OIA-= 3.750 
DEPTH IN FEET 4000.0 
ROPE DIA IS MORF THAN 3.5 I NCHES CALCUl ,~TEO DIA= 3.750 
DEPTH IN FEET 4250.0 
ROPE OIA TS MORE THAN 3.5 INCHES CALCULATED DIA= 3.750 
DEPTH IN FJ:ET 4500.0 
R.OPE OIA IS ~ORE THAN 3.5 INCHES CALCULATED DIA= 3.750 
DEPTH IN FEET 4150.0 
ROPE OIA IS ~ORE THAN 3.5 INCHES CALCULATED OTA= 3.7t;O 
OEPTH IN FEET 5000.0 
ROPE OIL\ IS MORE THAN 3.5 INCHES CALCULATED OTA-= 3.7'50 
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0 PR OTR RO AT PHP HPT RMSHP 
250 . 0 4 000 . 0 1 0 . 5 1 . 500 3.0 A78 . 8 15 34. 1 764 . 3 
500 . 0 4000 . 0 14.1 1 . 750 3.3 1582 . 6 2925 . 0 1304 . 0 
750 . 0 4000 . 0 16. 2 2 . 000 3 . 7 2':>43 . 6 44B4 . R lqll . 6 

1000 . 0 4 000 . 0 19 . '5 2 . 1 2 5 3.9 3451 . 7 6012 . 2 2471 . 1 
1250 . 0 4000 . 0 ? 0 . 2 2 . 250 4 . 1 4555 . 5 7651.6 3090 . <) 
1500 . 0 4000 . 0 21 . '5 ?. 5 0 0 4 . 0 6251 . 0 . q4gq . o 3 A3l . q 

1 75 0 . 0 4000 . 0 2? . 9 2 .750 4 . 3 7947 . 4 11467 . 5 4651 . 1 
7 000 . 0 -~-000 . 0 ?. 4. 4 2 .7 50 4 . '5 9233 . 4 13179 . 6 5~18 . 3 

2250 . 0 4 000 . 0 25 . ·-:; 3 .000 4 . 8 114q7 . 0 1'547q . 7 6364 . 5 
2500 .0 4 000 . 0 26 .7 ~ . 0 00 4 . Q 13065 . 2 17351.7 7141 . 7 
2750 . 0 4000 . 0 27. R 3 . 250 '5 . 1 15885 . 5 l qq 3() . 6 8427 . 0 
~ ooo . o 4 000,. 0 2R . ~ 3 . 2 50 5 . 3 17727 . 7 ?.lQqQ . O Q340 . 2 
3?50 .0 4 000 . 0 2Q . A 3 . 5 0 0 5 . 5 ?llA5.5 2'503>3 . Q lOqQ?. . 5 

DFP TH IN FEFT '3 5 00 . 0 
··--····- ---··- . 

ROPE O T ~ IS MO~E THAN 3 . 5 I CHES CALCUlATED OIA= 3 . 750 
OFP TH I ~ FEET 3 7 '>0 . 0 
RO P E n i A IS MOR F TH AN 3. 5 I NCHES CALCULATED OIA= 3.7'50 
DEP TH T~ FEET 4 000 . 0 
ROPE f) J h I S Mn~F. THAN 3 . 5 J NCHFS CALCULATED OIA= ~ . 750 

______ ______ Q_f. P_IH __ I_~-- F F f~T 4250 . 0 
RflPE n i ~ I S MO~F THA N 3 . 5 INCHES CALCULATED OIA= 3 . 750 
r>F P TH I~ FEET 4 5 0() . 0 
RO PE r> I :\ I S "1f1Rf THAN 3 . '; t NCHES CALCULATEO n I A= 3 . 750 
OEP TH J N FfJ: T 47'i O.O 
RO PF fl i A I S MnRE TH AN 3 . 5 I NCHES CALCULATED OIA= 3 . 7150 
DE PTH I N FEE T c;ooo . o --- ------ -· ·------ ··-·-- --· .. --··--------· ·-
ROPE O.I A I S MORE THAN 3 . 5 I NCHES CALCUL ATEO OIA= 3 . 750 
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