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Abstract— In this paper, the influence of magnetic analogue 

encoder (resolver) error to the performance of the vector 

controlled permanent magnet synchronous motor drive is 

investigated. Firstly, different imperfections in the resolver 

quadrature output signals (magnitude mismatch, phase and 

dc offset and high order harmonics) are properly modeled. 

Secondly, the influence of resolver quadrature signals 

imperfections to the estimated rotor angle waveform and 

consequent motor torque pulsations are modeled and 

properly analyzed. Characteristic torque signal waveforms 

are obtained for two typical motor drive field oriented control 

strategies. As a result, the automatic resolver signals error 

compensation, performed online, or with some kind of self-

commissioning mechanism, is recommended. 

Keywords — Magnetic analogue encoder, Sensor fault 

diagnostics, Permanent Magnet Synchronous Motor 

I. INTRODUCTION 

The accurate information of rotor speed and position is 

crucial in high performance electric motor drives. In 

Permanent Magnet Synchronous Motor (PMSM) drives 

this information is used for implementation of the Field 

Oriented Control (FOC) and for speed or position feedback 

control loops. Errors in measured rotor position create 

misalignment between estimated synchronous dq reference 

frame and permanent magnets, resulting in suboptimal 

orientation of FOC. As a consequence, torque pulsations 

are generated, followed with speed oscillations and 

increased noise, unacceptable in most applications. 

Main sources of position errors are imperfect mounting 

of sensor to the motor shaft, mechanical disturbances and 

torsional forces, as well as the use of non-expensive low 

resolution sensors.  

In PMSM drives analogous magnetic encoder (resolver) 

is commonly used as a position sensor with 𝑉𝑆𝐼𝑁 and 𝑉𝐶𝑂𝑆 

signals at SIN and COS outputs, which are proportional to 

the sine and cosine of permanent magnet position angle𝜃𝑃𝑀. 

If the sensor is not ideal (with improper number of poles, 

non-ideally manufactured or imperfectly installed), SIN 

and COS outputs are not orthogonal pure sinewaves with 

the same amplitudes, creating errors in estimated rotor 

position.  

In this paper the influence of resolver position errors to 

the performance of PMSM FOC drive is investigated. In 

Section II resolver errors due to SIN and COS magnitude 

mismatch, DC offset, phase non-orthogonality and 

harmonic distortion are modelled and analyzed. Those 

errors are taken into account in Interior Permanent Magnet 

(IPM) motor FOC drive model in Section III, and analytic 

expressions for torque pulsations are derived. In Section 

IIIa torque pulsation are investigated for classical FOC Id=0 

strategy, which is also valid for Surface Permanent Magnet 

(SPM) motor drives. In Section IIIb, torque pulsations are 

investigated for IPMSM drive with Minimum Ampere per 

Torque (MAPT) FOC strategy having both synchronous 

and reluctant torque components. Torque pulsations for 

both cases are compared in Section IIIc. Section IV is paper 

conclusion. 

II. MODELING OF RESOLVER NON-IDEALITIES 

Fig. 1 shows ideal magnetic rotary resolver circuitry. It 

has excitation primary winding on the stator which is 

supplied with high frequency (HF) voltage signal u1HF(t). 

Secondary winding is placed on the rotor, and with primary 

circuit it creates rotating transformer supplying excitation 

rotor winding voltage u2HF(t). Rotor winding is 

magnetically coupled with two orthogonal stator windings 

in which voltages usin(t). and ucos(t) are induced. As a result, 

those voltages are modulated by HF signal and rotor 

position information is contained within the signal 

envelope. 

usin(t)

ucos(t)

u1HF(t) u2HF(t) ur(t)

Rotor

Stator

Stator

 

Fig. 1 Magnetic Rotating Resolver circuitry 

After filtering of HF component from SIN and COS 

stator voltages, outputs depend only on rotor position: 
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 𝑉𝑆𝐼𝑁
𝑖𝑑𝑒𝑎𝑙 = 𝑉𝑠𝑖𝑛(𝜃𝑃𝑀), (1) 

 𝑉𝐶𝑂𝑆
𝑖𝑑𝑒𝑎𝑙 = 𝑉𝑐𝑜𝑠(𝜃𝑃𝑀), (2) 

where 𝑉  is the magnitude of fundamental harmonic for 

ideal sensor.  

Rotor position is usually determined from (1) and (2) 

using Phase Locked Loop structure – PLL shown in Fig. 3 

(upper part). Normalized angular position error is: 

 𝑒𝑃𝐿𝐿 ∙ 𝑉 = 𝑉𝑆𝐼𝑁 cos �̂�𝑑𝑞 − 𝑉𝐶𝑂𝑆 sin �̂�𝑑𝑞 (3) 

where �̂�𝑑𝑞  is estimated dq synchronous reference frame 

position obtained from PLL. If position sensor is ideal, and 
PLL is tuned properly, estimated and real rotor position of 

permanent magnet have the equal values, �̂�𝑑𝑞 = 𝜃𝑃𝑀. 

In practice, there are four main sources of resolver 

errors which affect its SIN and COS outputs [1]. Real 𝑉𝑆𝐼𝑁 

i 𝑉𝐶𝑂𝑆 signals can be modelled as: 

𝑉𝑆𝐼𝑁 = 𝑉(1 + 𝐵)[𝜌 + sin(𝜃𝑃𝑀 + 𝜑)] + ∑ 𝑉𝑖𝑠 sin(𝑖𝜃𝑃𝑀)𝑁
𝑖=2 

𝑉𝐶𝑂𝑆 = 𝑉(1 + 𝐴)[𝛿 + cos(𝜃𝑃𝑀 + 𝜁)] + ∑ 𝑉𝑖𝑐 cos(𝑖𝜃𝑃𝑀)𝑁
𝑖=2 

where parameters A and B model the effects of magnitude 

mismatch, 𝜌  and 𝛿  corresponding DC offset, 𝜑  and 𝜁 

winding non-orthogonality, and 𝑉𝑖𝑠  and 𝑉𝑖𝑐  harmonic 

distortion for i-th harmonic. Fig. 2 comparatively shows 

ideal (1)-(2) and the example of distorted signals (4)-(5). 
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Fig. 2 Quadrature Output Signals from Resolver: Ideal (dashed line) and 

the Example of Possible Real Waveforms (solid line) 

In order to model the influence of resolver non-

idealities, a linearized version of PLL will be used [2]: 

 𝑒𝑃𝐿𝐿 = 𝜃𝑃𝑀 − �̂�𝑑𝑞 = (𝜃𝑃𝑀 − 𝜃𝑑𝑞) + 𝑒𝜃 (6) 

where 𝜃𝑑𝑞 is estimated rotor position in the error–free case, 

and 𝑒𝜃 is error due to resolver non-ideality. It is assumed 

that PLL is ideal, and has no influence on the sensor 

position error, meaning that angle error incorporated within 

the quadrature signals will be directly transferred to PLL 

output also, as shown in Fig 3 (lower part). In real drive 

application, PLL does impose certain limited bandwidth, 

signal attenuation and phase delay, but it will also filter 

some high level harmonics within the quadrature signals.  

In the next subsections, the influence of different sensor 

non-idealities will be investigated separately using position 

error 𝑒𝜃 in (6). 
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Fig. 3 Position Estimation from Resolver SIN and COS 

signals using Nonlinear PLL (upper part) and Linearized 

PLL (lower part) 

A. Magnitude mismatch 

Typical sources of resolver magnitude mismatch are 

different gains of interface circuits, magnetic saturation, 

and non-symmetrical position of sensor windings [3]. 

Sensor outputs in this case are modeled as: 

 𝑉𝑆𝐼𝑁 = 𝑉(1 + 𝐵) sin 𝜃𝑃𝑀 (7) 

 𝑉𝐶𝑂𝑆 = 𝑉(1 + 𝐴) cos 𝜃𝑃𝑀 (8) 

PLL error signal is obtained by using (7)-(8) in (3) as: 

𝑒𝑃𝐿𝐿 = (1 + 𝐵) sin(𝜃𝑃𝑀 − �̂�𝑑𝑞) + (𝐴 −

𝐵) sin �̂�𝑑𝑞 cos 𝜃𝑃𝑀 (9) 

If it is assumed that 𝐴 ≈ 0, 𝐵 ≈ 0 and 𝜃𝑃𝑀 ≈ �̂�𝑑𝑞 , the 

PLL error signal is approximated as: 

 𝑒𝑃𝐿𝐿 ≈ (𝜃𝑃𝑀 − 𝜃𝑑𝑞) + 1/2 ∙ (𝐴 − 𝐵) sin 2𝜃𝑃𝑀 (10) 

from which, using (6), position steady state error is found: 

 𝑒𝜃 ≈ 1/2 ∙ (𝐴 − 𝐵) sin 2𝜃𝑃𝑀. (11) 

Steady state error due to magnitude mismatch is a periodic 

function of double rotor position angle 𝜃𝑃𝑀 and is shown 

in Fig. 4 for the case 𝐴 = 0.2, 𝐵 = 0. 

 

Fig. 4 Resolver SIN and COS Signals for Magnitude Mismatch and Case 

𝐴 = 0.2, 𝐵 = 0 
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B. DC Offset 

The sources of DC offset are temperature drift of 

electronic components and other offsets within interfaces 

[3]. Sensor outputs due to DC offset are modeled as: 

 𝑉𝑆𝐼𝑁 = 𝑉[𝜌 + sin 𝜃𝑃𝑀], (12) 

 𝑉𝐶𝑂𝑆 = 𝑉[𝛿 + cos 𝜃𝑃𝑀]. (13) 

PLL error signal is obtained using (12)-(13) and (3): 

 𝑒𝑃𝐿𝐿 = sin(𝜃𝑃𝑀 − �̂�𝑑𝑞) + 𝜌 cos �̂�𝑑𝑞 − 𝛿 sin �̂�𝑑𝑞 (14) 

If it is assumed 𝜌 ≈ 0, 𝛿 ≈ 0 and 𝜃𝑃𝑀 ≈ �̂�𝑑𝑞, the PLL 

error signal can be approximated as: 

𝑒𝑃𝐿𝐿 ≈ (𝜃𝑃𝑀 − 𝜃𝑑𝑞) − √𝛿2 + 𝜌2 cos(𝜃𝑃𝑀 − tan−1 𝛿/

𝜌) (15) 

and by comparing with (6) steady state error signal is: 

 𝑒𝜃 ≈ −√𝛿2 + 𝜌2 cos(𝜃𝑃𝑀 − tan−1 𝛿/𝜌) (16) 

Steady state error signal due to DC offset depends on 

rotor position and has certain phase shift. SIN and COS 

signals for the case 𝜌 = 0.05, 𝛿 = 0.1 are shown in Fig. 5, 

as a circle with a center displaced from the origin. 

 

Fig. 5. Resolver SIN and COS Signals for DC Offset and Case 𝜌 = 0.05, 

𝛿 = 0.1 

C. Non-orthogonality 

The sources of the resolver output signals non-

orthogonality are non-equal delays in signal processing 

circuits and magnetic circuit anisotropy [3]. Sensor outputs 

due to non-orthogonality are modeled as: 

 𝑉𝑆𝐼𝑁 = 𝑉 sin(𝜃𝑃𝑀 + 𝜑) (17) 

 𝑉𝐶𝑂𝑆 = 𝑉 cos(𝜃𝑃𝑀 + 𝜁) (18) 

PLL error signal for the presented case of non-

orthogonality is found by combining (17)-(18) and (3): 

𝑒𝑃𝐿𝐿 = sin(𝜃𝑃𝑀 + 𝜑) cos �̂�𝑑𝑞 − cos(𝜃𝑃𝑀 + 𝜁) sin �̂�𝑑𝑞 

For the linearized case, 𝜑 ≈ 0, 𝜁 ≈ 0 i 𝜃𝑃𝑀 ≈ �̂�𝑑𝑞 PLL 

error signal can be approximated as: 

𝑒𝑃𝐿𝐿 ≈ (𝜃𝑃𝑀 − 𝜃𝑑𝑞) + 𝜑 + (𝜁 − 𝜑) ∙ sin2(𝜃𝑃𝑀), (20) 

and using (6) position error is: 

 𝑒𝜃 ≈ 1/2 ∙ [(𝜁 + 𝜑) − (𝜁 + 𝜑) cos(2𝜃𝑃𝑀)]. (21) 

Steady state error signal due to sensor non-

orthogonality effects is represented as a sum of a DC 

component and periodic component which depends on 

double rotor position. SIN and COS signals for the case 

𝜑 = 0.05, 𝜁 = 0.1 are shown in Fig. 6.  

 

Fig. 6. Resolver SIN and COS Signals for Sensor Non-orthogonality and 

Case 𝜑 = 0.05, 𝜁 = 0.1 

D. Harmonic distortion 

The sources of resolver output signals harmonic 

distortion are electronic components saturation, non-

homogenity of magnetic field, non-sinusoidal space 

distribution of sensor windings, and other nonlinear effects. 

Sensor outputs due to harmonic distortion are modeled as: 

 𝑉𝑆𝐼𝑁 = 𝑉 sin 𝜃𝑃𝑀 + ∑ 𝑉𝑖𝑠 sin 𝑖𝜃𝑃𝑀
𝑁
𝑖=2 , (22) 

 𝑉𝐶𝑂𝑆 = 𝑉 cos 𝜃𝑃𝑀 + ∑ 𝑉𝑖𝑐 cos 𝑖𝜃𝑃𝑀
𝑁
𝑖=2 . (23) 

Position steady state error (6) in this case is [4]: 

𝑒𝜃 ≈
∑ [𝑉𝑖𝑐 cos(𝑖𝜃𝑃𝑀) sin 𝜃𝑃𝑀−𝑉𝑖𝑠 sin(𝑖𝜃𝑃𝑀) cos 𝜃𝑃𝑀]𝑁

𝑖=2

𝑉+∑ [𝑉𝑖𝑐 cos(𝑖𝜃𝑃𝑀) cos 𝜃𝑃𝑀−𝑉𝑖𝑠 cos(𝑖𝜃𝑃𝑀) cos 𝜃𝑃𝑀]𝑁
𝑖=2



The error due to harmonic distortion should be analyzed 

only for several low-order harmonics (𝑁 ≤ 4) because PLL 

effectively filters higher order harmonics. 

III. PMSM FOC DRIVE PERFORMANCE DUE TO SENSOR 

NON-IDEALITIES 

The performance of PMSM FOC drive with resolver for 

the cases of non-idealities analyzed in previous section will 

be investigated using IPMSM model [5]. Fig 7 shows motor 

(dq) and controller (d’q’) reference frames.  

α 

β

d
q

a

d’

q’

θPM 

^ 
θdq 

eθ 

Is

ids’

iqs’

idsiqs

γ 

 

Fig. 7. Motor (dq) and Controller (d’q’) Reference Frames 

-8

-6

-4

-2

0

2

4

6

8

-8 -6 -4 -2 0 2 4 6 8

Vcos

Vsin

DC offset

-8

-6

-4

-2

0

2

4

6

8

-8 -6 -4 -2 0 2 4 6 8

Vcos

Vsin

Non-orthogonality



9 

 

The d axis of the motor is aligned with permanent 

magnet, while d’ axis of the controller is misaligned by 

error angle 𝑒𝜃 due to sensor non-idealities. Consequently, 

estimated rotor position �̂�𝑑𝑞 is not equal to the actual rotor 

position 𝜃𝑃𝑀, and values in reference frames 𝑑𝑞 and 𝑑′𝑞′ 

are coupled by angle 𝑒𝜃 using the transformation : 

 [
𝑥𝑑

𝑥𝑞
] = [

cos(𝑒𝜃) sin(𝑒𝜃)

− sin(𝑒𝜃) cos(𝑒𝜃)
] [

�̂�𝑑

�̂�𝑞
], (25) 

where 𝑥 ∈ {𝑖, 𝑢, 𝜓}. 

Torque error  𝑒𝑚  due to misalignment between 

reference frames can be expressed as: 

 𝑒𝑚 = 𝑚𝑒 − 𝑚𝑒0, (26) 

where 𝑚𝑒0 is motor torque for ideal case, 𝜃𝑃𝑀 = �̂�𝑑𝑞: 

 𝑚𝑒0 = 3/2 ∙ 𝑃(𝜓𝑃𝑀𝑖𝑞𝑠 + (𝐿𝑑 − 𝐿𝑞)𝑖𝑑𝑠𝑖𝑞𝑠). (27) 

The torque error (26) in FOC feedback loops produces 

speed and position oscillations. Regardless of high 

attenuation of torque oscillations within motor mechanical 

subsystem, their frequency spectrum is still non-zero and 

can cause mechanical resonance, increased noise and 

unacceptable drive operation. 

In IPMSM FOC drives motor torque depends on stator 

current vector distribution to d and q axis components. This 

means that the same position error can produce different 

torque errors depending on the selected FOC strategy. In 

the next analysis, analytic expressions for PMSM torque 

pulsations will be derived for two distinct FOC strategies: 

 Classical 𝐼𝑑 = 0  strategy. The results will be 

applicable for SPMSM, and  
 Advanced optimal strategy which minimizes stator 

current amplitude for given torque  MAPT. The 

results will be applicable for IPMSM and 

Synchronous Reluctance Motors (SRM). 
In the next analysis it will be assumed that the current 

regulation is ideal, and that the FOC operates in linear 

mode (below current and voltage limits).  

A. PMSM control with classic Id=0 FOC strategy 

For the classical PMSM control, 𝐼𝑑 = 0, stator current 

vector is injected into estimated 𝑞′ controller axis: 

 [
𝑖𝑑𝑠

′

𝑖𝑞𝑠
′ ] = [

0
𝐼𝑞

]. (28) 

However, stator current vector in motor 𝑑𝑞  reference 

frame (aligned with the permanent magnet) using (25) is:  

[
𝑖𝑑𝑠

𝑖𝑞𝑠
] = [

cos(𝑒𝜃) sin(𝑒𝜃)

− sin(𝑒𝜃) cos(𝑒𝜃)
] [

0
𝐼𝑞

] = [
𝐼𝑞 sin(𝑒𝜃)

𝐼𝑞 cos(𝑒𝜃)
] (29) 

From (29) it can be seen that there is a periodic 

deviation between motor and reference current vector as a 

consequence of resolver error signal 𝑒𝜃. In this case there 

also exists a non-zero direct axis current component 𝑖𝑑𝑠.  

When position error is equal to zero, 𝑒𝜃 = 0, reference 

and motor torque are equal to: 

 𝑚𝑒0 = 3/2 ∙ 𝑃 ∙ 𝜓𝑃𝑀𝐼𝑞 , (30) 

while due to position error 𝑒𝜃, there will be a torque error. 

Motor torque can be calculated by substituting (29) in 

(27), thus: 

 𝑚𝑒 = 𝑚𝑒0 + 3/2 ∙ 𝑃 ∙ 𝜓𝑃𝑀𝐼𝑞(cos(𝑒𝜃) − 1)  

+3/2 ∙ 𝑃 ∙ (𝐿𝑑 − 𝐿𝑞)𝐼𝑞
2 sin(𝑒𝜃) cos(𝑒𝜃) (31) 

and it is the periodic function of position error 𝑒𝜃. 

Torque error from (31) and (26) is:  

 𝑒𝑚 = 𝑚𝑒0(cos(𝑒𝜃) − 1)  

 +3/2 ∙ 𝑃 ∙ (𝐿𝑑 − 𝐿𝑞)𝐼𝑞
2 sin(𝑒𝜃) cos(𝑒𝜃). (32) 

Influence of different position error sources on the 

motor torque waveform in case of classical Id=0 current 

distribution strategy can be analysed by substituting (11), 

(16), (21) and (24) within (32). 

B. PMSM control with Optimal MAPT FOC strategy 

MAPT strategy provides minimum copper losses by 

optimal allocation of stator current vector between d and q 

axes for given torque reference in IPMSM drive [6]. 

Reference MAPT current vector for IPMSM is: 

 [
𝑖𝑑𝑠

′

𝑖𝑞𝑠
′ ] = [

𝐼𝑑𝑀

𝐼𝑞𝑀
], (33) 

and motor torque in ideal case has both synchronous and 

reluctance component: 

 𝑚𝑒0 = 3/2 ∙ 𝑃 ∙ (𝜓𝑃𝑀𝐼𝑞𝑀 + (𝐿𝑑 − 𝐿𝑞)𝐼𝑑𝑀𝐼𝑞𝑀). (34) 

Stator current vector in motor 𝑑𝑞  reference frame 

(aligned with the permanent magnet) using (25) is:  

 [
𝑖𝑑𝑠

𝑖𝑞𝑠
] = [

cos(𝑒𝜃) sin(𝑒𝜃)

− sin(𝑒𝜃) cos(𝑒𝜃)
] [

𝐼𝑑𝑀

𝐼𝑞𝑀
] (35) 

Motor torque is calculated by inserting (35) in (27) as:  

 𝑚𝑒 = 𝑚𝑒0 + 𝑚𝑔1 + 𝑚𝑔2 (36) 

where 𝑚𝑔1 and 𝑚𝑔2 are torque error components:  

𝑚𝑔1 = 3/2 ∙ 𝑃𝜓𝑃𝑀[𝐼𝑞𝑀(cos(𝑒𝜃) − 1) − 𝐼𝑑𝑀 sin(𝑒𝜃)] (37) 

 𝑚𝑔2 = 3/2 ∙ 𝑃(𝐿𝑑 − 𝐿𝑞)[𝐼𝑑𝑀𝐼𝑞𝑀(cos(2𝑒𝜃) − 1) −

1/2 ∙ (𝐼𝑞𝑀
2 − 𝐼𝑑𝑀

2 ) sin(2𝑒𝜃)] (38) 

The first component 𝑚𝑔1 is generated by synchronous 

torque component and depends on rotor position angle, 

while the second component 𝑚𝑔2  is generated by motor 

reluctance effects and depends on double rotor position 

angle. Total torque deviation (27) represents the sum: 

 𝑒𝑚 = 𝑚𝑔1 + 𝑚𝑔2 (39) 

Influence of different position error sources on the 

motor torque waveform in the case of advanced MAPT 

current distribution strategy can be analysed by substituting 

(11), (16), (21) and (24) in (37)-(39). 

C. Torque Pulsation Analysis 

The influence of resolver position error on the motor 

torque oscillations is illustrated for IPMSM used within the 

electric golf cart vehicle with parameters: 𝜓𝑃𝑀 =
18.5 mWb , 𝐿𝑑 = 86.3 mH , 𝐿𝑞 = 106.2 mH . The results 
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are shown in Fig. 8 for one rotor revolution (2𝜋 electrical) 

in the most critical operating point of the IPMSM – 

maximum continuous torque 𝑚𝑒 = 11.1 Nm. Torque error 

signal 𝑒𝑚  is depicted in Fig. 8 for both classical Id=0 

strategy by solid, and for MAPT strategy with dashed line.  

The influence of resolver absolute phase mismatch is 

not investigated, because it could be anywhere in the angle 

range 0-and has to be eliminated before the drive starts 

operating. 

In Fig. 8a), b) and c) the results are shown for the 

following resolver non-idealities in SIN and COS signals: 

 Magnitude mismatch (Fig. 3) for 𝐴 = 0.2, 𝐵 = 0, 

 DC offset (Fig. 4) for 𝜌 = 0.05, 𝛿 = 0.1, 

 Non-orthogonality (Fig. 5) for 𝜑 = 0.05, 𝜁 = 0.1. 

 

a) Magnitude Mismatch: 𝐴 = 0.2, 𝐵 = 0 

 

b) DC Offset: 𝜌 = 0.05, 𝛿 = 0.1 

 
c)Non–orthogonality: 𝜑 = 0.05, 𝜁 = 0.1 

Fig. 8. IPMSM torque pulsations for torque reference 𝑚𝑒 = 11.1 Nm 

and: a) magnitude mismatch, b) DC offset c) non-orthogonality; 

 solid line – strategy Id=0, 𝐼𝑞 = 100 𝐴; dashed line – MAPT strategy, 

𝐼𝑞𝑀 = 98.9 𝐴, 𝐼𝑑𝑀 = −10.45 𝐴 

Fig. 8 shows different types of oscillations produced by 

the IPMSM depending on the type of resolver signals 

imperfections, but also on the type of used motor control 

strategy. The considered deviations of the resolver 

quadrature signal imperfections ( |𝐴 − 𝐵| = 0.2 ,  |𝜌 −
 𝛿| = 0.05, |𝜑 − 𝜁| = 0.05) are physically plausible, and 

in the ranges that are typically observed for detuned 

resolver. Fig. 8 shows that those imperfections could be 

responsible for torque oscillations in the range of 3% of the 

rated torque. The frequency of produced oscillations is 

proportional to the speed, resulting that torque oscillations 

are typically more noticeable at high speeds where they 

cannot be suppressed easily due to the limited bandwidth 

of implemented feedback control loops. 

IV. CONCLUSIONS 

In this paper the influence of different imperfections in 

the resolver output signals on the performance of IPMSM 

drive is investigated. All selected imperfections are 

physically plausible, due to the resolver non-ideal 

construction and/or its output signal conditioning. In 

particular, the influence of those imperfection is 

investigated on the performance of IPMSM drive. It was 

shown that typical magnitude and quadrature phase 

variations in these signals transfer directly to steady state 

error and oscillations in the estimated PLL angle. Those 

errors further transfer to the output torque produced by the 

drive, and can seriously deteriorate drive performance. To 

suppress those negative effects to some extent, different 

drive self-commissioning techniques can be introduced. 

Also, oscillations could be suppressed online, by adapting 

signal parameters based on signal recognition mechanisms. 

Those mechanism could be based on Fourier analysis, 

fuzzy logic and/or neural networks which can 

automatically remove the root cause of torque oscillations.  
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