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INTRODUCTION 

This paper presents a practical study to document the direct and indirect benefits of AC Drives over DC Drives in cold rolling 
mills, including energy, efficiency, power quality, uptime, productivity and manpower. The study is based on practical data 
collected, compared and analysed both before and after retrofit of AC motors and drives on a 4HI Reversing Cold Rolling Mill 
at Avon Ispat & Power Ltd, Ludhiana, India. 

BACKGROUND 

AVON decided to replace the old DC motor and drive system with the modern AC motor and drive system purely for the 
known energy benefits of AC Drives and lower maintenance of AC motors compared to DC motors. The dimensioning of a 
drive system is a task where all factors have to be considered carefully. Dimensioning requires knowledge of the whole system 
including electric supply, driven equipment, environmental conditions, motors and drives etc. The time spent at the 
dimensioning phase can mean considerable cost savings. The old DC motors were replaced with similar AC Induction motors 
as per Table 1. The AC system efficiency and performance depends upon suitable selection of the frequency converter to obtain 
desired response for the demanding applications such as a cold rolling mill.  

The stages in dimensioning of a constant torque application are: 

• Check the speed range 
• Check the constant torque required 
• Check the accelerations 
• Check the moment of inertia 
• Check possible starting torque required 
• Check motor thermal loadability 
• Check suitable frequency converter to the dimensioning current 
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Table 1. Details of Motors Before and After Retrofit 

Before Retrofit 
  Type kW RPM Efficiency (%) Duty 

MILL DC 550 0-635-1465 90.7 S1 
ETR/DTR DC 250 0-470-1650 89.4 S1 

After Retrofit 
  Type kW RPM Efficiency (%) Duty 

MILL AC 550 0-635-1465 95.5 S1 
ETR/DTR AC 250 0-470-1650 94.7 S1 

 

The DC motors require compulsory periodic brush and commutator maintenance leading to scheduled downtime and loss of 
production. Also with so many years of operation, reliability of the DC motors may have deteriorated resulting in unscheduled 
shut downs and production loss. The parts also may be nearing end of lifecycle leading to increased spare parts cost and long 
lead times. These are some of the other factors in addition to energy consumption for pushing the need of conversion from DC 
to AC motors and drives. 

It is well known that the efficiency of AC motors is 5 to 10% better than DC motors depending on the size of the motors. The 
power factor of AC system with IGBT supply units is always unity without need of any additional reactive power compensation. 
The harmonics for AC drives are also considerably lower than the DC drives. I2R losses are high in DC motors due to harmonics 
and poor power factor (total losses include losses in motor winding, cables and isolation transformers). The average return on 
investment (ROI) of converting DC to AC is considered 3 to 5 years based on the above known facts. But the data from this 
mill confirms that the ROI for the retrofit is close to 1 year based on the direct energy saving only. 

UPGRADE OVERVIEW 

AVON is one of the reputed suppliers of CRCA coils in North India catering to the automotive market. The 4HI mill 500 mm 
wide with input thickness 1.6 to 6.0 mm and minimum output thickness up to 0.30 mm was installed in 1996 with the traditional 
DC motors and drives. The mill used DC motors and drives for the POR, MILL and ETR/DTR. Power factor compensation 
with detuned harmonic filter was also installed. The existing DC motors were replaced with AC Induction motors and ABB 
ACS880 drives based on the patented DTC (Direct Torque Control) concept, which provide dynamic performance in terms of 
torque and speed accuracy. 

Table 2. Consumption of Energy vs Production Before and After Retrofit 

Before Retrofit 
  Production (Tons/Month) Overall Units (kWH/Ton)  

Jan-21 3783.040 112.398 
Feb-21 3527.647 107.540 
Mar-21 3807.486 135.249 

After Retrofit 
  Production (Tons/Month) Overall Units (kWH)/Ton  

Apr-21 2631.369 45.32 
May-21 4240.674 38.40 
Jun-21 3005.084 36.99 
Jul-21 3272.230 53.30 

 

The 4HI cold mill was taken for retrofit on 1st April 2021. A total of 12 days were taken to bring the mill in to production which 
included the dismantling of old DC motors and drives and installation of the new AC motors and drives including new isolation 
transformer and the cabling of the new equipment. The records of the production against energy consumed before and after 
retrofit are tabulated in Table 2. 
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Figure 1. Energy consumption record for February-March 2021 (before retrofit). 

 

The per day production and units (kWH) are recorded and totalised to overall units per ton of material rolled. The copy of the 
record for the month of February-March 2021, before retrofit is shown in Figure 1. The copy of the record after retrofit for the 
month of May 2021 is shown in Figure 2. 

The records clearly show a reduction of 54 units per ton which amount to almost 50% reduction in the energy consumed in the 
cold rolling of mild steel. 

The average cost of electricity is Rs.6.75 per kWH or approximately US$ 0.10 

The total cost of the upgrade including motors, drives, transformer and cables is approximately US$ 270,000 

The total salvage value of old equipment motors, transformer and cables etc. is approximately US$ 47,000 

The average monthly production for this mill is 3500 tons per month or 42,000 tons per year. 

So, the cost of energy saved 

54 (kWH) x 42000 (tons/year) x 0.1 (US$/kWH)) = US$ 226,800  

The payback for the investment is close to 1 year for the direct savings only. The other combined benefits discussed further in 
the paper will bring the pay back to less than a year. 
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Figure 2. Energy consumption record for May 2021 (after retrofit). 

 

The average scheduled downtime for DC motor maintenance on this mill was 32 man hours every month which included brush 
change, commutator cleaning and lapping. The average scheduled maintenance was reduced to 8 man hours in three months 
for the AC motors. The mill required 20 carbon brushes every month, the cost of each being around US$ 9 and cost of the 
manpower around US$ 16 per hour. The DC motors also have air filters in the cooling circuit which needs to be cleaned every 
fortnight and 12 filters replaced every 6 months. 

Total annual cost saved: 

20 (brushes) x 12 (months) x 9 (cost/brush) = US$ 2,160 

24 (filters) x 178 (cost/filter) = US$ 4,272 

(32 (man hours) x 12 (months)) – (8 (man hours) x 4 (quarters)) x 16 (man hour cost) = US$ 5,632 

The additional hours available every year only on account of scheduled motor maintenance is 64. The additional hours available 
every year on account of DC motor overhaul every 3 years is 16. This would amount to additional production of 500 tons every 
year. The old discarded motors, drives, cables etc. also add to cost benefits even if sold at scrap value. With all the indirect cost 
benefits added to the direct savings and considering the unscheduled shut downs, the payback is 11 months and 16 days and 
the Internal Rate of Return ( IRR) over a planning horizon of 5 years is 101%. 
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Table 3. Annual Cash Flow, Payback Period and IRR of the Project 

Year Investment Salvage Value  Annual Electricity 
Savings 

Annual Maintenance 
Savings 

Annual Cash 
Flow 

0 -$2,70,000.00 $46,666.67     -$2,23,333.33 
1     $2,26,800.00 $5,632.00 $2,32,432.00 
2     $2,26,800.00 $5,632.00 $2,32,432.00 
3     $2,26,800.00 $5,632.00 $2,32,432.00 
4     $2,26,800.00 $5,632.00 $2,32,432.00 
5     $2,26,800.00 $5,632.00 $2,32,432.00 
    Payback Period 11 Months 16 

Days 
    IRR  101% 

 

OPERATIONAL BENEFITS 

It is also observed that tripping on account of voltage dips has also decreased in comparison to the DC system. The IGBT active 
end supply unit AC drives offer the possibility to run the mill where the nominal network voltage is below the motor nominal 
voltage. Power loss ride through operation is possible and has the capacity to compensate the voltage loss between the motor 
and drive. This can help increase the motor’s maximum torque capacity in the field weakening area. The DC boost capability 
of the AC drive system can be utilised to overcome the voltage drop. The IGBT regeneration allows high dynamics during fast 
power flow on the load side. The power factor can be controlled to desired value. The DC bus voltage has approximately same 
value during motoring or braking. No extra voltage stress on insulation of motor winding during braking. 

The superior performance of the drives has a direct impact on the process performance (better gauge control), since drives are 
one of the main actuators for strip tension and rolling speed when it comes to high strip quality. The mill uses the DIGI IMPACT 
automatic thickness control based on mass flow and speed/tension feed forward control. The fast reaction to torque variation 
on account of screw down movement allows a better accuracy in the strip tension control for inertia compensation on the 
tension reel. The coil reports before and after the retrofit when observed closely, depict reduced process disturbances and 
improved thickness distribution. The improvement can be observed on almost each coil report but needs a significant data 
analysis to be documented. The coil report includes the process capability analysis with Cp and Cpk values. A significant 
improvement is seen in the Cpk values post retrofit.  Cpk represents the lowest value of the capability against the upper or 
lower specification, showing where, within the specification limits, the process is producing. Increase in the pass rolling speeds 
for similar reduction and gauges is also observed on account of reduced losses and more torque availability. 
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Figure 3. Coil report before retrofit. 

 

 
Figure 4. Coil report after retrofit. 

© 2022 by the Association for Iron & Steel Technology. 823
Aseem Gill / Digi Drives (P) Ltd.
Order # 129801 / Order Date: 4/18/2023
Copyright Association for Iron & Steel Technology



 

CAPITAL COST COMPARISON 

The retrofit also provided insights that the capital cost for a new mill with AC motors and drives will also be significantly lower 
if compared in the total investment including civil, space, cables, transformers and reactive power compensation. The 650 
kVAR reactive power compensation became redundant. The mill DC motor used twelve single core 400 mm2 cables instead of 
four three core 95 mm2 cables used for the new mill AC motor. Similarly, each of tension reel DC motors used eight single 
core 400 mm2 cables instead of two three core 95 mm2 cables used for the new reel AC motors. The 2000 kVA converter duty 
drive transformer was replaced with a standard 1000 kVA transformer. The half of the ECR (Electrical Control Room) lies 
empty after the retrofit. The picture of the vacant ECR is shown in Figure 5. So there is cost advantage in the civil cost of the 
ECR as well. A detailed capital cost analysis can be done on case to case basis but definitely the total investment for a new AC 
system for metal applications shall not exceed the cost of a DC system. 

 
Figure 5. Free Space in the ECR after retrofit. 

 

CONCLUSION 

To summarise, the AC motor and drive system has several benefits over the DC and investment cost of conversion can be 
considered seriously. Bespoke future worth analysis based on minimum acceptable rate of return can be done to calculate the 
estimated savings over a long term horizon. 

1. Increased energy savings with low payback period for retrofit and similar acquisition cost for new system 
2. Less maintenance and more uptime 
3. Low harmonic content, less unwelcome disturbances and a stable power network 
4. Better quality product 
5. Increased productivity 
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