CROSCHOPRP

How to use STP Calculator
Frequently Asked Questions

STP Calculator is a tool (windows program) that simplifies fractional horsepower motor and
gearmotor selection for engineers and product designers. Specifically designed for motor
evaluation, STP assists users with the evaluation of the critical relationship between input of
electrical power and output of mechanical power.

STP calculator is available two different ways.

1) STP can be used as a stand alone calculator for Speed, Torque and mechanical Power (thus, the
acronym STP) available over the web. When two of the variables are known, such as Speed and
Torque, the third variable, (in this case, power) can be calculated. STP supports a number of units
for each variable which simplifies the calculation. This portion of STP is provided on-line as a
part of Groschopp’s website.

(link: http://www.groschopp.com/about-stp-calculator/)

2) STP is also available as a download with expanded features. It can also be used as a stand
alone calculator to evaluate the relationship between the known values of voltage, power factor,
and electrical power to calculate current. The program allows for different voltage types and
multiple power units.

Although STP provides excellent functionality for the two individual features, the greatest benefit
of STP is realized when the two separate features are used together to evaluate an electric motor.

A motor is considered because of a need to change electrical power to mechanical power. This
conversion is made with some losses in the motor, resulting in less power being produced out of
the motor than put into the motor. The relationship between power input and output is known as
efficiency. STP is able to evaluate this relationship.
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There are a number of questions that STP can help you answer.

How much current will my load require?

How efficient will the motor need to be if | have a limited current source?
Avre the input and output specifications realistic?

What size motor will | need?

If I know my motor current and speed what is the torque and output power?
Does it pay to invest in a high efficiency motor?

cuprwdE

How to use STP Calculator 1



CROSCHOPRP

Before examining these questions, there are some known parameters and others that will need to
be estimated. In general, the type of voltage and the voltage value will be known in all cases.
Other known values will depend on in the stage of project development. If the development is in
the early stages estimates, or perhaps a range of the load in terms of speed and torque will be
available. A project that has made it to the testing stage would have speed and current test
parameters available. Torque would be the unknown due to measurement difficulties.

Question 1: How much current will my load require?
This question is typical in the design phase where an application now needs a motor to drive the

load. Speed and torque have been estimated and a motor and/or gearmotor type has been chosen,
allowing for a rough estimate of efficiency.

Fig.1

G Speed, Torque, Power Calculator;

Speed Units Electrical Input Annual Operating Cost
rom  300.00 Obc Voltage HrfDay | g $ikwh | 10
) P! 120

Ciradfs 3142 (11 Ph ac Dk | 5 Eleckric Fate Info

click to go to groschopp.com O 3ph AC WKI'\"r =0 Hr,l"\"r 2 000
b
Known Values Torque Units | EFff (%6) | Current [Amps) | Poswer In [ufattz] | Loss [iratts) | Cost ($fyr) |
100.0 1.64 177,48 0,00 35,50
" &00.00
(%) 3peed and Torgue Croz-in 95.0 1.73 186,82 9,34 $37.36
) e By @l 50.00 50,0 1.83 197.20 19.72 $39.44
- Olbft 417 85.0 1.93 208,60 a1.32 $41.76
O Torque and Power o 60623 &0.0 2.05 221.85 44.37 $44.37
Og-om +bUb. 75.0 2,19 236,63 59,16 $47,33
O unit Conwersion Only Okg-em 57,61 700 2,35 253,54 76,06 $50,71
() Estimation Orly 65.0 2.53 273.04 95.56 $54.61
Odyneem  56,492,414.51 60.0 2,74 295,79 118,32 $59,16
. Oimb-m 5,649.24 55.0 2,99 322,68 145,21 64,54
STP Calculation Oleem 56492 50.0 3.29 354.95 177.48 70,99
On - 45.0 3.65 394,39 216,92 78,58
Speed {rpm} - ' 40.0 4.11 443,69 266,21 $55.74
35.0 4,70 507.07 329,60 $101.41
Tarque {lb-in . a0.0 543 551,59 414,11 $118.32
D Power Units 25.0 6,57 709,90 532,43 $141,98
E— h 157,485 20,0 8.22 287.38 709.90 $177.48
L the) Ou 0.1 15.0 10.96 1,183.17 1,005.70 $236.63
Ok : 10.0 16.43 1,774.76 1,597.29 $354.95
@hp 0,24
Prink | Precision | Motes |
Clear | Done | Help | << Close Estimator Mote: Current is per phase, input power and loss are totals,

In Figure 1, by entering a speed of 300 rpm and a torque of 50 Ib-in along with voltage and power
factor information the current at different efficiencies is calculated. By multiplying the motor and
gearbox efficiencies (found in the following graphs) it is possible to determine a close
approximation of the current. For example, at an efficiency of 75% a current of 2.35 amps is
required to drive the application.

Question 2: How efficient will the motor need to be if | have a limited current source?

Using the example above, and using the current as the “look up” value, the corresponding
efficiency can be found. This is a useful tool when you are:
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e Using a fused circuit with an established fuse rating.
e Going to use a control with an established rating.
0 Note that some control outputs will lower a motor’s efficiency.
e Need to meet agency approvals related to the application's power source.
0 Such as typical household wire with 15 amps maximum.

Question 3: Are the input and output specifications realistic?

In many cases a motor/gearmotor will be specified with voltage, current, input watts, speed and
torque, corresponding to the inputs of the power source and the load associated with the
applications. As an example, a 12 volt application can be more sensitive to current requirement
due to drain on a battery. If the specifications from Figure 1 were run at 12 volts the results would
be as follows.

Fig. 2
i Speed, Torque, Power Calculator
Speed Units Electrical Input Annual Operating Cost
w ®epm  300.00 Coc HriDay |5 lkth | 1p
Oradfs 3142 @ 1Phac Dayfk | 5 Electric Rate Info
click to go to groschopp.com O 3phac PE | g wv [ Wit | 2000
Torque Units [ Efrae) | cCurrent(Amps) | Power In(wiatts) | Loss (wabts) | Cost(fhr] |

Known Values

) 100.0 16.43 177.48 0.0 $35.50

(3 3peed and Torque Ogzin 80000 95.0 17.30 186,82 9,34 $37.36

O speed and Power @b-n  50.00 90.0 18.26 197.20 19.72 $39.44

= Olpft 417 85.0 19.33 208,80 31,32 $41.76

O Torque and Power 80,0 20,54 221,85 44,37 $44,37
Ogem  57,606.23 75.0 21,91 236,63 50,16 £47.33

(O Unit Conwersion Onky (Cikg-cm 5761 70.0 23.48 253.54 76.06 $50.71
Estimation Ori 65.0 25,28 273.04 95.56 $54.61

o Y Odyn-cm 56,492,414.51 60.0 57.39 295,79 118,32 50,16
Cimb-m 5,649.24 55.0 29.38 322.68 145,21 $64.54

STP Calculation Opeam 56492 50.0 32,87 354,95 177.48 $70.99
Ons - 45.0 36,52 394,39 216.92 $76.98

Speed [30p {rpm) D ' 40.0 41.08 443,69 266.21 $88.74
35.0 46,95 507,07 329,60 $101,41
Tarque | 5g {lb-iny . 30.0 54,78 591,59 414,11 $118.32
Power Units 25.0 65,73 709,90 532,43 $141.98
20.0 82.16 887,38 709.90 $177.48
Power | 0.24 L2 Qu L7743 15.0 109,55 1,182.17 1,005.70 $236.63
Okt 0.13 10.0 164.33 1,774.76 1,507.29 354,05

hp 0.24

Brink | Precision | Motes
Clear | Done | Help =< Close Estimator Moke: Current is per phase, input power and loss are totals.

The first observation is that any specification of current less than 16.4 amps is unrealistic because
the system efficiency of motor and gearbox would need to be greater than 100%. It may be
surprising for you to know that this is a rather common occurrence. It is also important to know
about the type of motor and gearbox. A 20 amp maximum current requirement would likely
require a brushless DC motor and planetary gearbox to reach the 80% efficiency. If a low cost
permanent magnet motor with right angle gearbox was specified it would have about 40% system
efficiency and require closer to 40 amps of operating current.

Question 4: What size motor will | need?
If you are able to answer question one and obtain the current at full load you will be able to size

the motor. The current rating of the motor and associated efficiency is related to the watt loss
associated with the motor. As a motor becomes less efficient the motor size will need to increase

How to use STP Calculator 3



CROSCHOPP

to dissipate the additional heat. These factors are taken into account when the motor manufacturer
establishes the current rating.

Question 5: If I know my motors current and speed what is the torque and output power?

This question is frequently asked when a motor is being tested and there is no easy way to
measure the torque. The speed can be read with a tachometer or strobe and current can easily be
read with an amp meter. The process of finding the torque requires an iteration (“trial and error”)
process of estimating torques until the corresponding current is reached. As an example we could
have an application where there is a speed of 50 rpm, voltage of 24 volts DC and we measure a
current of 25 amps. Based on the gearmotor combination that we are using it is estimated that the
system is about 55% efficient. Figure 3 shows the initial inputs:

Fig. 3

G Speed, Torque, Power Calculator,

STP, G

click to go to groschopp.com

Known Values
(%) 5peed and Torque
() Speed and Power
() Torque and Power

() Unit Corwversion Only
() Estimation Qnly

STP Calculation

Speed (rpm)
Torque |:|(Ib-in)
Powser |:|(hp)

Prink | Precision | Mokes |

Clear | Done | Help |

Speed Units

@rpm
Ciradfs

50.00
5.24

Torque Units

O oz-in
) |b-in
O lp-ft
Og-cm
O kgrem

() dyn-em
O mi-r
Ot-cm
Onem

0,00
0,00
0,00

0.00
0.00

0,00
0,00
0,00
0,00

Power Units

O
Ok
@hp

<<« Close Estimatar |

0.00
0.00
0.00

Electrical Input

(O]
()1 Ph aC
()3 Ph ac

Woltage
-

Annual Operating Cost

HriDay
Dray ek
Wk

Electric Rate Info

$ikwh | 1o

o

| EFf (%) | Current [Amps) | Paower In [Wiatts) |

100.0
95.0
Q0.0
85.0
d0.0
a0
70.0
65.0
60.0
55.0
50,0
45,0
40.0
35.0
30.0
25.0
20,0
15.0
10.0

Loss [ufatks)

Moke: Current is per phase, input power and loss are kotals,

|. Cost (Fvr) |

Various torque values are then entered into the STP calculation until a current of 25 amps is
found at 55% efficiency. The results are shown in Figure 4:
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Known Values

() Speed and Power

(%) Speed and Torque

() Torque and Power

() Unit Conwersion Only

click to go to groschopp.com

() Estimation Only:
STP Calculation
Speed | g (rpr)
Torque | gl (b=
rover o)
Print | Precision | Motes |
Clear | Done | Help |

Speed Units
@rpm 5000
Oradjs  5.24

Torque Units

O oz-in §,960.00
®bn 580,00

O Ib-Fe 46,67

Cigem  B45,189.79
Cikg-em  645.19
Cidyn-cm  632,715,042.55
Ormi-m 63,271,50
Ou-cm 5,327.15
CIMm £3.27

Power Units

Ow 331.29
Cew 0.33
Gihp 0.4

<=« Close Estimator

Electrical Input

Annual Operating Cost

(O] voleage [ 24 HrfDay | g $ikwh | g
O1PhAC DayfWwk | 5 Electric Rate Info
1.0
(O3Ph AC wkitr  [5g Hrfvre | 2,000
| EFf (%6 | Current [Amnps) | Power In (ufatts] | Loss [iatts) | Cost [$fyr)
100.0 13.80 331.29 0.00 $66.26
95.0 14,53 348,73 17,44 $69.75
90.0 15.34 368,10 36.51 $73.62
85.0 16,24 359,75 55.46 $77.95
50.0 17.25 414.11 5z.52 $82.82
75.0 18.40 441,72 110,43 $88.34
0.0 19.72 473,27 141,95 $94.65
65.0 21.24 509,65 178,39 $101.94
&0.0 23.01 552,15 220,86 $110.43
55.0 25.10 602,34 271.05 $120.47
50.0 27.61 662,58 331.29 $132,52
45.0 30,67 736,20 404,91 $147.24
40.0 34.51 828,22 496,93 $165.64
35.0 39,44 946,54 615,25 $189.31
30.0 46,01 1,104.30 77301 $220.86
25.0 55.21 1,325.16 993,87 $265.03
20,0 69,02 1,656,44 1,325,186 $331.29
15.0 9z.02 2,208.59 1,877.30 $441.72
10.0 135.04 3,312.89 2,951.60 $662.58

Mote: Current is per phase, input power and loss are totals.

Figure 4 shows about 560 Ib-in of torque generating an output power of 0.44 horse power.

7. Question 6: Does it pay to invest in a high efficiency motor?

For the purpose of evaluating operating cost it is not necessary to know the speed and torque,
only the output power, although it can be calculated with speed and torque values as well. By
selecting “Estimation Only” in the known values, STP will prompt for the input power. The other
values associated with “Electrical Inputs” will be needed to complete the calculation.

Typical high efficiency motors will be 4% to 7% more efficient than standard motors. The higher
the output power and duty cycle of the motor the greater the impact on operating cost. In Fig. 5 a
five horse power motor is used full time during a regular work week.
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Fig. 5

G Speed, Torque, Power Calculator

.

Speed Units

CROSCHOPRP

Electrical Input

@)rpm

0,00

EoX

Annual Operating Cost

click to go to groschopp.com

Known Yalues

_Ri-Sarersion Only
(%) Estimation Cnly

STP Calculation

() apeed and Torque
(O speed and Power
(") Torque and Power

Speed (rpm})
Torque {lb-im}
Power | g (hp)
Brink | Precision | Motes |
Clear | Done | Help |

0,00

Ciradis

Torque Units

Oog-in 0,00
(® |b-in 0.00
O lb-ft 0.00
Qg 0,00
Okg-cm 0.0
Oy dyp-cm 0,00
Cim-m - 0.00
On-cm 0,00
Omm 000

Power Units

Ow 3,728.50
Okw 3.73
®hp 5.00

<= < Close Estimator |

(@]« voltage | 230 HelDay | g sikwh | 1o
O 1prhac i Dayfwh | 5 Electric Rate Infa
.9
@ 3Phac wkitr =0 Hrfvr | 2,000
| Eff (3] | Current [Amps] | Power In [ifatts) | Lass [Wiatts] | Coast ($5r]1 |

100.0 10,40 3,725.50 0.00 $745.70
95.0 10,95 3,924.74 196,24 $784.95
20.0 11.55 4,142.75 414,28 $5828.56
85.0 12.23 4,356.47 657,97 $877.29
80.0 13.00 4,660.62 932,12 $932.12
75.0 13.87 4,971.33 1,242.83 $994.27
70.0 14.86 5,326.43 1,597.93 $1,065.29
65.0 16.00 5,736.15 2,007.65 $1,147.23
&0.0 17.33 6,214.17 2,485.67 $1,242.83
55.0 18.91 6,779.09 3,050.59 $1,355.82
50.0 20.80 7,457.00 3,728.50 $1,491.40
45.0 23.11 8,285.55 4,557.05 $1,657.11
40.0 26.00 9,321.25 5,592.75 $1,864.25
35.0 20,71 10,852.86 6,924,356 $2,130.57
30.0 34.66 12,428.33 8,699,583 $2,485.67
25.0 41.60 14,914.00 11,185.50 $2,982.80
20.0 5z.00 18,642.50 14,914.00 $3,728.50
15.0 63,33 24,856.66 21,128.16 $4,971.33
10.0 103,99 37,284.99 33,556.49 $7,457.00

Mote: Current is per phase, input power and loss are totals,

In this case there would be $50 to $70 dollars per year to invest in a more expensive high
efficiency motor. There can be greater efficiency savings when changing motor types and
evaluating gearboxes with multiple stages and alternate gear types.

Summary:

All of the calculations within STP are accurate, however, there can be a number of estimations
required to approximate the unknowns in your application. In general, these estimates and results
can give valuable direction during project development.

Additional complications arise when relating a motor’s continuous nameplate current to an
intermittent duty application. Downsizing the motor and gearbox are typically possible with these
conditions. For assistance with this type of application please contact us at Groschopp, Inc., we

will be glad to assist you.
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