




http://www.ashrae.org/codeofethics


 
 

5.2 Chairman's report  
Items of interest reported by the chair: 
 

 For programs submitted but not accepted by ASHRAE, ASHRAE will inform the 
TC within two weeks of submittal, TC can then present at the TC meeting and 
time and topics will be listed in program. 

 Web meeting tools can be used to aid in attendance at TC meetings.  This 
should make it easier to obtain a quorum.   

 ASHRAE is promoting subcommittee meetings outside of the Winter/Annual 
meeting time periods. 

 
5.3 TC 5.0 Section Head/Liaison Reports 

Item of interest reported by the section head included: 
 

 Seminars/Forum program requests due Monday, August 8, if not accepted, TC 
will know within two weeks after, it could then be presented at the TC meeting. 

 ASHRAE will have a dedicated collaboration site called google Base Camp.  It 
should be ready shortly after the annual meeting.  Members urged to look at it.   

 
5.4 DOE Fan Regulation Status 

It was reported that there has been no change in the status of the DOE Fan 
Regulation.   

 
5.5 Old business 

No old business was brought to the floor. 
 

6. Subcommittee reports 
 

6.1 Standards subcommittee  
 

6.1.1 ASHRAE Standard 149-2013 
The recommendation from the last meeting of TC 5.1 was to withdraw this 
standard.  The form that is required to be filled out needs to include a 
justification.  Although not present, it was requested that John Murphy draft a 
justification and then the Secretary will send out a letter ballot to the voting 
members.  
 

6.1.3 ASHRAE 68/AMCA 330 
Patrick Chinoda volunteered to contact SRS to determine what action is 
needed for ASRHAE 68. 

 
6.1.4 ASHRAE 51/AMCA 210 

Joe Brooks reported on the status of the approval of this standard.  It was 
currently awaiting ASHRAE Board approval which is needed prior to sending to 
ANSI for approval as an American National Standard.   

 
6.2 Handbook subcommittee – Zhiping Wang 

The handbook subcommittee report was discussed and is attached.  
 
6.3 Research subcommittee – Brian Reynolds 



 
 

The research subcommittee report was discussed and is attached. 
   

6.4. Program subcommittee – Asesh Raychaudhuri 
Some ideas for future programs were discussed: 

 

 Fan system/Energy Performance (Mike Brendel/Tim Mathson, Craig Wray 
declined as a presenter due to lack of approval of this by ASHRAE in the past) 
– This will be submitted as a program and if not accepted, it will be given as a 
hot topic during the winter meeting, 

 Fan Selection – it ws thought this may be a possibility 

 Circulating Fans (Jay Fizer as presenter), 

 Fan systems – have a fan, motor, and driver manufacturers talk.  Dutin 
Meredith will provide some names.  

 
The hot topic from this was thought to be very good.  The presentation slides are 
attached. 
 

7.  Website Report – Harold Dubensky 
 

This TC website analytics were discussed and are attached. 
 
8. New Business 
 

There was no new business. 
 
9. Time and Place of Next Meeting 
 
The next meeting of this TC will be in Las Vegas at the Winter Meeting. 
 
10. Adjournment 

 
The meeting adjourned at 6:00 pm. 

 
Noted recorded by, 
 
Joe Brooks 
ASHRAE TC 5.1 Secretary 
 
Attachments: 1) Hanbook Subcommittee Report 
   2) Research Subcommittee Report 

3) AMCA 207: Standardized Fan System Energy Calculations, slide deck 
4) TC 5.1 Website Analytics 
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NEMA MG-1 Table 12-12 Nominal Motor Efficiency, ηR

𝜂𝜂𝑚𝑚 = 𝜂𝜂𝑅𝑅
𝑎𝑎𝐿𝐿𝑚𝑚

(𝑏𝑏 + 𝐿𝐿𝑚𝑚) + 𝑐𝑐𝐿𝐿𝑚𝑚2

Polyphase AC Induction Motor

NEMA OPEN FULL LOAD EFFICIENCY (ηR) NEMA ENCLOSED FULL LOAD EFFICIENCY  (ηR)
2 POLE 4 POLE 6  POLE 8  POLE 2 POLE 4 POLE 6 POLE 8  POLE

HP Nom Min Nom Min Nom Min Nom Min HP Nom Min Nom Min Nom Min Nom Min
1 77.0 74.0 85.5 82.5 82.5 80.0 75.5 72.0 1 77.0 74.0 85.5 82.5 82.5 80.0 75.5 72.0

1.5 84.0 81.5 86.5 84.0 86.5 84.0 77.0 74.0 1.5 84.0 81.5 86.5 84.0 87.5 85.5 78.5 75.5
2 85.5 82.5 86.5 84.0 87.5 85.5 86.5 84.0 2 85.5 82.5 86.5 84.0 88.5 86.5 84.0 81.5
3 85.5 82.5 89.5 87.5 88.5 86.5 87.5 85.5 3 86.5 84.0 89.5 87.5 89.5 87.5 85.5 82.5
5 86.5 84.0 89.5 87.5 89.5 87.5 88.5 86.5 5 88.5 86.5 89.5 87.5 89.5 87.5 86.5 84.0

7.5 88.5 86.5 91.0 89.5 90.2 88.5 89.5 87.5 7.5 89.5 87.5 91.7 90.2 91.0 89.5 86.5 84.0
10 89.5 87.5 91.7 90.2 91.7 90.2 90.2 88.5 10 90.2 88.5 91.7 90.2 91.0 89.5 89.5 87.5
15 90.2 88.5 93.0 91.7 91.7 90.2 90.2 88.5 15 91.0 89.5 92.4 91.0 91.7 90.2 89.5 87.5
20 91.0 89.5 93.0 91.7 92.4 91.0 91.0 89.5 20 91.0 89.5 93.0 91.7 91.7 90.2 90.2 88.5
25 91.7 90.2 93.6 92.4 93.0 91.7 91.0 89.5 25 91.7 90.2 93.6 92.4 93.0 91.7 90.2 88.5
30 91.7 90.2 94.1 93.0 93.6 92.4 91.7 90.2 30 91.7 90.2 93.6 92.4 93.0 91.7 91.7 90.2
40 92.4 91.0 94.1 93.0 94.1 93.0 91.7 90.2 40 92.4 91.0 94.1 93.0 94.1 93.0 91.7 90.2
50 93.0 91.7 94.5 93.6 94.1 93.0 92.4 91.0 50 93.0 91.7 94.5 93.6 94.1 93.0 92.4 91.0
60 93.6 92.4 95.0 94.1 94.5 93.6 93.0 91.7 60 93.6 92.4 95.0 94.1 94.5 93.6 92.4 91.0
75 93.6 92.4 95.0 94.1 94.5 93.6 94.1 93.0 75 93.6 92.4 95.4 94.5 94.5 93.6 93.6 92.4

100 93.6 92.4 95.4 94.5 95.0 94.1 94.1 93.0 100 94.1 93.0 95.4 94.5 95.0 94.1 93.6 92.4
125 94.1 93.0 95.4 94.5 95.0 94.1 94.1 93.0 125 95.0 94.1 95.4 94.5 95.0 94.1 94.1 93.0
150 94.1 93.0 95.8 95.0 95.4 94.5 94.1 93.0 150 95.0 94.1 95.8 95.0 95.8 95.0 94.1 93.0
200 95.0 94.1 95.8 95.0 95.4 94.5 94.1 93.0 200 95.4 94.5 96.2 95.4 95.8 95.0 94.5 93.6
250 95.0 94.1 95.8 95.0 95.4 94.5 95.0 94.1 250 95.8 95.0 96.2 95.4 95.8 95.0 95.0 94.1
300 95.4 94.5 95.8 95.0 300 95.8 95.0 96.2 95.4
350 95.4 94.5 95.8 95.0 350 95.8 95.0 96.2 95.4
400 95.8 95.0 95.8 95.0 400 95.8 95.0 96.2 95.4
450 95.8 95.0 96.2 95.4 450 95.8 95.0 96.2 95.4
500 95.8 95.0 96.2 95.4 500 95.8 95.0 96.2 95.4

use nominal values



For motor sizes not simulated (e.g. 10 hp)
• Linear interpolation of coefficients a and b, calculate c

Motor Slip
• Not considered – motor speed assumed synchronous DOL and VF

Operation at f = 50Hz
• Assume same normalized load curve as 60Hz
• Linear interpolation used to establish standard kW motor coefficients

Operation at Lm > 100%
• Simulations to 150% DOL applications (service factor) – disclaimers apply
• VF operation TBD

TEAO Motors
• Currently no credible test standard = not subject to regulation
• Many fan applications provide self cooling
• Same as ODP/TEFC without windage loss?

Polyphase AC Induction Motor



PWM  Variable Frequency Drive



• Increased usage – lower costs, direct drive, VAV
• AHRI 1210 Performance Rating of Variable Frequency Drives
• Limited data available
• VFD/Motor combinations – extensive test burden

Variable Frequency Drive
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Krukowski, A. and C. P. Wray  2013 Standardizing Data for VFD Efficiency  ASHRAE Journal.

* Other HP coefficients by linear interpolation/extrapolation

Variable Frequency Drive

𝜂𝜂𝑐𝑐 =
𝑎𝑎𝐿𝐿𝑐𝑐

(𝑏𝑏 + 𝐿𝐿𝑐𝑐) + 𝑐𝑐𝐿𝐿𝑐𝑐 (0 ≤ 𝐿𝐿𝑐𝑐 ≤ 1)



* VFD curves are absolute efficiency

Variable Frequency Drive



Practical considerations

• Separate treatment of VFD
• Lc = VFD load ratio
• Assume Lc = Lm when VFD capacity is matched to given motor
• VFD’s generally rated for output kVA – not motor power 
• Combine VFD and motor load curves

Variable Frequency Drive

𝜂𝜂𝑚𝑚𝑐𝑐 = 𝜂𝜂𝑅𝑅
𝑎𝑎𝐿𝐿𝑚𝑚

(𝑏𝑏 + 𝐿𝐿𝑚𝑚) + 𝑐𝑐𝐿𝐿𝑚𝑚2
𝑑𝑑𝐿𝐿𝑐𝑐

(𝑒𝑒 + 𝐿𝐿𝑐𝑐) + 𝑓𝑓𝐿𝐿𝑐𝑐
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Super-synchronous VFD frequency (i.e. f = 70 Hz)?

• Load must not exceed motor capacity.
• Use motor load ratio independent of frequency – first approximation

0                                            100%
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Implications of constant V/Hz

• Max power increases linearly  f < fs
• Max power is constant  f > fs
• Max torque is constant  f < fs
• Max torque decreases f > fs 

Variable Frequency Drive



Examples



Examples

Given: Q, P, Hi
Adjust with fan laws as 

necessary

Transmission 
Efficiency

Examples

Motor 
or 

VFD/Motor 
Efficiency

Result: Wc



Examples
Example 1

Fan: Q = 12,000 cfm, FTP = 6 in-wg, N=1700 rpm, Hi = 16.2 hp
Transmission: V-Belt
Motor: 20 HP, 2P, ODP

Find: Input power, Wc, and wire-to-air efficiency,  𝜂𝜂𝑤𝑤

1)  Calculate belt efficiency

2) Calculate motor output power, Ht

3) Calculate motor load ratio

𝜂𝜂𝐵𝐵 = 0.96
16.2

16.2 + 2.2

0.05

= 0.954

𝐻𝐻𝑚𝑚 =
𝐻𝐻𝑖𝑖
𝜂𝜂𝐵𝐵

=
16.2

0.954 = 17.0 hp

𝐿𝐿𝑚𝑚 =
𝑎𝑎𝑐𝑐𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑙𝑙𝑎𝑎𝑑𝑑
𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑙𝑙𝑎𝑎𝑑𝑑 =

17.0
20 = 0.85

Control Motor FAN



Examples

4)  Find regulated motor efficiency, ηR 5) Find motor curve coefficients, a, b ,c

6)  Calculate motor efficiency, ηm

𝜂𝜂𝑚𝑚 = 𝜂𝜂𝑅𝑅
𝑎𝑎𝐿𝐿𝑚𝑚

(𝑏𝑏+𝐿𝐿𝑚𝑚)
+ 𝑐𝑐𝐿𝐿𝑚𝑚2 = 0.910 (1.07096)(0.85)

(0.02953+0.85)
+ −0.04024 0.85 2 = 0.915

2 POLE  DOL
HP a b c
1 1.13460 0.08674 -0.04404

1.5 1.12932 0.08114 -0.04456
2 1.12405 0.07555 -0.04510
3 1.11350 0.06436 -0.04618
5 1.09241 0.04197 -0.04840

7.5 1.08883 0.03990 -0.04706
10 1.08526 0.03783 -0.04571
15 1.07811 0.03368 -0.04299
20 1.07096 0.02953 -0.04024
25 1.06949 0.02923 -0.03912

NEMA-MG1 ODP
2 POLE 4 POLE 6 POLE

HP Nom Nom Nom 
1 77.0 85.5 82.5

1.5 84.0 86.5 86.5
2 85.5 86.5 87.5
3 85.5 89.5 88.5
5 86.5 89.5 89.5

7.5 88.5 91.0 90.2
10 89.5 91.7 91.7
15 90.2 93.0 91.7
20 91.0 93.0 92.4
25 91.7 93.6 93.0



Examples

7)  Find input power

8) Calculate overall wire-to-air efficiency

𝑊𝑊𝑐𝑐 = 𝑊𝑊𝑚𝑚 =
𝐻𝐻𝑚𝑚
𝜂𝜂𝑚𝑚

=
17

0.915
= 18.6 hp = 13.9 kW

𝜂𝜂𝑤𝑤 = 𝜂𝜂 𝜂𝜂𝐵𝐵 𝜂𝜂𝑚𝑚 = 0.70 0.953 0.915 = 61%



Examples

Example 2

Fan: Q = 12,000 cfm, FTP = 6 in-wg, N = 1700 rpm, Hi = 16.2 hp
Transmission : No belt = direct drive, ηt = 1.0
Motor: 20 HP, 4P, ODP
VFD: 20 HP

Find: Wc, 1700 rpm and 850 rpm, Wire-to-Air Efficiency

1) Test VFD/Motor capacity output (approximate)

4-Pole, Ns = 1800
Motor speed ratio = 1700/Ns = 0.944
Motor capacity = 0.944 x 20 hp = 18.19 hp
This is greater than the 16.2 hp required – go to next step.

2) Calculated motor load ratio

𝐿𝐿𝑚𝑚 = 𝐿𝐿𝑐𝑐 =
𝑎𝑎𝑐𝑐𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑙𝑙𝑎𝑎𝑑𝑑
𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑙𝑙𝑎𝑎𝑑𝑑 =

16.2
20 = 0.81
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Control Motor FAN



Examples

𝜂𝜂𝑚𝑚𝑐𝑐 = 0.930 (1.03021)(0.81)
(0.00696+0.81)

+ −0.02308 0.81 2 (0.9850)(0.81)
(0.0175+0.81)

+ −0.0005 0.81 = 0.902

6) Calculate combined VFD/motor efficiency

7) Calculate input power, Wc (full speed)

8) Calculate overall wire-to-air efficiency

𝑊𝑊𝑐𝑐 =
𝐻𝐻𝑖𝑖
𝜂𝜂𝑚𝑚𝑐𝑐

=
16.2

0.902
= 18.0 hp = 13.4 kW

NEMA-MG1 ODP
2 POLE 4 POLE 6 POLE

HP Nom Nom Nom 
1 77.0 85.5 82.5

1.5 84.0 86.5 86.5
2 85.5 86.5 87.5
3 85.5 89.5 88.5
5 86.5 89.5 89.5

7.5 88.5 91.0 90.2
10 89.5 91.7 91.7
15 90.2 93.0 91.7
20 91.0 93.0 92.4
25 91.7 93.6 93.0

3)  Find regulated motor efficiency, ηR 4) Find motor curve coefficients, a, b, c         5) Find VFD coefficients, d,e,f

𝜂𝜂𝑤𝑤 = 𝜂𝜂 𝜂𝜂𝐵𝐵 𝜂𝜂𝑚𝑚𝑐𝑐 = 0.70 1.0 0.902 = 63.1%

4 POLE Variable Speed
HP a b c

1.03744 0.03337 -0.00394
1.5 1.03812 0.03120 -0.00672
2 1.03880 0.02902 -0.00951
3 1.04016 0.02467 -0.01512
5 1.04288 0.01596 -0.02649

7.5 1.04077 0.01446 -0.02593
10 1.03866 0.01296 -0.02536
15 1.03443 0.00996 -0.02423
20 1.03021 0.00696 -0.02308
25 1.02882 0.00642 -0.02225

VFD Coefficients
HP d e f
1 0.9803 0.0400 -0.0131

1.5 0.9800 0.0386 -0.0118
2 0.9796 0.0371 -0.0105
3 0.9789 0.0342 -0.0079
5 0.9775 0.0284 -0.0027

7.5 0.9781 0.0253 -0.0004
10 0.9787 0.0222 0.0019
15 0.9819 0.0199 0.0007
20 0.9850 0.0175 -0.0005
25 0.9862 0.0165 -0.0032



Examples

9) 850 rpm – use fan laws to get new fan power, Hi = 2.03 hp

10)  Calculate combined VFD/motor efficiency

11) Calculate input power, Wc (full speed)

12) Calculate overall wire-to-air efficiency

𝐿𝐿𝑚𝑚 =
𝑎𝑎𝑐𝑐𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑙𝑙𝑎𝑎𝑑𝑑
𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑙𝑙𝑎𝑎𝑑𝑑 =

2.03
20 = 0.102

𝑊𝑊𝑐𝑐 =
𝐻𝐻𝑖𝑖
𝜂𝜂𝑚𝑚𝑐𝑐

=
2.03

0.754
= 2.7 hp = 2.0 kW

𝜂𝜂𝑤𝑤 = 𝜂𝜂 𝜂𝜂𝐵𝐵 𝜂𝜂𝑚𝑚𝑐𝑐 = 0.70 1.0 0.754 = 52.8%

𝜂𝜂𝑚𝑚𝑐𝑐 = 0.930 (1.03021)(0.102)
(0.00696+0.102)

+ −0.02308 0.102 2 (0.9850)(0.102)
(0.0175+0.102)

+ −0.0005 0.102 = 0.754



Examples

Example 3

Fan: Q = 12,000 cfm, FTP = 6 in-wg, N = 1700 rpm, Hi = 16.2 hp
Transmission : No belt = direct drive , ηt = 1.0
Motor: 20 HP, 2P, ODP 
VFD: 20 HP

Find: Wc, 1700 rpm and 850 rpm, Wire-to-Air Efficiency

1) Test VFD/Motor capacity output (approximate)

2-Pole, Ns = 3600
Motor speed ratio = 1700/Ns = power ratio = 0.472
Motor capacity = 0.472 x 20 hp = 9.44 hp < 16.2 hp required.

Test Fails – Motor can not produced required power with
constant V/Hz VFD control.  Need to choose a 2P 40 hp motor,
or a 4P 20 hp motor. 0                                            100%
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Examples

Airflow

Pr
es

su
re

SP

VAV SYSTEM VAV SYSTEM

Q (cfm) FSP (in-wg) H (hp) N (rpm) Lf

12500 6.0 16.4 1385 5%
12000 5.6 14.7 1336 20%
11000 5.0 12.1 1253 20%
10000 4.2 9.2 1147 20%
9000 3.6 7.2 1062 20%
8000 3.0 5.3 958 10%
6000 2.2 2.9 806 5%

Belt Drive Plenum
20 hp, 4P, ODP Motor
20 hp VFD
0.12 $/kWh
24/7 operation

f (Hz) N (rpm) Q (cfm) Lf Lm ηB ηmc ηc Wc (kW) Ea (kWh) Cost

60 1385 12500 5% 82.2% 95.3% 88.9% 61.1% 14.4 6324 $759

58 1336 12000 20% 73.6% 95.2% 88.9% 61.0% 13.0 22730 $2,728

54 1253 11000 20% 60.3% 95.1% 88.7% 60.3% 10.7 18703 $2,244

50 1147 10000 20% 46.1% 94.9% 87.9% 59.9% 8.2 14449 $1,734

46 1062 9000 20% 36.1% 94.6% 86.8% 58.5% 6.6 11495 $1,379

42 958 8000 10% 26.6% 94.2% 84.9% 56.5% 5.0 4348 $522

35 806 6000 5% 14.7% 94.2% 84.9% 55.5% 2.7 1203 $144

Energy consumed:  79252 kWh, Net annual electrical cost: $9510

* Lf is the duty profile fraction



Examples

Airflow

Pr
es

su
re

Belt Driven PRV
3500 cfm, 1.3 (in-wg), 1.35 hp, 1800 rpm
2 hp, 4P, TEFC Motor
2 hp VFD

f (Hz) N Q (cfm) FSP
(in-wg) Hi Hmc Lm ηB ηmc ηw Wc

60 1800 3500 1.30 1.35 1.47 73.7% 91.6% 79.5% 38.7% 1.4
54 1620 3150 1.05 0.98 1.08 54.2% 90.7% 77.0% 37.1% 1.1
48 1440 2800 0.83 0.69 0.77 38.6% 89.6% 73.1% 34.8% 0.79
42 1260 2450 0.64 0.46 0.52 26.2% 88.2% 67.3% 31.5% 0.58
36 1080 2100 0.47 0.29 0.34 16.9% 86.4% 59.0% 27.1% 0.43
30 900 1750 0.33 0.17 0.20 10.1% 83.9% 47.7% 21.3% 0.31
24 720 1400 0.21 0.09 0.11 5.4% 80.5% 33.7% 14.4% 0.24
18 540 1050 0.12 0.04 0.05 2.4% 75.6% 19.1% 7.7% 0.19



Summary

Extended Fan System Performance Calculation = AMCA 207

• Limited to common configuration – AC induction motor, V-Belt, VFD
• Accommodates part load performance
• Designed for machine computations – lookup tables and continuous formulas
• Motor model backed by regulatory AEDM
• Provides benchmark to compare extended systems

Future Consideration

• Incorporating tested component performance
• Refined belt and VFD models as data become available
• Other motor/control technologies
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